
PEDA

Technical Manual on

ECBC 2017
for the state of Punjab



7

PEDA
Punjab Energy Development Agency

Solar Passive Complex, Plot No. 1 & 2, Sector 33D, 
Chandigarh – 160034

Ph: 0172-2663382, 28, Fax: 0172-2662865
Website: www.peda.gov.in

or manner by any means – including, but not limited to graphic, electronic, and 
mechanical methods, photo print, recording, or any informational storage and 

Agency.

© 2019-20, All Rights Reserved

Technical Manual on ECBC 2017 for the state of Punjab i



Technical Manual on ECBC 2017 for the state of Punjab ii

Sh. Navjot P.S Randhawa, IAS, CEO, Punjab Energy Development Agency, Chandigarh 

Sh. M.P Singh, Director, Punjab Energy Development Agency, Chandigarh

Sh. Balkar Singh, Joint Director, Punjab Energy Development Agency, Chandigarh

Sh. Paramjit Singh, Manager (EC), Punjab Energy Development Agency, Chandigarh   

Ar. Sapna ,  Chief Architect, Department of Architecture, Punjab 

Ar. Saroj , Senior...... Architect, Department of Architecture, Punjab 

Sh. Money Khanna, Project Engineer (EC), Punjab Energy Development Agency, Chandigarh 

Sh. Ashu Gupta, Managing Partner, Design2Occupancy Services LLP, Jaipur 

Sh. Kushagra Juneja, Managing Partner, Design2Occupancy Services LLP, Jaipur 

Sh. Gaurav Shorey, Managing Director, PSI (Partnerships for Sustainable India) Energy, Delhi 

PEDA
Punjab Energy Development Agency

Solar Passive Complex, Plot No. 1 & 2, Sector 33D, 
Chandigarh – 160034

Ph: 0172-2663382, 28, Fax: 0172-2662865
Website: www.peda.gov.in

 

Acknowledgments

ii

The Technical Manual of Energy Conservation Building Code (ECBC) for the 
state of Punjab is a result of efforts of the following development team: 



Technical Manual on ECBC 2017  for the state of Punjab iii

 

PURPOSE

SCOPE
The Code is applicable to buildings or building complexes that have a connected load 
of 100 kW or greater or a contract demand of 120 kVA or greater  and are intended to 
be used for commercial purposes.  

The  purpose  of  the  Energy  Conservation  Building  Code  (ECBC)  is  to  provide 
minimum requirements for the energy-efficient design and construction of buildings. 
The Code provides two additional sets of incremental requirements for buildings to 
achieve  enhanced  levels  of  energy  efficiency  that  go  beyond  the  minimum 
requirements.
The building sector represents about 33% of electricity consumption in India, with the 
commercial  sector  and  residential  sector  accounting  for  8%  and  25%  respectively. 
Estimates  based  on  computer  simulation  models  indicate  that  ECBC-compliant 
buildings can use 40% - 60% less energy than conventional buildings. It is estimated 
that the nationwide mandatory enforcement of the ECBC will yield annual savings of 
approximately 1.7 billion kWh. The ECBC is expected to overcome market barriers, 
which otherwise result in under-investment in building energy efficiency.The ECBC 
was developed as a first step towards promoting energy efficiency in the building 
sector. The ECBC (also referred to as “The Code” in this document) is the result of 
extensive work by the Bureau of Energy Efficiency (BEE) and its Committee of 
Experts. It is written in a code-enforceable language and addresses the views of the 
manufacturing,  design,  and  construction  communities  as  an  appropriate  set  of 
minimum requirements for energy-efficient building design and construction.
For  developing  the  Code,  building  construction  methods  across  the  country/state 
were reviewed and various energy-efficient design and construction practices were 
evaluated  that  could  reduce  energy  consumption  in  the  building.  In  addition, 
detailed life-cycle cost analysis were conducted to ensure that the Code requirements 
reflect  cost-effectiveness  and  practical  efficiency  measures  across  five  different 
climate zones in India. While taking into account different climate zones, the Code 
also addresses site orientation and specifies better design practices and technologies 
that can reduce energy consumption without sacrificing the comfort and productivity 
of the occupants.
The ECBC User Guide (also referred to as “The Guide” in this document) has been 
developed  to  provide  detailed  guidance  to  building  owners,  designers,  engineers, 
builders, energy consultants, and others on how to comply with the Code. It provides 
expanded  interpretation,  examples,  and  supplementary  information  to  assist  in 
applying  ECBC  during  the  design  and  construction  of  new  buildings  as  well  as 
additions  and  alterations  to  existing  buildings.  This  Guide  can  also  be  used  as  a 
document by “authorities having jurisdiction” in the enforcement of the Code once it 
is made mandatory. The Guide follows the nomenclature of the Code. It is written 
both as a reference and as an instructional guide, that can be helpful for anyone who 
is directly or indirectly involved in the design and construction of ECBC-compliant 
buildings.
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Figure 1.1 

Background
Chapter 1
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1.1 Overview
Energy efficiency gives a boost to the 
establishment of a competitive economy and 
the promotion of sustainable development. 
According to the Ministry of Power, 
Government of India, no country in the 
world has been able to achieve a Human 
Development Index of 0.9 or more without 
an annual energy supply of at least 4 TOE 
(Tons of Oil Equivalent) per capita. The 
management of energy and improved 
efficiency is important for both industry and 
commerce. India’s interest in energy 
conservation started post-independence. 
Over the years, the vision broadened to 

include efforts of electricity conservation. As 
per the statistics of the Ministry of Power 
(MoP), the energy generation in India has 
been significantly increasing since 2009 and 
represented a picture of steady growth 
between fiscal years 2009-2020 (Figure 1.1). 
Embarked on the road of growth, India has 
been experiencing a massive increase in 
energy consumption. Per Capita 
Consumption of energy, reflecting an 
accurate measure of energy consumption, as 
per the Ministry of Statistics and 
Programme Implementation, Energy 
Statistics, 2019 showed a compound annual 
growth rate (CAGR) of 2.54% for the period 
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Figure 1.2

Figure 1.3
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thereby incurring a 2% deficit.  India 
experienced a 2.8% growth rate in peak 
demand in electricity during the same fiscal 
year. According to the Government of India, 
Punjab was one of the six states to achieve 
100% electrification of its 36,89,970 
households in 2018. The cumulative installed 
capacity in the country from renewable 
sources was 69.02 GW at the end of this 
period. Punjab showcased a steady growth 
in its capacity, with a cumulative 
grid-connected solar power capacity of 0.91 
GW at the end of the fiscal year 2017-18. With 
an increasing dependence on electricity, the 
consumption levels are continuously rising. 

investment of ₹600 crores and laid the 
foundation stone for India’s first 
second-generation ethanol biorefinery on 
December 2016 in Punjab. The Central 
Pollution Control Board of India launched a 
real-time monitoring network under the 
National Ambient Air Quality Monitoring 
Programme for continuous monitoring at 
selected air quality monitoring stations 
across the country. Punjab had 28 manual 
stations and 10 continuous monitoring 
stations as of August 2018. There were 
multiple projects sanctioned under the 
National Adaptation Fund on Climate 
Change. A combined regional project in 

*Up to January 2020

2011-12  to  2017-18.  Figure  1.2  shows  the 
requirement  and  availability  of  energy  in 
respective fiscal years from 2009 to 2020. The 
graph  depicts  that  the  gap  between 
generation  and  consumption  of  energy  is 
decreasing  with  each  fiscal  year.  The  peak 
electricity  demand  in  the  country  stood  at 
1,64,004 MW for the fiscal year 2017-18. This 
demand was met by a 1,60,752 MW supply,

Punjab recorded a per capita consumption of 
2,028 kWh of electricity in 2017. Around 500 
million  tonnes  per  annum  (MTPA)  of 
biomass  becomes  available  in  India.  Punjab 
had  the  highest  biomass  power  potential  in 
2017, followed by the states of Uttar Pradesh, 
Madhya  Pradesh,  and  Haryana.  Under  the 
Ethanol Blending Petrol (EBP)  Program, 
Hindustan Petroleum (HPCL) brought in an
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73.55°  East  to  76.50°  East. The  temperature 
varies throughout  the  year.  Smaller regions  
experience  temperatures  below  0° C (32 °F). 
With high humidity and overcast skies,  the  
temperature  rises  gradually. The rainy season  
commences  as  monsoon currents generated in 
the Bay of Bengal bring rain to the  region  in  
first week  of  July.  Reduction in  the monsoon  
season  is  observed  by  the second  week  of  
September,  resulting  in  a moderate  shift  in  
temperature  and  climate.

1.2.2 Punjab Districts and Details
The  state  of  Punjab  is  subdivided  into three 
regions:

Malwa  region  covers  a major  part of the state  
and  comprises  of  cities  like  Barnala, 
Bhatinda, Fatehgarh Sahib, Faridkot, Fazilka, 
Firozpur,  Ludhiana, Mansa, Moga, Mohali, 
Muktsar,  Patiala,  Ropar,  and  Sangrur.  The 
main  districts  of  the Majha  region  include 
Amritsar, Gurdaspur and Tarn Taran. Doaba is 
one of the most fertile regions in the state and 
was  the center of  the Green Revolution in 
India. The region  includes the cities such as 
Jalandhar,  Kapurthala,  Hoshiarpur, 
Nawanshahar (Shaheed Bhagat Singh Nagar) 
and  Phagwara.The state is an exquisite land 

Figure 1.4 
Punjab Boundaries 

Punjab,  Uttar  Pradesh,  Rajasthan,  and 
Haryana began in the fiscal year 2017-18. The 
focus of the project was on climate resilience 
building in rural areas through crop residue 
management.  With  the  total  cost  of  the 
project standing at ₹120.66 crores, 50% of this 
amount  was  sanctioned  from  the  fund.

1.2 Introduction to Punjab
  The  state  has  a  balanced  amalgamation  of  

heat in summer, rain in monsoon and cold  in  
winter.  Punjab  experiences  both  summer  
and  winter  to  its  extreme.  The  summer  
months  span  from  mid-April  to  the  end  
of   June.   The  rainy  season  in  Punjab  lasts  
from early July to end of September. October  
marks   the  beginning  of  the  winter  
season. From December onwards, the winter  
becomes  extreme.  It  even  receives  
abundant  rainfall.   The   region   lying   near  
the  foot  hills  of  Himalayas  receive  heavy  
rainfall,  whereas  the  region  lying  at  a  
distance from the hills receive scanty rainfall,  
and the temperature  is  high.  The  total  area  
of  the state  is  50,362  km2 and population (as  
per  2011  census)  in  rural  area  is  1,73,44,192  
and  in  urban  area  is  1,03,99,146. (Source:  
24X7  Power  for  All,  a  joint  initiative  of  
Government  of  India  and  Government  of 
Punjab, 2016).There are 22 Districts in Punjab,  
the capital city of  Punjab,  Chandigarh is a  
fine architectural creation of the 20th century.  
The  city  is  divided  into  56  sectors  and  is  
orderly  designed,  with  well-planned  
facilities,  wide  roads  and  leaning  towards  
modernism.

1.2.1 Punjab Climatic Conditions
Punjab is a state in the northwestern  region 
of India.  Punjab  extends  from  the  latitudes 
29.30° North  to 32.32° North and  longitudes



 

with lush green fields, has monuments and 
religious sites of historic significance, and 
enchanting scenic areas of natural beauty 
particularly in Shivaliks.

1.2.3 Building and Vernacular  Architecture
Every  Architectural  style  undoubtedly 
reflects distinctive design elements and  
construction  principles  that  represent  a 
culture  and  era.  Apart  from  buildings  of a 
religious order, Sikh architecture has secular 
types  of  forts,  palaces,  bungalows  
(residential places),  colleges,  etc.  The  main  
form  and style of the Sikh Gurudwara were 
established between 1587-1601 after the 
construction of the Harmandir  Sahib  at 
Amritsar. A recurrent element of  
Gurudwara  design  is  the preferred usage of 
two-story to gain enough elevation for the 
shrine. However restrained the design may 
be,  the  elevation  is usually treated by 
dividing the facade following  the  structural  
lines  of  columns,  piers and pilasters, with 
vertical divisions creating areas of  
well-molded  surfaces.  The  most important 
division is, of course, the entrance which  
receives  more  ornate  treatment than  other  
areas.  The  treatment  often creates 
bas-reliefs of geometrical, floral and other 
designs. Where magnificence is  the  aim,  
repousse  work  in  brass  or copper  gilt  

sheathing  is  often  introduced with  a  note  
of  extravagance.  Jaratkari  or in-lay  work,  
gach  or  plaster-of-paris work,  tukri work,  
fresco painting, pinjarra or latice work  are  
the  techniques  used  for the embellishment 
of exterior surfaces as well as for interior 
decoration. Pinjras or delicate stone grilles 
are used for screens, enclosures and 
parapets.     Brick,  lime  mortar  as  well  as  
lime  or gypsum  plaster,  and  lime  concrete  
have been  the most  favored.  Building 
materials, although  stone,  such  as  red  
stone  and white marble, has also been used  
in several shrines. The latter found to use 
more as cladding  or  decorative  material  
than  for meeting  structural needs  for well  
over  two hundred years. Nanak Shahi (from 
the times of Nanak)  brick was most  
commonly used for  its  intrinsic advantages. 
It was a kind of brick  tile  of moderate  
dimensions  used  for reinforcing  lime  
concretes  in  the  structural walls  and  other  
components, which  were generally  very  
thick.  The  brick-tile  made moldings,  
cornices, plasters,  etc., are  easy  to work  
into  a  variety  of  shapes.  Often,  the 
structure  was  a  combination  of  the  two 
systems, viz,  treated or post-and-lintel, and 
aerated  or  based  on  arches.  The  surfaces 
were  treated with  lime  or  gypsum  plaster, 
which was molded  into  cornices,  plasters, 

District
Annual Rainfall Data in mm

2014 2015 2016 2017 2018
Gurdaspur 87.27 97.30 78.85 106.87 110.06
Amritsar 27.15 46.90 44.90 48.75 44.09

Tarn Taran 29.34 38.76 30.87 22.95 47.00
Kapurthala 50.47 54.93 57.69 61.52 61.53
Jalandhar 25.94 31.33 31.22 38.79 55.26

Nawanshahar 47.21 68.72 54.14 85.36 98.93
Hoshiarpur 38.56 49.48 36.57 44.00 77.70
Rupnagar 52.15 69.18 68.21 87.93 114.90

S.A.S. Nagar 50.96 68.59 48.83 55.86 77.06
Ludhiana 30.02 51.86 31.13 48.08 68.09
Firozpur 17.05 14.15 11.80 7.85 9.29
Faridkot 33.00 40.83 35.61 31.10 34.60
Muktsar 34.36 31.02 35.87 27.47 33.49

Moga 33.03 36.78 49.24 44.25 28.49
Bhatinda 28.06 33.26 30.08 29.73 22.62

Mansa 15.29 12.62 20.21 24.04 18.72
Sangrur 22.52 41.05 31.40 25.03 41.00
Barnala 10.16 27.74 36.91 30.34 47.37
Patiala 32.98 42.84 26.85 45.47 74.20

Fatehgarh Sahib 22.02 55.20 26.09 44.46 61.19
Punjab(Average) 34.37 45.62 39.32 45.49 56.27

Table 1.1: Rainfall 
Statement 

of Districts 
of Punjab 

(Source: India 
Meteorological 

Department)
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and other structural as well as non-structural 
embellishments.

1.2.4 Modern Day Architecture of Commercial 
Buildings in Punjab 
With time, Punjab has shifted towards more 
modern and flexible architecture for 
commercial buildings, keeping pace with the 
rapid ongoing globalization. The Government 
is also taking up initiatives to promote Green 
Building concepts and practices in a planned 
manner within the state. This has expanded the 
market in Punjab with more and more people 
gaining awareness. The shift to green and 
sustainable buildings is occurring gradually.

1.2.5 Climatic Impact on ECBC buildings:

Climate significantly impacts a building’s 
energy consumption. To meet the comfort of 
the occupants, equipment such as HVAC, 
coolers, and heaters are installed in the 
building that consumes energy. Summers can 
be hot, dry or humid, and demand the need for 
an air conditioner for cooling. Electricity usage, 
therefore, peaks during the summers to 
accommodate comfort needs. Most of the 
energy is consumed for space cooling. In 
winters, electricity consumption increases due 
to a shift towards the use of heaters, electric 
blankets, and geysers for hot showers. This 
results in a major consumption of energy for 
space heating. During monsoons, the humidity 
level is high. Air conditioning and 
dehumidifiers are used to meet occupants’ 
thermal comfort in the building. 
A composite climate typically incorporates the 
various comfort systems in a building to justify 
an occupant’s needs. There exists an intricate 
relation between the outside environment 
(temperature, humidity, wind velocity) and the 
space comfort level.Ventilation is necessary for 
buildings throughout the year, to remove stale 
air and replace it with fresh air. In mechanical 
ventilation, the amount of energy consumed is 
dependent on the flow rate of ventilation and 
the amount of conditioning of the air that is 
necessary to achieve thermal comfort. 
Additional energy is needed to drive 
mechanical ventilation systems, cool air by 
refrigeration or evaporation and maintain 
acceptable humidity levels. 

1.3 Energy Conservation Act (EC Act, 2001) 
The Energy Conservation Act, 2001 came into 

force in March 2002, to provide guidelines for 
efficient use of energy and its conservation. 
Bureau of Energy Efficiency (Bureau) was 
established under the Act to ensure a 
streamlined implementation of energy 
efficiency norms and policies.  The Central 
Government, State Government and the 
Bureau have certain powers to enforce 
measures to instigate an energy efficient 
structure. 
The Energy Conservation Act, 2001 provides a 
legal framework and institutional 
arrangements for embarking on an energy 
efficiency drive. Some of the institutional 
arrangements may include: 
a) Establishing the Bureau by merging 
existing Energy Management Centre to 
ensure an effective co-ordination between 
designated consumers and agencies. 
b) Granting power to the Central Government 
to specify norms for processes and energy 
consumption standards. 
c) Granting power to the State Governments 
for enforcing the provisions of the Act. 
d) Establishing a fund by the name of Energy 
Conservation Fund, separately by the Central 
Government and State Governments. 
e) Imposing penalties in case of violation of 
the provisions of the Act. 
f) Prescribing the procedure for evaluating 
and judging the penalties and appeal to the 
Supreme Court.
This Act was meant to establish a foundation 
to further the efforts of creating better and 
much reliable infrastructural and institutional 
mechanisms in the future. The Bureau of 
Energy Efficiency is currently working and 
undertaking complete measures for 
conservation of energy. 

1.3.1 Bureau of Energy Efficiency (BEE)
The Bureau of Energy Efficiency (BEE) is 
responsible for spearheading the 
improvement of energy efficiency of the 
economy through various regulatory and 
promotional instruments. The mission of the 
Bureau is to develop policy and strategies 
with a thrust on self-regulation and market 
principles, within the overall framework of 
the Energy Conservation Act, 2001. It works 
with the primary objective of reducing the 
energy intensity of the Indian economy, 
through the adoption of a result-oriented 
approach. They plan to achieve this with a 
active participation by all the stakeholders. 
This is expected to result in an accelerated and 
sustained adoption of energy efficiency in all 
sectors of the economy. 
The Following can be classified broadly as the 
objectives of the Bureau: 
a) Focus on leadership and provision of policy 
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Climate Mean Monthly 
Temp. (°c) 

Rela�ve Humidity 
(%) 

Hot and Dry >30 <55 

Warm and Humid >30 >55 

Moderate 25-30 <75 

Cold <25 >55 

Composite This applies, when six months or more do not 
fall within any of the above categories. 

 

Table 1.2: 
Climate Type 

Based on mean 
Temp. & relative 

Humidity
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framework and direction to national energy 
efficiency and conservation efforts and 
programs;
b) Coordination of policies and programmes on 
efficient use of energy and its conservation with 
the active involvement of stakeholders;
c) Establishment of systems and procedures to 
measure, monitor and verify energy efficiency 
results in the individual sectors as well as at the 
national level;
d) Taking advantage of the multi-lateral, 
bi-lateral and private sector support in 
implementation of the Energy Conservation Act, 
along with the programs for efficient use of 
energy and its conservation;
e) Demonstration of energy efficiency delivery 
mechanisms through private-public 
partnership,
f) Planning, management and implementation 
of energy conservation programs as visualized 
in the Energy Conservation Act.
 
1.3.2 Functions of Bureau of Energy Efficiency

creating a conducive regulatory and policy 
regime. It also aims at fostering innovative and 
sustainable business models for the energy 
efficiency sector. 
The NMEEE set up four initiatives to enhance 
energy efficiency in energy-intensive industries, 
which are as follows:

1.3.3.1.1 Perform, Achieve and Trade Scheme 
(PAT) 
It is a market-based mechanism, which 
enhances the cost effectiveness in improving the 
Energy Efficiency in Energy Intensive industries 
through a tradable certification of energy 
saving. 
1.3.3.1.2 Market Transformation for Energy 
Efficiency (MTEE)
It accelerates the shift to energy efficient 

appliances in designated sectors through 
innovative measures to make the products more 
affordable.

1.3.3.1.3 Energy Efficiency Financing Platform 
(EEFP) 
It creates mechanisms that would help finance 
demand side management programs in all 
sectors by capturing future energy savings.

1.3.3.1.4 Framework for Energy Efficient 
Economic Development (FEEED) 
It develops fiscal instruments that helps 
financial institutions to actively engage with 
industries, large commercial establishments, 
and project implementation agencies and 
provide funds for energy efficiency projects 
across the country.

1.3.3.2 Demand Side Management (DSM)
These interventions introduced by the BEE, 
have helped utilities not only to reduce the peak 
electricity demands but also to defer high 
investments in generation, transmission and 
distribution networks. 

Technical Manual on ECBC 2017 for the state of Punjab6

The Bureau has various regulatory, facilitation, 
market  development  and  market 
transformation  functions,  some  of  which  are 
listed below:
a) Arrangement and organization of training of 
personnel and specialists in the energy efficient 
and conservation techniques.
b)   Development  of  testing  and  certification 
procedures and promotion of testing facilities.
c) Strengthening of consultancy services.
d)  Creating  awareness  and  broadcasting 
information.
e) Promotion of research and development.
f)  Formulating  and  facilitating  the 
implementation  of  pilot  projects  and 
demonstration projects.
g)  Promotion  of  usage  of  energy  efficient 
processes, equipment, devices and systems.
h)  Encouraging preferential treatment for use of 
energy efficient equipment or appliances.
i)   Promotion  of  innovative  financing  of  energy 
efficiency projects.
j)  Provision of financial assistance to institutions 
for promoting energy efficiency.
k)  Preparation of an educational curriculum on 
efficient use of energy and its conservation.
l) Implementation of international co-operation 
programs relating to efficient use of energy and 
its conservation.

1.3.3 Actions are taken by Bureau of Energy
Efficiency
1.3.3.1 National Mission for Enhanced Energy 
Efficiency (NMEEE)
It is one of the eight missions under the National 
Action  Plan  on  Climate  Change  (NAPCC), 
undertaken  by  the  Bureau.  NMEEE  aims  to 
strengthen the market for energy efficiency by
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It was introduced to provide access to finance 
for MSMEs, to facilitate the implementation of 
energy conservation measures and energy 
efficient technologies. 
1.3.3.3 Energy Conservation Building Code 
(ECBC) 
It was launched by the Bureau of Energy 
Efficiency as the first step towards promoting 
energy efficiency in the commercial building 
sector. It a comprehensively curated code that 
covers all aspects of a building. ECBC-compliant 
buildings may use 40 to 60% less energy 
compared to other similar buildings, resulting in 
tremendous energy savings. 

7

1.3.3.2.1 Agriculture DSM
This  program  promises  energy  efficiency 
through  reduction  in  overall  power 
consumption,  improving  efficiencies  of  ground 
water  extraction,  reducing  subsidy  burden  on 
state  utilities  and  also  investment  in  power 
plants through avoided an capacity.

1.3.3.2.2 Municipal DSM
This   Program   aims   to   improve   the   overall 
energy  efficiency  of  the  Urban  Local  Bodies 
(ULBs), which could lead to substantial savings 
in the electricity consumption, thereby resulting 
in cost reduction and savings for the ULBs.

1.3.3.2.3  National  Programme  on  Energy 
Efficiency  and  Technology  Upgradation  of 
MSMEs
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Chapter 2
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Figure 2.1
Average annual

change in building
energy consumption

(U.S. Energy
Information 

Adminstration)

2. 1 General
The Energy Conservation Building Code 
(ECBC), launched on  June 28, 2007, was 
revised in 2017 and is currently in the 
process of notification. It was developed by 
the Bureau of Energy Efficiency (BEE) and is 
mandated by the Energy Conservation Act 
2001, passed by the Indian parliament in 
September  2001. The commercial building 
sector in India includes office buildings, 
hotels, hospitals, educational institutes, retail 
malls, etc. Figure 2.1 projects that among all 
regions of the world, the fastest growth in 
buildings energy consumption through 2040 
will occur in India. Delivered energy 
consumption for residential and commercial 

buildings in India is expected to increase by 
an average of 2.7% per year between 2015 and 
2040, more than twice the global average 
increase. 
ECBC sets minimum energy standards for 
commercial buildings such that it does not 
constrain the building function, comfort, 
health, or the productivity of the occupants 
and has appropriate regard for economic 
considerations (life cycle cost i.e construction 
and energy cost are minimized). ECBC takes 
into consideration the climatic region of the 
country, where the building is located. Norms 
have been developed to cater to 5 different 
climatic zones in India such as composite, hot 
and dry, warm and humid, temperate, and 

cold. Punjab state comes under the 
“Composite” climate zone. The parameters of 
buildings are formulated based on the 
characteristics of the composite type of 
climate. In June 2017, ECBC 2017 was 
launched by BEE, with technical support from 
USAID. During the launch event, it was 
indicated that an ECBC compliant new 
building should be able to demonstrate 
minimum energy savings of 25% compared to 
a conventional building. Further, ECBC 2017 
encourages additional improvements in 
building energy performance. As per ECBC 
2017, a new building can achieve higher 
grades like ECBC+ or Super ECBC status if 
these buildings can demonstrate energy 
savings as per the code.  Further to the 

adoption of ECBC 2017, for new commercial 
building construction throughout the 
country, it is estimated to achieve a 50% 
reduction in energy use by 2030.
This will be equivalent to expenditure savings 
of ₹35,000 crores and 250 million tons of CO2 
reduction (ECBC NITI Ayog). Punjab Energy 
Development Agency (PEDA) is the State 
Designated Agency (SDA) to implement the 
EC Act in the state of Punjab. Considering the 
climatic condition, the ECBC has been 
amended for the Punjab State. this manual 
gives a detailed reference for the compliance 
of ECBC 2017. For awareness purposes and to 
create a pool of energy experts/professionals, 
PEDA conducts regular training programs in 
various districts of the state.  
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Figure 2.2 
Implementation of 
Activities under 
ECBC

Figure 2.3 
Various Climate 
Zones of India 

2. 1 General
The Energy Conservation Building Code 
(ECBC), launched on  June 28, 2007, was 
revised in 2017 and is currently in the 
process of notification. It was developed by 
the Bureau of Energy Efficiency (BEE) and is 
mandated by the Energy Conservation Act 
2001, passed by the Indian parliament in 
September  2001. The commercial building 
sector in India includes office buildings, 
hotels, hospitals, educational institutes, retail 
malls, etc. Figure 2.1 projects that among all 
regions of the world, the fastest growth in 
buildings energy consumption through 2040 
will occur in India. Delivered energy 
consumption for residential and commercial 

buildings in India is expected to increase by 
an average of 2.7% per year between 2015 and 
2040, more than twice the global average 
increase. 
ECBC sets minimum energy standards for 
commercial buildings such that it does not 
constrain the building function, comfort, 
health, or the productivity of the occupants 
and has appropriate regard for economic 
considerations (life cycle cost i.e construction 
and energy cost are minimized). ECBC takes 
into consideration the climatic region of the 
country, where the building is located. Norms 
have been developed to cater to 5 different 
climatic zones in India such as composite, hot 
and dry, warm and humid, temperate, and 

Hot-dry
Warm-Humid
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cold. Punjab state comes under the 
“Composite” climate zone. The parameters of 
buildings are formulated based on the 
characteristics of the composite type of 
climate. In June 2017, ECBC 2017 was 
launched by BEE, with technical support from 
USAID. During the launch event, it was 
indicated that an ECBC compliant new 
building should be able to demonstrate 
minimum energy savings of 25% compared to 
a conventional building. Further, ECBC 2017 
encourages additional improvements in 
building energy performance. As per ECBC 
2017, a new building can achieve higher 
grades like ECBC+ or Super ECBC status if 
these buildings can demonstrate energy 
savings as per the code.  Further to the 

adoption of ECBC 2017, for new commercial 
building construction throughout the 
country, it is estimated to achieve a 50% 
reduction in energy use by 2030.
This will be equivalent to expenditure savings 
of ₹35,000 crores and 250 million tons of CO2 
reduction (ECBC NITI Ayog). Punjab Energy 
Development Agency (PEDA) is the State 
Designated Agency (SDA) to implement the 
EC Act in the state of Punjab. Considering the 
climatic condition, the ECBC has been 
amended for the Punjab State. This manual 
gives a detailed reference for the compliance 
of ECBC 2017. For awareness purposes and to 
create a pool of energy experts/professionals, 
PEDA conducts regular training programs in 
various districts of the state.  
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2.3 Building Systems of ECBC

• Building Envelope
• Comfort Systems and Controls
• Lighting and Controls
• Electrical and Renewable Energy Systems

2.3.1 Building Envelope
It is a physical separator comprised of a 
series of components and systems that 
protect the interior space from the effects of 
the external environment, like precipitation, 
wind, temperature, humidity, ultraviolet 
radiation, etc. A good building envelope 
design involves the use of exterior wall 
materials and designs that are 
climate-appropriate, structurally sound and 
aesthetically pleasing. The building 
envelope of a house consists of its roof, sub 
floor, exterior doors, windows, and the 
exterior walls. The building envelope needs 
to be structurally sound. It has to be sensitive 
and responsive to its environment which 

2.2  Objectives
The wide umbrella of ECBC addresses the 
informational, capacity, institutional and 
financial barriers, and assists the 
Government in implementing and 
operationalizing the Code, through a 
comprehensive and integrated approach. 
ECBC focuses on the concept of energy 
efficiency, by incorporating energy efficient 
systems in new building,   additions and 
alterations to existing Buildings. Efficiency 
would lead to a reduction in energy wastage, 
and would result in both energy and cost 
savings. It helps in the reduction of 
greenhouse gas (GHG) emissions from new 
commercial buildings. GHG emissions 
contribute significantly to climate change. 
These emissions increase the Earth’s 
temperature by trapping the heat in the 
planet’s atmosphere. Reduction in the 
carbon footprint, and adoption of clean, 
green energy would enhance the 
technological and ecological efficiency of the 
buildings.  

facilitates a healthier, comfortable and an 
efficient home. 

2.3.2 Comfort Systems and Controls
These systems are designed for the comfort 
and convenience of living. They cover a 
broad range of energy- efficient commercial 
and industrial heating, ventilation and air 
conditioning (HVAC) systems. HVAC 
systems are used to heat or cool buildings to 
maintain indoor thermal comfort conditions 
that are acceptable to the human body.  
Thus, building automation systems are 
designed to improve comfort, reduce 
temperature fluctuations, control humidity 
and improve Indoor Air Quality (IAQ).

2.3.3 Lighting and Controls
It is an intelligent network based lighting 
control solution that helps to reduce 
lighting costs and achieve significant energy 
savings. Lighting control systems are 
widely used on both indoor and outdoor 
lighting of commercial, industrial, and 
residential spaces. The energy performances 
of controls are affected by many factors, the 
impact of which is very difficult to account 
for during the design process. Hence, these 
systems serve to provide the right amount 
of light where and when it is needed. These 
systems are employed to satisfy building 
codes, or comply with green building and 
energy conservation programs.

2.3.4 Electrical and Renewable Energy 
Systems
Electrical energy systems include energy 
efficient motors, transformers, diesel 
generator sets, and power distribution 
systems. These systems are monitored for 
energy efficiency. Renewable energy 
systems help in generating clean and 
reliable energy and provide cost savings. 
Solar, wind, biomass etc. are some examples 
of renewable source’s of energy.

2.4 Energy Efficient Building materials

PEDA has released a directory of energy 
efficient building materials for the designers 
and engineers to choose from. It helps them 
to build or design  more efficient buildings. 
Some of the materials from the directory are 
mentioned below.

2.4.1 Fly Ash Bricks  
These bricks are formed by using the waste 
generated by thermal power plants i.e. fly 

ash. Fly ash has low thermal conductivity, 
and therefore, its bricks (Figure 2.6) work as 
a great insulator. It shows high compressive 
strength and requires less water for curing.

2.4.2 Hollow Concrete Blocks 
They are innovative building products that 
are used as substitutes for traditional bricks 
in building construction. They have an inner 
void area which is greater than 25% of their 
gross area and are available in various sizes 
and shapes. Concrete hollow blocks (Figure 
2.7) are machine-made and unaffected by 
weather conditions unlike the red bricks.

2.4.3 AAC Blocks
They are lightweight, load-bearing , high 
insulating, durable building product, which 
are produced in a wide range of sizes and 
strength. AAC Blocks (Figure 2.8) are 
lightweight, and have lesser thermal 
conductivity compared to the red bricks.

2.4.4 Cool Roof
It improves the heat dissipation ablity of the 
roof and considerably lowers the 
temperature in the homes during summer. 
It (Figure 2.9) reflects the sunlight and the 
heat. 

Figure 2.4
Objectives of 

ECBC 2017
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2.4.5 Low-E Window
These windows, also known as "high 
performance" windows, are another great 
substitute for normal glass which will help 
reduce heat during summer and block 
infrared radiation. They (Figure 2.10) have a 
clear coating of meatal oxide. They also help 
to keep the heat in during the winter. They 
can reduce heat flow by upto 50%.

2.4.6 Insulation
Insulation is one of the most practical and 
cost effective ways to improve a building’s 
energy efficiency. Improving the insulation 
in new and existing buildings can result in 
significant cost savings and reductions in 
energy usage.

2.4.7 Extruded Polystyrene Insulation (XPS)
XPS is manufactured using a process of 
extrusion. This continuous process results in 
a closed cell structure with a smooth skin on 
the top and bottom of the board. The closed 
cell structure (Figure 2.11) of extruded 
polystyrene (XPS) prevents water 
penetration to the structure of the insulation 
board and provides long-term strength and 
durability.

2.4.8 Expanded Polystyrene Insulation 
(EPS) 
EPS is manufactured using beads of foam 
within a mould. Application of heat or steam 
directly to the beads causes them to expand 
and fuse together. Voids (Figure 2.11) occur 
between the beads, this process produces a 
closed cell structure, instead of a closed cell 
insulation board. However, the air trapped 
in the voids in the EPS will conduct heat. 
Both XPS and EPS provide good thermal 

conductivity performance. Thermal 
conductivity of an EPS insulation varies from 
0.035 to 0.038 W/m2K (NBC-2016 Vol.2), while 
the thermal conductivity of an XPS insulation 
is 0.0321 W/mK (ECBC 2017).

2.4.9 Rockwool Insulation
This isulation is rock-based mineral fiber 
insulation, comprised of Basalt rock and 
recycled slag. Basalt is a volcanic rock found in 
abundance in the earth, and slag is a by-product 
of the steel and copper industry. Rockwool 
insulation is a proprietary name for a type of 
stone wool that is frequently used as an 
insulator for buildings. Rockwool is 
manufactured by heating certain minerals to 
their melting point. These minerals are then 
spun until they solidify in the shape of fine 
threads. They are made available in the form of 
Rockwool Slabs, Rockwool Lightly Resign 
Bonded Mattresses, Rockwool Building Rolls, 
Rockwool Preformed Pipe Section and 
Rockwool Loose for loose fill insulation. Its 
thermal conductivity is 0.0461 W/m2K (ECBC 
2017). Its basic application areas include hot 
insulation, acoustic insulation and underdeck 
insulation (Figure 2.12).
2.4.10 UPVC Joinery

UPVC (Unplasticised Polyvinyl Chloride) or 
PVCu is a form of plastic, which is known for its 
rigidity. It is hard, and therefore, not flexible. It 
is a resistant form of PVC that is often used for 
pipework and window frames. It (Figure 2.13) 

offers excellent performance and durability, is 
long lasting and requires very little maintenance, 
which makes it the perfect material for windows. 
It is also recognized for its thermal efficiency, 
sound insulation and great value for money. For 
larger frame sections, a galvanized steel 
reinforcement is used to improve the strength 
and durability. 

2.4.11 Perforated Bricks:
In perforated bricks, cylindrical, rounded or 
rectangular holes are made in the bricks after the 
molding stage. These holes are called 
perforations. The volume of the perforations may 
be as much as 20% – 50% of the total volume of 
the brick. They may be larger in size than 
ordinary bricks which provides a distinct 
advantage in the form of increased work output. 
Efflorescence is least in perforated bricks. These 
bricks (Figure 2.14) are light in weight, and 
require less quantity of clay in their 
manufacturing. Less time is required for drying 
and burning of perforated bricks. These offer 
better resistance against rain penetration and 
better insulation against heat. As such they are 
ideally suited for tropical countries. 

Perforated bricks are available in following sizes:

 i) 200X200X400mm 
ii) 150X200X400mm 
iii) 100X200X400mm 
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Figure 2.6 
Fly Ash 
Bricks 

2.3 Building Systems of ECBC

• Building Envelope
• Comfort Systems and Controls
• Lighting and Controls
• Electrical and Renewable Energy Systems

2.3.1 Building Envelope
It is a physical separator comprised of a 
series of components and systems that 
protect the interior space from the effects of 
the external environment, like precipitation, 
wind, temperature, humidity, ultraviolet 
radiation, etc. A good building envelope 
design involves the use of exterior wall 
materials and designs that are 
climate-appropriate, structurally sound and 
aesthetically pleasing. The building 
envelope of a house consists of its roof, sub 
floor, exterior doors, windows, and the 
exterior walls. The building envelope needs 
to be structurally sound. It has to be sensitive 
and responsive to its environment which 

facilitates a healthier, comfortable and an 
efficient home. 

2.3.2 Comfort Systems and Controls
These systems are designed for the comfort 
and convenience of living. They cover a 
broad range of energy- efficient commercial 
and industrial heating, ventilation and air 
conditioning (HVAC) systems. HVAC 
systems are used to heat or cool buildings to 
maintain indoor thermal comfort conditions 
that are acceptable to the human body.  
Thus, building automation systems are 
designed to improve comfort, reduce 
temperature fluctuations, control humidity 
and improve Indoor Air Quality (IAQ).

2.3.3 Lighting and Controls
It is an intelligent network based lighting 
control solution that helps to reduce 
lighting costs and achieve significant energy 
savings. Lighting control systems are 
widely used on both indoor and outdoor 
lighting of commercial, industrial, and 
residential spaces. The energy performances 
of controls are affected by many factors, the 
impact of which is very difficult to account 
for during the design process. Hence, these 
systems serve to provide the right amount 
of light where and when it is needed. These 
systems are employed to satisfy building 
codes, or comply with green building and 
energy conservation programs.

2.3.4 Electrical and Renewable Energy 
Systems
Electrical energy systems include energy 
efficient motors, transformers, diesel 
generator sets, and power distribution 
systems. These systems are monitored for 
energy efficiency. Renewable energy 
systems help in generating clean and 
reliable energy and provide cost savings. 
Solar, wind, biomass etc. are some examples 
of renewable sources of energy.

2.4 Energy Efficient Building materials

PEDA has released a directory of energy 
efficient building materials for the designers 
and engineers to choose from. It helps them 
to build or design  more efficient buildings. 
Some of the materials from the directory are 
mentioned below.

2.4.1 Fly Ash Bricks  
These bricks are formed by using the waste 
generated by thermal power plants i.e. fly 

ash. Fly ash has low thermal conductivity, 
and therefore, its bricks (Figure 2.6) work as 
a great insulator. It shows high compressive 
strength and requires less water for curing.

2.4.2 Hollow Concrete Blocks 
They are innovative building products that 
are used as substitutes for traditional bricks 
in building construction. They have an inner 
void area which is greater than 25% of their 
gross area and are available in various sizes 
and shapes. Concrete hollow blocks (Figure 
2.7) are machine-made and unaffected by 
weather conditions unlike the red bricks.

2.4.3 AAC Blocks
They are lightweight, load-bearing , high 
insulating, durable building product, which 
are produced in a wide range of sizes and 
strength. AAC Blocks (Figure 2.8) are 
lightweight, and have lesser thermal 
conductivity compared to the red bricks.

2.4.4 Cool Roof
It improves the heat dissipation ablity of the 
roof and considerably lowers the 
temperature in the homes during summer. 
It (Figure 2.9) reflects the sunlight and the 
heat. 

Figure 2.5 
Building Systems 
of ECBC  

2.4.5 Low-E Window
These windows, also known as "high 
performance" windows, are another great 
substitute for normal glass which will help 
reduce heat during summer and block 
infrared radiation. They (Figure 2.10) have a 
clear coating of meatal oxide. They also help 
to keep the heat in during the winter. They 
can reduce heat flow by upto 50%.

2.4.6 Insulation
Insulation is one of the most practical and 
cost effective ways to improve a building’s 
energy efficiency. Improving the insulation 
in new and existing buildings can result in 
significant cost savings and reductions in 
energy usage.

2.4.7 Extruded Polystyrene Insulation (XPS)
XPS is manufactured using a process of 
extrusion. This continuous process results in 
a closed cell structure with a smooth skin on 
the top and bottom of the board. The closed 
cell structure (Figure 2.11) of extruded 
polystyrene (XPS) prevents water 
penetration to the structure of the insulation 
board and provides long-term strength and 
durability.

2.4.8 Expanded Polystyrene Insulation 
(EPS) 
EPS is manufactured using beads of foam 
within a mould. Application of heat or steam 
directly to the beads causes them to expand 
and fuse together. Voids (Figure 2.11) occur 
between the beads, this process produces a 
closed cell structure, instead of a closed cell 
insulation board. However, the air trapped 
in the voids in the EPS will conduct heat. 
Both XPS and EPS provide good thermal 

conductivity performance. Thermal 
conductivity of an EPS insulation varies from 
0.035 to 0.038 W/m2K (NBC-2016 Vol.2), while 
the thermal conductivity of an XPS insulation 
is 0.0321 W/mK (ECBC 2017).

2.4.9 Rockwool Insulation
This isulation is rock-based mineral fiber 
insulation, comprised of Basalt rock and 
recycled slag. Basalt is a volcanic rock found in 
abundance in the earth, and slag is a by-product 
of the steel and copper industry. Rockwool 
insulation is a proprietary name for a type of 
stone wool that is frequently used as an 
insulator for buildings. Rockwool is 
manufactured by heating certain minerals to 
their melting point. These minerals are then 
spun until they solidify in the shape of fine 
threads. They are made available in the form of 
Rockwool Slabs, Rockwool Lightly Resign 
Bonded Mattresses, Rockwool Building Rolls, 
Rockwool Preformed Pipe Section and 
Rockwool Loose for loose fill insulation. Its 
thermal conductivity is 0.0461 W/m2K (ECBC 
2017). Its basic application areas include hot 
insulation, acoustic insulation and underdeck 
insulation (Figure 2.12).
2.4.10 UPVC Joinery

UPVC (Unplasticised Polyvinyl Chloride) or 
PVCu is a form of plastic, which is known for its 
rigidity. It is hard, and therefore, not flexible. It 
is a resistant form of PVC that is often used for 
pipework and window frames. It (Figure 2.13) 

offers excellent performance and durability, is 
long lasting and requires very little maintenance, 
which makes it the perfect material for windows. 
It is also recognized for its thermal efficiency, 
sound insulation and great value for money. For 
larger frame sections, a galvanized steel 
reinforcement is used to improve the strength 
and durability. 

2.4.11 Perforated Bricks:
In perforated bricks, cylindrical, rounded or 
rectangular holes are made in the bricks after the 
molding stage. These holes are called 
perforations. The volume of the perforations may 
be as much as 20% – 50% of the total volume of 
the brick. They may be larger in size than 
ordinary bricks which provides a distinct 
advantage in the form of increased work output. 
Efflorescence is least in perforated bricks. These 
bricks (Figure 2.14) are light in weight, and 
require less quantity of clay in their 
manufacturing. Less time is required for drying 
and burning of perforated bricks. These offer 
better resistance against rain penetration and 
better insulation against heat. As such they are 
ideally suited for tropical countries. 

Perforated bricks are available in following sizes:

 i) 200X200X400mm 
ii) 150X200X400mm 
iii) 100X200X400mm 
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2.3 Building Systems of ECBC

• Building Envelope
• Comfort Systems and Controls
• Lighting and Controls
• Electrical and Renewable Energy Systems

2.3.1 Building Envelope
It is a physical separator comprised of a 
series of components and systems that 
protect the interior space from the effects of 
the external environment, like precipitation, 
wind, temperature, humidity, ultraviolet 
radiation, etc. A good building envelope 
design involves the use of exterior wall 
materials and designs that are 
climate-appropriate, structurally sound and 
aesthetically pleasing. The building 
envelope of a house consists of its roof, sub 
floor, exterior doors, windows, and the 
exterior walls. The building envelope needs 
to be structurally sound. It has to be sensitive 
and responsive to its environment which 

facilitates a healthier, comfortable and an 
efficient home. 

2.3.2 Comfort Systems and Controls
These systems are designed for the comfort 
and convenience of living. They cover a 
broad range of energy- efficient commercial 
and industrial heating, ventilation and air 
conditioning (HVAC) systems. HVAC 
systems are used to heat or cool buildings to 
maintain indoor thermal comfort conditions 
that are acceptable to the human body.  
Thus, building automation systems are 
designed to improve comfort, reduce 
temperature fluctuations, control humidity 
and improve Indoor Air Quality (IAQ).

2.3.3 Lighting and Controls
It is an intelligent network based lighting 
control solution that helps to reduce 
lighting costs and achieve significant energy 
savings. Lighting control systems are 
widely used on both indoor and outdoor 
lighting of commercial, industrial, and 
residential spaces. The energy performances 
of controls are affected by many factors, the 
impact of which is very difficult to account 
for during the design process. Hence, these 
systems serve to provide the right amount 
of light where and when it is needed. These 
systems are employed to satisfy building 
codes, or comply with green building and 
energy conservation programs.

2.3.4 Electrical and Renewable Energy 
Systems
Electrical energy systems include energy 
efficient motors, transformers, diesel 
generator sets, and power distribution 
systems. These systems are monitored for 
energy efficiency. Renewable energy 
systems help in generating clean and 
reliable energy and provide cost savings. 
Solar, wind, biomass etc. are some examples 
of renewable source’s of energy.

2.4 Energy Efficient Building materials

PEDA has released a directory of energy 
efficient building materials for the designers 
and engineers to choose from. It helps them 
to build or design  more efficient buildings. 
Some of the materials from the directory are 
mentioned below.

2.4.1 Fly Ash Bricks  
These bricks are formed by using the waste 
generated by thermal power plants i.e. fly 

EPS XPS

ash. Fly ash has low thermal conductivity, 
and therefore, its bricks (Figure 2.6) work as 
a great insulator. It shows high compressive 
strength and requires less water for curing.

2.4.2 Hollow Concrete Blocks 
They are innovative building products that 
are used as substitutes for traditional bricks 
in building construction. They have an inner 
void area which is greater than 25% of their 
gross area and are available in various sizes 
and shapes. Concrete hollow blocks (Figure 
2.7) are machine-made and unaffected by 
weather conditions unlike the red bricks.

2.4.3 AAC Blocks
They are lightweight, load-bearing , high 
insulating, durable building product, which 
are produced in a wide range of sizes and 
strength. AAC Blocks (Figure 2.8) are 
lightweight, and have lesser thermal 
conductivity compared to the red bricks.

2.4.4 Cool Roof
It improves the heat dissipation ablity of the 
roof and considerably lowers the 
temperature in the homes during summer. 
It (Figure 2.9) reflects the sunlight and the 
heat. 

Figure 2.7 
Hollow
Concrete 
Blocks

Figure 2.11 
EPS/XPS

Figure 2.10 
Low-E Window

Figure 2.8
AAC Blocks

Figure 2.9
Cool Roof

2.4.5 Low-E Window
These windows, also known as "high 
performance" windows, are another great 
substitute for normal glass which will help 
reduce heat during summer and block 
infrared radiation. They (Figure 2.10) have a 
clear coating of metal oxide. They also help 
to keep the heat in during the winter. They 
can reduce heat flow by upto 50%.

2.4.6 Insulation
Insulation is one of the most practical and 
cost effective ways to improve a building’s 
energy efficiency. Improving the insulation 
in new and existing buildings can result in 
significant cost savings and reductions in 
energy usage.

2.4.7 Extruded Polystyrene Insulation (XPS)
XPS is manufactured using a process of 
extrusion. This continuous process results in 
a closed cell structure with a smooth skin on 
the top and bottom of the board. The closed 
cell structure (Figure 2.11) of extruded 
polystyrene (XPS) prevents water 
penetration to the structure of the insulation 
board and provides long-term strength and 
durability.

2.4.8 Expanded Polystyrene Insulation 
(EPS) 
EPS is manufactured using beads of foam 
within a mould. Application of heat or steam 
directly to the beads causes them to expand 
and fuse together. Voids (Figure 2.11) occur 
between the beads, this process produces a 
closed cell structure, instead of a closed cell 
insulation board. However, the air trapped 
in the voids in the EPS will conduct heat. 
Both XPS and EPS provide good thermal 

conductivity performance. Thermal 
conductivity of an EPS insulation varies from 
0.035 to 0.038 W/m2K (NBC-2016 Vol.2), while 
the thermal conductivity of an XPS insulation 
is 0.0321 W/mK (ECBC 2017).

2.4.9 Rockwool Insulation
This isulation is rock-based mineral fiber 
insulation, comprised of Basalt rock and 
recycled slag. Basalt is a volcanic rock found in 
abundance in the earth, and slag is a by-product 
of the steel and copper industry. Rockwool 
insulation is a proprietary name for a type of 
stone wool that is frequently used as an 
insulator for buildings. Rockwool is 
manufactured by heating certain minerals to 
their melting point. These minerals are then 
spun until they solidify in the shape of fine 
threads. They are made available in the form of 
Rockwool Slabs, Rockwool Lightly Resign 
Bonded Mattresses, Rockwool Building Rolls, 
Rockwool Preformed Pipe Section and 
Rockwool Loose for loose fill insulation. Its 
thermal conductivity is 0.0461 W/m2K (ECBC 
2017). Its basic application areas include hot 
insulation, acoustic insulation and underdeck 
insulation (Figure 2.12).
2.4.10 UPVC Joinery

UPVC (Unplasticised Polyvinyl Chloride) or 
PVCu is a form of plastic, which is known for its 
rigidity. It is hard, and therefore, not flexible. It 
is a resistant form of PVC that is often used for 
pipework and window frames. It (Figure 2.13) 

offers excellent performance and durability, is 
long lasting and requires very little maintenance, 
which makes it the perfect material for windows. 
It is also recognized for its thermal efficiency, 
sound insulation and great value for money. For 
larger frame sections, a galvanized steel 
reinforcement is used to improve the strength 
and durability. 

2.4.11 Perforated Bricks:
In perforated bricks, cylindrical, rounded or 
rectangular holes are made in the bricks after the 
molding stage. These holes are called 
perforations. The volume of the perforations may 
be as much as 20% – 50% of the total volume of 
the brick. They may be larger in size than 
ordinary bricks which provides a distinct 
advantage in the form of increased work output. 
Efflorescence is least in perforated bricks. These 
bricks (Figure 2.14) are light in weight, and 
require less quantity of clay in their 
manufacturing. Less time is required for drying 
and burning of perforated bricks. These offer 
better resistance against rain penetration and 
better insulation against heat. As such they are 
ideally suited for tropical countries. 

Perforated bricks are available in following sizes:

 i) 200X200X400mm 
ii) 150X200X400mm 
iii) 100X200X400mm 
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2.3 Building Systems of ECBC

• Building Envelope
• Comfort Systems and Controls
• Lighting and Controls
• Electrical and Renewable Energy Systems

2.3.1 Building Envelope
It is a physical separator comprised of a 
series of components and systems that 
protect the interior space from the effects of 
the external environment, like precipitation, 
wind, temperature, humidity, ultraviolet 
radiation, etc. A good building envelope 
design involves the use of exterior wall 
materials and designs that are 
climate-appropriate, structurally sound and 
aesthetically pleasing. The building 
envelope of a house consists of its roof, sub 
floor, exterior doors, windows, and the 
exterior walls. The building envelope needs 
to be structurally sound. It has to be sensitive 
and responsive to its environment which 

facilitates a healthier, comfortable and an 
efficient home. 

2.3.2 Comfort Systems and Controls
These systems are designed for the comfort 
and convenience of living. They cover a 
broad range of energy- efficient commercial 
and industrial heating, ventilation and air 
conditioning (HVAC) systems. HVAC 
systems are used to heat or cool buildings to 
maintain indoor thermal comfort conditions 
that are acceptable to the human body.  
Thus, building automation systems are 
designed to improve comfort, reduce 
temperature fluctuations, control humidity 
and improve Indoor Air Quality (IAQ).

2.3.3 Lighting and Controls
It is an intelligent network based lighting 
control solution that helps to reduce 
lighting costs and achieve significant energy 
savings. Lighting control systems are 
widely used on both indoor and outdoor 
lighting of commercial, industrial, and 
residential spaces. The energy performances 
of controls are affected by many factors, the 
impact of which is very difficult to account 
for during the design process. Hence, these 
systems serve to provide the right amount 
of light where and when it is needed. These 
systems are employed to satisfy building 
codes, or comply with green building and 
energy conservation programs.

2.3.4 Electrical and Renewable Energy 
Systems
Electrical energy systems include energy 
efficient motors, transformers, diesel 
generator sets, and power distribution 
systems. These systems are monitored for 
energy efficiency. Renewable energy 
systems help in generating clean and 
reliable energy and provide cost savings. 
Solar, wind, biomass etc. are some examples 
of renewable source’s of energy.

2.4 Energy Efficient Building materials

PEDA has released a directory of energy 
efficient building materials for the designers 
and engineers to choose from. It helps them 
to build or design  more efficient buildings. 
Some of the materials from the directory are 
mentioned below.

2.4.1 Fly Ash Bricks  
These bricks are formed by using the waste 
generated by thermal power plants i.e. fly 

ash. Fly ash has low thermal conductivity, 
and therefore, its bricks (Figure 2.6) work as 
a great insulator. It shows high compressive 
strength and requires less water for curing.

2.4.2 Hollow Concrete Blocks 
They are innovative building products that 
are used as substitutes for traditional bricks 
in building construction. They have an inner 
void area which is greater than 25% of their 
gross area and are available in various sizes 
and shapes. Concrete hollow blocks (Figure 
2.7) are machine-made and unaffected by 
weather conditions unlike the red bricks.

2.4.3 AAC Blocks
They are lightweight, load-bearing , high 
insulating, durable building product, which 
are produced in a wide range of sizes and 
strength. AAC Blocks (Figure 2.8) are 
lightweight, and have lesser thermal 
conductivity compared to the red bricks.

2.4.4 Cool Roof
It improves the heat dissipation ablity of the 
roof and considerably lowers the 
temperature in the homes during summer. 
It (Figure 2.9) reflects the sunlight and the 
heat. 

Figure 2.12
Rockwool 
Insulation

Figure 2.14
Perforated 

Bricks

Figure 2.13
UPVC Joinery

2.4.5 Low-E Window
These windows, also known as "high 
performance" windows, are another great 
substitute for normal glass which will help 
reduce heat during summer and block 
infrared radiation. They (Figure 2.10) have a 
clear coating of meatal oxide. They also help 
to keep the heat in during the winter. They 
can reduce heat flow by upto 50%.

2.4.6 Insulation
Insulation is one of the most practical and 
cost effective ways to improve a building’s 
energy efficiency. Improving the insulation 
in new and existing buildings can result in 
significant cost savings and reductions in 
energy usage.

2.4.7 Extruded Polystyrene Insulation (XPS)
XPS is manufactured using a process of 
extrusion. This continuous process results in 
a closed cell structure with a smooth skin on 
the top and bottom of the board. The closed 
cell structure (Figure 2.11) of extruded 
polystyrene (XPS) prevents water 
penetration to the structure of the insulation 
board and provides long-term strength and 
durability.

2.4.8 Expanded Polystyrene Insulation 
(EPS) 
EPS is manufactured using beads of foam 
within a mould. Application of heat or steam 
directly to the beads causes them to expand 
and fuse together. Voids (Figure 2.11) occur 
between the beads, this process produces a 
closed cell structure, instead of a closed cell 
insulation board. However, the air trapped 
in the voids in the EPS will conduct heat. 
Both XPS and EPS provide good thermal 

conductivity performance. Thermal 
conductivity of an EPS insulation varies from 
0.035 to 0.038 W/m2K (NBC-2016 Vol.2), while 
the thermal conductivity of an XPS insulation 
is 0.0321 W/mK (ECBC 2017).

2.4.9 Rockwool Insulation
This isulation is rock-based mineral fiber 
insulation, comprised of Basalt rock and 
recycled slag. Basalt is a volcanic rock found in 
abundance in the earth, and slag is a by-product 
of the steel and copper industry. Rockwool 
insulation is a proprietary name for a type of 
stone wool that is frequently used as an 
insulator for buildings. Rockwool is 
manufactured by heating certain minerals to 
their melting point. These minerals are then 
spun until they solidify in the shape of fine 
threads. They are made available in the form of 
Rockwool Slabs, Rockwool Lightly Resign 
Bonded Mattresses, Rockwool Building Rolls, 
Rockwool Preformed Pipe Section and 
Rockwool Loose for loose fill insulation. Its 
thermal conductivity is 0.0461 W/m2K (ECBC 
2017). Its basic application areas include hot 
insulation, acoustic insulation and underdeck 
insulation (Figure 2.12).
2.4.10 UPVC Joinery

UPVC (Unplasticised Polyvinyl Chloride) or 
PVCu is a form of plastic, which is known for its 
rigidity. It is hard, and therefore, not flexible. It 
is a resistant form of PVC that is often used for 
pipework and window frames. It (Figure 2.13) 

offers excellent performance and durability, is 
long lasting and requires very little maintenance, 
which makes it the perfect material for windows. 
It is also recognized for its thermal efficiency, 
sound insulation and great value for money. For 
larger frame sections, a galvanized steel 
reinforcement is used to improve the strength 
and durability. 

2.4.11 Perforated Bricks:
In perforated bricks, cylindrical, rounded or 
rectangular holes are made in the bricks after the 
molding stage. These holes are called 
perforations. The volume of the perforations may 
be as much as 20% – 50% of the total volume of 
the brick. They may be larger in size than 
ordinary bricks which provides a distinct 
advantage in the form of increased work output. 
Efflorescence is least in perforated bricks. These 
bricks (Figure 2.14) are light in weight, and 
require less quantity of clay in their 
manufacturing. Less time is required for drying 
and burning of perforated bricks. These offer 
better resistance against rain penetration and 
better insulation against heat. As such they are 
ideally suited for tropical countries. 

Perforated bricks are available in following sizes:

 i) 200X200X400mm 
ii) 150X200X400mm 
iii) 100X200X400mm 
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Figure 2.15
Solar Reflective

Paints 

Figure 2.16 
Solar Reflective

Tiles

2.3 Building Systems of ECBC

• Building Envelope
• Comfort Systems and Controls
• Lighting and Controls
• Electrical and Renewable Energy Systems

2.3.1 Building Envelope
It is a physical separator comprised of a 
series of components and systems that 
protect the interior space from the effects of 
the external environment, like precipitation, 
wind, temperature, humidity, ultraviolet 
radiation, etc. A good building envelope 
design involves the use of exterior wall 
materials and designs that are 
climate-appropriate, structurally sound and 
aesthetically pleasing. The building 
envelope of a house consists of its roof, sub 
floor, exterior doors, windows, and the 
exterior walls. The building envelope needs 
to be structurally sound. It has to be sensitive 
and responsive to its environment which 
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facilitates a healthier, comfortable and an 
efficient home. 

2.3.2 Comfort Systems and Controls
These systems are designed for the comfort 
and convenience of living. They cover a 
broad range of energy- efficient commercial 
and industrial heating, ventilation and air 
conditioning (HVAC) systems. HVAC 
systems are used to heat or cool buildings to 
maintain indoor thermal comfort conditions 
that are acceptable to the human body.  
Thus, building automation systems are 
designed to improve comfort, reduce 
temperature fluctuations, control humidity 
and improve Indoor Air Quality (IAQ).

2.3.3 Lighting and Controls
It is an intelligent network based lighting 
control solution that helps to reduce 
lighting costs and achieve significant energy 
savings. Lighting control systems are 
widely used on both indoor and outdoor 
lighting of commercial, industrial, and 
residential spaces. The energy performances 
of controls are affected by many factors, the 
impact of which is very difficult to account 
for during the design process. Hence, these 
systems serve to provide the right amount 
of light where and when it is needed. These 
systems are employed to satisfy building 
codes, or comply with green building and 
energy conservation programs.

2.4.12 Solar Reflective Paints and Tiles:
The urban heat island effect is defined as an 
increase in air temperature (a 1-2°C rise in 
maximum daily values) in urban areas 
compared to surrounding rural areas due to 
human activities and housing. This effect 
further gives rise to a 10-15% increase in 
thunderstorm activity and a 20-30% decrease in 
the wind. There are various ways of mitigating 
the impact of urban heat islands, one of which 
is the use of reflecting materials.
Solar Reflective Index (SRI) (Figure 2.16 is 
important to understand when selecting a 
highly reflective roof coating that will help 
lower energy cooling costs.

2.3.4 Electrical and Renewable Energy 
Systems
Electrical energy systems include energy 
efficient motors, transformers, diesel 
generator sets, and power distribution 
systems. These systems are monitored for 
energy efficiency. Renewable energy 
systems help in generating clean and 
reliable energy and provide cost savings. 
Solar, wind, biomass etc. are some examples 
of renewable source’s of energy.

2.4 Energy Efficient Building materials

PEDA has released a directory of energy 
efficient building materials for the designers 
and engineers to choose from. It helps them 
to build or design  more efficient buildings. 
Some of the materials from the directory are 
mentioned below.

2.4.1 Fly Ash Bricks  
These bricks are formed by using the waste 
generated by thermal power plants i.e. fly 

ash. Fly ash has low thermal conductivity, 
and therefore, its bricks (Figure 2.6) work as 
a great insulator. It shows high compressive 
strength and requires less water for curing.

2.4.2 Hollow Concrete Blocks 
They are innovative building products that 
are used as substitutes for traditional bricks 
in building construction. They have an inner 
void area which is greater than 25% of their 
gross area and are available in various sizes 
and shapes. Concrete hollow blocks (Figure 
2.7) are machine-made and unaffected by 
weather conditions unlike the red bricks.

2.4.3 AAC Blocks
They are lightweight, load-bearing , high 
insulating, durable building product, which 
are produced in a wide range of sizes and 
strength. AAC Blocks (Figure 2.8) are 
lightweight, and have lesser thermal 
conductivity compared to the red bricks.

2.4.4 Cool Roof
It improves the heat dissipation ablity of the 
roof and considerably lowers the 
temperature in the homes during summer. 
It (Figure 2.9) reflects the sunlight and the 
heat. 

The SRI is a calculation method, which uses 
solar reflectance and thermal emittance values 
to determine the roof's overall capacity to 
refuse solar heat. Solar reflectance is the 
amount of solar energy or UV rays that is 
reflected away from the building, back into the 
atmosphere. The higher the solar reflectance is 
of a coating, the less heat the building has a 
chance to absorb. Thermal emittance is the 
relative ability of a roof to emit (or release) heat 
that has been absorbed. Therefore, the higher 
the SRI value, the greater the ability of the 
coating to reject solar heat absorption, thereby 
maintaining a cooler indoor ambient air 
temperature without the use of air 
conditioning. 

Reflecting materials, also known as cool 
materials, have a high reflectance of solar 
radiation (capacity to reflect incident radiation 
in the UV, visible and near-IR spectral ranges) 

and a high coefficient of thermal emittance 
(capacity to re-emit radiation in the IR 
spectral range). Factors like low absorption 
of solar radiation and high infrared emission 
lower the surface temperature of materials, 
thereby reducing the quantity of heat 
emitted into the atmosphere. 
Ceramic tiles (Figure 2.17) are often 
proposed in building as materials with high 
solar reflectance for the purpose of obtaining 
credits for heat island mitigation. 
Knowledge about the material’s SRI is 
important in order to select the products 
based on their performances characteristics.
 
2.4.13 Energy Efficient Lighting
Energy efficient lighting reduces the 
electricity demand and is a cost effective 
method of lighting system compared to 
conventional lighting methods. Lighting is 
necessary for visibility of objects in dark 
places or situations. In conventional lamps 
like incandescent and gas discharge lamps, 
most of the electricity is wasted in terms of 
heat. Even ballast, which regulates the 
current to the lamps, requires high voltage at 
the time of starting, hence consuming more 
power. Therefore, energy efficient lighting 
includes the use of more illumination from 
less power lights by replacing high power 
consumption lights like incandescent, high 
discharge lamps, etc. LED lights (Figure 
2.17) are up to 80% more efficient than 
traditional lighting such as fluorescent and 
incandescent lights. 95% of the energy in 
LEDs is converted into light and only 5% is 
wasted as heat. Less energy use reduces the 
demand from power plants and decreases 
greenhouse gas emissions.

2.4.14 Energy Efficient Equipments (HVAC)

2.4.14.1 Seasonal Energy Efficiency Ratio 
(SEER)  
This is a measure of the energy efficiency of 
the air conditioning system. It is the 
measured ratio of total cooling output over 
the cooling season, measured in British 
Thermal Units 

Figure 2.17
LED 

Lighting
Fixtures

(BTU), to the total electricity energy input over 
the cooling season, measured in kilowatt-hours. 
For the SEER rating of a given HVAC ducting, 

higher the SEER number, higher the results in 
energy efficiency. The SEER HVAC rating uses 
seasonal cooling conditions rather than 
lab-created conditions.

2.4.14.2 Energy Efficiency Ratio (EER)
It is another criterion of measuring the 
instantaneous energy efficiency of cooling 
equipment, which uses strict laboratory 
conditions for its testing, instead of using 

seasonal averages to get its ratios. Like with the 
SEER rating, higher the EER number, higher the 
energy efficiency of a given HVAC system. EER 
is the ratio of output cooling energy (in BTU) to 
electrical input energy (in Watt-hour).

2.4.5 Low-E Window
These windows, also known as "high 
performance" windows, are another great 
substitute for normal glass which will help 
reduce heat during summer and block 
infrared radiation. They (Figure 2.10) have a 
clear coating of meatal oxide. They also help 
to keep the heat in during the winter. They 
can reduce heat flow by upto 50%.

2.4.6 Insulation
Insulation is one of the most practical and 
cost effective ways to improve a building’s 
energy efficiency. Improving the insulation 
in new and existing buildings can result in 
significant cost savings and reductions in 
energy usage.

2.4.7 Extruded Polystyrene Insulation (XPS)
XPS is manufactured using a process of 
extrusion. This continuous process results in 
a closed cell structure with a smooth skin on 
the top and bottom of the board. The closed 
cell structure (Figure 2.11) of extruded 
polystyrene (XPS) prevents water 
penetration to the structure of the insulation 
board and provides long-term strength and 
durability.

2.4.8 Expanded Polystyrene Insulation 
(EPS) 
EPS is manufactured using beads of foam 
within a mould. Application of heat or steam 
directly to the beads causes them to expand 
and fuse together. Voids (Figure 2.11) occur 
between the beads, this process produces a 
closed cell structure, instead of a closed cell 
insulation board. However, the air trapped 
in the voids in the EPS will conduct heat. 
Both XPS and EPS provide good thermal 

conductivity performance. Thermal 
conductivity of an EPS insulation varies from 
0.035 to 0.038 W/m2K (NBC-2016 Vol.2), while 
the thermal conductivity of an XPS insulation 
is 0.0321 W/mK (ECBC 2017).

2.4.9 Rockwool Insulation
This isulation is rock-based mineral fiber 
insulation, comprised of Basalt rock and 
recycled slag. Basalt is a volcanic rock found in 
abundance in the earth, and slag is a by-product 
of the steel and copper industry. Rockwool 
insulation is a proprietary name for a type of 
stone wool that is frequently used as an 
insulator for buildings. Rockwool is 
manufactured by heating certain minerals to 
their melting point. These minerals are then 
spun until they solidify in the shape of fine 
threads. They are made available in the form of 
Rockwool Slabs, Rockwool Lightly Resign 
Bonded Mattresses, Rockwool Building Rolls, 
Rockwool Preformed Pipe Section and 
Rockwool Loose for loose fill insulation. Its 
thermal conductivity is 0.0461 W/m2K (ECBC 
2017). Its basic application areas include hot 
insulation, acoustic insulation and underdeck 
insulation (Figure 2.12).
2.4.10 UPVC Joinery

UPVC (Unplasticised Polyvinyl Chloride) or 
PVCu is a form of plastic, which is known for its 
rigidity. It is hard, and therefore, not flexible. It 
is a resistant form of PVC that is often used for 
pipework and window frames. It (Figure 2.13) 

offers excellent performance and durability, is 
long lasting and requires very little maintenance, 
which makes it the perfect material for windows. 
It is also recognized for its thermal efficiency, 
sound insulation and great value for money. For 
larger frame sections, a galvanized steel 
reinforcement is used to improve the strength 
and durability. 

2.4.14.3 Heating Seasonal Performance Factor 
(HSPF)
It is the ratio for how efficient the HVAC’s heat 
pump is, which cycles in both directions to 
produce hot and cold air. The HSPF rating 
measures exactly how much total space heating 
is necessary, using the BTU measurement 
divided by the total amount of electricity used by 
the pump in kilowatt-hours. Higher the HSPF 
ratio, higher will be the efficiency of the heat 
pump.

 
HSPF = 

2.4.11 Perforated Bricks:
In perforated bricks, cylindrical, rounded or 
rectangular holes are made in the bricks after the 
molding stage. These holes are called 
perforations. The volume of the perforations may 
be as much as 20% – 50% of the total volume of 
the brick. They may be larger in size than 
ordinary bricks which provides a distinct 
advantage in the form of increased work output. 
Efflorescence is least in perforated bricks. These 
bricks (Figure 2.14) are light in weight, and 
require less quantity of clay in their 
manufacturing. Less time is required for drying 
and burning of perforated bricks. These offer 
better resistance against rain penetration and 
better insulation against heat. As such they are 
ideally suited for tropical countries. 

Perforated bricks are available in following sizes:

 i) 200X200X400mm 
ii) 150X200X400mm 
iii) 100X200X400mm 
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2.4.12 Solar Reflective Paints and Tiles:
The urban heat island effect is defined as an 
increase in air temperature (a 1-2°C rise in 
maximum daily values) in urban areas 
compared to surrounding rural areas due to 
human activities and housing. This effect 
further gives rise to a 10-15% increase in 
thunderstorm activity and a 20-30% decrease in 
the wind. There are various ways of mitigating 
the impact of urban heat islands, one of which 
is the use of reflecting materials.
Solar Reflective Index (SRI) (Figure 2.16 is 
important to understand when selecting a 
highly reflective roof coating that will help 
lower energy cooling costs.

The SRI is a calculation method, which uses 
solar reflectance and thermal emittance values 
to determine the roof's overall capacity to 
refuse solar heat. Solar reflectance is the 
amount of solar energy or UV rays that is 
reflected away from the building, back into the 
atmosphere. The higher the solar reflectance is 
of a coating, the less heat the building has a 
chance to absorb. Thermal emittance is the 
relative ability of a roof to emit (or release) heat 
that has been absorbed. Therefore, the higher 
the SRI value, the greater the ability of the 
coating to reject solar heat absorption, thereby 
maintaining a cooler indoor ambient air 
temperature without the use of air 
conditioning. 

Reflecting materials, also known as cool 
materials, have a high reflectance of solar 
radiation (capacity to reflect incident radiation 
in the UV, visible and near-IR spectral ranges) 

and a high coefficient of thermal emittance 
(capacity to re-emit radiation in the IR 
spectral range). Factors like low absorption 
of solar radiation and high infrared emission 
lower the surface temperature of materials, 
thereby reducing the quantity of heat 
emitted into the atmosphere. 
Ceramic tiles (Figure 2.17) are often 
proposed in building as materials with high 
solar reflectance for the purpose of obtaining 
credits for heat island mitigation. 
Knowledge about the material’s SRI is 
important in order to select the products 
based on their performances characteristics.
 
2.4.13 Energy Efficient Lighting
Energy efficient lighting reduces the 
electricity demand and is a cost effective 
method of lighting system compared to 
conventional lighting methods. Lighting is 
necessary for visibility of objects in dark 
places or situations. In conventional lamps 
like incandescent and gas discharge lamps, 
most of the electricity is wasted in terms of 
heat. Even ballast, which regulates the 
current to the lamps, requires high voltage at 
the time of starting, hence consuming more 
power. Therefore, energy efficient lighting 
includes the use of more illumination from 
less power lights by replacing high power 
consumption lights like incandescent, high 
discharge lamps, etc. LED lights (Figure 
2.17) are up to 80% more efficient than 
traditional lighting such as fluorescent and 
incandescent lights. 95% of the energy in 
LEDs is converted into light and only 5% is 
wasted as heat. Less energy use reduces the 
demand from power plants and decreases 
greenhouse gas emissions.

2.4.14 Energy Efficient Equipments (HVAC)

2.4.14.1 Seasonal Energy Efficiency Ratio 
(SEER)  
This is a measure of the energy efficiency of 
the air conditioning system. It is the 
measured ratio of total cooling output over 
the cooling season, measured in British 
Thermal Units 

Output cooling energy (BTU)
 Input electrical energy (Wh)

SEER=    Total Cooling Output Over the Cooling Season (BTU)
   Total Electrical Energy Input Over the Cooling Season 
                                       (kilowatt-hours)

Total space heating (BTU) 
Total amount of electricity used (kilowatt-hours)

(BTU), to the total electricity energy input over 
the cooling season, measured in kilowatt-hours. 
For the SEER rating of a given HVAC ducting, 

higher the SEER number, higher the results in 
energy efficiency. The SEER HVAC rating uses 
seasonal cooling conditions rather than 
lab-created conditions.

2.4.14.2 Energy Efficiency Ratio (EER)
It is another criterion of measuring the 
instantaneous energy efficiency of cooling 
equipment, which uses strict laboratory 
conditions for its testing, instead of using 

seasonal averages to get its ratios. Like with the 
SEER rating, higher the EER number, higher the 
energy efficiency of a given HVAC system. EER 
is the ratio of output cooling energy (in BTU) to 
electrical input energy (in Watt-hour).

        EER = 

15

2.4.14.3 Heating Seasonal Performance Factor 
(HSPF)
It is the ratio for how efficient the HVAC’s heat 
pump is, which cycles in both directions to 
produce hot and cold air. The HSPF rating 
measures exactly how much total space heating 
is necessary, using the BTU measurement 
divided by the total amount of electricity used by 
the pump in kilowatt-hours. Higher the HSPF 
ratio, higher will be the efficiency of the heat 
pump.

 
HSPF = 

15



METHODOLOGY 
TO ACHIEVE ECBC COMPLIANCE
Chapter 3

Annual Energy Consumption in kWh
Total built - up area (Excluding Unconditioned Basements) 

EPI =
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Section:
Compliance
•Meet mandatory requirements
•Determine EPI ratio 

Approach
•Mandatory
•Prescriptive method
    -
•Whole building performance method

3.1 General

Code compliant building.

example, achieving an EPI ratio of 0.5 can be 
a project goal, but being Code compliant is a 
requirement and not a goal. 
EPI ratio recognizes buildings going beyond 
Code compliance. The intent of including the 
EPI ratio is to encourage project proponents 

Code compliance.   
Lower EPI denotes a lower energy use and 

target to achieve as low EPI as possible. The 

determining the EPI Ratio.

3.1.1 Energy Performance Index
The Energy Performance Index (EPI) is a 
benchmark to measure the energy 
performance of a building. It is the annual 
energy consumption  in 2/
year  of  the  building.  EPI can be determined

 
3.1.2 Determining EPI 

 

While
 

calculating
 

the
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of
 

a
 

proposed 
building,

 
the

 
area

 
of

 
unconditioned 

basements shall not be included. 
EPI

 
can

 
be

 
determined

 
by

 
either

 
of

 
the 

following methods: 
a) Mandatory Requirments
b) Prescriptive Method including Building 

c) Whole Building Performance Method.

 
Determining

 
the

 
EPI

 
ratio

 
for

 
all

 
buildings

 
is 

a
 
major

 
update

 
in

 
the

 
Code.

 
The

 
EPI

 
ratio 

provides
 

a
 

means
 

to
 

quantify
 

the
 

energy 
performance of a building.  
For example, a building having an EPI ratio 
of 1 denotes a code-compliant building 
meeting the minimum requirements. While 
an EPI ratio of 0.9 denotes that the building 
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If a building is opting for the prescriptive 
path for ECBC compliance, then it shall use 
the same method to determine the EPI as 
well. 

3.2 Mandatory Requirments 
Buildings shall comply with all mandatory 
requirements mentioned under §4.2, §5.2, 
§6.2 and §7.2, irrespective of the compliance 
path. 

3.3 Prescriptive Method Including 

A building complies with the Code using the 
Prescriptive Method if it meets the 
prescribed minimum (or maximum) values 
for envelope components, comfort systems 
and controls, and lighting and controls, in 
addition to meeting all the mandatory 

Whole Building Performance Method since 
the prescribed values for individual 
elements need to be met. 

3.4 EPI Ratio through Prescriptive 
Method
In the prescriptive approach, the energy use 

building and climate type.  EPI ratio of 1 
denotes that the building has met the 
minimum set of requirements for Code 
compliance.

Method
The design of the building envelope 

where improvement in one component can 
compensate for the lack of it in another 
component within the building envelope 
only.

3.6 EPI Ratio through Whole Building 
Performance Method
The Whole Building Performance Method 

demonstrating compliance. In this approach, 
the individual elements are not assessed for 
compliance. Instead, the entire building as a 
system is assessed for its performance.  In 
the WBP method, compliance is achieved by 

After that, the estimated annual energy use 
of the proposed design must be determined 

which should be less than that of the 
standard design.

3.7 EPI Ratio for Core and Shell 
Buildings
In a core and shell building, the developer is 
typically responsible for the design of 
common areas in the base building. This 
could include providing mechanical, 
electrical and plumbing services as 
appropriate in areas such as the lobby, 
corridors, restrooms, staircase, and others. 

absolute terms. However, the performance 
can be compared to a Standard building and 
expressed as an EPI ratio. As per the Code, 
ECBC Buildings that demonstrate 
compliance through the Prescriptive 
Method shall be deemed to have an EPI 
equal to the Standard Building EPI, and 
therefore an EPI Ratio of 1.
Thus EPI ratio of ECBC building is 1 for all 
building types because it is equal to the 
Standard Building for the corresponding 

17

 

+

+
ECBC

COMPLIANT 
BUILDING

MANDATORY
PRESCRIPTIVE 

METHOD

WHOLE
BUILDING
METHOD

MANDATORY

EPI of Proposed Building
EPI of Standard BuildingEPI Ratio  =

       
       

       

 

    
      

   

A building complies with the Code using the 
Prescriptive Method if it meets the 
prescribed minimum (or maximum) values 
for envelope components, comfort systems 
and controls, and lighting and controls, in 
addition to meeting all the mandatory 

Whole Building Performance Method since 
the prescribed values for individual 
elements need to be met. 

3.4 EPI Ratio through Prescriptive 
Method
In the prescriptive approach, the energy use 

building and climate type.  EPI ratio of 1 
denotes that the building has met the 
minimum set of requirements for Code 
compliance.

Method
The design of the building envelope 

where improvement in one component can 
compensate for the lack of it in another 
component within the building envelope 
only.

3.6 EPI Ratio through Whole Building 
Performance Method
The Whole Building Performance Method 

demonstrating compliance. In this approach, 
the individual elements are not assessed for 
compliance. Instead, the entire building as a 
system is assessed for its performance.  In 
the WBP method, compliance is achieved by 

After that, the estimated annual energy use 
of the proposed design must be determined 

which should be less than that of the 
standard design.

3.7 EPI Ratio for Core and Shell 
Buildings
In a core and shell building, the developer is 
typically responsible for the design of 
common areas in the base building. This 
could include providing mechanical, 
electrical and plumbing services as 
appropriate in areas such as the lobby, 
corridors, restrooms, staircase, and others. 

absolute terms. However, the performance 
can be compared to a Standard building and 
expressed as an EPI ratio. As per the Code, 
ECBC Buildings that demonstrate 
compliance through the Prescriptive 
Method shall be deemed to have an EPI 
equal to the Standard Building EPI, and 
therefore an EPI Ratio of 1.
Thus EPI ratio of ECBC building is 1 for all 
building types because it is equal to the 
Standard Building for the corresponding 

Figure 3.1
compliance Method
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If a building is opting for the prescriptive
path for ECBC compliance, then it shall use
the same method to determine the EPI as
well.

3.2 Mandatory Requirements
Buildings shall comply with all mandatory
requirements mentioned under §4.2, §5.2,
§6.2 and §7.2, irrespective of the compliance
path.

3.3 Prescriptive Method Including
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installed in the area occupied by them. 
Hence the EPI ratio for a core and shell 
building shall be calculated only for the 
common areas using the following method 
mentioned below.

3.8 EPI Ratio for Mixed-use 
Development
A mixed-used building can have more than 
one type of building use within the same 

above stories of the same building. In such 
cases, the EPI Ratio of a mixed-use proposed 
building shall be calculated based on the 

are the steps to calculate the EPI ratio for a 
mixed-use building :
1. Classify each commercial part of the 
mixed-used building as listed below. 
2. Determine the percentage of the area of 

grade area (AGA).

the total above grade area (AGA), then 
consider the EPI ratio of the 

of the total above grade area (AGA), then 
consider the EPI ratio of all the individual 

5. In both cases, the EPI ratio of the 
mixed-use proposed building shall be less 
than or equal to the maximum allowed EPI 
listed in the below table.

multi-family residential units and 
commercial spaces combined in one 
building. In that case, the residential units 
will be excluded from the scope of ECBC 
and the commercial part of the building will 
be considered for complying with the 

corresponding EPI ratio.  If there is more 
than one type of space within the 
commercial part, say a supermarket and a 
strip retail shop, then the EPI ratio for this 
mixed-use commercial part should be 
calculated as per the area weighted average 
method as explained in the above section.  

For example, consider this question:
A 10-story commercial building 
project in a composite climate is 
taking the prescriptive approach to 
comply with ECBC. This mixed-use 
building has 3 stories of shopping 

building (regular use). What is the EPI 
ratio this building needs to comply 
with? 
Now consider this answer: 
Since the project is taking the perscriptive 
approach, the EPI ratio will be 1 for both 
building types.  

Note: In the case of Whole Building 
Performance Method, two standard buildings 

proposed building can be compared to the 
respective standard buildings to determine 
the corresponding EPI ratios.

3.9 Compliance Requirement
• New Building Compliance
• Full building Compliance

The main focus of the ECBC is on new 
buildings. Every building project is unique 

issues of building design and still comply 

approaches.

Building Type Composite 
 ECBC ECBC+ Super ECBC 
Hotel (No star and Star) 1 0.91 0.81 
Resort 1 0.88 0.76 
Hospital 1 0.85 0.77 
Outpatient 1 0.85 0.75 
Assembly 1 0.86 0.77 
O ce (Regular Use)  1 0.86 0.78 
O ce (24 Hours)  1 0.88 0.76 
Schools and University 1 0.77 0.66 
Open Gallery Mall 1 0.85 0.76 
Shopping Mall 1 0.86 0.74 
Supermarket 1 0.81 0.70 
Strip retail 1 0.82 0.68 

 

Table 3.1
EPI for Composite
climate ( ECBC, ECBC+, 
Super ECBC)

installed in the area occupied by them. 
Hence the EPI ratio for a core and shell 
building shall be calculated only for the 
common areas using the following method 
mentioned below.

3.8 EPI Ratio for Mixed-use 
Development
A mixed-used building can have more than 
one type of building use within the same 

above stories of the same building. In such 
cases, the EPI Ratio of a mixed-use proposed 
building shall be calculated based on the 

are the steps to calculate the EPI ratio for a 
mixed-use building :
1. Classify each commercial part of the 
mixed-used building as listed below. 
2. Determine the percentage of the area of 
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3.9.1 Additions and Alterations to 
Existing Buildings

that extends or increases the area or height 
of the existing building.  An example of an 
alteration could be a change in converting an 
unconditioned space to a conditioned space.
Exceptions: When space conditioning is 
provided by existing systems and 
equipment, the existing systems and 
equipment need not comply with this code. 
However, any new equipment installed 

applicable to that equipment.

added to an existing building. The addition 
is being served by the existing chiller that is 
supplying chilled water to the existing 
building. In this case, the chiller does not 
need to comply with the Code, but any new 
air distribution equipment installed in the 
addition needs to comply with the Code.  
However, if a new chiller has to be installed 
due to addition, then the chiller must also 
comply with the Code.  The simplest 
compliance method for additions and 
alterations is to treat the addition as if it were 
its separate building.

3.10 Administrative Requirements
Administrative requirements, including but 
not limited to,  permit requirements, 
enforcement, interpretations, claims of 
exemption, approved calculation methods, 

authority having jurisdiction.  

3.11 Role of State Designated Agency
1. Engagement of at least two relevant 

engineer, an electrical engineer or an auditor 
for supporting ECBC activities

human resources and accredited 
professionals to equip the building industry 
with adequate skillset,
3. Maintain online ECBC portal with 
educational material and other necessary 
resources for systematic implementation of 
ECBC 

4. To act as a nodal agency to monitor 
implementation of ECBC 
5.To create awareness about ECBC in Punjab

3.12 Role of the Authority Having 
Jurisdiction
1. The authority having jurisdiction shall 
amend town planning rules, regulations and 
building by-laws to incorporate ECBC 
guidelines.
2. The authority having jurisdiction shall 

energy auditor/licensed architects for design 
and construction compliance checks of the 
applicable building.
3. Public Works Department (PWD) shall 
update the schedule of rates and plinth area 
rates document as per Punjab ECBC 
compliance.
4. ULBs can come up with innovative policy 

building in the administrated area

non-compliance of Punjab ECBC.

Punjab ECBC.

The authority has the right to take the 
following enforcement actions against the 
violation of this code:
1. The authority can appeal to BEE to revoke 

empanelled architect that signs Punjab 
ECBC compliance application for building 
found to be non-compliant.
2. The authority can blacklist BEE 
empanelled architect that repeatedly 
submits non-compliant energy analysis or 
false documents pursuant to this code.
3. The authority has the right to develop a 
program utilizing third-party assessors or 
inspector to ensure compliance of the Punjab 
code.

3.13 Role of Empanelled Agency
1. Ensure that the building design 

conservation measure with relevant details 
so that compliance of the building could be 
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2. Verify the standard design model 
ensuring that it complies with minimum 
performance requirement of the various 

3. Verify the category of the building to 
identify as to whether the proposed building 
is a 24-hours activity building or a day time 
activity building.
4. Determine the EPI ratio as per provision 

the building design is less than or equal to 1, 
the building design shall be deemed to 
comply with Punjab ECBC.
5. If the EPI ratio of the building design 
calculated is more than one, the proposed 
design of the building shall require 

incorporation of additional energy 
conservation measures by the owner to 
bring them in compliance with these rules 
directing the owner to revise the design 
and/or construction documents.

and/or licensed architect for the building 
shall proceed to verify the compliance 

owner.

3.14 Building Typologies for ECBC 
2017 :

non-residential building typologies (shown 
below), that in turn are broadly based on 
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Building Code of India. Spatial layouts, 

Potential for reducing energy use with 
technology and materials thus varies from 
building type to type. By analysing this 

requirements are now sensitive to building 
typologies and, to the extent possible, only 
feasible requirements  have been included.

Commercial building:
A building or a part of building or building 
complex which are used or intended to be 

as per the time of the day the building is 

functional requirements of its design, 
construction, and use as per following 
details: 
a) Group I – 24 hours building covering 
Type A Hospitality, Type B Health Care and 
Type C Assembly
b) Group II – Regular building covering 
Type D Business, Type E Educational and 

Hospitality:
•Star Hotel
•No star Hotel
•Resort

Shopping Complex: 
•Shopping Malls
•Stand-alone Retails
•Open Gallery Malls
•Supermarkets

Education: 
•College
•University
•Institution
•School

Business:
2)

2)
2) 

Healthcare:
• Hospital,
•Out Patient,
•Healthcare

Assembly:
•Multiplex, 
•Theatre, 
Buildings used for Transport Services
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Building Envelope
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Heat Flow (U-Factor)

BUILDING ENVELOPE
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Chapter 4

Sections:
Mandatory
• Fenestration
• Opaque construction
• Daylight 
• Building envelope sealing 

Prescriptive
• Roof
• Opaque External Wall
• Vertical Fenestration
• U-factor Exception  
• Building Envelope Trade-Off Method     

4.1 General
The building envelope (Figure 4.1) relates to 
the design and construction of the exterior of 
the building. A building envelope involves 
using the roof, sub-floor, exterior doors, 

is indicated in terms of the U-factor 
(U-value) of a window assembly. U-factors 
shall be determined for the overall 
fenestration product (including the sash and 
frame) following ISO-15099 by an accredited 
independent laboratory and labeled or 
certified by the manufacturer. U-factors for 
sloped glazing and skylight shall be 
determined at a slope of 20 degrees above 
the horizontal.

4.2.1.2 Solar Heat Gain Coefficient  
The Solar Heat Gain Coefficient (SHGC)  is 
the fraction of incident solar radiation 

admitted through a window, both directly 
transmitted and absorbed and subsequently 
released inward. SHGC is expressed as a 
number between 0 and 1. The lower a 
window's solar heat gain coefficient, the less 
solar heat it transmits.
SHGC shall be determined for the overall 
single or multi-glazed fenestration product 
(including the sash and frame) following  
ISO-15099 by an accredited independent 
laboratory and labeled or certified by the 
manufacturer.
Exceptions:
a) If the SC value for glass is available, then 

compliance with this section can be shown 
by the following calculation. SHGC = SC x 
0.86 
b) Rated fenestrations typically include the 
SHGC of the entire system including the 
frame and the glass. However, if SHGC of 
glass alone is available from the 
manufacturer, then it will be an acceptable 
alternative for compliance with the SHGC 
requirements for the overall fenestration 
product.

4.2.1.3 Visual Light Transmission:
Visual Light Transmission (VLT) is the 

measurable amount of solar visible light 
(daylight) that travels through a glazing 
system. A glazing system with a high VLT 
allows most of the daylight to pass through, 
while a lower VLT window restricts the 
majority of light from entering a space. 

4.2.2 Opaque Construction
Opaque construction means a building 
assembly that is part of the building 
envelope, other than doors and does not 
admit light. U-factors shall be calculated for 
the opaque construction following  
ISO-6946.

exterior wall materials and designs that are 
climate-appropriate, structurally sound and 
aesthetically pleasing. 
The building envelope shall comply with the 
mandatory requirements in the upcoming 
Section 4.2, and the prescriptive 
requirements in Section 4.3.
 
4.2 Mandatory   Requirements
4.2.1 Fenestration  
The three criteria that determine the thermal 
performance of the fenestration are 
explained below:

4.2.1.1 U-factor
U-factor (Figure 4.2) is the thermal 
transmittance or the heat loss via the 
structural elements, through conduction, 
convection, and radiation. Heat flow 
depends on per unit area, time, and 
temperature difference. The rate of heat loss 
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4.2.3 Daylighting 
4.2.3.1 Daylighting  Simulation Method
Only  BEE  approved  software  shall  be 
used to demonstrate compliance through 
the daylight simulation method. 
Buildings shall achieve illuminance level  
between 100 lux and 2,000 lux for the 
minimum  percentage of floor area listed 
in table 4.1 for atleast 90% of the potential 
daylit time. Illuminance daylit time. levels 
for all spaces enclosed by permanent 
internal partitions (opaque, translucent, or 
transparent) with  height  greater   than or
equal to 2m  from  the finshied floor, shall be
measured as follows: 
a) Measuremnt shall be taken at a work 
plane height of 0.8m above the finished 
floor. 
b) The period of analysis shall be fixed for 8  
hours per day,  anytime  between  8:00 AM 
IST to 5:00 PM IST, resulting in 2,920 hours 
in total for all buildings types except  for  
Schools.  Schools  shall  be  analyzed  for  7  
hours per day,  anytime  between 7:00 AM 
IST to 3:00 PM IST.  
c)  Available useful daylight across a space 

shall be measured based on point-by-
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Figure 4.4

Figure 4.3

Advantages of 

Heat Transfer
Through Building

Envelope

SHGC

Building Category ECBC ECBC+ Super ECBC

Business, Educational 40% 50% 60%

No Star & Star Hotel, 
Healthcare 30% 40% 50%

Resort 45% 55% 65%

Shopping Complex 10% 15% 20%

Assembly Exempted

Table 4.1 
Day lighting  
Requirement 

(Source: Table 4-1 
 ECBC 2017) 
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Solar Radiation

Convection

Conduction

Thermal Radiation

Air Infiltration

VISIBLE 
LIGHT

HEAT UV

TRANSMITS 
VISIBLE LIGHT

TRANSMIT 
LESS HEAT 

TRANSMIT 
LESS UVSections:

Mandatory
• Fenestration
• Opaque construction
• Daylight 
• Building envelope sealing 

Prescriptive
• Roof
• Opaque External Wall
• Vertical Fenestration
• U-factor Exception  
• Building Envelope Trade-Off Method     

4.1 General
The building envelope (Figure 4.1) relates to 
the design and construction of the exterior of 
the building. A building envelope involves 
using the roof, sub-floor, exterior doors, 

is indicated in terms of the U-factor 
(U-value) of a window assembly. U-factors 
shall be determined for the overall 
fenestration product (including the sash and 
frame) following ISO-15099 by an accredited 
independent laboratory and labeled or 
certified by the manufacturer. U-factors for 
sloped glazing and skylight shall be 
determined at a slope of 20 degrees above 
the horizontal.

4.2.1.2 Solar Heat Gain Coefficient  
The Solar Heat Gain Coefficient (SHGC)  is 
the fraction of incident solar radiation 

admitted through a window, both directly 
transmitted and absorbed and subsequently 
released inward. SHGC is expressed as a 
number between 0 and 1. The lower a 
window's solar heat gain coefficient, the less 
solar heat it transmits.
SHGC shall be determined for the overall 
single or multi-glazed fenestration product 
(including the sash and frame) following  
ISO-15099 by an accredited independent 
laboratory and labeled or certified by the 
manufacturer.
Exceptions:
a) If the SC value for glass is available, then 

compliance with this section can be shown 
by the following calculation. SHGC = SC x 
0.86 
b) Rated fenestrations typically include the 
SHGC of the entire system including the 
frame and the glass. However, if SHGC of 
glass alone is available from the 
manufacturer, then it will be an acceptable 
alternative for compliance with the SHGC 
requirements for the overall fenestration 
product.

4.2.1.3 Visual Light Transmission:
Visual Light Transmission (VLT) is the 

measurable amount of solar visible light 
(daylight) that travels through a glazing 
system. A glazing system with a high VLT 
allows most of the daylight to pass through, 
while a lower VLT window restricts the 
majority of light from entering a space. 

4.2.2 Opaque Construction
Opaque construction means a building 
assembly that is part of the building 
envelope, other than doors and does not 
admit light. U-factors shall be calculated for 
the opaque construction following  
ISO-6946.

exterior wall materials and designs that are 
climate-appropriate, structurally sound and 
aesthetically pleasing. 
The building envelope shall comply with the 
mandatory requirements in the upcoming 
Section 4.2, and the prescriptive 
requirements in Section 4.3.
 
4.2 Mandatory   Requirements
4.2.1 Fenestration  
The three criteria that determine the thermal 
performance of the fenestration are 
explained below:

4.2.1.1 U-factor
U-factor (Figure 4.2) is the thermal 
transmittance or the heat loss via the 
structural elements, through conduction, 
convection, and radiation. Heat flow 
depends on per unit area, time, and 
temperature difference. The rate of heat loss 
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Percentage of above grade floor area meet the 
UDI requirement 

4.2.3 Daylighting 
4.2.3.1 Daylighting  Simulation Method
Only  BEE  approved  software  shall  be 
used to demonstrate compliance through 
the daylight simulation method. 
Buildings shall achieve illuminance level  
between 100 lux and 2,000 lux for the 
minimum  percentage of floor area listed 
in table 4.1 for atleast 90% of the potential 
daylit time. Illuminance daylit time. levels 
for all spaces enclosed by permanent 
internal partitions (opaque, translucent, or 
transparent) with  height  greater   than or
equal to 2m  from  the finshied floor, shall be
measured as follows: 
a) Measuremnt shall be taken at a work 
plane height of 0.8m above the finished 
floor. 
b) The period of analysis shall be fixed for 8  
hours per day,  anytime  between  8:00 AM 
IST to 5:00 PM IST, resulting in 2,920 hours 
in total for all buildings types except  for  
Schools.  Schools  shall  be  analyzed  for  7  
hours per day,  anytime  between 7:00 AM 
IST to 3:00 PM IST.  
c)  Available useful daylight across a space 

shall be measured based on point-by-
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Figure 4.5 
Daylighting 
Requirement for 
various Building 
Categories 

d) Fenestration shall be modeled with actual 
visible light transmission (VLT) as per the 
details provided in the material Specific-
ation sheet  

e) All surrounding natural or man-made 
daylight obstructions shall be modeled 
if the distance between the façade of the 
building (for which compliance is shown) 
and surrounding natural or man-made 
daylight obstructions is less than or equal 
to twice the height of the man-made or 

-
tance of the surfaces is not known, default 

for all vertical surfaces of man-made and 
natural obstructers respectively.

f) Interior surface reflectance shall be modelled
based on the actual material specification. If
 material specification is not available, follow-
ing default value shall be used (Table 4.2)

Surface Type
Wall or Vertical Internal Surfaces 50%

Ceiling 70%
Floor 20%

Furniture (Permanent) 50%

Table 4.2 
Default values 
for surface 
reflectance
Source: (Table-4-2; 
ECBC 2017)

Concept Box

• The building envelope does not directly consume energy it affects the amount of heat that 
can pass through the envelope and hence determines the HVAC loads.

• The Solar Heat Gain Coefficient (SHGC) is a number assigned to a window that tells you 
how much heat that window lets pass into your space from the sun. SHGC numbers 
range from 0 to 1, and the lower the number, the less heat will enter your space. Thus, in 
hot climates a low SHGC is desirable, while in cold climates a higher SHGC is desirable.

• Visual Light Transmittance (VLT) refers to the fraction of visible light transmitted through 
the glazing. VLT is concerned with the visible portion of the solar spectrum.
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Sections:
Mandatory
• Fenestration
• Opaque construction
• Daylight 
• Building envelope sealing 

Prescriptive
• Roof
• Opaque External Wall
• Vertical Fenestration
• U-factor Exception  
• Building Envelope Trade-Off Method     

4.1 General
The building envelope (Figure 4.1) relates to 
the design and construction of the exterior of 
the building. A building envelope involves 
using the roof, sub-floor, exterior doors, 

is indicated in terms of the U-factor 
(U-value) of a window assembly. U-factors 
shall be determined for the overall 
fenestration product (including the sash and 
frame) following ISO-15099 by an accredited 
independent laboratory and labeled or 
certified by the manufacturer. U-factors for 
sloped glazing and skylight shall be 
determined at a slope of 20 degrees above 
the horizontal.

4.2.1.2 Solar Heat Gain Coefficient  
The Solar Heat Gain Coefficient (SHGC)  is 
the fraction of incident solar radiation 

admitted through a window, both directly 
transmitted and absorbed and subsequently 
released inward. SHGC is expressed as a 
number between 0 and 1. The lower a 
window's solar heat gain coefficient, the less 
solar heat it transmits.
SHGC shall be determined for the overall 
single or multi-glazed fenestration product 
(including the sash and frame) following  
ISO-15099 by an accredited independent 
laboratory and labeled or certified by the 
manufacturer.
Exceptions:
a) If the SC value for glass is available, then 

compliance with this section can be shown 
by the following calculation. SHGC = SC x 
0.86 
b) Rated fenestrations typically include the 
SHGC of the entire system including the 
frame and the glass. However, if SHGC of 
glass alone is available from the 
manufacturer, then it will be an acceptable 
alternative for compliance with the SHGC 
requirements for the overall fenestration 
product.

4.2.1.3 Visual Light Transmission:
Visual Light Transmission (VLT) is the 

measurable amount of solar visible light 
(daylight) that travels through a glazing 
system. A glazing system with a high VLT 
allows most of the daylight to pass through, 
while a lower VLT window restricts the 
majority of light from entering a space. 

4.2.2 Opaque Construction
Opaque construction means a building 
assembly that is part of the building 
envelope, other than doors and does not 
admit light. U-factors shall be calculated for 
the opaque construction following  
ISO-6946.

exterior wall materials and designs that are 
climate-appropriate, structurally sound and 
aesthetically pleasing. 
The building envelope shall comply with the 
mandatory requirements in the upcoming 
Section 4.2, and the prescriptive 
requirements in Section 4.3.
 
4.2 Mandatory   Requirements
4.2.1 Fenestration  
The three criteria that determine the thermal 
performance of the fenestration are 
explained below:

4.2.1.1 U-factor
U-factor (Figure 4.2) is the thermal 
transmittance or the heat loss via the 
structural elements, through conduction, 
convection, and radiation. Heat flow 
depends on per unit area, time, and 
temperature difference. The rate of heat loss 

• Provide overall visual comfort
• Result in improved aesthetics 
• Enhance occupant comfort, productivity     
   and health
• Reduce electric lighting energy usage 
  A well thought out design can easily    
  achieve these goals.

4.2.3.2 Manual Daylighting Compliance 
Method
This method can be used to show 
compliance through calculations without 
using computer software.  The Manual 
calculation is an easier approach compared 
to using simulations. However, it can be 
limiting in assessing the full potential of a 

building design.  Generally, the manual 
method is suitable for projects adopting the 
prescriptive compliance approach. As per 
the Code, Daylight extent factors (DEF) shall 
be used for manually calculating percentage 
of above grade floor area meeting the UDI 
requirement for 90% of the potential daylit 
time in a year. The DEF accounts for 
orientation and glazing VLT of the 
fenestration, shading devices adjacent to it 
and building location. Thus, the building 
design parameters are taken into account in 
the manual method.  
Steps for manual calculations are given 
below: 
1. Determine the projection factor for every 

fenestration that has a shading device as per 
the following:
Table 4.3 determines the Daylight Extent 
Factor (DEF) for each fenestration as per the 
orientation and corresponding VLT.
The daylit area contributed by each 
fenestration is calculated as per the 
following:

3. Glazed facades and fenestrations with 
non-cardinal orientation, shall be 
categorized under a particular cardinal 
direction if the orientation is within ± 45 
degrees of that cardinal direction.  
4. Any surrounding natural or man-made 
daylight obstructions shall not be 
considered in this method.

4.2.4 Air Leakages
Following areas of the building envelope, 
of all  except  naturally  ventilated  
buildings  or spaces, shall be sealed, 
caulked, gasketed, or  weather-stripped: 
a) Joints  around  fenestration  and  door 
frames.
b) Openings  at penetrations  of utility  
services through roofs, walls and floors.
c) Site- built fenestration and doors.
d) Building  assemblies  used  as  ducts  
and plenums.
e) Joints, seams and penetrations of vapor 
retarders.
f) All other possible openings  in the 
building.

4.3 Prescriptive Requirements
All envelope components can comply 
with the prescriptive requirements as 
described in this section.

4.3.1 Roof
The intensity of solar radiation is highest 
on a horizontal surface of a roof. At least 
80% of the day time heat gain is through 
the roof, which is very significant. The 
improving thermal performance of the 
roof helps to reducing the cooling loads of 
the building. Roofs shall comply with the 
maximum assembly U-factors in Table 4.4 
through Table 4.6. The roof insulation 
shall be applied externally as part of the 
structural slab and not as a part of the 
false ceiling.

4.3.1.1 Vegetated and Cool Roof
A green roof or vegetated roof is a roof of 
a building that is partially or completely 
covered with vegetation and a growing 
medium, planted over a waterproofing 
membrane. It may also include additional 
layers such as a root barrier, and drainage 
and irrigation systems.
A cool roof is a roofing system that 
delivers higher solar reflectance (the 
ability to reflect the visible, infrared and 
ultraviolet wavelengths of the sun, 
reducing heat transfer to the building) 
and higher thermal emittance (the ability 
to radiate absorbed or unreflected solar 
energy). 
Cool roofs reflect most of the solar 
radiation and efficiently emit some of the 
absorbed radiation back into the 
atmosphere, instead of conducting it to 
the building below. Thus a cool roof 
reduces the need for air conditioning and 
make buildings more comfortable to the 
occupants. The heat transfer across roofs 
is usually higher than the walls because 

of the higher incidence  of  solar  
radiation. All roofs that are not covered 
by water tanks, solar PVs or hot water, 
HVAC equipment or services and 
utilities, shall be either vegetated roofs or 
cool roofs.  The main characteristics of a 
cool roof are as follows:
• They are constructed by coating the 
roof surface with a very high reflective 
coating that has high emissivity.
• The cool roofs are said to be 7⁰-8⁰ C 
cooler than normal roofs.
• The coatings are applied using rollers, 
sprays or brushes over an existing roof 
surface.
• The usual materials used for cool 
roofing are lime coats, white tiles grouted 
with white cement and special high 
reflective paints. 
a) For qualifying as a cool roof, roofs with 
slopes less than 20° shall have an initial 
solar reflectance of no less than 0.60 and 
an initial emittance no less than 0.90. Solar 
reflectance shall be determined in 
accordance with ASTM E903-96 and 
emittance shall be determined under 
ASTM E408-71 (RA 1996). 
b) For qualifying as a vegetated roof, roof 
areas shall be covered by living 
vegetation.
      
Solar Reflectance Index (SRI)
Solar Reflectance Index or the SRI is the 
metric used to measure the performance 
of a cool roof. SRI is a measure of the 
ability of the constructed surface to reflect 
solar heat, as shown by a small 
temperature rise. SRI, which incorporates 
both solar reflectance and emittance in a 
single value, quantifies how hot a surface 
would get relative to standard black and 
standard white surfaces. Higher the SRI, 
better the material in reflecting heat.

Vertical Fenestrations
1) In a direction perpendicular to the 
fenestration, multiply daylight extent factor 
(DEF) by the head height of the fenestration 
or till an opaque partition (with height 
greater or equal to 2m from the finished 
floor), whichever is less.
Daylit area (distance perpendicular to 
fenestration) = DEF * H (Fig.4.9)
2)In the direction parallel to the fenestration, 
daylit area extends a horizontal dimension 
equal to the width of the fenestration plus 
either 1m on each side of the aperture, or the 
distance to an opaque partition of 2m high, 
or one half the distance to an adjacent 
fenestration, whichever is least.
Daylit area (distance parallel to fenestration)  
= W + 2m (Fig.4.9)

Skylights:
To calculate the horizontal dimension in 
each direction equal to the top aperture 
dimension in that direction plus either the 
floor-to-ceiling height (H) for skylights, or 
1.5 H for monitors, or H or 2H for the saw 
tooth configuration, or the distance to the 
nearest 1 meter or higher opaque partition, 
or one-half the distance to an adjacent 
skylight or vertical glazing, whichever is 
least. 
1. A summation of all the individual daylight 
area should be done showing compliances as 
per table 4.1
2. An architectural plan shall be prepared 
with all daylit areas marked on the floor 
plans. 

The goals of good daylighting design to  
• Provide sufficient luminance  
• Minimize glare  
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Daylight Requirment

4.2.3 Daylighting 
4.2.3.1 Daylighting  Simulation Method
Only  BEE  approved  software  shall  be 
used to demonstrate compliance through 
the daylight simulation method. 
Buildings shall achieve illuminance level  
between 100 lux and 2,000 lux for the 
minimum  percentage of floor area listed 
in table 4.1 for atleast 90% of the potential 
daylit time. Illuminance daylit time. levels 
for all spaces enclosed by permanent 
internal partitions (opaque, translucent, or 
transparent) with  height  greater   than or
equal to 2m  from  the finshied floor, shall be
measured as follows: 
a) Measuremnt shall be taken at a work 
plane height of 0.8m above the finished 
floor. 
b) The period of analysis shall be fixed for 8  
hours per day,  anytime  between  8:00 AM 
IST to 5:00 PM IST, resulting in 2,920 hours 
in total for all buildings types except  for  
Schools.  Schools  shall  be  analyzed  for  7  
hours per day,  anytime  between 7:00 AM 
IST to 3:00 PM IST.  
c)  Available useful daylight across a space 

shall be measured based on point-by-
ed 

for at least one point for each square 
meter of floor area.
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Shading Lati-
tude

Window 
Type VLT<0.3

North South East West North South East West
No Shad-
ing or PF 
< 0.4

All window 
types

2.5 2.0 0.7 0.5 2.8 2.2 1.1 0.7

2.4 2.0 1.3 0.6 1.7 2.2 1.5 0.8

Shading 
with 

All 
Lati-
tudes

All window 
types without 

light shelf
2.8 2.3 1.5 1.1 3.0 2.5 1.8 1.5

Window with 
light shelf 3.0 2.5 1.8 1.6 3.5 3.0 2.1 1.8

 Table 4.3 
Daylight 

External Factors 
(Table: 4-3; 

ECBC 2017)

Figure 4.6
Daylight 

External Factors 
(VLT<0.3)

Figure 4.7 
Daylight 

External Factors 

• Provide overall visual comfort
• Result in improved aesthetics 
• Enhance occupant comfort, productivity     
   and health
• Reduce electric lighting energy usage 
  A well thought out design can easily    
  achieve these goals.

4.2.3.2 Manual Daylighting Compliance 
Method
This method can be used to show 
compliance through calculations without 
using computer software.  The Manual 
calculation is an easier approach compared 
to using simulations. However, it can be 
limiting in assessing the full potential of a 

building design.  Generally, the manual 
method is suitable for projects adopting the 
prescriptive compliance approach. As per 
the Code, Daylight extent factors (DEF) shall 
be used for manually calculating percentage 
of above grade floor area meeting the UDI 
requirement for 90% of the potential daylit 
time in a year. The DEF accounts for 
orientation and glazing VLT of the 
fenestration, shading devices adjacent to it 
and building location. Thus, the building 
design parameters are taken into account in 
the manual method.  
Steps for manual calculations are given 
below: 
1. Determine the projection factor for every 

fenestration that has a shading device as per 
the following:
Table 4.3 determines the Daylight Extent 
Factor (DEF) for each fenestration as per the 
orientation and corresponding VLT.
The daylit area contributed by each 
fenestration is calculated as per the 
following:

3. Glazed facades and fenestrations with 
non-cardinal orientation, shall be 
categorized under a particular cardinal 
direction if the orientation is within ± 45 
degrees of that cardinal direction.  
4. Any surrounding natural or man-made 
daylight obstructions shall not be 
considered in this method.

4.2.4 Air Leakages
Following areas of the building envelope, 
of all  except  naturally  ventilated  
buildings  or spaces, shall be sealed, 
caulked, gasketed, or  weather-stripped: 
a) Joints  around  fenestration  and  door 
frames.
b) Openings  at penetrations  of utility  
services through roofs, walls and floors.
c) Site- built fenestration and doors.
d) Building  assemblies  used  as  ducts  
and plenums.
e) Joints, seams and penetrations of vapor 
retarders.
f) All other possible openings  in the 
building.

4.3 Prescriptive Requirements
All envelope components can comply 
with the prescriptive requirements as 
described in this section.

4.3.1 Roof
The intensity of solar radiation is highest 
on a horizontal surface of a roof. At least 
80% of the day time heat gain is through 
the roof, which is very significant. The 
improving thermal performance of the 
roof helps to reducing the cooling loads of 
the building. Roofs shall comply with the 
maximum assembly U-factors in Table 4.4 
through Table 4.6. The roof insulation 
shall be applied externally as part of the 
structural slab and not as a part of the 
false ceiling.

4.3.1.1 Vegetated and Cool Roof
A green roof or vegetated roof is a roof of 
a building that is partially or completely 
covered with vegetation and a growing 
medium, planted over a waterproofing 
membrane. It may also include additional 
layers such as a root barrier, and drainage 
and irrigation systems.
A cool roof is a roofing system that 
delivers higher solar reflectance (the 
ability to reflect the visible, infrared and 
ultraviolet wavelengths of the sun, 
reducing heat transfer to the building) 
and higher thermal emittance (the ability 
to radiate absorbed or unreflected solar 
energy). 
Cool roofs reflect most of the solar 
radiation and efficiently emit some of the 
absorbed radiation back into the 
atmosphere, instead of conducting it to 
the building below. Thus a cool roof 
reduces the need for air conditioning and 
make buildings more comfortable to the 
occupants. The heat transfer across roofs 
is usually higher than the walls because 

of the higher incidence  of  solar  
radiation. All roofs that are not covered 
by water tanks, solar PVs or hot water, 
HVAC equipment or services and 
utilities, shall be either vegetated roofs or 
cool roofs.  The main characteristics of a 
cool roof are as follows:
• They are constructed by coating the 
roof surface with a very high reflective 
coating that has high emissivity.
• The cool roofs are said to be 7⁰-8⁰ C 
cooler than normal roofs.
• The coatings are applied using rollers, 
sprays or brushes over an existing roof 
surface.
• The usual materials used for cool 
roofing are lime coats, white tiles grouted 
with white cement and special high 
reflective paints. 
a) For qualifying as a cool roof, roofs with 
slopes less than 20° shall have an initial 
solar reflectance of no less than 0.60 and 
an initial emittance no less than 0.90. Solar 
reflectance shall be determined in 
accordance with ASTM E903-96 and 
emittance shall be determined under 
ASTM E408-71 (RA 1996). 
b) For qualifying as a vegetated roof, roof 
areas shall be covered by living 
vegetation.
      
Solar Reflectance Index (SRI)
Solar Reflectance Index or the SRI is the 
metric used to measure the performance 
of a cool roof. SRI is a measure of the 
ability of the constructed surface to reflect 
solar heat, as shown by a small 
temperature rise. SRI, which incorporates 
both solar reflectance and emittance in a 
single value, quantifies how hot a surface 
would get relative to standard black and 
standard white surfaces. Higher the SRI, 
better the material in reflecting heat.

Vertical Fenestrations
1) In a direction perpendicular to the 
fenestration, multiply daylight extent factor 
(DEF) by the head height of the fenestration 
or till an opaque partition (with height 
greater or equal to 2m from the finished 
floor), whichever is less.
Daylit area (distance perpendicular to 
fenestration) = DEF * H (Fig.4.9)
2)In the direction parallel to the fenestration, 
daylit area extends a horizontal dimension 
equal to the width of the fenestration plus 
either 1m on each side of the aperture, or the 
distance to an opaque partition of 2m high, 
or one half the distance to an adjacent 
fenestration, whichever is least.
Daylit area (distance parallel to fenestration)  
= W + 2m (Fig.4.9)

Skylights:
To calculate the horizontal dimension in 
each direction equal to the top aperture 
dimension in that direction plus either the 
floor-to-ceiling height (H) for skylights, or 
1.5 H for monitors, or H or 2H for the saw 
tooth configuration, or the distance to the 
nearest 1 meter or higher opaque partition, 
or one-half the distance to an adjacent 
skylight or vertical glazing, whichever is 
least. 
1. A summation of all the individual daylight 
area should be done showing compliances as 
per table 4.1
2. An architectural plan shall be prepared 
with all daylit areas marked on the floor 
plans. 

The goals of good daylighting design to  
• Provide sufficient luminance  
• Minimize glare  
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• Provide overall visual comfort
• Result in improved aesthetics 
• Enhance occupant comfort, productivity     
   and health
• Reduce electric lighting energy usage 
  A well thought out design can easily    
  achieve these goals.

4.2.3.2 Manual Daylighting Compliance 
Method
This method can be used to show 
compliance through calculations without 
using computer software.  The Manual 
calculation is an easier approach compared 
to using simulations. However, it can be 
limiting in assessing the full potential of a 

building design.  Generally, the manual 
method is suitable for projects adopting the 
prescriptive compliance approach. As per 
the Code, Daylight extent factors (DEF) shall 
be used for manually calculating percentage 
of above grade floor area meeting the UDI 
requirement for 90% of the potential daylit 
time in a year. The DEF accounts for 
orientation and glazing VLT of the 
fenestration, shading devices adjacent to it 
and building location. Thus, the building 
design parameters are taken into account in 
the manual method.  
Steps for manual calculations are given 
below: 
1. Determine the projection factor for every 

fenestration that has a shading device as per 
the following:
Table 4.3 determines the Daylight Extent 
Factor (DEF) for each fenestration as per the 
orientation and corresponding VLT.
The daylit area contributed by each 
fenestration is calculated as per the 
following:

3. Glazed facades and fenestrations with 
non-cardinal orientation, shall be 
categorized under a particular cardinal 
direction if the orientation is within ± 45 
degrees of that cardinal direction.  
4. Any surrounding natural or man-made 
daylight obstructions shall not be 
considered in this method.

4.2.4 Air Leakages
Following areas of the building envelope, 
of all  except  naturally  ventilated  
buildings  or spaces, shall be sealed, 
caulked, gasketed, or  weather-stripped: 
a) Joints  around  fenestration  and  door 
frames.
b) Openings  at penetrations  of utility  
services through roofs, walls and floors.
c) Site- built fenestration and doors.
d) Building  assemblies  used  as  ducts  
and plenums.
e) Joints, seams and penetrations of vapor 
retarders.
f) All other possible openings  in the 
building.

4.3 Prescriptive Requirements
All envelope components can comply 
with the prescriptive requirements as 
described in this section.

4.3.1 Roof
The intensity of solar radiation is highest 
on a horizontal surface of a roof. At least 
80% of the day time heat gain is through 
the roof, which is very significant. The 
improving thermal performance of the 
roof helps to reducing the cooling loads of 
the building. Roofs shall comply with the 
maximum assembly U-factors in Table 4.4 
through Table 4.6. The roof insulation 
shall be applied externally as part of the 
structural slab and not as a part of the 
false ceiling.

4.3.1.1 Vegetated and Cool Roof
A green roof or vegetated roof is a roof of 
a building that is partially or completely 
covered with vegetation and a growing 
medium, planted over a waterproofing 
membrane. It may also include additional 
layers such as a root barrier, and drainage 
and irrigation systems.
A cool roof is a roofing system that 
delivers higher solar reflectance (the 
ability to reflect the visible, infrared and 
ultraviolet wavelengths of the sun, 
reducing heat transfer to the building) 
and higher thermal emittance (the ability 
to radiate absorbed or unreflected solar 
energy). 
Cool roofs reflect most of the solar 
radiation and efficiently emit some of the 
absorbed radiation back into the 
atmosphere, instead of conducting it to 
the building below. Thus a cool roof 
reduces the need for air conditioning and 
make buildings more comfortable to the 
occupants. The heat transfer across roofs 
is usually higher than the walls because 

of the higher incidence  of  solar  
radiation. All roofs that are not covered 
by water tanks, solar PVs or hot water, 
HVAC equipment or services and 
utilities, shall be either vegetated roofs or 
cool roofs.  The main characteristics of a 
cool roof are as follows:
• They are constructed by coating the 
roof surface with a very high reflective 
coating that has high emissivity.
• The cool roofs are said to be 7⁰-8⁰ C 
cooler than normal roofs.
• The coatings are applied using rollers, 
sprays or brushes over an existing roof 
surface.
• The usual materials used for cool 
roofing are lime coats, white tiles grouted 
with white cement and special high 
reflective paints. 
a) For qualifying as a cool roof, roofs with 
slopes less than 20° shall have an initial 
solar reflectance of no less than 0.60 and 
an initial emittance no less than 0.90. Solar 
reflectance shall be determined in 
accordance with ASTM E903-96 and 
emittance shall be determined under 
ASTM E408-71 (RA 1996). 
b) For qualifying as a vegetated roof, roof 
areas shall be covered by living 
vegetation.
      
Solar Reflectance Index (SRI)
Solar Reflectance Index or the SRI is the 
metric used to measure the performance 
of a cool roof. SRI is a measure of the 
ability of the constructed surface to reflect 
solar heat, as shown by a small 
temperature rise. SRI, which incorporates 
both solar reflectance and emittance in a 
single value, quantifies how hot a surface 
would get relative to standard black and 
standard white surfaces. Higher the SRI, 
better the material in reflecting heat.

Vertical Fenestrations
1) In a direction perpendicular to the 
fenestration, multiply daylight extent factor 
(DEF) by the head height of the fenestration 
or till an opaque partition (with height 
greater or equal to 2m from the finished 
floor), whichever is less.
Daylit area (distance perpendicular to 
fenestration) = DEF * H (Fig.4.9)
2)In the direction parallel to the fenestration, 
daylit area extends a horizontal dimension 
equal to the width of the fenestration plus 
either 1m on each side of the aperture, or the 
distance to an opaque partition of 2m high, 
or one half the distance to an adjacent 
fenestration, whichever is least.
Daylit area (distance parallel to fenestration)  
= W + 2m (Fig.4.9)

Skylights:
To calculate the horizontal dimension in 
each direction equal to the top aperture 
dimension in that direction plus either the 
floor-to-ceiling height (H) for skylights, or 
1.5 H for monitors, or H or 2H for the saw 
tooth configuration, or the distance to the 
nearest 1 meter or higher opaque partition, 
or one-half the distance to an adjacent 
skylight or vertical glazing, whichever is 
least. 
1. A summation of all the individual daylight 
area should be done showing compliances as 
per table 4.1
2. An architectural plan shall be prepared 
with all daylit areas marked on the floor 
plans. 

Fig.4.9
Daylit area 
for Vertical
Fenestration 
= W+ 2m 

Fig.4.9A
Daylit area 
for Vertical
Fenestration 
= W+ 2m 

Fig.4.10
Skylight
calculation 

Fig.4.8
Projection
Factor

The goals of good daylighting design to  
• Provide sufficient luminance  
• Minimize glare  

26
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Requirements of 
Roof Assembly 
U-factor (W/
m2.K) for 
an ECBC 
Compliant 
Building Source: 
Table 4-4, 
ECBC 2017)

Table 4.6
Requirements of 
Roof Assembly 
U-Value (W/
m2K) for an 
Super ECBC 
compliant 
building 
(Source: Table 4 
-6; ECBC 2017)

ECBC Building

All building types

All building types except below

0.20

Super ECBC

0.33

School  10,000 m2 AGA 0.47

Hospitality > 10,000 m2 AGA 0.20

Building Type

Building Type

ECBC+ Building

Hospitality, Healthcare Assembly 0.20

Business, Educational, 
Shopping Complex

0.26

Table 4.5

Table 4.4

Requirements of 
Roof Assembly 
U-factor (W/
m2.K) for 
an ECBC + 
Compliant 
Building Source: 
Table 4-5, 
ECBC 2017)

• Provide overall visual comfort
• Result in improved aesthetics 
• Enhance occupant comfort, productivity     
   and health
• Reduce electric lighting energy usage 
  A well thought out design can easily    
  achieve these goals.

4.2.3.2 Manual Daylighting Compliance 
Method
This method can be used to show 
compliance through calculations without 
using computer software.  The Manual 
calculation is an easier approach compared 
to using simulations. However, it can be 
limiting in assessing the full potential of a 

building design.  Generally, the manual 
method is suitable for projects adopting the 
prescriptive compliance approach. As per 
the Code, Daylight extent factors (DEF) shall 
be used for manually calculating percentage 
of above grade floor area meeting the UDI 
requirement for 90% of the potential daylit 
time in a year. The DEF accounts for 
orientation and glazing VLT of the 
fenestration, shading devices adjacent to it 
and building location. Thus, the building 
design parameters are taken into account in 
the manual method.  
Steps for manual calculations are given 
below: 
1. Determine the projection factor for every 

fenestration that has a shading device as per 
the following:
Table 4.3 determines the Daylight Extent 
Factor (DEF) for each fenestration as per the 
orientation and corresponding VLT.
The daylit area contributed by each 
fenestration is calculated as per the 
following:

3. Glazed facades and fenestrations with 
non-cardinal orientation, shall be 
categorized under a particular cardinal 
direction if the orientation is within ± 45 
degrees of that cardinal direction.  
4. Any surrounding natural or man-made 
daylight obstructions shall not be 
considered in this method.

4.2.4 Air Leakages
Following areas of the building envelope, 
of all  except  naturally  ventilated  
buildings  or spaces, shall be sealed, 
caulked, gasketed, or  weather-stripped: 
a) Joints  around  fenestration  and  door 
frames.
b) Openings  at penetrations  of utility  
services through roofs, walls and floors.
c) Site- built fenestration and doors.
d) Building  assemblies  used  as  ducts  
and plenums.
e) Joints, seams and penetrations of vapor 
retarders.
f) All other possible openings  in the 
building.

4.3 Prescriptive Requirements
All envelope components can comply 
with the prescriptive requirements as 
described in this section.

4.3.1 Roof
The intensity of solar radiation is highest 
on a horizontal surface of a roof. At least 
80% of the day time heat gain is through 
the roof, which is very significant. The 
improving thermal performance of the 
roof helps to reducing the cooling loads of 
the building. Roofs shall comply with the 
maximum assembly U-factors in Table 4.4 
through Table 4.6. The roof insulation 
shall be applied externally as part of the 
structural slab and not as a part of the 
false ceiling.

4.3.1.1 Vegetated and Cool Roof
A green roof or vegetated roof is a roof of 
a building that is partially or completely 
covered with vegetation and a growing 
medium, planted over a waterproofing 
membrane. It may also include additional 
layers such as a root barrier, and drainage 
and irrigation systems.
A cool roof is a roofing system that 
delivers higher solar reflectance (the 
ability to reflect the visible, infrared and 
ultraviolet wavelengths of the sun, 
reducing heat transfer to the building) 
and higher thermal emittance (the ability 
to radiate absorbed or unreflected solar 
energy). 
Cool roofs reflect most of the solar 
radiation and efficiently emit some of the 
absorbed radiation back into the 
atmosphere, instead of conducting it to 
the building below. Thus a cool roof 
reduces the need for air conditioning and 
make buildings more comfortable to the 
occupants. The heat transfer across roofs 
is usually higher than the walls because 

of the higher incidence  of  solar  
radiation. All roofs that are not covered 
by water tanks, solar PVs or hot water, 
HVAC equipment or services and 
utilities, shall be either vegetated roofs or 
cool roofs.  The main characteristics of a 
cool roof are as follows:
• They are constructed by coating the 
roof surface with a very high reflective 
coating that has high emissivity.
• The cool roofs are said to be 7⁰-8⁰ C 
cooler than normal roofs.
• The coatings are applied using rollers, 
sprays or brushes over an existing roof 
surface.
• The usual materials used for cool 
roofing are lime coats, white tiles grouted 
with white cement and special high 
reflective paints. 
a) For qualifying as a cool roof, roofs with 
slopes less than 20° shall have an initial 
solar reflectance of no less than 0.60 and 
an initial emittance no less than 0.90. Solar 
reflectance shall be determined in 
accordance with ASTM E903-96 and 
emittance shall be determined under 
ASTM E408-71 (RA 1996). 
b) For qualifying as a vegetated roof, roof 
areas shall be covered by living 
vegetation.
      
Solar Reflectance Index (SRI)
Solar Reflectance Index or the SRI is the 
metric used to measure the performance 
of a cool roof. SRI is a measure of the 
ability of the constructed surface to reflect 
solar heat, as shown by a small 
temperature rise. SRI, which incorporates 
both solar reflectance and emittance in a 
single value, quantifies how hot a surface 
would get relative to standard black and 
standard white surfaces. Higher the SRI, 
better the material in reflecting heat.

Vertical Fenestrations
1) In a direction perpendicular to the 
fenestration, multiply daylight extent factor 
(DEF) by the head height of the fenestration 
or till an opaque partition (with height 
greater or equal to 2m from the finished 
floor), whichever is less.
Daylit area (distance perpendicular to 
fenestration) = DEF * H (Fig.4.9)
2)In the direction parallel to the fenestration, 
daylit area extends a horizontal dimension 
equal to the width of the fenestration plus 
either 1m on each side of the aperture, or the 
distance to an opaque partition of 2m high, 
or one half the distance to an adjacent 
fenestration, whichever is least.
Daylit area (distance parallel to fenestration)  
= W + 2m (Fig.4.9)

Skylights:
To calculate the horizontal dimension in 
each direction equal to the top aperture 
dimension in that direction plus either the 
floor-to-ceiling height (H) for skylights, or 
1.5 H for monitors, or H or 2H for the saw 
tooth configuration, or the distance to the 
nearest 1 meter or higher opaque partition, 
or one-half the distance to an adjacent 
skylight or vertical glazing, whichever is 
least. 
1. A summation of all the individual daylight 
area should be done showing compliances as 
per table 4.1
2. An architectural plan shall be prepared 
with all daylit areas marked on the floor 
plans. 

Fig.4.11
Daylit area 

for sawtooth 
= H + W+ 2H

Fig.4.12
Daylit area

for monitor 
= W+ (1.5H*2)

The goals of good daylighting design to  
• Provide sufficient luminance  
• Minimize glare  
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Table 4.7 : 
SRI for Typical 
roofing material

• Provide overall visual comfort
• Result in improved aesthetics 
• Enhance occupant comfort, productivity     
   and health
• Reduce electric lighting energy usage 
  A well thought out design can easily    
  achieve these goals.

4.2.3.2 Manual Daylighting Compliance 
Method
This method can be used to show 
compliance through calculations without 
using computer software.  The Manual 
calculation is an easier approach compared 
to using simulations. However, it can be 
limiting in assessing the full potential of a 

building design.  Generally, the manual 
method is suitable for projects adopting the 
prescriptive compliance approach. As per 
the Code, Daylight extent factors (DEF) shall 
be used for manually calculating percentage 
of above grade floor area meeting the UDI 
requirement for 90% of the potential daylit 
time in a year. The DEF accounts for 
orientation and glazing VLT of the 
fenestration, shading devices adjacent to it 
and building location. Thus, the building 
design parameters are taken into account in 
the manual method.  
Steps for manual calculations are given 
below: 
1. Determine the projection factor for every 

fenestration that has a shading device as per 
the following:
Table 4.3 determines the Daylight Extent 
Factor (DEF) for each fenestration as per the 
orientation and corresponding VLT.
The daylit area contributed by each 
fenestration is calculated as per the 
following:

3. Glazed facades and fenestrations with 
non-cardinal orientation, shall be 
categorized under a particular cardinal 
direction if the orientation is within ± 45 
degrees of that cardinal direction.  
4. Any surrounding natural or man-made 
daylight obstructions shall not be 
considered in this method.

4.2.4 Air Leakages
Following areas of the building envelope, 
of all  except  naturally  ventilated  
buildings  or spaces, shall be sealed, 
caulked, gasketed, or  weather-stripped: 
a) Joints  around  fenestration  and  door 
frames.
b) Openings  at penetrations  of utility  
services through roofs, walls and floors.
c) Site- built fenestration and doors.
d) Building  assemblies  used  as  ducts  
and plenums.
e) Joints, seams and penetrations of vapor 
retarders.
f) All other possible openings  in the 
building.

4.3 Prescriptive Requirements
All envelope components can comply 
with the prescriptive requirements as 
described in this section.

4.3.1 Roof
The intensity of solar radiation is highest 
on a horizontal surface of a roof. At least 
80% of the day time heat gain is through 
the roof, which is very significant. The 
improving thermal performance of the 
roof helps to reducing the cooling loads of 
the building. Roofs shall comply with the 
maximum assembly U-factors in Table 4.4 
through Table 4.6. The roof insulation 
shall be applied externally as part of the 
structural slab and not as a part of the 
false ceiling.

4.3.1.1 Vegetated and Cool Roof
A green roof or vegetated roof is a roof of 
a building that is partially or completely 
covered with vegetation and a growing 
medium, planted over a waterproofing 
membrane. It may also include additional 
layers such as a root barrier, and drainage 
and irrigation systems.
A cool roof is a roofing system that 
delivers higher solar reflectance (the 
ability to reflect the visible, infrared and 
ultraviolet wavelengths of the sun, 
reducing heat transfer to the building) 
and higher thermal emittance (the ability 
to radiate absorbed or unreflected solar 
energy). 
Cool roofs reflect most of the solar 
radiation and efficiently emit some of the 
absorbed radiation back into the 
atmosphere, instead of conducting it to 
the building below. Thus a cool roof 
reduces the need for air conditioning and 
make buildings more comfortable to the 
occupants. The heat transfer across roofs 
is usually higher than the walls because 

            SRI for typical roofing material  
Example SRI Values for Generic Roof Materials SR IE Temp Rise ( C ) SRI 

Gray EPDM 0.23 0.87 38 21 
Gray Asphalt Shingle 0.22 0.91 37 22 

Unpainted Cement Tile 0.25 0.9 36 25 
White Granular Surface Bitumen 0.26 0.92 35 28 

Red Clay Tiles 0.33 0.9 32 36 
Light Gravel on Built-up Roofing 0.34 0.9 32 37 

Aluminum 0.61 0.25 27 56 
White Coated Gravel on Built-up Roofing 0.65 0.9 16 79 

White Coated on Metal Roof 0.67 0.85 16 82 
White EPDM 0.69 0.87 14 84 

White Cement Tiles 0.73 0.9 12 90 
White Coating-1 coat-8 mils 0 0.80 0.91 8 100 

PVC White 0.83 0.92 6 104 
White Coating-1 coat-20 mils 0.85 0.91 5 107 

 

⁰

of the higher incidence  of  solar  
radiation. All roofs that are not covered 
by water tanks, solar PVs or hot water, 
HVAC equipment or services and 
utilities, shall be either vegetated roofs or 
cool roofs.  The main characteristics of a 
cool roof are as follows:
• They are constructed by coating the 
roof surface with a very high reflective 
coating that has high emissivity.
• The cool roofs are said to be 7⁰-8⁰ C 
cooler than normal roofs.
• The coatings are applied using rollers, 
sprays or brushes over an existing roof 
surface.
• The usual materials used for cool 
roofing are lime coats, white tiles grouted 
with white cement and special high 
reflective paints. 
a) For qualifying as a cool roof, roofs with 
slopes less than 20° shall have an initial 
solar reflectance of no less than 0.60 and 
an initial emittance no less than 0.90. Solar 
reflectance shall be determined in 
accordance with ASTM E903-96 and 
emittance shall be determined under 
ASTM E408-71 (RA 1996). 
b) For qualifying as a vegetated roof, roof 
areas shall be covered by living 
vegetation.
      
Solar Reflectance Index (SRI)
Solar Reflectance Index or the SRI is the 
metric used to measure the performance 
of a cool roof. SRI is a measure of the 
ability of the constructed surface to reflect 
solar heat, as shown by a small 
temperature rise. SRI, which incorporates 
both solar reflectance and emittance in a 
single value, quantifies how hot a surface 
would get relative to standard black and 
standard white surfaces. Higher the SRI, 
better the material in reflecting heat.

Vertical Fenestrations
1) In a direction perpendicular to the 
fenestration, multiply daylight extent factor 
(DEF) by the head height of the fenestration 
or till an opaque partition (with height 
greater or equal to 2m from the finished 
floor), whichever is less.
Daylit area (distance perpendicular to 
fenestration) = DEF * H (Fig.4.9)
2)In the direction parallel to the fenestration, 
daylit area extends a horizontal dimension 
equal to the width of the fenestration plus 
either 1m on each side of the aperture, or the 
distance to an opaque partition of 2m high, 
or one half the distance to an adjacent 
fenestration, whichever is least.
Daylit area (distance parallel to fenestration)  
= W + 2m (Fig.4.9)

Skylights:
To calculate the horizontal dimension in 
each direction equal to the top aperture 
dimension in that direction plus either the 
floor-to-ceiling height (H) for skylights, or 
1.5 H for monitors, or H or 2H for the saw 
tooth configuration, or the distance to the 
nearest 1 meter or higher opaque partition, 
or one-half the distance to an adjacent 
skylight or vertical glazing, whichever is 
least. 
1. A summation of all the individual daylight 
area should be done showing compliances as 
per table 4.1
2. An architectural plan shall be prepared 
with all daylit areas marked on the floor 
plans. 

Fig.4.13
Vegetative

Roof

The goals of good daylighting design to  
• Provide sufficient luminance  
• Minimize glare  
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4.3.2 Opaque External Wall
Opaque walls can meet the prescriptive -
requirements by having an assembly U- Factor
lower than the specified value as mentioned

 
in Table 4.8 for ECBC, ECBC+ and Super 
ECBC respectively. As an exception, opaque 
external walls of an unconditioned building 
of no star hotel, healthcare, and school
categories in the state, shall have a maximum 
assembly U-Value of 0.8 W/m k.2.

4.3.3 Vertical Fenestration
Vertical fenestration compliance 
requirements are dependent on the 
climatic zones for all the three incremental 

Figure 4.14
Energy 

Cool Roofs
(Left)

                                            
Figure 4.15  

Cool Roofs
(Right)

Figure 4.16
External Wall 

Insulation

Table 4.8: 
Requirements 

of Opaque wall 
Assembly 
maximum 

U-Value (W/m2 

for an ECBC compliant 
building

(Source: Table 4-7,
8, 9; ECBC 2017)

energy efficiency levels. The compliance
requirements are:

a)
 

The maximum allowable WWR is 40%
(Applicable to prescriptive & Building area
trade-off methods). 

b) Minimum allowable Visible Light Trans-
mittance (VLT) is 0.27

c) Assembly U-Factor including both frame 
and glass area-weighted U-Values

d) Assembly SHGC includes both frames 
and glass area-weighted SHGC

ECBC ECBC+ Super ECBC

All building types, except below 0.4 0.34

0.22
No Star Hotel  10,000 m2 AGA 0.63 0.44

Businesses  10,000 m2 AGA 0.63 0.44

School  10,000 m2 AGA 0.85 0.63

Technical Manual on ECBC 2017 for the state of Punjab

The  vertical  fenestration  assembly  U-Value 
and SHGC requirements are provided in 
Table 4.9 lists the values for ECBC+ and Super 

Figure 4.15

K)
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Figure 4.17
Skylight
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Table 4.9 Vertical 
Fenestration 
Assembly 
U-Value for 
ECBC Buildings 
(Source: Table 
4-10, 11; ECBC-
2017)

.

4.3.4 Skylights
A skylight is a fenestration surface that 
has a slope less than 60 degrees from the 
horizontal plane. Skylights are usually 
installed on the roof system often mounted 

around them. Skylights are a good way to 

meet daylighting requirements in building 
spaces. As per the ECBC code, Skylight roof 
ratio (SRR) which is the total skylight area 
of the roof (measured to the outside of the 
frame) to the gross exterior roof area, must 
be limited to a maximum of 5% for all levels 
of ECBC compliance.

4.4 Sample Building Anlysis for Building Envlope
Location Punjab

Climate Zone Composite
Building Type 24 Hour Hospital building

Gross Roof Area 1428 m2

Roof U-Value 0.3 W/m2K
Gross Wall Area 3245 m2

Wall U-Value 0.42 W/m2K
Fenestration Area 378 m2

Window Wall Ratio 378/3245 = 11.6%
Fenestration SHGC 0.22

Fenestration U-Value 3.00
Skylight Area 66

Skylight to Roof Area 
Ratio

66/1428 = 4.6%

Observation:
Following entities of the hospital building are following the ECBC 2017:

a. Roof U-Value
b. Fenestration SHGC and U-Value
c. Skylight to Roof Area ratio

However, the wall U-value is not in compliance with the ECBC 2017, for ECBC Compliance 
Wall U-Value must be less than equal to 0.40 .

.

 Table 4.10
Hospital 
Building 
showing various 
Building 
Envelope

Technical Manual on ECBC 2017 for the state of Punjab

4.3.5 
This is a compliance approach exclusive 
for the building envelope where the 

thermal performance of individual envelope 
components while compensating by higher 

(example, using higher insulation in walls can 
allow for less stringent U-factor requirements 
for windows and vice versa). This allows the 

building to achieve compliance by making 

one component says roof fails to meet 
the prescriptive requirements. 

ECBC ECBC+

Maximum U-Value (W/m2. K) 3 2.2

Maximum SHGC Non-North 0.27 0.25

0.5 0.5

Maximum SHGC North for latitude 0.27 0.25

ECBC+

2.2

0.25

0.5

0.25

30
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envelope components such as roofs, walls, 
fenestrations, overhangs, etc. The trade-

than the usual prescriptive method as the 
compliance requires Building EPF calculation. 

 

4.4.1
 

Example for U-Value Calculation for Wall

4.4.2Example for U-Value Calculation for Roof

 Table 4.12
U value

Calulation
for Roof

 

Layer 
Thickness in 

mm (x) 
Thickness 

in m (x) 

Thermal 
Conductivity (k) 

W/mK 
Reference 

Resistance 
(R) 

Ro (External 
Surface Film) 

   ECBC User Guide 0.040 

Crystal White Tile 8 0.008 1.504 ECBC User Guide 0.005 
Cement Plaster 50 0.050 1.208 ECBC User Guide 0.041 

Rigid 
Polyurethane 75 0.075 0.026 ECBC User Guide 2.885 

RCC
 125 0.125 1.411 ECBC User Guide 0.089 

Cement Plaster 12 0.012 1.208 ECBC User Guide 0.010 
Ri (Internal 

Surface Film)    ECBC User Guide 0.130 

Total Thickness 270   Total Resistance 3.2 
    U-Value (W/m²k)  0.313 

Layer Thickness 
in mm (x) 

Thickness in 
m (x) 

Thermal 
Conductivity 

(k) W/mK 

Reference Resistance (R)  
(x/k) 

Surface Film 
Resistance (Rsi) 

    0.1 

Cement Plaster 12 0.012 0.721 NBC 2016 0.0166 
AAC Blocks 200 0.200 0.089 NBC 2016 2.247 
Rock Wool 50 0.050 0.043 NBC 2016 1.162 
Cement Plaster 12 0.012 0.721 NBC 2016 0.0166 
Surface Film 
Resistance (Rse) 

    0.04 

Total Thickness 274   Total Resistance 3.582 
    U-Value (W/m2K) 0.279 

 
Thermal conductance of above-mentioned layer components calculated by following 
equations (J.P. Holman and S. Bhattacharyya, Heat transfer, Tenth edition, 2014)

R = x/KA……………………………………(1)
U = 1/RA…………………………………....(2)
Where, 
R = Resistance of layer components
x = Thickness of layer components
k = Thermal conductivity of layer components
A = Unit Area
U = Thermal conductance of layer components
From the above table total resistance is 3.582, by the equation (2) 
U = 1/3.582 W/m2k 
U = 0.279 W/m2k

 Table 4.11 
U value 

Calulation
for Wall

Note-From table 4.11 U-Value of wall is caluclated to comply with ECBC 2017.
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Thermal conductance of above-mentioned layer components calculated by following 
equations (J.P. Holman and S. Bhattacharyya, Heat transfer, Tenth edition, 2014)

R = x/kA…………………………………… (1)
U = 1/RA………………………………….... (2)
Where, 
R = Resistance of layer components
x = Thickness of layer components
k = Thermal conductivity of layer components
A = Unit Area
U = Thermal conductance of assembly 
From the above table total resistance is 3.2 , by the equation (2) 
U = 1/3.2 W/m2k 
U = 0.313 W/m2k

32

Note-From table 4.12 U-Value of roof is caluclated to comply with ECBC 2017.
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Fenestration Area 378 m2

Window Wall Ratio 378/3245 = 11.6%
Fenestration SHGC 0.22

Fenestration U-Value 3.00
Skylight Area 66

Note- Above mentioned fenestration values  comply with ECBC
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Global warming 
potential of CO2 
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Chapter 5

Sections
Mandatory:
• Ventilation
• Minimum Space  Conditioning  Equipment 
Efficiencies
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Superecbc Buildings
• Additional Controls For Super ECBC 
Buildings
• Piping and Ductwork
• System Balancing 
• Service Hot Water Heating
Prescriptive:
• Pumps
• Cooling Towers
• Economizers
• Variable Flow Hydronic Systems
• Energy Recovery

5.1 General:
All heating, ventilation, air conditioning 
equipment and systems, and their controls 
shall comply with the mandatory provisions 
of §5.2 and the prescriptive criteria of §5.3 for 
the respective building energy efficiency 
level.  
All service water heating equipment and 
systems shall comply with the mandatory 
provisions of §5.2.
A building should be designed to keep 
occupants comfortable. This means 
providing temperature, air motion and 

optimization must begin with load 
calculation, and include system design, 
system selection and installation, 
commissioning, and ultimately – operations 
& maintenance. Innovative low-energy 
comfort systems are highly recommended 
for augmenting energy savings.
All heating,  ventilation,  air conditioning  
equipment, and systems, and  their controls  
shall comply with the mandatory provisions 
of §5.2 and the prescriptive criteria of §5.3 for 
the respective building energy efficiency 
level. All service water heating equipment 

and systems shall comply with the 
mandatory provisions of §5.2

5.2 Mandatory Requirments:
5.2.1 Ventilation 
a) All habitable spaces shall be ventilated 
with outdoor air following the requirements 
of §5.2.1 and guidelines specified in the 
National Building Code 2016 (Part 8: 
Building Services, Section-1: Lighting and 
Natural Ventilation, Subsection 5: 
Ventilation).
b) Ventilated spaces shall be provided with 
outdoor air using one of the following: 
i. Natural ventilation
ii. Mechanical ventilation 
iii. Mixed-mode ventilation

Ventilation in a building is essential for 
occupant comfort. Indoor air pollution is 
especially gaining attention today since more 
and more buildings are being designed as a 
sealed airtight unit due to air conditioning.  
This is particularly true of large buildings.
The build-up of indoor pollutants such as 
carbon dioxide and odor needs to be flushed 
out from the interiors  to  ensure good indoor 
air quality. Materials used in the interiors 
such as furniture, furnishing, paints and 
finishes, cleaning products and others are 
known to release chemicals called volatile 

organic compounds (VOC). This process 
called off-gassing is continuous.  Extensive 
research in this area has established that the 
concentration of such VOCs increases over 
time which has adverse effect on human 
health, especially in a closed building.

5.2.1.1  Natural Ventilation Design 
Requirements
Natural ventilation is the process of 
supplying air to and removing air from an 
indoor space without using mechanical 
systems. It refers to the flow of external air to 
an indoor space as a result of pressure 
differences arising from natural forces.
Naturally ventilated buildings or spaces in a 

mixed-mode ventilated buildings shall:   
a) Comply with guidelines provided for 
natural ventilation on NBC. 
b) Have minimum BEE 3-star rated ceiling 
fans, if provided with ceiling fans. 
c) Have exhaust fans complying with 
minimum efficiency requirements of fans in 
§5.3, if provided.

5.2.1.2 Mechanical Ventilation Air Quantity 
Design Requirements  
Buildings that are ventilated using a 
mechanical ventilation system or spaces in 
mixed-mode ventilated buildings that are 
ventilated with a mechanical system, either 
completely or in conjunction with natural 
ventilation systems, shall:
a) Install mechanical systems that provide 
outdoor air change rates as per NBC. 
b) Have a ventilation system controlled by 
CO sensors for basement carpark spaces 

with total car park space greater than or 
equal to 600 m².

5.2.1.3  Demand Control Ventilation
Spaces with variable and high occupant 
densities  such as theatres, meeting rooms, 
auditorium, and  others are seldom occupied 
at full capacity and hence can save energy  
by providing demand- controlled ventilation 
(DCV). Such a system modulates the amount 
of outdoor air as per the  number of people 
present in the space and  hence save energy.   
A common indicator of occupancy is CO2 
concentration which increases with the 
number of people and also depends on their 
activity level.  The DCV must maintain the 
outdoor air change rates as per the NBC.
Mechanical ventilation systems shall have 
demand control ventilation if they provide 
outdoor air greater than 1,500 liters per 
second, to space greater than 50 m², with 
occupant density exceeding 40 people per 
100 m² of the space, and are served by one or 
more of the following systems: 

a) An air side-economizer 
b) Automatic outdoor modulating control of 
the outdoor air damper 
Exceptions to § 5.2.1.3: Following shall be 
exempt from installing demand control 
ventilation systems: 
a) Classrooms in Schools, call centers 
category under Business.
b) Spaces that have processes or operations 
that generate dust, fumes, mists, vapors or 
gases and are provided with exhaust 
ventilation, such as the indoor operation of 
internal combustion engines or areas 
designated for unvented food service 
preparation, or beauty salons. 
c) Systems with exhaust air energy 
recovering system.

5.2.2 Minimum Space Conditioning 
Equipment Efficiencies:
Today air conditioning is a common sight in 

commercial buildings. In a hot climate like 
India, space cooling is required for most of 
the year. In addition to providing cooling, 
the HVAC systems control humidity and 
ventilation. There are many different types 
of HVAC systems suited for different 
purposes. After deciding the right type of 
system for the project, it is important to 
select high efficient model also. There are 
many terms used to communicate the 
efficiency of systems as explained below.

Energy Efficiency Terms:

Energy Efficiency Terms Coefficient of 
Performance  (COP)  –Cooling
The ratio of the rate of heat removal to the 
rate of energy input, in consistent units, for a 
complete refrigerating system or some 
specific portion of that system under 
designated operating conditions.

Coefficient of Performance (COP)  – 
Heating

The ratio of the rate of heat delivered to the 
rate of energy input, in consistent units, for a 
complete heat pump system, including the 
compressor and, if applicable, auxiliary heat, 
under designated operating conditions.
Energy Efficiency Ratio (EER)
The ratio of net cooling capacity in BTU/hr to 
the total rate of electric input in watts under 
designated operating conditions.

5.2.2.1  Chillers
a) Chillers shall meet or exceed the minimum 
efficiency requirements presented in Table 
5.2 through Table 5.3 under ANSI/ AHRI 
550/ 590 conditions.  
b) The application of air-cooled chiller is 
allowed in all buildings with a cooling load 
of less than 530 kW. For buildings with 
cooling load equal to or greater than 530 kW, 
the number of air-cooled chiller’s shall be 
restricted to 33% of the total installed chilled 
water capacity unless the authority having 

minimum requirement of 
both COP and IPLV 
requirement of ECBC 
Building shall be met. To 
show compliance with 
ECBC+ Building and 
SuperECBC Building, 
minimum requirement of 
either COP or IPLV of the 
respective efficiency level 
shall be met. 
5.2.2.2 Unitary, Split, 
Packaged Air-Conditioners  
Unitary air-conditioners 
shall meet or exceed the 
efficiency requirements 
given in Table 5-4. Window 
and split air conditioners 
shall be certified under the 
BEE’s Star Labeling 
Program. EER shall be as per 
IS 8148 for all unitary, split, 
packaged air conditioners 
greater than 10 kWr.

5.2.2.3 Variable Refrigerant 
Flow
Variable Refrigerant Flow 
(VRF) systems shall meet or 
exceed the efficiency 
requirements specified in
Variable Refrigerant Flow 
(VRF) systems shall meet or 
exceed the efficiency 
requirements specified in 
Table 5.5 as per the 
ANSI/AHRI Standard 1230 
while the Indian Standard on 
VRF is being developed. BEE 
Standards and Labeling 

relative humidity within the acceptable 
range for a thermally comfortable condition.  
In a carefully  designed building, the walls, 
roofs, windows and interior surfaces alone 
can maintain comfortable interior 
temperatures for a large part of the year; 
especially  for moderate climate zones. The 
desired air temperatures can often be 
achieved by passive design strategies (a 
combination of building form, orientation, 
shading and materials), but controlling 
humidity, airspeeds and air quality can 
effectively be achieved by mechanical 
systems. Thus, although passive measures 
will improve thermal comfort, 
air-conditioning may still be required for 
maintaining  comfort conditions throughout 
the year.

5.1.1 Introduction to HVAC   
Heating, Ventilation and Air Conditioning 
(HVAC) systems are used to heat or cool 
buildings to maintain indoor thermal 
comfort conditions that are acceptable to the 
human body. Thus, the energy demand for 
space cooling is rising rapidly in India 
because globaly temperature is rising. 
HVAC system account for nearly 40 percent 
of the energy used by commercial buildings 
in India.
The design, as well as efficiency of such 
systems, could further impact the energy 
consumption of buildings. The process of 

jurisdiction mandates the application of 
air-cooled chillers.
c) Minimum efficiency requirements under 
BEE Standards and Labeling Program for 
chillers shall take precedence over the 
minimum requirements presented in Table 
5.1 through Table 5.3.
d) To show compliance to ECBC, the 

requirements for VRF shall take precedence over the current minimum requirement.

5.2.2.4 Air Conditioning and Condensing Units Serving Computer Rooms
Computer rooms or server rooms in commercial buildings tend to have a dedicated air 
Conditioning system (Table- 5.6) with different temperature control requirements for the 
equipment Operation rather than occupant comfort. These systems are typically operational 
for 24 hours and hence us significant amount of energy.
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5.1 General:
All heating, ventilation, air conditioning 
equipment and systems, and their controls 
shall comply with the mandatory provisions 
of §5.2 and the prescriptive criteria of §5.3 for 
the respective building energy efficiency 
level.  
All service water heating equipment and 
systems shall comply with the mandatory 
provisions of §5.2.
A building should be designed to keep 
occupants comfortable. This means 
providing temperature, air motion and 

optimization must begin with load 
calculation, and include system design, 
system selection and installation, 
commissioning, and ultimately – operations 
& maintenance. Innovative low-energy 
comfort systems are highly recommended 
for augmenting energy savings.
All heating,  ventilation,  air conditioning  
equipment, and systems, and  their controls  
shall comply with the mandatory provisions 
of §5.2 and the prescriptive criteria of §5.3 for 
the respective building energy efficiency 
level. All service water heating equipment 

and systems shall comply with the 
mandatory provisions of §5.2

5.2 Mandatory Requirments:
5.2.1 Ventilation 
a) All habitable spaces shall be ventilated 
with outdoor air following the requirements 
of §5.2.1 and guidelines specified in the 
National Building Code 2016 (Part 8: 
Building Services, Section-1: Lighting and 
Natural Ventilation, Subsection 5: 
Ventilation).
b) Ventilated spaces shall be provided with 
outdoor air using one of the following: 
i. Natural ventilation
ii. Mechanical ventilation 
iii. Mixed-mode ventilation

Ventilation in a building is essential for 
occupant comfort. Indoor air pollution is 
especially gaining attention today since more 
and more buildings are being designed as a 
sealed airtight unit due to air conditioning.  
This is particularly true of large buildings.
The build-up of indoor pollutants such as 
carbon dioxide and odor needs to be flushed 
out from the interiors  to  ensure good indoor 
air quality. Materials used in the interiors 
such as furniture, furnishing, paints and 
finishes, cleaning products and others are 
known to release chemicals called volatile 

organic compounds (VOC). This process 
called off-gassing is continuous.  Extensive 
research in this area has established that the 
concentration of such VOCs increases over 
time which has adverse effect on human 
health, especially in a closed building.

5.2.1.1  Natural Ventilation Design 
Requirements
Natural ventilation is the process of 
supplying air to and removing air from an 
indoor space without using mechanical 
systems. It refers to the flow of external air to 
an indoor space as a result of pressure 
differences arising from natural forces.
Naturally ventilated buildings or spaces in a 

mixed-mode ventilated buildings shall:   
a) Comply with guidelines provided for 
natural ventilation on NBC. 
b) Have minimum BEE 3-star rated ceiling 
fans, if provided with ceiling fans. 
c) Have exhaust fans complying with 
minimum efficiency requirements of fans in 
§5.3, if provided.

5.2.1.2 Mechanical Ventilation Air Quantity 
Design Requirements  
Buildings that are ventilated using a 
mechanical ventilation system or spaces in 
mixed-mode ventilated buildings that are 
ventilated with a mechanical system, either 
completely or in conjunction with natural 
ventilation systems, shall:
a) Install mechanical systems that provide 
outdoor air change rates as per NBC. 
b) Have a ventilation system controlled by 
CO sensors for basement carpark spaces 

with total car park space greater than or 
equal to 600 m².

5.2.1.3  Demand Control Ventilation
Spaces with variable and high occupant 
densities  such as theatres, meeting rooms, 
auditorium, and  others are seldom occupied 
at full capacity and hence can save energy  
by providing demand- controlled ventilation 
(DCV). Such a system modulates the amount 
of outdoor air as per the  number of people 
present in the space and  hence save energy.   
A common indicator of occupancy is CO2 
concentration which increases with the 
number of people and also depends on their 
activity level.  The DCV must maintain the 
outdoor air change rates as per the NBC.
Mechanical ventilation systems shall have 
demand control ventilation if they provide 
outdoor air greater than 1,500 liters per 
second, to space greater than 50 m², with 
occupant density exceeding 40 people per 
100 m² of the space, and are served by one or 
more of the following systems: 

a) An air side-economizer 
b) Automatic outdoor modulating control of 
the outdoor air damper 
Exceptions to § 5.2.1.3: Following shall be 
exempt from installing demand control 
ventilation systems: 
a) Classrooms in Schools, call centers 
category under Business.
b) Spaces that have processes or operations 
that generate dust, fumes, mists, vapors or 
gases and are provided with exhaust 
ventilation, such as the indoor operation of 
internal combustion engines or areas 
designated for unvented food service 
preparation, or beauty salons. 
c) Systems with exhaust air energy 
recovering system.

5.2.2 Minimum Space Conditioning 
Equipment Efficiencies:
Today air conditioning is a common sight in 

commercial buildings. In a hot climate like 
India, space cooling is required for most of 
the year. In addition to providing cooling, 
the HVAC systems control humidity and 
ventilation. There are many different types 
of HVAC systems suited for different 
purposes. After deciding the right type of 
system for the project, it is important to 
select high efficient model also. There are 
many terms used to communicate the 
efficiency of systems as explained below.

Energy Efficiency Terms:

Energy Efficiency Terms Coefficient of 
Performance  (COP)  –Cooling
The ratio of the rate of heat removal to the 
rate of energy input, in consistent units, for a 
complete refrigerating system or some 
specific portion of that system under 
designated operating conditions.

Coefficient of Performance (COP)  – 
Heating

The ratio of the rate of heat delivered to the 
rate of energy input, in consistent units, for a 
complete heat pump system, including the 
compressor and, if applicable, auxiliary heat, 
under designated operating conditions.
Energy Efficiency Ratio (EER)
The ratio of net cooling capacity in BTU/hr to 
the total rate of electric input in watts under 
designated operating conditions.

5.2.2.1  Chillers
a) Chillers shall meet or exceed the minimum 
efficiency requirements presented in Table 
5.2 through Table 5.3 under ANSI/ AHRI 
550/ 590 conditions.  
b) The application of air-cooled chiller is 
allowed in all buildings with a cooling load 
of less than 530 kW. For buildings with 
cooling load equal to or greater than 530 kW, 
the number of air-cooled chiller’s shall be 
restricted to 33% of the total installed chilled 
water capacity unless the authority having 

minimum requirement of 
both COP and IPLV 
requirement of ECBC 
Building shall be met. To 
show compliance with 
ECBC+ Building and 
SuperECBC Building, 
minimum requirement of 
either COP or IPLV of the 
respective efficiency level 
shall be met. 
5.2.2.2 Unitary, Split, 
Packaged Air-Conditioners  
Unitary air-conditioners 
shall meet or exceed the 
efficiency requirements 
given in Table 5-4. Window 
and split air conditioners 
shall be certified under the 
BEE’s Star Labeling 
Program. EER shall be as per 
IS 8148 for all unitary, split, 
packaged air conditioners 
greater than 10 kWr.

5.2.2.3 Variable Refrigerant 
Flow
Variable Refrigerant Flow 
(VRF) systems shall meet or 
exceed the efficiency 
requirements specified in
Variable Refrigerant Flow 
(VRF) systems shall meet or 
exceed the efficiency 
requirements specified in 
Table 5.5 as per the 
ANSI/AHRI Standard 1230 
while the Indian Standard on 
VRF is being developed. BEE 
Standards and Labeling 

relative humidity within the acceptable 
range for a thermally comfortable condition.  
In a carefully  designed building, the walls, 
roofs, windows and interior surfaces alone 
can maintain comfortable interior 
temperatures for a large part of the year; 
especially  for moderate climate zones. The 
desired air temperatures can often be 
achieved by passive design strategies (a 
combination of building form, orientation, 
shading and materials), but controlling 
humidity, airspeeds and air quality can 
effectively be achieved by mechanical 
systems. Thus, although passive measures 
will improve thermal comfort, 
air-conditioning may still be required for 
maintaining  comfort conditions throughout 
the year.

5.1.1 Introduction to HVAC   
Heating, Ventilation and Air Conditioning 
(HVAC) systems are used to heat or cool 
buildings to maintain indoor thermal 
comfort conditions that are acceptable to the 
human body. Thus, the energy demand for 
space cooling is rising rapidly in India 
because globaly temperature is rising. 
HVAC system account for nearly 40 percent 
of the energy used by commercial buildings 
in India.
The design, as well as efficiency of such 
systems, could further impact the energy 
consumption of buildings. The process of 

jurisdiction mandates the application of 
air-cooled chillers.
c) Minimum efficiency requirements under 
BEE Standards and Labeling Program for 
chillers shall take precedence over the 
minimum requirements presented in Table 
5.1 through Table 5.3.
d) To show compliance to ECBC, the 
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requirements for VRF shall take precedence over the current minimum requirement.

5.2.2.4 Air Conditioning and Condensing Units Serving Computer Rooms
Computer rooms or server rooms in commercial buildings tend to have a dedicated air 
Conditioning system (Table- 5.6) with different temperature control requirements for the 
equipment Operation rather than occupant comfort. These systems are typically operational 
for 24 hours and hence us significant amount of energy.
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5.1 General:
All heating, ventilation, air conditioning 
equipment and systems, and their controls 
shall comply with the mandatory provisions 
of §5.2 and the prescriptive criteria of §5.3 for 
the respective building energy efficiency 
level.  
All service water heating equipment and 
systems shall comply with the mandatory 
provisions of §5.2.
A building should be designed to keep 
occupants comfortable. This means 
providing temperature, air motion and 

optimization must begin with load 
calculation, and include system design, 
system selection and installation, 
commissioning, and ultimately – operations 
& maintenance. Innovative low-energy 
comfort systems are highly recommended 
for augmenting energy savings.
All heating,  ventilation,  air conditioning  
equipment, and systems, and  their controls  
shall comply with the mandatory provisions 
of §5.2 and the prescriptive criteria of §5.3 for 
the respective building energy efficiency 
level. All service water heating equipment 

and systems shall comply with the 
mandatory provisions of §5.2

5.2 Mandatory Requirments:
5.2.1 Ventilation 
a) All habitable spaces shall be ventilated 
with outdoor air following the requirements 
of §5.2.1 and guidelines specified in the 
National Building Code 2016 (Part 8: 
Building Services, Section-1: Lighting and 
Natural Ventilation, Subsection 5: 
Ventilation).
b) Ventilated spaces shall be provided with 
outdoor air using one of the following: 
i. Natural ventilation
ii. Mechanical ventilation 
iii. Mixed-mode ventilation

Ventilation in a building is essential for 
occupant comfort. Indoor air pollution is 
especially gaining attention today since more 
and more buildings are being designed as a 
sealed airtight unit due to air conditioning.  
This is particularly true of large buildings.
The build-up of indoor pollutants such as 
carbon dioxide and odor needs to be flushed 
out from the interiors  to  ensure good indoor 
air quality. Materials used in the interiors 
such as furniture, furnishing, paints and 
finishes, cleaning products and others are 
known to release chemicals called volatile 

organic compounds (VOC). This process 
called off-gassing is continuous.  Extensive 
research in this area has established that the 
concentration of such VOCs increases over 
time which has adverse effect on human 
health, especially in a closed building.

5.2.1.1  Natural Ventilation Design 
Requirements
Natural ventilation is the process of 
supplying air to and removing air from an 
indoor space without using mechanical 
systems. It refers to the flow of external air to 
an indoor space as a result of pressure 
differences arising from natural forces.
Naturally ventilated buildings or spaces in a 

mixed-mode ventilated buildings shall:   
a) Comply with guidelines provided for 
natural ventilation on NBC. 
b) Have minimum BEE 3-star rated ceiling 
fans, if provided with ceiling fans. 
c) Have exhaust fans complying with 
minimum efficiency requirements of fans in 
§5.3, if provided.

5.2.1.2 Mechanical Ventilation Air Quantity 
Design Requirements  
Buildings that are ventilated using a 
mechanical ventilation system or spaces in 
mixed-mode ventilated buildings that are 
ventilated with a mechanical system, either 
completely or in conjunction with natural 
ventilation systems, shall:
a) Install mechanical systems that provide 
outdoor air change rates as per NBC. 
b) Have a ventilation system controlled by 
CO sensors for basement carpark spaces 

with total car park space greater than or 
equal to 600 m².

5.2.1.3  Demand Control Ventilation
Spaces with variable and high occupant 
densities  such as theatres, meeting rooms, 
auditorium, and  others are seldom occupied 
at full capacity and hence can save energy  
by providing demand- controlled ventilation 
(DCV). Such a system modulates the amount 
of outdoor air as per the  number of people 
present in the space and  hence save energy.   
A common indicator of occupancy is CO2 
concentration which increases with the 
number of people and also depends on their 
activity level.  The DCV must maintain the 
outdoor air change rates as per the NBC.
Mechanical ventilation systems shall have 
demand control ventilation if they provide 
outdoor air greater than 1,500 liters per 
second, to space greater than 50 m², with 
occupant density exceeding 40 people per 
100 m² of the space, and are served by one or 
more of the following systems: 

a) An air side-economizer 

b) Automatic outdoor modulating control of 
the outdoor air damper 

Exceptions to § 5.2.1.3: Following shall be 
exempt from installing demand control 
ventilation systems: 

a) Classrooms in Schools, call centers 
category under Business.

b) Spaces that have processes or operations 
that generate dust, fumes, mists, vapors or 
gases and are provided with exhaust 
ventilation, such as the indoor operation of 
internal combustion engines or areas 
designated for unvented food service 
preparation, or beauty salons. 

c) Systems with exhaust air energy 
recovering system.

5.2.2 Minimum Space Conditioning 
Equipment Efficiencies:
Today air conditioning is a common sight in 
commercial buildings. In a hot climate like 
India, space cooling is required for most of 
the year. In addition to providing cooling, 
the HVAC systems control humidity and 
ventilation. There are many different types 
of HVAC systems suited for different 
purposes. After deciding the right type of 
system for the project, it is important to 
select high efficient model also. There are 
many terms used to communicate the 
efficiency of systems as explained below.

The ratio of the rate of heat removal to the 
rate of energy input, in consistent units, for a 
complete refrigerating system or some 
specific portion of that system under 
designated operating conditions.

The ratio of the rate of heat delivered to the 
rate of energy input, in consistent units, for a 
complete heat pump system, including the 
compressor and, if applicable, auxiliary heat, 
under designated operating conditions.
Energy Efficiency Ratio (EER)
The ratio of net cooling capacity in BTU/hr to 
the total rate of electric input in watts under 
designated operating conditions.

5.2.2.1  Chillers
a) Chillers shall meet or exceed the minimum 
efficiency requirements presented in Table 
5.2 through Table 5.3 under ANSI/ AHRI 
550/ 590 conditions.  
b) The application of air-cooled chiller is 
allowed in all buildings with a cooling load 
of less than 530 kW. For buildings with 
cooling load equal to or greater than 530 kW, 
the number of air-cooled chiller’s shall be 
restricted to 33% of the total installed chilled 
water capacity unless the authority having 

minimum requirement of 
both COP and IPLV 
requirement of ECBC 
Building shall be met. To 
show compliance with 
ECBC+ Building and 
SuperECBC Building, 
minimum requirement of 
either COP or IPLV of the 
respective efficiency level 
shall be met. 
5.2.2.2 Unitary, Split, 
Packaged Air-Conditioners  
Unitary air-conditioners 
shall meet or exceed the 
efficiency requirements 
given in Table 5-4. Window 
and split air conditioners 
shall be certified under the 
BEE’s Star Labeling 
Program. EER shall be as per 
IS 8148 for all unitary, split, 
packaged air conditioners 
greater than 10 kWr.

5.2.2.3 Variable Refrigerant 
Flow
Variable Refrigerant Flow 
(VRF) systems shall meet or 
exceed the efficiency 
requirements specified in
Variable Refrigerant Flow 
(VRF) systems shall meet or 
exceed the efficiency 
requirements specified in 
Table 5.5 as per the 
ANSI/AHRI Standard 1230 
while the Indian Standard on 
VRF is being developed. BEE 
Standards and Labeling 

relative humidity within the acceptable 
range for a thermally comfortable condition.  
In a carefully  designed building, the walls, 
roofs, windows and interior surfaces alone 
can maintain comfortable interior 
temperatures for a large part of the year; 
especially  for moderate climate zones. The 
desired air temperatures can often be 
achieved by passive design strategies (a 
combination of building form, orientation, 
shading and materials), but controlling 
humidity, airspeeds and air quality can 
effectively be achieved by mechanical 
systems. Thus, although passive measures 
will improve thermal comfort, 
air-conditioning may still be required for 
maintaining  comfort conditions throughout 
the year.

5.1.1 Introduction to HVAC   
Heating, Ventilation and Air Conditioning 
(HVAC) systems are used to heat or cool 
buildings to maintain indoor thermal 
comfort conditions that are acceptable to the 
human body. Thus, the energy demand for 
space cooling is rising rapidly in India 
because globaly temperature is rising. 
HVAC system account for nearly 40 percent 
of the energy used by commercial buildings 
in India.
The design, as well as efficiency of such 
systems, could further impact the energy 
consumption of buildings. The process of 

jurisdiction mandates the application of 
air-cooled chillers.
c) Minimum efficiency requirements under 
BEE Standards and Labeling Program for 
chillers shall take precedence over the 
minimum requirements presented in Table 
5.1 through Table 5.3.
d) To show compliance to ECBC, the 
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requirements for VRF shall take precedence over the current minimum requirement.

5.2.2.4 Air Conditioning and Condensing Units Serving Computer Rooms
Computer rooms or server rooms in commercial buildings tend to have a dedicated air 
Conditioning system (Table- 5.6) with different temperature control requirements for the 
equipment Operation rather than occupant comfort. These systems are typically operational 
for 24 hours and hence us significant amount of energy.

Energy Efficiency Terms:
Energy    Efficiency     Terms     Coefficient 
Performance (COP)- Cooling

2
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Figure 5.5 Chiller 

Note:  
 The efficiency of air-side chillers is known to be lesser than that of water side 

chillers. Hence, for buildings with large built- up area using water cooled chillers
 might be the only feasible option.  

Table 5.1
Advantages of 

Air Cooled and 
Water Cooled 

Chillers

Air Cooled Chiller Water Cooled Chiller

2 Quicker availability Custom selection in large sizes
No cooling tower or condenser pumps 

ECBC Building Super ECBC

7

Table 5.2: 
Minimum 

Energy 

Requirements 
for Water Cooled 
Chillers (Source: 
Table 5-1; ECBC 

2017)

Table 5.3: 
Minimum 

Energy 

Requirements 
for Air Cooled 

Chillers (Source: 
Table 5-2; ECBC 

2017)

ECBC Building Super ECBC

4 NA NA
5 NA NA

Sections
Mandatory:
• Ventilation
• Minimum Space  Conditioning  Equipment 
Efficiencies
• Controls
• Additional Controls For ECBC+ And    
Superecbc Buildings
• Additional Controls For Super ECBC 
Buildings
• Piping and Ductwork
• System Balancing 
• Service Hot Water Heating
Prescriptive:
• Pumps
• Cooling Towers
• Economizers
• Variable Flow Hydronic Systems
• Energy Recovery

5.1 General:
All heating, ventilation, air conditioning 
equipment and systems, and their controls 
shall comply with the mandatory provisions 
of §5.2 and the prescriptive criteria of §5.3 for 
the respective building energy efficiency 
level.  
All service water heating equipment and 
systems shall comply with the mandatory 
provisions of §5.2.
A building should be designed to keep 
occupants comfortable. This means 
providing temperature, air motion and 

optimization must begin with load 
calculation, and include system design, 
system selection and installation, 
commissioning, and ultimately – operations 
& maintenance. Innovative low-energy 
comfort systems are highly recommended 
for augmenting energy savings.
All heating,  ventilation,  air conditioning  
equipment, and systems, and  their controls  
shall comply with the mandatory provisions 
of §5.2 and the prescriptive criteria of §5.3 for 
the respective building energy efficiency 
level. All service water heating equipment 

and systems shall comply with the 
mandatory provisions of §5.2

5.2 Mandatory Requirments:
5.2.1 Ventilation 
a) All habitable spaces shall be ventilated 
with outdoor air following the requirements 
of §5.2.1 and guidelines specified in the 
National Building Code 2016 (Part 8: 
Building Services, Section-1: Lighting and 
Natural Ventilation, Subsection 5: 
Ventilation).
b) Ventilated spaces shall be provided with 
outdoor air using one of the following: 
i. Natural ventilation
ii. Mechanical ventilation 
iii. Mixed-mode ventilation

Ventilation in a building is essential for 
occupant comfort. Indoor air pollution is 
especially gaining attention today since more 
and more buildings are being designed as a 
sealed airtight unit due to air conditioning.  
This is particularly true of large buildings.
The build-up of indoor pollutants such as 
carbon dioxide and odor needs to be flushed 
out from the interiors  to  ensure good indoor 
air quality. Materials used in the interiors 
such as furniture, furnishing, paints and 
finishes, cleaning products and others are 
known to release chemicals called volatile 

organic compounds (VOC). This process 
called off-gassing is continuous.  Extensive 
research in this area has established that the 
concentration of such VOCs increases over 
time which has adverse effect on human 
health, especially in a closed building.

5.2.1.1  Natural Ventilation Design 
Requirements
Natural ventilation is the process of 
supplying air to and removing air from an 
indoor space without using mechanical 
systems. It refers to the flow of external air to 
an indoor space as a result of pressure 
differences arising from natural forces.
Naturally ventilated buildings or spaces in a 

mixed-mode ventilated buildings shall:   
a) Comply with guidelines provided for 
natural ventilation on NBC. 
b) Have minimum BEE 3-star rated ceiling 
fans, if provided with ceiling fans. 
c) Have exhaust fans complying with 
minimum efficiency requirements of fans in 
§5.3, if provided.

5.2.1.2 Mechanical Ventilation Air Quantity 
Design Requirements  
Buildings that are ventilated using a 
mechanical ventilation system or spaces in 
mixed-mode ventilated buildings that are 
ventilated with a mechanical system, either 
completely or in conjunction with natural 
ventilation systems, shall:
a) Install mechanical systems that provide 
outdoor air change rates as per NBC. 
b) Have a ventilation system controlled by 
CO sensors for basement carpark spaces 

with total car park space greater than or 
equal to 600 m².

5.2.1.3  Demand Control Ventilation
Spaces with variable and high occupant 
densities  such as theatres, meeting rooms, 
auditorium, and  others are seldom occupied 
at full capacity and hence can save energy  
by providing demand- controlled ventilation 
(DCV). Such a system modulates the amount 
of outdoor air as per the  number of people 
present in the space and  hence save energy.   
A common indicator of occupancy is CO2 
concentration which increases with the 
number of people and also depends on their 
activity level.  The DCV must maintain the 
outdoor air change rates as per the NBC.
Mechanical ventilation systems shall have 
demand control ventilation if they provide 
outdoor air greater than 1,500 liters per 
second, to space greater than 50 m², with 
occupant density exceeding 40 people per 
100 m² of the space, and are served by one or 
more of the following systems: 

a) An air side-economizer 
b) Automatic outdoor modulating control of 
the outdoor air damper 
Exceptions to § 5.2.1.3: Following shall be 
exempt from installing demand control 
ventilation systems: 
a) Classrooms in Schools, call centers 
category under Business.
b) Spaces that have processes or operations 
that generate dust, fumes, mists, vapors or 
gases and are provided with exhaust 
ventilation, such as the indoor operation of 
internal combustion engines or areas 
designated for unvented food service 
preparation, or beauty salons. 
c) Systems with exhaust air energy 
recovering system.

5.2.2 Minimum Space Conditioning 
Equipment Efficiencies:
Today air conditioning is a common sight in 

commercial buildings. In a hot climate like 
India, space cooling is required for most of 
the year. In addition to providing cooling, 
the HVAC systems control humidity and 
ventilation. There are many different types 
of HVAC systems suited for different 
purposes. After deciding the right type of 
system for the project, it is important to 
select high efficient model also. There are 
many terms used to communicate the 
efficiency of systems as explained below.

Energy Efficiency Terms:

Energy Efficiency Terms Coefficient of 
Performance  (COP)  –Cooling
The ratio of the rate of heat removal to the 
rate of energy input, in consistent units, for a 
complete refrigerating system or some 
specific portion of that system under 
designated operating conditions.

Coefficient of Performance (COP)  – 
Heating

The ratio of the rate of heat delivered to the 
rate of energy input, in consistent units, for a 
complete heat pump system, including the 
compressor and, if applicable, auxiliary heat, 
under designated operating conditions.
Energy Efficiency Ratio (EER)
The ratio of net cooling capacity in BTU/hr to 
the total rate of electric input in watts under 
designated operating conditions.
5.2.2.1  Chillers
a) Chillers shall meet or exceed the minimum 
efficiency requirements presented in Table 
5.2 through Table 5.3 under ANSI/ AHRI 
550/ 590 conditions.  
b) The application of air-cooled chiller is 
allowed in all buildings with a cooling load 
of less than 530 kW. For buildings with 
cooling load equal to or greater than 530 kW, 
the number of air-cooled chiller’s shall be 
restricted to 33% of the total installed chilled 
water capacity unless the authority having 

minimum requirement of 
both COP and IPLV 
requirement of ECBC 
Building shall be met. To 
show compliance with 
ECBC+ Building and 
SuperECBC Building, 
minimum requirement of 
either COP or IPLV of the 
respective efficiency level 
shall be met. 
5.2.2.2 Unitary, Split, 
Packaged Air-Conditioners  
Unitary air-conditioners 
shall meet or exceed the 
efficiency requirements 
given in Table 5-4. Window 
and split air conditioners 
shall be certified under the 
BEE’s Star Labeling 
Program. EER shall be as per 
IS 8148 for all unitary, split, 
packaged air conditioners 
greater than 10 kWr.

5.2.2.3 Variable Refrigerant 
Flow
Variable Refrigerant Flow 
(VRF) systems shall meet or 
exceed the efficiency 
requirements specified in
Variable Refrigerant Flow 
(VRF) systems shall meet or 
exceed the efficiency 
requirements specified in 
Table 5.5 as per the 
ANSI/AHRI Standard 1230 
while the Indian Standard on 
VRF is being developed. BEE 
Standards and Labeling 

relative humidity within the acceptable 
range for a thermally comfortable condition.  
In a carefully  designed building, the walls, 
roofs, windows and interior surfaces alone 
can maintain comfortable interior 
temperatures for a large part of the year; 
especially  for moderate climate zones. The 
desired air temperatures can often be 
achieved by passive design strategies (a 
combination of building form, orientation, 
shading and materials), but controlling 
humidity, airspeeds and air quality can 
effectively be achieved by mechanical 
systems. Thus, although passive measures 
will improve thermal comfort, 
air-conditioning may still be required for 
maintaining  comfort conditions throughout 
the year.

5.1.1 Introduction to HVAC   
Heating, Ventilation and Air Conditioning 
(HVAC) systems are used to heat or cool 
buildings to maintain indoor thermal 
comfort conditions that are acceptable to the 
human body. Thus, the energy demand for 
space cooling is rising rapidly in India 
because globaly temperature is rising. 
HVAC system account for nearly 40 percent 
of the energy used by commercial buildings 
in India.
The design, as well as efficiency of such 
systems, could further impact the energy 
consumption of buildings. The process of 

jurisdiction mandates the application of 
air-cooled chillers.
c) Minimum efficiency requirements under 
BEE Standards and Labeling Program for 
chillers shall take precedence over the 
minimum requirements presented in Table 
5.1 through Table 5.3.
d) To show compliance to ECBC, the 
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Lower installation cost

requirements for VRF shall take precedence over the current minimum requirement.

5.2.2.4 Air Conditioning and Condensing Units Serving Computer Rooms
Computer rooms or server rooms in commercial buildings tend to have a dedicated air 
Conditioning system (Table- 5.6) with different temperature control requirements for the 
equipment Operation rather than occupant comfort. These systems are typically operational 
for 24 hours and hence us significant amount of energy.

Coefficient of Performance (COP)- Heating
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Table 5.4: 
Minimum 
Energy 

Requirements for 
Unitary, Split, 
and Packaged Air 
Conditioners

Cooling 
Capacity 

ECBC Building Super ECBC
Water 

Cooled
Air 

Cooled
Water 

Cooled
Air 

Cooled
Water 

Cooled
Air 

Cooled

NA
Star

NA BEE 4 
Star

NA BEE 5 
Star

Type

Conditioners,

Air-cooled

< 40
>= 40 and < 70

>= 70

Table 5.5: 
Minimum 

Requirements 
for VRF Air 
conditioners 
(ECBC 2017 
Table 5-6)

Equipment type
Net Sensible 
Cooling 
Capacitya

b

Down 

All types of computer 
room ACs All capacity

Table 5.6: 
Min. 
Requirements for 
Computer Room 
Air Conditioners 
(Source: Table 
5-7; ECBC 
2017)

        
            
           

         
          

        
         

  

Sections
Mandatory:
• Ventilation
• Minimum Space  Conditioning  Equipment 
Efficiencies
• Controls
• Additional Controls For ECBC+ And    
Superecbc Buildings
• Additional Controls For Super ECBC 
Buildings
• Piping and Ductwork
• System Balancing 
• Service Hot Water Heating
Prescriptive:
• Pumps
• Cooling Towers
• Economizers
• Variable Flow Hydronic Systems
• Energy Recovery

5.1 General:
All heating, ventilation, air conditioning 
equipment and systems, and their controls 
shall comply with the mandatory provisions 
of §5.2 and the prescriptive criteria of §5.3 for 
the respective building energy efficiency 
level.  
All service water heating equipment and 
systems shall comply with the mandatory 
provisions of §5.2.
A building should be designed to keep 
occupants comfortable. This means 
providing temperature, air motion and 

optimization must begin with load 
calculation, and include system design, 
system selection and installation, 
commissioning, and ultimately – operations 
& maintenance. Innovative low-energy 
comfort systems are highly recommended 
for augmenting energy savings.
All heating,  ventilation,  air conditioning  
equipment, and systems, and  their controls  
shall comply with the mandatory provisions 
of §5.2 and the prescriptive criteria of §5.3 for 
the respective building energy efficiency 
level. All service water heating equipment 

and systems shall comply with the 
mandatory provisions of §5.2

5.2 Mandatory Requirments:
5.2.1 Ventilation 
a) All habitable spaces shall be ventilated 
with outdoor air following the requirements 
of §5.2.1 and guidelines specified in the 
National Building Code 2016 (Part 8: 
Building Services, Section-1: Lighting and 
Natural Ventilation, Subsection 5: 
Ventilation).
b) Ventilated spaces shall be provided with 
outdoor air using one of the following: 
i. Natural ventilation
ii. Mechanical ventilation 
iii. Mixed-mode ventilation

Ventilation in a building is essential for 
occupant comfort. Indoor air pollution is 
especially gaining attention today since more 
and more buildings are being designed as a 
sealed airtight unit due to air conditioning.  
This is particularly true of large buildings.
The build-up of indoor pollutants such as 
carbon dioxide and odor needs to be flushed 
out from the interiors  to  ensure good indoor 
air quality. Materials used in the interiors 
such as furniture, furnishing, paints and 
finishes, cleaning products and others are 
known to release chemicals called volatile 

organic compounds (VOC). This process 
called off-gassing is continuous.  Extensive 
research in this area has established that the 
concentration of such VOCs increases over 
time which has adverse effect on human 
health, especially in a closed building.

5.2.1.1  Natural Ventilation Design 
Requirements
Natural ventilation is the process of 
supplying air to and removing air from an 
indoor space without using mechanical 
systems. It refers to the flow of external air to 
an indoor space as a result of pressure 
differences arising from natural forces.
Naturally ventilated buildings or spaces in a 

mixed-mode ventilated buildings shall:   
a) Comply with guidelines provided for 
natural ventilation on NBC. 
b) Have minimum BEE 3-star rated ceiling 
fans, if provided with ceiling fans. 
c) Have exhaust fans complying with 
minimum efficiency requirements of fans in 
§5.3, if provided.

5.2.1.2 Mechanical Ventilation Air Quantity 
Design Requirements  
Buildings that are ventilated using a 
mechanical ventilation system or spaces in 
mixed-mode ventilated buildings that are 
ventilated with a mechanical system, either 
completely or in conjunction with natural 
ventilation systems, shall:
a) Install mechanical systems that provide 
outdoor air change rates as per NBC. 
b) Have a ventilation system controlled by 
CO sensors for basement carpark spaces 

with total car park space greater than or 
equal to 600 m².

5.2.1.3  Demand Control Ventilation
Spaces with variable and high occupant 
densities  such as theatres, meeting rooms, 
auditorium, and  others are seldom occupied 
at full capacity and hence can save energy  
by providing demand- controlled ventilation 
(DCV). Such a system modulates the amount 
of outdoor air as per the  number of people 
present in the space and  hence save energy.   
A common indicator of occupancy is CO2 
concentration which increases with the 
number of people and also depends on their 
activity level.  The DCV must maintain the 
outdoor air change rates as per the NBC.
Mechanical ventilation systems shall have 
demand control ventilation if they provide 
outdoor air greater than 1,500 liters per 
second, to space greater than 50 m², with 
occupant density exceeding 40 people per 
100 m² of the space, and are served by one or 
more of the following systems: 

a) An air side-economizer 
b) Automatic outdoor modulating control of 
the outdoor air damper 
Exceptions to § 5.2.1.3: Following shall be 
exempt from installing demand control 
ventilation systems: 
a) Classrooms in Schools, call centers 
category under Business.
b) Spaces that have processes or operations 
that generate dust, fumes, mists, vapors or 
gases and are provided with exhaust 
ventilation, such as the indoor operation of 
internal combustion engines or areas 
designated for unvented food service 
preparation, or beauty salons. 
c) Systems with exhaust air energy 
recovering system.

5.2.2 Minimum Space Conditioning 
Equipment Efficiencies:
Today air conditioning is a common sight in 

commercial buildings. In a hot climate like 
India, space cooling is required for most of 
the year. In addition to providing cooling, 
the HVAC systems control humidity and 
ventilation. There are many different types 
of HVAC systems suited for different 
purposes. After deciding the right type of 
system for the project, it is important to 
select high efficient model also. There are 
many terms used to communicate the 
efficiency of systems as explained below.

Energy Efficiency Terms:

Energy Efficiency Terms Coefficient of 
Performance  (COP)  –Cooling
The ratio of the rate of heat removal to the 
rate of energy input, in consistent units, for a 
complete refrigerating system or some 
specific portion of that system under 
designated operating conditions.

Coefficient of Performance (COP)  – 
Heating

The ratio of the rate of heat delivered to the 
rate of energy input, in consistent units, for a 
complete heat pump system, including the 
compressor and, if applicable, auxiliary heat, 
under designated operating conditions.
Energy Efficiency Ratio (EER)
The ratio of net cooling capacity in BTU/hr to 
the total rate of electric input in watts under 
designated operating conditions.

5.2.2.1  Chillers
a) Chillers shall meet or exceed the minimum 
efficiency requirements presented in Table 
5.2 through Table 5.3 under ANSI/ AHRI 
550/ 590 conditions.  
b) The application of air-cooled chiller is 
allowed in all buildings with a cooling load 
of less than 530 kW. For buildings with 
cooling load equal to or greater than 530 kW, 
the number of air-cooled chiller’s shall be 
restricted to 33% of the total installed chilled 
water capacity unless the authority having 

minimum requirement of 
both COP and IPLV 
requirement of ECBC 
Building shall be met. To 
show compliance with 
ECBC+ Building and 
SuperECBC Building, 
minimum requirement of 
either COP or IPLV of the 
respective efficiency level 
shall be met. 
5.2.2.2 Unitary, Split, 
Packaged Air-Conditioners  
Unitary air-conditioners 
shall meet or exceed the 
efficiency requirements 
given in Table 5-4. Window 
and split air conditioners 
shall be certified under the 
BEE’s Star Labeling 
Program. EER shall be as per 
IS 8148 for all unitary, split, 
packaged air conditioners 
greater than 10 kWr.

5.2.2.3 Variable Refrigerant 
Flow
Variable Refrigerant Flow 
(VRF) systems shall meet or 
exceed the efficiency 
requirements specified in
Variable Refrigerant Flow 
(VRF) systems shall meet or 
exceed the efficiency 
requirements specified in 
Table 5.5 as per the 
ANSI/AHRI Standard 1230 
while the Indian Standard on 
VRF is being developed. BEE 
Standards and Labeling 

relative humidity within the acceptable 
range for a thermally comfortable condition.  
In a carefully  designed building, the walls, 
roofs, windows and interior surfaces alone 
can maintain comfortable interior 
temperatures for a large part of the year; 
especially  for moderate climate zones. The 
desired air temperatures can often be 
achieved by passive design strategies (a 
combination of building form, orientation, 
shading and materials), but controlling 
humidity, airspeeds and air quality can 
effectively be achieved by mechanical 
systems. Thus, although passive measures 
will improve thermal comfort, 
air-conditioning may still be required for 
maintaining  comfort conditions throughout 
the year.

5.1.1 Introduction to HVAC   
Heating, Ventilation and Air Conditioning 
(HVAC) systems are used to heat or cool 
buildings to maintain indoor thermal 
comfort conditions that are acceptable to the 
human body. Thus, the energy demand for 
space cooling is rising rapidly in India 
because globaly temperature is rising. 
HVAC system account for nearly 40 percent 
of the energy used by commercial buildings 
in India.
The design, as well as efficiency of such 
systems, could further impact the energy 
consumption of buildings. The process of 

jurisdiction mandates the application of 
air-cooled chillers.
c) Minimum efficiency requirements under 
BEE Standards and Labeling Program for 
chillers shall take precedence over the 
minimum requirements presented in Table 
5.1 through Table 5.3.
d) To show compliance to ECBC, the 
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requirements for VRF shall take precedence over the current minimum requirement.

5.2.2.4 Air Conditioning and Condensing Units Serving Computer Rooms
Computer rooms or server rooms in commercial buildings tend to have a dedicated air 
Conditioning system (Table- 5.6) with different temperature control requirements for the 
equipment Operation rather than occupant comfort. These systems are typically operational 
for 24 hours and hence us significant amount of energy.

Note: The selection of individual equipment efficiency should be considered in 
the context of the whole HVAC system. In a chilled-water system, for exam- 
ple auxiliary equipment (such as fans and blowers) and design decisions (such 
as “approach temperatures”) can have substantial effects on overall efficiency. 
Thus, attention to overall system design and auxiliary components is critical 
to achieving optimal performance and comfort. In packaged air-conditioning 
systems, leaky ductwork, improper sizing, refrigerant charge, and airflow rates 
can considerably affect energy performance.
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5.2.3 Controls
Controls are one of the most critical elements 
for improving the efficiency of any HVAC 
system. Controls determine how HVAC 
systems should operate to meet the design 
goals of comfort, efficiency, and cost-effective 
operation. In this context, the Code specifies 
the use of time clocks, temperature 
controls/thermostats, and two-speed or 
variable speed drives for fans.
To comply with the Code, buildings shall 
meet the requirements of §5.2.3.1 through 
§5.2.3.5.

5.2.3.1 Timeclock
Mechanical cooling and heating systems in 
universities and training institutions of all 
sizes and all shopping complexes with 
built-up area greater than 20,000 m² shall be 
controlled by timeclocks that:
a) Can start and stop the system under 
different schedules for three different 
day-types per week, 
b) Are capable of retaining programming and 
time setting during loss of power for a period 
of at least 10 hours, and 
c) Include an accessible manual override that 
allows temporary operation of the system for 
up to 2 hours.   
Exceptions to §5.2.3.1:  
a) Cooling systems less than 17.5 kWr  
b) Heating systems less than 5.0 kWr 
c) Unitary systems of all capacities

5.2.3.2 Temperature Controls
Mechanical heating and cooling equipment 
in all buildings shall be installed with 
controls to manage the temperature inside 
the conditioned zones. Each floor or a 
building block shall be installed with at least 
one control to manage the temperature. 
These controls should meet the following 
requirements:
a) Where a unit provides heating and cooling, 
controls shall be capable of providing a 
temperature dead band of 3.0°C within 
which the supply of heating and cooling 
energy to the zone is shut off or reduced to a 
minimum. 
b) Where separate heating and cooling 
equipment serve the same temperature zone, 
temperature controls shall be interlocked to 
prevent simultaneous heating and cooling.
c) Separate thermostat control shall be 
installed in each
i. Guest room of resort and star hotel,
ii.  Room less than 30 m² in Business, 
iii. Air-conditioned class room, lecture room, 
and computer room of educational, 
iv. In-patient and out-patient room of 
Healthcare.

5.2.3.3 Occupancy Controls 
Occupancy controls shall be installed to 
de-energize or to throttle to a minimum the 
ventilation and/or air conditioning systems 
when there are no occupants in:
a) Each guest room in a resort and star hotel. 
b) Each public toilet in a star hotel or Business 
with built up area more than 20,000 m²
c) Each conference and meeting room in a 
star hotel or Business.  
d) Each room of size more than 30 m² in 

Educational buildings.
 5.2.3.4 Fan Controls
Through the application of variable speed 
drive (VSD) on the cooling tower fan, the fan 
speed can be reduced during lower ambient 
conditions for reducing energy 
consumption.
Cooling towers in buildings with built-up 
area greater than 20,000 m², shall have fan 
controls based on wet bulb logic, with either:  
a) Two-peed motors, pony motors, or 
variable speed drives controlling the fans, or 
b) Controls capable of reducing the fan 
speed to at least two-third of installed fan 
power.
 
5.2.3.5 Dampers
Dampers are devices that regulate the air 
flow in an air handling system. The 
unwanted hot or cold air from outside can be 
prevented from entering the building by 
controlling the dampers
All air supply and exhaust equipment, 
having a Variable Frequency Drive (VFD), 
shall have dampers that automatically close 
upon: 
a) Fan shutdown, or, 
b) When spaces served are not in use 
c) Backdraft gravity damper is acceptable in 
the system with design outdoor air of the 
system is less than 150 liters per second in all 
climatic zones except cold climate, provided 
backdraft dampers for ventilation air intakes 
are protected from direct exposure to wind. 
d) Dampers are not required in ventilation or 
exhaust systems serving naturally 

conditioned spaces. 
e) Dampers are not required in exhaust 
systems serving kitchen exhaust hoods.

5.2.4 Additional Controls for ECBC+ and 
Super ECBC Buildings

5.2.4.1 Centralized Demand Shed Controls 
ECBC+ and Super ECBC Buildings with a 
built up area greater than 20,000 m2 shall 
have a building management system. All 
mechanical cooling and heating systems in 
ECBC+ and Super ECBC Buildings with any 
programmable logic controller (PLC) to the 
zone level shall have the following control 
capabilities to manage centralized demand 
shed in noncritical zones:  
a) Automatic demand shed controls that can 
implement a centralized demand shed in 
non-critical zones during the demand 
response period on a demand response 
signal.   
b) Controls that can remotely decrease or 
increase the operating temperature set points 
by four degrees or more in all noncritical 
zones on a signal from a centralized control 
point 
c) Controls that can provide an adjustable 
rate of change for the temperature setup and 
reset
The centralized demand shed controls shall 
have additional capabilities to 
a) Be disabled by facility operators
b) Be manually controlled from a central 
point by facility operators to manage heating 
and cooling setpoints
  
5.2.4.2 Supply Air Temperature Reset
Multi zone mechanical cooling and heating 
systems in ECBC+ and Super ECBC Buildings 
shall have controls that automatically reset 
the supply-air temperature in response to 
building loads or outdoor air temperature. 
Controls shall reset the supply air 
temperature to at least 25% of the difference 
between the design supply air temperature 
and the design room air temperature.
Exception to § 5.2.4.2: ECBC+ and Super 
ECBC Buildings in warm humid climate 
zone.

5.2.4.3 Chilled Water Temperature Reset
Chilled water systems with a design capacity 
exceeding 350 kWr supplying chilled water 
to comfort conditioning systems in ECBC+ 
and Super ECBC Buildings shall have 
controls that automatically reset supply 
water temperatures by representative 
building loads (including return water 
temperature) or by outdoor air temperature.  
Exceptions to § 5.2.4.3: Controls to 
automatically reset chilled water 

temperature shall not be required where the 
supply temperature reset controls causes 
improper operation of equipment.

5.2.5 Additional Controls for Super ECBC 
Buildings
Super ECBC Buildings shall comply with 
requirements of § 5.2.5 in addition to 
complying with requirements of § 5.2.3 and § 
5.2.4.
 
5.2.5.1 Variable Air Volume Fan Control 
Fans in Variable Air Volume (VAV) systems 
in Super ECBC Buildings shall have controls 
or devices that will result in fan motor 
demand of no more than 30% of their design 
wattage at 50% of design airflow based on 
manufacturer’s certified fan data.

5.2.6 Piping and Ductwork
5.2.6.1 Piping Insulation 
Chilled water and hot water are carried 
through a network of pipes to various 
components of the heating, cooling and 
service hot water equipment in the building. 
During this transport, heat loss should be 
minimized to conserve energy. 
Exceptions to § 5.2.6.1:
a) Reduction in insulation R-value by 0.2 
(compared to values in Table 5.7, Table 5.8 
and Table 5.9) to a minimum insulation level 
of R-0.4 shall be permitted for any pipe 
located in partition within a conditioned 
space or buried. 
b) Insulation R value shall be increased by 0.2 
over and above the requirement stated in 
Table 5.7 through Table 5.9 for any pipe 
located in a partition outside a building with 
direct exposure to weather.
c) Reduction in insulation R value by 0.2 
(compared to values in Table 5.7, Table 5.8 
and Table 5.9) to a minimum insulation level 
of R-0.4 shall be permitted for buildings in a 
temperate climate zone.
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Note: It is important to establish 
design conditions and ensure adeq-
uate dead band  between cooling 
and heating set points to avoid 
conflicting  thermostat control con-
ditions. Increasing the dead band
can make the system more stable
 and efficient.      
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Figure 5.6
Insulation for 
pipes

5.2.3 Controls
Controls are one of the most critical elements 
for improving the efficiency of any HVAC 
system. Controls determine how HVAC 
systems should operate to meet the design 
goals of comfort, efficiency, and cost-effective 
operation. In this context, the Code specifies 
the use of time clocks, temperature 
controls/thermostats, and two-speed or 
variable speed drives for fans.
To comply with the Code, buildings shall 
meet the requirements of §5.2.3.1 through 
§5.2.3.5.

5.2.3.1 Timeclock
Mechanical cooling and heating systems in 
universities and training institutions of all 
sizes and all shopping complexes with 
built-up area greater than 20,000 m² shall be 
controlled by timeclocks that:
a) Can start and stop the system under 
different schedules for three different 
day-types per week, 
b) Are capable of retaining programming and 
time setting during loss of power for a period 
of at least 10 hours, and 
c) Include an accessible manual override that 
allows temporary operation of the system for 
up to 2 hours.   
Exceptions to §5.2.3.1:  
a) Cooling systems less than 17.5 kWr  
b) Heating systems less than 5.0 kWr 
c) Unitary systems of all capacities

5.2.3.2 Temperature Controls
Mechanical heating and cooling equipment 
in all buildings shall be installed with 
controls to manage the temperature inside 
the conditioned zones. Each floor or a 
building block shall be installed with at least 
one control to manage the temperature. 
These controls should meet the following 
requirements:
a) Where a unit provides heating and cooling, 
controls shall be capable of providing a 
temperature dead band of 3.0°C within 
which the supply of heating and cooling 
energy to the zone is shut off or reduced to a 
minimum. 
b) Where separate heating and cooling 
equipment serve the same temperature zone, 
temperature controls shall be interlocked to 
prevent simultaneous heating and cooling.
c) Separate thermostat control shall be 
installed in each
i. Guest room of resort and star hotel,
ii.  Room less than 30 m² in Business, 
iii. Air-conditioned class room, lecture room, 
and computer room of educational, 
iv. In-patient and out-patient room of 
Healthcare.

5.2.3.3 Occupancy Controls 
Occupancy controls shall be installed to 
de-energize or to throttle to a minimum the 
ventilation and/or air conditioning systems 
when there are no occupants in:
a) Each guest room in a resort and star hotel. 
b) Each public toilet in a star hotel or Business 
with built up area more than 20,000 m²
c) Each conference and meeting room in a 
star hotel or Business.  
d) Each room of size more than 30 m² in 

Educational buildings.
 5.2.3.4 Fan Controls
Through the application of variable speed 
drive (VSD) on the cooling tower fan, the fan 
speed can be reduced during lower ambient 
conditions for reducing energy 
consumption.
Cooling towers in buildings with built-up 
area greater than 20,000 m², shall have fan 
controls based on wet bulb logic, with either:  
a) Two-peed motors, pony motors, or 
variable speed drives controlling the fans, or 
b) Controls capable of reducing the fan 
speed to at least two-third of installed fan 
power.
 
5.2.3.5 Dampers
Dampers are devices that regulate the air 
flow in an air handling system. The 
unwanted hot or cold air from outside can be 
prevented from entering the building by 
controlling the dampers
All air supply and exhaust equipment, 
having a Variable Frequency Drive (VFD), 
shall have dampers that automatically close 
upon: 
a) Fan shutdown, or, 
b) When spaces served are not in use 
c) Backdraft gravity damper is acceptable in 
the system with design outdoor air of the 
system is less than 150 liters per second in all 
climatic zones except cold climate, provided 
backdraft dampers for ventilation air intakes 
are protected from direct exposure to wind. 
d) Dampers are not required in ventilation or 
exhaust systems serving naturally 

conditioned spaces. 
e) Dampers are not required in exhaust 
systems serving kitchen exhaust hoods.

5.2.4 Additional Controls for ECBC+ and 
Super ECBC Buildings

5.2.4.1 Centralized Demand Shed Controls 
ECBC+ and Super ECBC Buildings with a 
built up area greater than 20,000 m2 shall 
have a building management system. All 
mechanical cooling and heating systems in 
ECBC+ and Super ECBC Buildings with any 
programmable logic controller (PLC) to the 
zone level shall have the following control 
capabilities to manage centralized demand 
shed in noncritical zones:  
a) Automatic demand shed controls that can 
implement a centralized demand shed in 
non-critical zones during the demand 
response period on a demand response 
signal.   
b) Controls that can remotely decrease or 
increase the operating temperature set points 
by four degrees or more in all noncritical 
zones on a signal from a centralized control 
point 
c) Controls that can provide an adjustable 
rate of change for the temperature setup and 
reset
The centralized demand shed controls shall 
have additional capabilities to 
a) Be disabled by facility operators
b) Be manually controlled from a central 
point by facility operators to manage heating 
and cooling setpoints
  
5.2.4.2 Supply Air Temperature Reset
Multi zone mechanical cooling and heating 
systems in ECBC+ and Super ECBC Buildings 
shall have controls that automatically reset 
the supply-air temperature in response to 
building loads or outdoor air temperature. 
Controls shall reset the supply air 
temperature to at least 25% of the difference 
between the design supply air temperature 
and the design room air temperature.
Exception to § 5.2.4.2: ECBC+ and Super 
ECBC Buildings in warm humid climate 
zone.

5.2.4.3 Chilled Water Temperature Reset
Chilled water systems with a design capacity 
exceeding 350 kWr supplying chilled water 
to comfort conditioning systems in ECBC+ 
and Super ECBC Buildings shall have 
controls that automatically reset supply 
water temperatures by representative 
building loads (including return water 
temperature) or by outdoor air temperature.  
Exceptions to § 5.2.4.3: Controls to 
automatically reset chilled water 

temperature shall not be required where the 
supply temperature reset controls causes 
improper operation of equipment.

5.2.5 Additional Controls for Super ECBC 
Buildings
Super ECBC Buildings shall comply with 
requirements of § 5.2.5 in addition to 
complying with requirements of § 5.2.3 and § 
5.2.4.
 
5.2.5.1 Variable Air Volume Fan Control 
Fans in Variable Air Volume (VAV) systems 
in Super ECBC Buildings shall have controls 
or devices that will result in fan motor 
demand of no more than 30% of their design 
wattage at 50% of design airflow based on 
manufacturer’s certified fan data.

5.2.6 Piping and Ductwork
5.2.6.1 Piping Insulation 
Chilled water and hot water are carried 
through a network of pipes to various 
components of the heating, cooling and 
service hot water equipment in the building. 
During this transport, heat loss should be 
minimized to conserve energy. 
Exceptions to § 5.2.6.1:
a) Reduction in insulation R-value by 0.2 
(compared to values in Table 5.7, Table 5.8 
and Table 5.9) to a minimum insulation level 
of R-0.4 shall be permitted for any pipe 
located in partition within a conditioned 
space or buried. 
b) Insulation R value shall be increased by 0.2 
over and above the requirement stated in 
Table 5.7 through Table 5.9 for any pipe 
located in a partition outside a building with 
direct exposure to weather.
c) Reduction in insulation R value by 0.2 
(compared to values in Table 5.7, Table 5.8 
and Table 5.9) to a minimum insulation level 
of R-0.4 shall be permitted for buildings in a 
temperate climate zone.
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<25 >=40
2

Heating System

Cooling System

Table 5.7 : 
Insulation 

Requirement 
in ECBC 

2017 Building 
(Source: Table 

5-8; ECBC 2017)

<40 > = 40
2

Heating System

Cooling System

Table 5.8 : 
Insulation 

Requirement in 
ECBC+ Building 

(Source: Table 
5-9; ECBC 2017)

<40 >=40
2

Heating System

Cooling System
Table 5.9:

Insulation 
Requirement 

in Punjab 
SuperECBC 

Building 
(Source: Table 

5-10; ECBC 
2017)
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Supply ducts

Exterior

None

Buried None

5.2.7 System Balancing
5.2.7.1 Introduction
System balancing is a process for maintaining 
the performance of an HVAC system, and for 
providing the occupants with a comfortable 

based HVAC system of buildings will make 

thermal comfort, extend the life of the building 

System balancing shall be done for systems 
serving zones with a total conditioned area 
exceeding 500 m

5.2.7.2 Air System Balancing

5.2.6.2  Ductwork and Plenum Insulation

Ductwork and plenum shall be insulated in 
accordance with ECBC 2017.    

Figure 5.7 
Ducting with 
Insulation

Figure 5.8 Anemometer
 for air Balancing

Figure 5.8a Air 
Balancing Diagram  

Table 5.10: 
Ductwork 
Insulation 
(R-value 
in m2*K/W) 
Requirements 
(Source: Table 
5-11; ECBC 
2017)
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Air System Balancing refers to the 
distribution system devices, such as fans 
distribution  system  devices. This is done by 
adjusting the position of dampers, splitter 
vanes extractor, etc. manually or by using 
automatic controls device, such as constant air 
volume or variable air volume boxes.  
Balancing is necessary to verify that each space 
served by a system receives the air volume 
designed for that space. Proper means for air 
balancing should be installed at each supply 
air outlet and zone terminal device. These 
include balancing dampers or other means of 
supply-air adjustment provided in the branch 
ducts or at each duct register, grille, or diffuser. 
Installation in the duct system of all devices 
used for balancing shown on the approved 
mechanical plans typically, on the ductwork 
layout, should be verified. Air systems shall 
be balanced in a manner to first minimize 
throttling losses:  then, for fans with fan 
system power greater than 0.75 kW, fan speed 
shall be adjusted to meet design flow 
condition 
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5.2.7.3
 

 Hydronic System Balancing

Hydronic System Balancing refers to 

distribution system devices, such as pumps 
and coils, by manually adjusting the position 
of valves, or by using automatic control 

something is balanced, it is even on both 

system is balanced, all the pressure drops are 

supply temperatures to accommodate one 

pressure drop possible, which translates into 

that is not delivering the water to the right 
devices in the right amounts, then the system 

impeller shall be trimmed, or pump speed shall 

5.2.8  Condensers

A condenser is a heat exchanger that 

a compressor, a condenser fan motor, and 
coils, along with controls which make all 

requirements for Condensers are:
Condensers should be located such that 

the heat sink is free of interference from heat 

Figure 5.11 
Air Cooled 

Condensers

Figure 5.9 
Hydronic System 

balancing 
equipment

discharge by devices located in adjoining 
spaces, and do not interfere with other such 

 a) Condenser water treatment is important to 
eliminate mineral buildup in condensers and
chilled water systems. Minerals deposits create
poor heat transfer situations thereby reducing
the efficiency of the unit

5.2.9  Service Water Heating
This part of ECBC provides the standards 

requirements for the service water heating 

heating is required for heating water for 
domestic or commercial purposes and not 

This includes production and distribution of 

Water heating systems and equipment 
when installing in new buildings must 
comply with the standard requirements 

heating equipment, and by heat loss from hot 
water storage tanks and distribution piping 

down by ECBC seeks to minimize energy 
usage in water heating by the following 
measures:
a. 

b. 

c. Maximizing heat recovery and minimiz-
ing electric heating 

d. Insulating hot water storage tanks and 
pipelines

e. 

f. 

5.2.9.1  Solar Water Heating
There are two types of solar water 

solar thermal energy for water heating 
applications and do not require electrical 
energy input for recirculating water through 

store solar thermal energy for water heating 
applications and require electrical energy 

Figure 5.10

Figure 5.10

 Solar water Heater 
(Source: IAA, 
Vasant Kunj, 

New Delhi)
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conforming to the relevant IS standards on 

5.2.9.5 Heat Trap

Heat traps are valves or loops of pipe that al-

can help save energy and cost on the water 
heating bill by preventing convective heat 

These specially designed valves come in 

prescribes that vertical pipe risers serving 
storage water heaters and storage tanks 
not having integral heat traps and serving 
a non-recirculating system shall have heat 

5.2.9.6 Swimming Pools

Heated swimming pools can be a source 
of considerable heat and water loss due 

required to maintain the temperature of the 
water in the pool at a level comfortable for 
swimming is a strong incentive to adopt 
measures which promote retention of heat 

heated pools shall be provided with a vapor 

pool cover with a minimum insulation value 

Exception to §5.2.9.6:

input for operation of recirculation through 

To comply with the Code, Hotels and 
Hospitals in all climatic zones and all 
buildings in cold climate zone with a hot 
water system, shall have solar water heating 
equipment installed to provide for:

At least 20% of the total hot water design 
capacity if the built-up area of the 
building is less than 20,000 m2 

At least 40% of the total hot water design 
capacity if built-up area of the building is 
greater than or equal to 20,000 m2

ECBC, Hotels and Hospitals shall have solar 
water heating equipment installed to pro-

Exception to 5.2.9.1: Systems that use heat 
recovery to provide the hot water capacity 

-

5.2.9.2  Heating Equipment 

Service water heating equipment shall 
meet or exceed the performance and 

Indian Standards
a. Solar water heater shall meet the perfor-

-

b. 
-

c. Electric water heater shall meet the per-

5.2.9.3   Other Water Heating System
Supplementary heating system shall be 

of the system and shall incorporate the 
following design features in cascade:
a. Maximum heat recovery from a  hot -

discharge system like condensers of air 
conditioning units,

b. 
available, and

c. 

5.2.9.4  Piping Insulation

the storage tanks, pipelines shall be insulated 

Figure 5.12 Heat 
trap (ECBC 
User Guide)

Figure 5.13: Vapor 
retardant pool 
cover at the 
water surface
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5.3 Prescriptive Requirements
5.3.1 Pumps
Chilled and condenser water pumps 

shall meet or exceed the minimum energy 

pumps in district chiller systems and hot 
water pumps for space heating are limited 

Table 5.11: Pump 

Requirements 
(Source: ECBC 

2017 Tables 5-15 
to 5-17)

Equipment ECBC Super ECBC

kWr)

-
mum) 70% 75% 85%

compliance, calculate the total installed 

Exceptions to §5.3.1: -

5.3.2 Fans
Supply, exhaust and return  or  relief 

shall meet or exceed the minimum energy 

 

except the following, which need not comply 
with the requirements:

-

that pre-conditions the outdoor air

System and ECBC Super ECBC

Air Han- IE 2 70% IE 4

Table 5.12 
Mechanical 

Requirements 
for Fans (Source: 

Tables 5-12 to 
5-14; ECBC 

2017)

Table 5.13: Cooling 

requirements 
for ECBC 2017, 

ECBC+ and 
Punjab Super 

ECBC (Source: 
Tables 5-18; 

ECBC 2017)

5.3.3 Cooling Towers
Cooling towers shall meet or 

Buildings shall have additional 

5.3.4 Economizers
Economizers (fig 5.14) allow the use of outdoor 
air to cool the building when the outside 

economizer consists of dampers, sensors, 
actuators, and logic devices that together 
decide how much outside air to bring into a 

and controls shut down the compressor 
and bring in the outside air through the 

economizer can cut energy costs by as 

consumption, depending mostly on local 

Equipment Type

Open Circuit 
Cooling Tower 

Water,

Air

Figure 5.14: 
Economizer Figure 5.14
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5.3.5.5 Energy Recovery
All Hospitality and Healthcare, with 

air handling systems of capacity greater 

outdoor air supply of 70% shall have air-to-
air heat recovery equipment with minimum 

heat shall be recovered from diesel and gas 

Healthcare, and Business buildings with 
built-up area greater than 20,000 m

5.4 
Compliance Approach

Buildings may show compliance by 

the plant side comfort system instead of 
the individual equipment mentioned under 

compliance approach is applicable for central 
chilled water plant side system in all building 

equal to maximum threshold requirements 

be included in central chilled water plant 
side system for this alternate approach are 
chillers, chilled water pumps, condenser 

A compliance check will be based on annual 

5.5 Low Energy Comfort System
Alternative HVAC systems which have low 

in conjunction with) refrigerant-based cool-

to meet the minimum space conditioning 

comply with all other applicable mandatory 

with an approved low-energy comfort sys-
tem installed for more than 50% of the cool-
ing and heating requirement of the building 

approved list of low energy comfort systems 
is given :

5.3.5 Variable Flow Hydronic Systems

is supplied to heat transfer devices, such as 
coils and heat exchangers, and back through 

type of equipment and capabilities in such 

variable speed drives enable the system to 

5.3.5.1 Variable Fluid Flow
HVAC pumping systems having a total 

the extent which is lesser or equal to the 
limit, where the limit is set by the larger of:  

a) 
b) 

equipment manufacturer for proper 

5.3.5.2 Isolation Valve
Water- cooled air-conditioning or heat 

pump units with a circulation pump motor 

two-way automatic isolation valves on each 
water cooled air-conditioning or heat pump 
unit that are interlocked with the compressor 

5.3.5.3 Variable Speed Drives
Chilled water or condenser water systems 

5.3.5.4 Boilers

Note: Projects in Composite climate are exempted from using economizers. Since Punjab 
lies in the composite climate zone, projects will not be in need to use economizers. 

Table 5.14
Minimum 

Requirements 
for Oil and Gas 
Fired Boilers 
(Source: Tables 
5-19 to 5-20; 
ECBC 2017)

Size

ECBC ECBC Super 
ECBC

-

Hot Water 

Capacity

80% 85% 85%

Water 
Cooled 
Chilled ECBC Super 

ECBC

Maximum 
Threshold 

Table 5.15
Minimum 

Requirements 
for Water Cooled 
Chilled Water 
Plant (Source: 
Tables 5-21; 
ECBC 2017)

5.3.5.1
5.3.5.2

Wa

44 45

Table-5.15.



Technical Manual on ECBC 2017 for the state of Punjab46

Buildings having an approved low energy 
comfort system installed for more than 90% 
of the cooling and heating requirement of 

Figure 5.15 Low 
Energy Comfort 

Systems

Figure 5.16: 
Geothermal Heat 

Pump

the building shall be deemed equivalent to 

Figure 5.17: Earth 
Air Tunnels

5.5.1 Geothermal Heat Pumps

the ground, temperatures are constant 

used for cooling in summers and heating 

carrying water into the ground allows 
heat to be transferred to and from your 

pump located inside the building where it 
exchanges heat with the inside air making 

5.5.2  Earth Air Tunnels

tunnel also uses the heat- storing capacity 
of the earth and can be used to cool in 
summers as well as heat in winters though it 

tunnel and as it passes through the tunnel, 
it exchanges heat with the ground and gets 

 
5.6 Summary

Comfort 

Controls
Value

Minimum 
Equipment 

Water Cooled Chillers:

Air Cooled Chillers:

Time Clock Complexes above 20,000 m2

70%
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Figure 6.1: 
(Above) Uniform 

LIGHTING SYSTEMS & CONTROLS
Chapter 6

Sections:
Mandatory 
• Lighting Control 
• Exit Sign

Prescriptive
• Interior Lighting Power
• Building Area Method
• Space Function Method
• Installed Interior Lighting Power
• Exterior Lighting Power

6.1 General
Lighting accounts for 15% of total energy 
consumption in India. Lighting offers many 
energy efficiency opportunities in almost any 
building facility, existing or new. A century 
ago, a person could read by the light of a 
single candle, but today a person in a typical 
office uses hundreds or evens thousand 
times more light. Over the years, 
illumination standards have increased 
radically along with the efficiency of lamps. 
People want the light for different reasons, 
and a good lighting designer needs to keep 
all of them in mind. Different tasks and 
building facilities require different amounts 
and types of light. For example, a surgeon in 
an operation theater needs lots of light with 
low glare and excellent color rendering, 
restaurant owners and diners often want low 
light levels, corporate boardrooms call for 
lighting that reinforces a feeling of 
importance and success while adapting to 

audio-visual presentations; retail outlets in 
many situations want to make their 
merchandise sparkle so that it draws the 
customers and encourages them to buy. An 
office executive needs a modest ambient 
lighting level, good task lighting on work 
surface, and minimal glare to effectively read 
and work on computers. While energy 
efficiency is an attractive goal for many 
reasons, lighting designers also need to 
consider a host of other factors, including the 
effect of quality of light on the visual comfort 

and productivity of the occupants. A Small 
improvement in lighting quality can improve 
the productivity of the user substantially. In 
practice, the right quality and quantity of 
light can be provided efficiently (with less 
energy) by using the right technology and its 
effective integration with daylight.

General Design Considerations
Using efficient lighting equipment and 
controls is the best way to ensure lighting 
energy efficiency while maintaining or even 
improving lighting conditions. For instance, 
modern fluorescent lighting, such as 
electronically ballasted T-8 systems, can 
provide the same quantity of light as older 
fluorescent lighting while consuming as little 
as two-thirds of the energy. Similarly, 
compact fluorescent sources are three to four 
times more efficient than the traditional 
incandescent lamps they are designed to 
replace.
For a lighting designer and energy-efficient 
lighting design involves sensitive integration 
of many requirements and considerations 
that include building orientation, interior 
building layout, task illumination, daylight 
strategies, glazing specification, choice of the 
lighting system and controls etc. The 
designer is also responsible for making sure 
that lighting complies with the Code, 
meeting both mandatory and prescriptive 
requirements.
Exceptions: (a) Emergency or security 
lighting that is automatically off during 
normal building operations.

6.2 Mandatory Requirements:
6.2.1 Lighting Control
Lighting controls allow lighting to be turned 
down or completely off when it is not needed 
the simplest way to save energy. Maximizing 
the use of controls involves developing a set 
of strategies that utilize the Code 
requirements for various devices, including 
on-off controls, dimming controls, and 
systems that combine the use of both types of 
equipment.  
These controls can be quite sophisticated, but 
in general, they perform two basic functions: 

1) Turn lights off when not needed, and  
2) Modulate light output so that no more 
light than necessary is produced.  
The equipment required to achieve these 
functions varies in complexity from simple 
timers to intricate electronic dimming 
circuits, each applicable to different 
situations. Controls include time clocks, 
occupant and motion sensors, automatic or 
manual daylighting controls, and 

astronomical time switches (the automatic 
switches that adjust for the length of the day 
as it varies over the year).

Automatic Control Strategies
Several different approaches can be used to 
control electric lighting. The control 
hardware and design practices are discussed 
below:
Scheduling Control: Use a time scheduling 
device to control the lighting system 
according to predetermined schedules. 
Occupancy Sensing: Control lights in 
response to the presence or absence of people 
in the space. 
Daylighting: Switch or dim electric lights in 
response to the presence or absence of 
daylight illumination in the space. 
Lumen Maintenance: Gradually adjust 
electric light levels over time to correspond 
with the depreciation of light output from 
aging lamps.

1. Dimmer Controls:
Dimmer controls provide variable indoor 
lighting. Dimming the light bulbs reduces 
their wattage and output, which helps in 
saving energy. These are inexpensive 
systems, which provide some energy savings 
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when lights are used at a reduced level. They 
also increase the service life of light bulbs 
significantly. However, dimming reduces an 
incandescent bulb's lumen output more than 
its wattage. This makes the bulb less efficient 
as they are dimmed.

2. Dimmers and CFLs:
Unlike incandescent bulb, compact 
fluorescent lamps (CFLs) do not lose their 
efficiency with dimming. Some CFLs are 
compatible with standard dimmers. Others 
require special dimming ballasts and bulb 
holders. Fluorescent dimmers are dedicated 
fixtures and bulbs that provide even greater 
energy savings than a regular fluorescent 
bulb. Dimming a CFL that is not designed to 
work with a dimmer switch is not 
recommended, as this can shorten its life 
significantly.
Changing the light bulbs and ballasts in 
fluorescent lighting fixtures is a better 
approach than replacing them.

3. Dimmers and LEDs:
Some light-emitting diode (LED) light bulbs 
can be used with dimmers. LED bulbs and 
fixtures must be designed for dimming. It is 
required to replace existing dimmer switches 
with the ones that are compatible with an 
LED lighting product. The packaging or 
accompanying instructions will indicate if the 
product is dimmable and which dimmer 
products are compatible. Fully compatible 
LED dimmers are expected to become more 
common as the LED industry expands.

4. Motion Sensor Controls:
Motion sensors, as the name suggests, are 
sensitive to motion. They are very useful for 
outdoor security and utility lighting. They 
respond to movement by automatically 
turning the outdoor lights on, and by turning 
them off a short while later. Because utility 
lights and some security lights are needed 
only when it is dark and people are present, 
the best way to control might be a 
combination of a motion sensor and photo 
sensor. Incandescent flood lights with a photo 
sensor and motion sensor may actually use 
less energy than pole-mounted high-intensity 
discharge (HID) security lights controlled by 
a photosensor. Even though HID lights are 
more efficient than incandescent, they are 
turned on for a much longer period of time 
than incandescents using these dual controls.

6.2.1.1 Automatic Lighting Shutoff
a) 90% of interior lighting fittings in building 
or space of building larger than 300 m2 shall 

be equipped with automatic control device.   
b) Additionally, occupancy sensors shall be 
provided in  
i. All building types greater than 20,000 m2 
BUA. 
a) All habitable spaces less than 30 m2, 
enclosed by walls or ceiling height partitions. 
b) All storage or utility spaces more than 15 
m2 in all building types with BUA greater 
than 20,000 m²
c) Public toilets more than 25 m2, controlling 
at least 80 % of lighting fitted in the toilet. The 
lighting fixtures, not controlled by automatic 
lighting shutoff, shall be uniformly spread in 
the area. 
ii. In corridors of all hospitality greater than 
20,000 m2 BUA, controlling minimum 70% 
and maximum 80% of lighting fitted in the 
public corridor. The lighting fixtures, not 
controlled by automatic lighting shut off, 
shall be uniformly spread in the area.
iii. In all Business and all-conference or 
meeting rooms.
The automatic control device shall function 
on either:  
I. A scheduled basis at specific programmed 
times. An independent program schedule 
shall be provided for areas of no more than 
2,500 m2 and not more than one floor, or 
II. Occupancy sensors that shall turn off the 
lighting fixtures within 15 minutes of an 
occupant leaving the space. Light fixtures 
controlled by occupancy sensors shall have a 
wall-mounted, manual switch capable of 
turning off lights when space is occupied.
Exception: Lighting systems designed for 
emergency and firefighting purposes.
The lighting requirements in this section shall 
apply to:  
1. Interior spaces of buildings.
2. Exterior building features, including 
facades, illuminated roofs, architectural 
features, entrances, exits, loading docks, and 
illuminated canopies.  
3. Exterior building grounds lighting that is 
provided through the building's electrical 
service.

6.2.1.2 Space Control
Along with controls for individual lights or 
sets of fixtures, master controls are required 
for each space which can shut off all the lights 
within the space. For example, the last person 
leaving the office is much more likely to use a 
master switch than to go through the office 
turning off every switch. Similarly, a cleaning 
crew can easily use master switches to turn 
lights off at the end of a working day.
Exception: The required control device may 
be remotely installed if required for reasons 

of safety or security. A remotely located 
device shall have a pilot light indicator as 
part of or next to the control device and shall 
be clearly labeled to identify the controlled 
lighting.

6.2.2 Control in Daylighted Areas
Luminaires is defined as a complete lighting 
unit  consisting of  a  lamp or  lamps together  
with  the  housing  designed  to distribute the 
light, position and protect the lamps, and 
connect  the  lamps  to  the power supply.  
The  ECBC  mandates  manual  or automatic  
control  device  of  luminaires  in daylighted 

areas greater than 25 m² (250 ft). 
a)  Luminaries,  installed  within  daylighting  
extent  from  the window  (as  calculated in 
4.2.3), shall be equipped with either a 
manual control device to shut off luminaries,  
installed within daylit  area, during potential 
daylit  time of a day or automatic control 
device that: 
i. Has a delay of a minimum 5 minutes, or,
ii. Can dim or step  down  to  50% of total 
power.
b) Overrides  to the daylight controls shall 
not be allowed. 
c) For  Super  ECBC  buildings,  Lighting 
Power Density adjustment factor of 20% 
shall be allowed to all spaces with more than  
70%  of  their  area  under  daylight controls. 
ECBC+  and  Super  ECBC  building  shall 
have a centralized control system for 
schedule.

6.2.3 Exterior Lighting control
a. Lighting for all exterior applications not 
exempted  in  §6.3.5  shall  be  controlled by a 
photosensor or astronomical  time switch  
that  is  capable  of  automatically turning off 
the exterior lighting when daylight  is  
available,  or  the  lighting  is not required.
b. Lighting  for all exterior applications, of 
school  and  business with  built-up  area 
greater  than 20,000 m², shall have lamp 

efficacy not less than 80 lumens per watt, 90 
lumens per watt, and 100 lumens per watt, 
for ECBC, ECBC+ and Super ECBC buildings  
respectively, unless  the  luminaire is 
controlled by a motion sensor or exempt §6.1 
of ECBC 2017.
c. Facade lighting and Facade 
non-emergency signage  of  shopping  
complexes shall have separate time switches.
Exemption to §6.2.5 Exterior emergency 
lighting.

6.2.4 Additional Control
Additional control must be provided for spe
cialty lighting devices. These include:
a. Display/Accent  lighting:  The  light work 
used to highlight artwork or merchandise  in  
retail  stores,  art  galleries, lobbies and other 
spaces. 
b. Case  Lighting:  The  lighting  used  in 
closed  caseworks  for  displacing  of  items 
items. 
c. Task Lighting: Task lighting is provided 
for  all  supplemental  tasks such  as  desk der 
cabinet lighting. 
d. Non- visual Lighting: Lighting needed 
growth or food warming must have separate 
controls. 
e. Hotel and Motel Guest  Room  Lighting: 
Guest rooms and guest suites in a hotel shall 
have a master control device at the main 
room entry that controls all permanently 
installed luminaries and switched 
receptacles.
f.Demonstration  Lighting:  Lighting  on 
display  in  retail  stores  and  lighting  in 
classrooms  or  education  facilities  need to 
be provided with separate controls.

6.2.5 Exit Signs
As  per  the  code,  internally  illuminated exit 

signs shall not exceed 5W per face. The 
electrically powered exit signs normally use
incandescent bulbs. Most LED and some CFL 
exit signs can meet the ECBC requirment . 

6.3 Prescriptive Requirements
The prescriptive requirement of the Code 
regulates both interior and exterior lighting 
power.

6.3.1 Interior Lighting Power
The prescriptive lighting requirements limit 
the installed electric wattage for interior 
building lighting. Interior lighting includes 
all permanently installed general and task 
lighting shown on the plans. Interior 
lighting, for a building or a separately 
metered or permitted portion of a building, 
shall not exceed allowed power limits.
The installed interior lighting power for a 
building or a separately metered or 
permitted portion of a building shall be 
calculated following §6.3.4 and shall not 
exceed interior lighting power allowance 
determined in accordance with either §6.3.2 

or §6.3.3
Tradeoffs of interior lighting power 
allowance among portions of the building for 
which different method of calculation has 
been used is not permitted.  
Exception: The following lighting equipment 
and applications shall not be considered 
when determining the interior lighting 
power allowance, nor shall the wattage for 
such lighting be included in the installed 
interior lighting power. However, any such 
lighting not is exempt unless it is an addition 
to the  general lighting and is controlled by 
an independent control device.
a) Display or accent lighting that is an 
essential element for the function performed 
in galleries, museums, and monuments, 
b) Lighting that is integral to equipment or 
instrumentation and is installed by its 
manufacturer, 
c) Lighting specifically designed for medical 
or dental procedures and lighting integral to 
medical equipment, 
d) Lighting integral to food warming and 
food preparation equipment, 
e) Lighting for plant growth or maintenance, 
f) Lighting in spaces specifically designed for 
use by the visually impaired, 
g) Lighting in retail display windows, 

provided the display area is enclosed by 
ceiling-height partitions, 
h) Lighting in interior spaces that have been 
specifically designated as a registered 
interior historic landmark, 
i) Lighting that is an integral part of 
advertising or directional signage, 
j) Exit signs, 
k) Lighting that is for sale or lighting 
educational demonstration systems, 
l) Lighting for theatrical purposes, including 
performance, stage, and film or video 
production, and
m) Athletic playing areas with permanent 
facilities for television broadcasting. 

6.3.2 Building Area Method:
This method provides the procedure of 
calculating total watts per square meter for 
the entire building based on its type. The 
sum of all the interior lighting power for 
various areas of the building cannot exceed 
the total watts to be in comply. The building 
area method is the simplest method to follow 
since fewer calculations are required. 

However, if the project applies to only a 
portion of the entire building, is not listed as 
a building type, or has more than one 
occupancy type, the space function method 
should be used to determine compliance. 
The allowed lighting power density can be 
calculated in the following two steps as per 
the Building Area Method
1. Calculate the gross lighted carpet area for 
each building area type. 
2. The interior lighting power allowance is 
the sum of the products of the gross lighted 
floor area of each building area times the 
allowed lighting power density for that 
building area type.
The lighting power for appropriate building 
area type can be selected from for ECBC 
Buildings, from Table 6-2 for ECBC+ 
Buildings and from Table 6-3 for Super ECBC 
Buildings.
 
6.3.3 Space Function Method
The first step of the space function method  is  
to decide the building type and the  
prescribed  Lighting  Power  Densities which  
vary  according  to  the  function  of the  
spaces. Table 6.2, provides with  the 
prescribed  limits  for  the  Interior  Lighting 
power  densities  using  Space  function 

method.  The  next  step  is  to  calculate  the 
areas of each of these spaces. The area must 
be the gross interior floor area and for each 
space  that  is  enclosed  by  partitions  which 
are 80% or greater than the ceiling height. 
The gross interior area should be calculated 
by measuring  to  the  center  of  the partition 
walls and must also includes spaces allotted 
to balconies or other projections.  Finally,the  
individual  lighting  power  allowances for 

each space is determined by multiplying its 
gross lighted floor area by the designed  
lighting  power  density  for  that  space.  The 
lighting  power  allowances  are  summed  to 
equal the Interior Lighting Power Allowance  
for the building.

 6.3.4 Installed Interior Lighting Power
The installed interior lighting power 
calculated for compliance shall include all 
power used by the luminaires, including 
lamps, ballasts, current regulators, and 
control devices except as specifically 

exempted in §6.1.  
Exception: If two or more independently 
operating lighting systems in a space are 
controlled to prevent simultaneous user 
operation, the installed interior lighting 
power shall be based solely on the lighting 
system with the highest power. 

6.3.4.1 Luminaire Wattage:

There are two aspects of a luminaire that has 
a direct impact on lighting energy 
consumption.
1. Wattage – This indicates the direct power 
consumption of the luminaire. Higher the 
wattage, more the electricity use. It also 
means that more luminaires would mean a 
higher total wattage and hence a higher 
connected lighting load. 
2. Efficacy – Light output of a luminaire is 
given by ‘lumens’. Higher the lumens, the 
“brighter” a lamp will appear. We want to 

select a luminaire that gives “more lumens 
per watt of electricity used”. This is called 
lamp efficacy.
For example, a 6.5 watt LED lamp will give a 
similar light output to a 50-watt Halogen 
lamp. Thus, efficacy indicates how energy 
efficient a lamp is. 
Thus, while selecting an energy efficiency 
lamp, it is essential to compare the efficacy 
and not just the wattage. All lamps have 
lumen rating mentioned on the package 
using which the efficacy can be derived. As 
per the Code,
Luminaire efficacy shall be 0.7 or above. The 
Code requires that luminaire wattage be 
incorporated into the installed interior 
lighting power calculation as follows:
a) The wattage of incandescent luminaires 
with medium base sockets and not 
containing permanently installed ballasts 
shall be the maximum labeled wattage of the 
luminaires.  
b) The wattage of luminaires containing 
permanently installed ballasts shall be the 
operating input wattage of the specified 
lamp/ballast combination. Operating input 
wattage can be either values from 
manufacturers’ catalogs or values from 
independent testing laboratory reports.  
c) The wattage of all other miscellaneous 
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luminaire types not described in (a) or (b) 
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Figure 6.3 Lighting Controls 
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6.1 General
Lighting accounts for 15% of total energy 
consumption in India. Lighting offers many 
energy efficiency opportunities in almost any 
building facility, existing or new. A century 
ago, a person could read by the light of a 
single candle, but today a person in a typical 
office uses hundreds or evens thousand 
times more light. Over the years, 
illumination standards have increased 
radically along with the efficiency of lamps. 
People want the light for different reasons, 
and a good lighting designer needs to keep 
all of them in mind. Different tasks and 
building facilities require different amounts 
and types of light. For example, a surgeon in 
an operation theater needs lots of light with 
low glare and excellent color rendering, 
restaurant owners and diners often want low 
light levels, corporate boardrooms call for 
lighting that reinforces a feeling of 
importance and success while adapting to 

audio-visual presentations; retail outlets in 
many situations want to make their 
merchandise sparkle so that it draws the 
customers and encourages them to buy. An 
office executive needs a modest ambient 
lighting level, good task lighting on work 
surface, and minimal glare to effectively read 
and work on computers. While energy 
efficiency is an attractive goal for many 
reasons, lighting designers also need to 
consider a host of other factors, including the 
effect of quality of light on the visual comfort 

and productivity of the occupants. A Small 
improvement in lighting quality can improve 
the productivity of the user substantially. In 
practice, the right quality and quantity of 
light can be provided efficiently (with less 
energy) by using the right technology and its 
effective integration with daylight.

General Design Considerations
Using efficient lighting equipment and 
controls is the best way to ensure lighting 
energy efficiency while maintaining or even 
improving lighting conditions. For instance, 
modern fluorescent lighting, such as 
electronically ballasted T-8 systems, can 
provide the same quantity of light as older 
fluorescent lighting while consuming as little 
as two-thirds of the energy. Similarly, 
compact fluorescent sources are three to four 
times more efficient than the traditional 
incandescent lamps they are designed to 
replace.
For a lighting designer and energy-efficient 
lighting design involves sensitive integration 
of many requirements and considerations 
that include building orientation, interior 
building layout, task illumination, daylight 
strategies, glazing specification, choice of the 
lighting system and controls etc. The 
designer is also responsible for making sure 
that lighting complies with the Code, 
meeting both mandatory and prescriptive 
requirements.
Exceptions: (a) Emergency or security 
lighting that is automatically off during 
normal building operations.

6.2 Mandatory Requirements:
6.2.1 Lighting Control
Lighting controls allow lighting to be turned 
down or completely off when it is not needed 
the simplest way to save energy. Maximizing 
the use of controls involves developing a set 
of strategies that utilize the Code 
requirements for various devices, including 
on-off controls, dimming controls, and 
systems that combine the use of both types of 
equipment.  
These controls can be quite sophisticated, but 
in general, they perform two basic functions: 

1) Turn lights off when not needed, and  
2) Modulate light output so that no more 
light than necessary is produced.  
The equipment required to achieve these 
functions varies in complexity from simple 
timers to intricate electronic dimming 
circuits, each applicable to different 
situations. Controls include time clocks, 
occupant and motion sensors, automatic or 
manual daylighting controls, and 

astronomical time switches (the automatic 
switches that adjust for the length of the day 
as it varies over the year).

Automatic Control Strategies
Several different approaches can be used to 
control electric lighting. The control 
hardware and design practices are discussed 
below:
Scheduling Control: Use a time scheduling 
device to control the lighting system 
according to predetermined schedules. 
Occupancy Sensing: Control lights in 
response to the presence or absence of people 
in the space. 
Daylighting: Switch or dim electric lights in 
response to the presence or absence of 
daylight illumination in the space. 
Lumen Maintenance: Gradually adjust 
electric light levels over time to correspond 
with the depreciation of light output from 
aging lamps.

1. Dimmer Controls:
Dimmer controls provide variable indoor 
lighting. Dimming the light bulbs reduces 
their wattage and output, which helps in 
saving energy. These are inexpensive 
systems, which provide some energy savings 
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when lights are used at a reduced level. They 
also increase the service life of light bulbs 
significantly. However, dimming reduces an 
incandescent bulb's lumen output more than 
its wattage. This makes the bulb less efficient 
as they are dimmed.

2. Dimmers and CFLs:
Unlike incandescent bulb, compact 
fluorescent lamps (CFLs) do not lose their 
efficiency with dimming. Some CFLs are 
compatible with standard dimmers. Others 
require special dimming ballasts and bulb 
holders. Fluorescent dimmers are dedicated 
fixtures and bulbs that provide even greater 
energy savings than a regular fluorescent 
bulb. Dimming a CFL that is not designed to 
work with a dimmer switch is not 
recommended, as this can shorten its life 
significantly.
Changing the light bulbs and ballasts in 
fluorescent lighting fixtures is a better 
approach than replacing them.

3. Dimmers and LEDs:
Some light-emitting diode (LED) light bulbs 
can be used with dimmers. LED bulbs and 
fixtures must be designed for dimming. It is 
required to replace existing dimmer switches 
with the ones that are compatible with an 
LED lighting product. The packaging or 
accompanying instructions will indicate if the 
product is dimmable and which dimmer 
products are compatible. Fully compatible 
LED dimmers are expected to become more 
common as the LED industry expands.

4. Motion Sensor Controls:
Motion sensors, as the name suggests, are 
sensitive to motion. They are very useful for 
outdoor security and utility lighting. They 
respond to movement by automatically 
turning the outdoor lights on, and by turning 
them off a short while later. Because utility 
lights and some security lights are needed 
only when it is dark and people are present, 
the best way to control might be a 
combination of a motion sensor and photo 
sensor. Incandescent flood lights with a photo 
sensor and motion sensor may actually use 
less energy than pole-mounted high-intensity 
discharge (HID) security lights controlled by 
a photosensor. Even though HID lights are 
more efficient than incandescent, they are 
turned on for a much longer period of time 
than incandescents using these dual controls.

6.2.1.1 Automatic Lighting Shutoff
a) 90% of interior lighting fittings in building 
or space of building larger than 300 m2 shall 

be equipped with automatic control device.   
b) Additionally, occupancy sensors shall be 
provided in  
i. All building types greater than 20,000 m2 
BUA. 
a) All habitable spaces less than 30 m2, 
enclosed by walls or ceiling height partitions. 
b) All storage or utility spaces more than 15 
m2 in all building types with BUA greater 
than 20,000 m²
c) Public toilets more than 25 m2, controlling 
at least 80 % of lighting fitted in the toilet. The 
lighting fixtures, not controlled by automatic 
lighting shutoff, shall be uniformly spread in 
the area. 
ii. In corridors of all hospitality greater than 
20,000 m2 BUA, controlling minimum 70% 
and maximum 80% of lighting fitted in the 
public corridor. The lighting fixtures, not 
controlled by automatic lighting shut off, 
shall be uniformly spread in the area.
iii. In all Business and all-conference or 
meeting rooms.
The automatic control device shall function 
on either:  
I. A scheduled basis at specific programmed 
times. An independent program schedule 
shall be provided for areas of no more than 
2,500 m2 and not more than one floor, or 
II. Occupancy sensors that shall turn off the 
lighting fixtures within 15 minutes of an 
occupant leaving the space. Light fixtures 
controlled by occupancy sensors shall have a 
wall-mounted, manual switch capable of 
turning off lights when space is occupied.
Exception: Lighting systems designed for 
emergency and firefighting purposes.
The lighting requirements in this section shall 
apply to:  
1. Interior spaces of buildings.
2. Exterior building features, including 
facades, illuminated roofs, architectural 
features, entrances, exits, loading docks, and 
illuminated canopies.  
3. Exterior building grounds lighting that is 
provided through the building's electrical 
service.

6.2.1.2 Space Control
Along with controls for individual lights or 
sets of fixtures, master controls are required 
for each space which can shut off all the lights 
within the space. For example, the last person 
leaving the office is much more likely to use a 
master switch than to go through the office 
turning off every switch. Similarly, a cleaning 
crew can easily use master switches to turn 
lights off at the end of a working day.
Exception: The required control device may 
be remotely installed if required for reasons 

of safety or security. A remotely located 
device shall have a pilot light indicator as 
part of or next to the control device and shall 
be clearly labeled to identify the controlled 
lighting.

6.2.2 Control in Daylighted Areas
Luminaires is defined as a complete lighting 
unit  consisting of  a  lamp or  lamps together  
with  the  housing  designed  to distribute the 
light, position and protect the lamps, and 
connect  the  lamps  to  the power supply.  
The  ECBC  mandates  manual  or automatic  
control  device  of  luminaires  in daylighted 

areas greater than 25 m² (250 ft). 
a)  Luminaries,  installed  within  daylighting  
extent  from  the window  (as  calculated in 
4.2.3), shall be equipped with either a 
manual control device to shut off luminaries,  
installed within daylit  area, during potential 
daylit  time of a day or automatic control 
device that: 
i. Has a delay of a minimum 5 minutes, or,
ii. Can dim or step  down  to  50% of total 
power.
b) Overrides  to the daylight controls shall 
not be allowed. 
c) For  Super  ECBC  buildings,  Lighting 
Power Density adjustment factor of 20% 
shall be allowed to all spaces with more than  
70%  of  their  area  under  daylight controls. 
ECBC+  and  Super  ECBC  building  shall 
have a centralized control system for 
schedule.

6.2.3 Exterior Lighting control
a. Lighting for all exterior applications not 
exempted  in  §6.3.5  shall  be  controlled by a 
photosensor or astronomical  time switch  
that  is  capable  of  automatically turning off 
the exterior lighting when daylight  is  
available,  or  the  lighting  is not required.
b. Lighting  for all exterior applications, of 
school  and  business with  built-up  area 
greater  than 20,000 m², shall have lamp 

efficacy not less than 80 lumens per watt, 90 
lumens per watt, and 100 lumens per watt, 
for ECBC, ECBC+ and Super ECBC buildings  
respectively, unless  the  luminaire is 
controlled by a motion sensor or exempt §6.1 
of ECBC 2017.
c. Facade lighting and Facade 
non-emergency signage  of  shopping  
complexes shall have separate time switches.
Exemption to §6.2.5 Exterior emergency 
lighting.

6.2.4 Additional Control
Additional control must be provided for spe
cialty lighting devices. These include:
a. Display/Accent  lighting:  The  light work 
used to highlight artwork or merchandise  in  
retail  stores,  art  galleries, lobbies and other 
spaces. 
b. Case  Lighting:  The  lighting  used  in 
closed  caseworks  for  displacing  of  items 
items. 
c. Task Lighting: Task lighting is provided 
for  all  supplemental  tasks such  as  desk der 
cabinet lighting. 
d. Non- visual Lighting: Lighting needed 
growth or food warming must have separate 
controls. 
e. Hotel and Motel Guest  Room  Lighting: 
Guest rooms and guest suites in a hotel shall 
have a master control device at the main 
room entry that controls all permanently 
installed luminaries and switched 
receptacles.
f.Demonstration  Lighting:  Lighting  on 
display  in  retail  stores  and  lighting  in 
classrooms  or  education  facilities  need to 
be provided with separate controls.

6.2.5 Exit Signs
As  per  the  code,  internally  illuminated exit 

signs shall not exceed 5W per face. The 
electrically powered exit signs normally use
incandescent bulbs. Most LED and some CFL 
exit signs can meet the ECBC requirment . 

6.3 Prescriptive Requirements
The prescriptive requirement of the Code 
regulates both interior and exterior lighting 
power.

6.3.1 Interior Lighting Power
The prescriptive lighting requirements limit 
the installed electric wattage for interior 
building lighting. Interior lighting includes 
all permanently installed general and task 
lighting shown on the plans. Interior 
lighting, for a building or a separately 
metered or permitted portion of a building, 
shall not exceed allowed power limits.
The installed interior lighting power for a 
building or a separately metered or 
permitted portion of a building shall be 
calculated following §6.3.4 and shall not 
exceed interior lighting power allowance 
determined in accordance with either §6.3.2 

or §6.3.3
Tradeoffs of interior lighting power 
allowance among portions of the building for 
which different method of calculation has 
been used is not permitted.  
Exception: The following lighting equipment 
and applications shall not be considered 
when determining the interior lighting 
power allowance, nor shall the wattage for 
such lighting be included in the installed 
interior lighting power. However, any such 
lighting not is exempt unless it is an addition 
to the  general lighting and is controlled by 
an independent control device.
a) Display or accent lighting that is an 
essential element for the function performed 
in galleries, museums, and monuments, 
b) Lighting that is integral to equipment or 
instrumentation and is installed by its 
manufacturer, 
c) Lighting specifically designed for medical 
or dental procedures and lighting integral to 
medical equipment, 
d) Lighting integral to food warming and 
food preparation equipment, 
e) Lighting for plant growth or maintenance, 
f) Lighting in spaces specifically designed for 
use by the visually impaired, 
g) Lighting in retail display windows, 

provided the display area is enclosed by 
ceiling-height partitions, 
h) Lighting in interior spaces that have been 
specifically designated as a registered 
interior historic landmark, 
i) Lighting that is an integral part of 
advertising or directional signage, 
j) Exit signs, 
k) Lighting that is for sale or lighting 
educational demonstration systems, 
l) Lighting for theatrical purposes, including 
performance, stage, and film or video 
production, and
m) Athletic playing areas with permanent 
facilities for television broadcasting. 

6.3.2 Building Area Method:
This method provides the procedure of 
calculating total watts per square meter for 
the entire building based on its type. The 
sum of all the interior lighting power for 
various areas of the building cannot exceed 
the total watts to be in comply. The building 
area method is the simplest method to follow 
since fewer calculations are required. 

However, if the project applies to only a 
portion of the entire building, is not listed as 
a building type, or has more than one 
occupancy type, the space function method 
should be used to determine compliance. 
The allowed lighting power density can be 
calculated in the following two steps as per 
the Building Area Method
1. Calculate the gross lighted carpet area for 
each building area type. 
2. The interior lighting power allowance is 
the sum of the products of the gross lighted 
floor area of each building area times the 
allowed lighting power density for that 
building area type.
The lighting power for appropriate building 
area type can be selected from for ECBC 
Buildings, from Table 6-2 for ECBC+ 
Buildings and from Table 6-3 for Super ECBC 
Buildings.
 
6.3.3 Space Function Method
The first step of the space function method  is  
to decide the building type and the  
prescribed  Lighting  Power  Densities which  
vary  according  to  the  function  of the  
spaces. Table 6.2, provides with  the 
prescribed  limits  for  the  Interior  Lighting 
power  densities  using  Space  function 

method.  The  next  step  is  to  calculate  the 
areas of each of these spaces. The area must 
be the gross interior floor area and for each 
space  that  is  enclosed  by  partitions  which 
are 80% or greater than the ceiling height. 
The gross interior area should be calculated 
by measuring  to  the  center  of  the partition 
walls and must also includes spaces allotted 
to balconies or other projections.  Finally,the  
individual  lighting  power  allowances for 

each space is determined by multiplying its 
gross lighted floor area by the designed  
lighting  power  density  for  that  space.  The 
lighting  power  allowances  are  summed  to 
equal the Interior Lighting Power Allowance  
for the building.

 6.3.4 Installed Interior Lighting Power
The installed interior lighting power 
calculated for compliance shall include all 
power used by the luminaires, including 
lamps, ballasts, current regulators, and 
control devices except as specifically 

exempted in §6.1.  
Exception: If two or more independently 
operating lighting systems in a space are 
controlled to prevent simultaneous user 
operation, the installed interior lighting 
power shall be based solely on the lighting 
system with the highest power. 

6.3.4.1 Luminaire Wattage:

There are two aspects of a luminaire that has 
a direct impact on lighting energy 
consumption.
1. Wattage – This indicates the direct power 
consumption of the luminaire. Higher the 
wattage, more the electricity use. It also 
means that more luminaires would mean a 
higher total wattage and hence a higher 
connected lighting load. 
2. Efficacy – Light output of a luminaire is 
given by ‘lumens’. Higher the lumens, the 
“brighter” a lamp will appear. We want to 

select a luminaire that gives “more lumens 
per watt of electricity used”. This is called 
lamp efficacy.
For example, a 6.5 watt LED lamp will give a 
similar light output to a 50-watt Halogen 
lamp. Thus, efficacy indicates how energy 
efficient a lamp is. 
Thus, while selecting an energy efficiency 
lamp, it is essential to compare the efficacy 
and not just the wattage. All lamps have 
lumen rating mentioned on the package 
using which the efficacy can be derived. As 
per the Code,
Luminaire efficacy shall be 0.7 or above. The 
Code requires that luminaire wattage be 
incorporated into the installed interior 
lighting power calculation as follows:
a) The wattage of incandescent luminaires 
with medium base sockets and not 
containing permanently installed ballasts 
shall be the maximum labeled wattage of the 
luminaires.  
b) The wattage of luminaires containing 
permanently installed ballasts shall be the 
operating input wattage of the specified 
lamp/ballast combination. Operating input 
wattage can be either values from 
manufacturers’ catalogs or values from 
independent testing laboratory reports.  
c) The wattage of all other miscellaneous 
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luminaire types not described in (a) or (b) 



Sections:
Mandatory 
• Lighting Control 
• Exit Sign

Prescriptive
• Interior Lighting Power
• Building Area Method
• Space Function Method
• Installed Interior Lighting Power
• Exterior Lighting Power

6.1 General
Lighting accounts for 15% of total energy 
consumption in India. Lighting offers many 
energy efficiency opportunities in almost any 
building facility, existing or new. A century 
ago, a person could read by the light of a 
single candle, but today a person in a typical 
office uses hundreds or evens thousand 
times more light. Over the years, 
illumination standards have increased 
radically along with the efficiency of lamps. 
People want the light for different reasons, 
and a good lighting designer needs to keep 
all of them in mind. Different tasks and 
building facilities require different amounts 
and types of light. For example, a surgeon in 
an operation theater needs lots of light with 
low glare and excellent color rendering, 
restaurant owners and diners often want low 
light levels, corporate boardrooms call for 
lighting that reinforces a feeling of 
importance and success while adapting to 

audio-visual presentations; retail outlets in 
many situations want to make their 
merchandise sparkle so that it draws the 
customers and encourages them to buy. An 
office executive needs a modest ambient 
lighting level, good task lighting on work 
surface, and minimal glare to effectively read 
and work on computers. While energy 
efficiency is an attractive goal for many 
reasons, lighting designers also need to 
consider a host of other factors, including the 
effect of quality of light on the visual comfort 

and productivity of the occupants. A Small 
improvement in lighting quality can improve 
the productivity of the user substantially. In 
practice, the right quality and quantity of 
light can be provided efficiently (with less 
energy) by using the right technology and its 
effective integration with daylight.

General Design Considerations
Using efficient lighting equipment and 
controls is the best way to ensure lighting 
energy efficiency while maintaining or even 
improving lighting conditions. For instance, 
modern fluorescent lighting, such as 
electronically ballasted T-8 systems, can 
provide the same quantity of light as older 
fluorescent lighting while consuming as little 
as two-thirds of the energy. Similarly, 
compact fluorescent sources are three to four 
times more efficient than the traditional 
incandescent lamps they are designed to 
replace.
For a lighting designer and energy-efficient 
lighting design involves sensitive integration 
of many requirements and considerations 
that include building orientation, interior 
building layout, task illumination, daylight 
strategies, glazing specification, choice of the 
lighting system and controls etc. The 
designer is also responsible for making sure 
that lighting complies with the Code, 
meeting both mandatory and prescriptive 
requirements.
Exceptions: (a) Emergency or security 
lighting that is automatically off during 
normal building operations.

6.2 Mandatory Requirements:
6.2.1 Lighting Control
Lighting controls allow lighting to be turned 
down or completely off when it is not needed 
the simplest way to save energy. Maximizing 
the use of controls involves developing a set 
of strategies that utilize the Code 
requirements for various devices, including 
on-off controls, dimming controls, and 
systems that combine the use of both types of 
equipment.  
These controls can be quite sophisticated, but 
in general, they perform two basic functions: 

1) Turn lights off when not needed, and  
2) Modulate light output so that no more 
light than necessary is produced.  
The equipment required to achieve these 
functions varies in complexity from simple 
timers to intricate electronic dimming 
circuits, each applicable to different 
situations. Controls include time clocks, 
occupant and motion sensors, automatic or 
manual daylighting controls, and 

astronomical time switches (the automatic 
switches that adjust for the length of the day 
as it varies over the year).

Automatic Control Strategies
Several different approaches can be used to 
control electric lighting. The control 
hardware and design practices are discussed 
below:
Scheduling Control: Use a time scheduling 
device to control the lighting system 
according to predetermined schedules. 
Occupancy Sensing: Control lights in 
response to the presence or absence of people 
in the space. 
Daylighting: Switch or dim electric lights in 
response to the presence or absence of 
daylight illumination in the space. 
Lumen Maintenance: Gradually adjust 
electric light levels over time to correspond 
with the depreciation of light output from 
aging lamps.

1. Dimmer Controls:
Dimmer controls provide variable indoor 
lighting. Dimming the light bulbs reduces 
their wattage and output, which helps in 
saving energy. These are inexpensive 
systems, which provide some energy savings 
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when lights are used at a reduced level. They 
also increase the service life of light bulbs 
significantly. However, dimming reduces an 
incandescent bulb's lumen output more than 
its wattage. This makes the bulb less efficient 
as they are dimmed.

2. Dimmers and CFLs:
Unlike incandescent bulb, compact 
fluorescent lamps (CFLs) do not lose their 
efficiency with dimming. Some CFLs are 
compatible with standard dimmers. Others 
require special dimming ballasts and bulb 
holders. Fluorescent dimmers are dedicated 
fixtures and bulbs that provide even greater 
energy savings than a regular fluorescent 
bulb. Dimming a CFL that is not designed to 
work with a dimmer switch is not 
recommended, as this can shorten its life 
significantly.
Changing the light bulbs and ballasts in 
fluorescent lighting fixtures is a better 
approach than replacing them.

3. Dimmers and LEDs:
Some light-emitting diode (LED) light bulbs 
can be used with dimmers. LED bulbs and 
fixtures must be designed for dimming. It is 
required to replace existing dimmer switches 
with the ones that are compatible with an 
LED lighting product. The packaging or 
accompanying instructions will indicate if the 
product is dimmable and which dimmer 
products are compatible. Fully compatible 
LED dimmers are expected to become more 
common as the LED industry expands.

4. Motion Sensor Controls:
Motion sensors, as the name suggests, are 
sensitive to motion. They are very useful for 
outdoor security and utility lighting. They 
respond to movement by automatically 
turning the outdoor lights on, and by turning 
them off a short while later. Because utility 
lights and some security lights are needed 
only when it is dark and people are present, 
the best way to control might be a 
combination of a motion sensor and photo 
sensor. Incandescent flood lights with a photo 
sensor and motion sensor may actually use 
less energy than pole-mounted high-intensity 
discharge (HID) security lights controlled by 
a photosensor. Even though HID lights are 
more efficient than incandescent, they are 
turned on for a much longer period of time 
than incandescents using these dual controls.

6.2.1.1 Automatic Lighting Shutoff
a) 90% of interior lighting fittings in building 
or space of building larger than 300 m2 shall 

be equipped with automatic control device.   
b) Additionally, occupancy sensors shall be 
provided in  
i. All building types greater than 20,000 m2 
BUA. 
a) All habitable spaces less than 30 m2, 
enclosed by walls or ceiling height partitions. 
b) All storage or utility spaces more than 15 
m2 in all building types with BUA greater 
than 20,000 m²
c) Public toilets more than 25 m2, controlling 
at least 80 % of lighting fitted in the toilet. The 
lighting fixtures, not controlled by automatic 
lighting shutoff, shall be uniformly spread in 
the area. 
ii. In corridors of all hospitality greater than 
20,000 m2 BUA, controlling minimum 70% 
and maximum 80% of lighting fitted in the 
public corridor. The lighting fixtures, not 
controlled by automatic lighting shut off, 
shall be uniformly spread in the area.
iii. In all Business and all-conference or 
meeting rooms.
The automatic control device shall function 
on either:  
I. A scheduled basis at specific programmed 
times. An independent program schedule 
shall be provided for areas of no more than 
2,500 m2 and not more than one floor, or 
II. Occupancy sensors that shall turn off the 
lighting fixtures within 15 minutes of an 
occupant leaving the space. Light fixtures 
controlled by occupancy sensors shall have a 
wall-mounted, manual switch capable of 
turning off lights when space is occupied.
Exception: Lighting systems designed for 
emergency and firefighting purposes.
The lighting requirements in this section shall 
apply to:  
1. Interior spaces of buildings.
2. Exterior building features, including 
facades, illuminated roofs, architectural 
features, entrances, exits, loading docks, and 
illuminated canopies.  
3. Exterior building grounds lighting that is 
provided through the building's electrical 
service.

6.2.1.2 Space Control
Along with controls for individual lights or 
sets of fixtures, master controls are required 
for each space which can shut off all the lights 
within the space. For example, the last person 
leaving the office is much more likely to use a 
master switch than to go through the office 
turning off every switch. Similarly, a cleaning 
crew can easily use master switches to turn 
lights off at the end of a working day.
Exception: The required control device may 
be remotely installed if required for reasons 

of safety or security. A remotely located 
device shall have a pilot light indicator as 
part of or next to the control device and shall 
be clearly labeled to identify the controlled 
lighting.

6.2.2 Control in Daylighted Areas
Luminaires is defined as a complete lighting 
unit  consisting of  a  lamp or  lamps together  
with  the  housing  designed  to distribute the 
light, position and protect the lamps, and 
connect  the  lamps  to  the power supply.  
The  ECBC  mandates  manual  or automatic  
control  device  of  luminaires  in daylighted 

areas greater than 25 m² (250 ft). 
a)  Luminaries,  installed  within  daylighting  
extent  from  the window  (as  calculated in 
4.2.3), shall be equipped with either a 
manual control device to shut off luminaries,  
installed within daylit  area, during potential 
daylit  time of a day or automatic control 
device that: 
i. Has a delay of a minimum 5 minutes, or,
ii. Can dim or step  down  to  50% of total 
power.
b) Overrides  to the daylight controls shall 
not be allowed. 
c) For  Super  ECBC  buildings,  Lighting 
Power Density adjustment factor of 20% 
shall be allowed to all spaces with more than  
70%  of  their  area  under  daylight controls. 
ECBC+  and  Super  ECBC  building  shall 
have a centralized control system for 
schedule.

6.2.3 Exterior Lighting control
a. Lighting for all exterior applications not 
exempted  in  §6.3.5  shall  be  controlled by a 
photosensor or astronomical  time switch  
that  is  capable  of  automatically turning off 
the exterior lighting when daylight  is  
available,  or  the  lighting  is not required.
b. Lighting  for all exterior applications, of 
school  and  business with  built-up  area 
greater  than 20,000 m², shall have lamp 

efficacy not less than 80 lumens per watt, 90 
lumens per watt, and 100 lumens per watt, 
for ECBC, ECBC+ and Super ECBC buildings  
respectively, unless  the  luminaire is 
controlled by a motion sensor or exempt §6.1 
of ECBC 2017.
c. Facade lighting and Facade 
non-emergency signage  of  shopping  
complexes shall have separate time switches.
Exemption to §6.2.5 Exterior emergency 
lighting.

6.2.4 Additional Control
Additional control must be provided for spe
cialty lighting devices. These include:
a. Display/Accent  lighting:  The  light work 
used to highlight artwork or merchandise  in  
retail  stores,  art  galleries, lobbies and other 
spaces. 
b. Case  Lighting:  The  lighting  used  in 
closed  caseworks  for  displacing  of  items 
items. 
c. Task Lighting: Task lighting is provided 
for  all  supplemental  tasks such  as  desk der 
cabinet lighting. 
d. Non- visual Lighting: Lighting needed 
growth or food warming must have separate 
controls. 
e. Hotel and Motel Guest  Room  Lighting: 
Guest rooms and guest suites in a hotel shall 
have a master control device at the main 
room entry that controls all permanently 
installed luminaries and switched 
receptacles.
f.Demonstration  Lighting:  Lighting  on 
display  in  retail  stores  and  lighting  in 
classrooms  or  education  facilities  need to 
be provided with separate controls.

6.2.5 Exit Signs
As  per  the  code,  internally  illuminated exit 

signs shall not exceed 5W per face. The 
electrically powered exit signs normally use
incandescent bulbs. Most LED and some CFL 
exit signs can meet the ECBC requirment . 

6.3 Prescriptive Requirements
The prescriptive requirement of the Code 
regulates both interior and exterior lighting 
power.

6.3.1 Interior Lighting Power
The prescriptive lighting requirements limit 
the installed electric wattage for interior 
building lighting. Interior lighting includes 
all permanently installed general and task 
lighting shown on the plans. Interior 
lighting, for a building or a separately 
metered or permitted portion of a building, 
shall not exceed allowed power limits.
The installed interior lighting power for a 
building or a separately metered or 
permitted portion of a building shall be 
calculated following §6.3.4 and shall not 
exceed interior lighting power allowance 
determined in accordance with either §6.3.2 

or §6.3.3
Tradeoffs of interior lighting power 
allowance among portions of the building for 
which different method of calculation has 
been used is not permitted.  
Exception: The following lighting equipment 
and applications shall not be considered 
when determining the interior lighting 
power allowance, nor shall the wattage for 
such lighting be included in the installed 
interior lighting power. However, any such 
lighting not is exempt unless it is an addition 
to the  general lighting and is controlled by 
an independent control device.
a) Display or accent lighting that is an 
essential element for the function performed 
in galleries, museums, and monuments, 
b) Lighting that is integral to equipment or 
instrumentation and is installed by its 
manufacturer, 
c) Lighting specifically designed for medical 
or dental procedures and lighting integral to 
medical equipment, 
d) Lighting integral to food warming and 
food preparation equipment, 
e) Lighting for plant growth or maintenance, 
f) Lighting in spaces specifically designed for 
use by the visually impaired, 
g) Lighting in retail display windows, 

provided the display area is enclosed by 
ceiling-height partitions, 
h) Lighting in interior spaces that have been 
specifically designated as a registered 
interior historic landmark, 
i) Lighting that is an integral part of 
advertising or directional signage, 
j) Exit signs, 
k) Lighting that is for sale or lighting 
educational demonstration systems, 
l) Lighting for theatrical purposes, including 
performance, stage, and film or video 
production, and
m) Athletic playing areas with permanent 
facilities for television broadcasting. 

6.3.2 Building Area Method:
This method provides the procedure of 
calculating total watts per square meter for 
the entire building based on its type. The 
sum of all the interior lighting power for 
various areas of the building cannot exceed 
the total watts to be in comply. The building 
area method is the simplest method to follow 
since fewer calculations are required. 

However, if the project applies to only a 
portion of the entire building, is not listed as 
a building type, or has more than one 
occupancy type, the space function method 
should be used to determine compliance. 
The allowed lighting power density can be 
calculated in the following two steps as per 
the Building Area Method
1. Calculate the gross lighted carpet area for 
each building area type. 
2. The interior lighting power allowance is 
the sum of the products of the gross lighted 
floor area of each building area times the 
allowed lighting power density for that 
building area type.
The lighting power for appropriate building 
area type can be selected from for ECBC 
Buildings, from Table 6-2 for ECBC+ 
Buildings and from Table 6-3 for Super ECBC 
Buildings.
 
6.3.3 Space Function Method
The first step of the space function method  is  
to decide the building type and the  
prescribed  Lighting  Power  Densities which  
vary  according  to  the  function  of the  
spaces. Table 6.2, provides with  the 
prescribed  limits  for  the  Interior  Lighting 
power  densities  using  Space  function 

method.  The  next  step  is  to  calculate  the 
areas of each of these spaces. The area must 
be the gross interior floor area and for each 
space  that  is  enclosed  by  partitions  which 
are 80% or greater than the ceiling height. 
The gross interior area should be calculated 
by measuring  to  the  center  of  the partition 
walls and must also includes spaces allotted 
to balconies or other projections.  Finally,the  
individual  lighting  power  allowances for 

each space is determined by multiplying its 
gross lighted floor area by the designed  
lighting  power  density  for  that  space.  The 
lighting  power  allowances  are  summed  to 
equal the Interior Lighting Power Allowance  
for the building.

 6.3.4 Installed Interior Lighting Power
The installed interior lighting power 
calculated for compliance shall include all 
power used by the luminaires, including 
lamps, ballasts, current regulators, and 
control devices except as specifically 

exempted in §6.1.  
Exception: If two or more independently 
operating lighting systems in a space are 
controlled to prevent simultaneous user 
operation, the installed interior lighting 
power shall be based solely on the lighting 
system with the highest power. 

6.3.4.1 Luminaire Wattage:

There are two aspects of a luminaire that has 
a direct impact on lighting energy 
consumption.
1. Wattage – This indicates the direct power 
consumption of the luminaire. Higher the 
wattage, more the electricity use. It also 
means that more luminaires would mean a 
higher total wattage and hence a higher 
connected lighting load. 
2. Efficacy – Light output of a luminaire is 
given by ‘lumens’. Higher the lumens, the 
“brighter” a lamp will appear. We want to 

select a luminaire that gives “more lumens 
per watt of electricity used”. This is called 
lamp efficacy.
For example, a 6.5 watt LED lamp will give a 
similar light output to a 50-watt Halogen 
lamp. Thus, efficacy indicates how energy 
efficient a lamp is. 
Thus, while selecting an energy efficiency 
lamp, it is essential to compare the efficacy 
and not just the wattage. All lamps have 
lumen rating mentioned on the package 
using which the efficacy can be derived. As 
per the Code,
Luminaire efficacy shall be 0.7 or above. The 
Code requires that luminaire wattage be 
incorporated into the installed interior 
lighting power calculation as follows:
a) The wattage of incandescent luminaires 
with medium base sockets and not 
containing permanently installed ballasts 
shall be the maximum labeled wattage of the 
luminaires.  
b) The wattage of luminaires containing 
permanently installed ballasts shall be the 
operating input wattage of the specified 
lamp/ballast combination. Operating input 
wattage can be either values from 
manufacturers’ catalogs or values from 
independent testing laboratory reports.  
c) The wattage of all other miscellaneous 
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luminaire types not described in (a) or (b) 



Table 6.1
space area

and lighting
controls

S. No. Space Area Coverage Area for each control device

1 Up to 1000 m² 250 m² max.
2 More than 1000 m² 1000 m² max.
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Sections:
Mandatory 
• Lighting Control 
• Exit Sign

Prescriptive
• Interior Lighting Power
• Building Area Method
• Space Function Method
• Installed Interior Lighting Power
• Exterior Lighting Power

6.1 General
Lighting accounts for 15% of total energy 
consumption in India. Lighting offers many 
energy efficiency opportunities in almost any 
building facility, existing or new. A century 
ago, a person could read by the light of a 
single candle, but today a person in a typical 
office uses hundreds or evens thousand 
times more light. Over the years, 
illumination standards have increased 
radically along with the efficiency of lamps. 
People want the light for different reasons, 
and a good lighting designer needs to keep 
all of them in mind. Different tasks and 
building facilities require different amounts 
and types of light. For example, a surgeon in 
an operation theater needs lots of light with 
low glare and excellent color rendering, 
restaurant owners and diners often want low 
light levels, corporate boardrooms call for 
lighting that reinforces a feeling of 
importance and success while adapting to 

audio-visual presentations; retail outlets in 
many situations want to make their 
merchandise sparkle so that it draws the 
customers and encourages them to buy. An 
office executive needs a modest ambient 
lighting level, good task lighting on work 
surface, and minimal glare to effectively read 
and work on computers. While energy 
efficiency is an attractive goal for many 
reasons, lighting designers also need to 
consider a host of other factors, including the 
effect of quality of light on the visual comfort 

and productivity of the occupants. A Small 
improvement in lighting quality can improve 
the productivity of the user substantially. In 
practice, the right quality and quantity of 
light can be provided efficiently (with less 
energy) by using the right technology and its 
effective integration with daylight.

General Design Considerations
Using efficient lighting equipment and 
controls is the best way to ensure lighting 
energy efficiency while maintaining or even 
improving lighting conditions. For instance, 
modern fluorescent lighting, such as 
electronically ballasted T-8 systems, can 
provide the same quantity of light as older 
fluorescent lighting while consuming as little 
as two-thirds of the energy. Similarly, 
compact fluorescent sources are three to four 
times more efficient than the traditional 
incandescent lamps they are designed to 
replace.
For a lighting designer and energy-efficient 
lighting design involves sensitive integration 
of many requirements and considerations 
that include building orientation, interior 
building layout, task illumination, daylight 
strategies, glazing specification, choice of the 
lighting system and controls etc. The 
designer is also responsible for making sure 
that lighting complies with the Code, 
meeting both mandatory and prescriptive 
requirements.
Exceptions: (a) Emergency or security 
lighting that is automatically off during 
normal building operations.

6.2 Mandatory Requirements:
6.2.1 Lighting Control
Lighting controls allow lighting to be turned 
down or completely off when it is not needed 
the simplest way to save energy. Maximizing 
the use of controls involves developing a set 
of strategies that utilize the Code 
requirements for various devices, including 
on-off controls, dimming controls, and 
systems that combine the use of both types of 
equipment.  
These controls can be quite sophisticated, but 
in general, they perform two basic functions: 

1) Turn lights off when not needed, and  
2) Modulate light output so that no more 
light than necessary is produced.  
The equipment required to achieve these 
functions varies in complexity from simple 
timers to intricate electronic dimming 
circuits, each applicable to different 
situations. Controls include time clocks, 
occupant and motion sensors, automatic or 
manual daylighting controls, and 

astronomical time switches (the automatic 
switches that adjust for the length of the day 
as it varies over the year).

Automatic Control Strategies
Several different approaches can be used to 
control electric lighting. The control 
hardware and design practices are discussed 
below:
Scheduling Control: Use a time scheduling 
device to control the lighting system 
according to predetermined schedules. 
Occupancy Sensing: Control lights in 
response to the presence or absence of people 
in the space. 
Daylighting: Switch or dim electric lights in 
response to the presence or absence of 
daylight illumination in the space. 
Lumen Maintenance: Gradually adjust 
electric light levels over time to correspond 
with the depreciation of light output from 
aging lamps.

1. Dimmer Controls:
Dimmer controls provide variable indoor 
lighting. Dimming the light bulbs reduces 
their wattage and output, which helps in 
saving energy. These are inexpensive 
systems, which provide some energy savings 
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when lights are used at a reduced level. They 
also increase the service life of light bulbs 
significantly. However, dimming reduces an 
incandescent bulb's lumen output more than 
its wattage. This makes the bulb less efficient 
as they are dimmed.

2. Dimmers and CFLs:
Unlike incandescent bulb, compact 
fluorescent lamps (CFLs) do not lose their 
efficiency with dimming. Some CFLs are 
compatible with standard dimmers. Others 
require special dimming ballasts and bulb 
holders. Fluorescent dimmers are dedicated 
fixtures and bulbs that provide even greater 
energy savings than a regular fluorescent 
bulb. Dimming a CFL that is not designed to 
work with a dimmer switch is not 
recommended, as this can shorten its life 
significantly.
Changing the light bulbs and ballasts in 
fluorescent lighting fixtures is a better 
approach than replacing them.

3. Dimmers and LEDs:
Some light-emitting diode (LED) light bulbs 
can be used with dimmers. LED bulbs and 
fixtures must be designed for dimming. It is 
required to replace existing dimmer switches 
with the ones that are compatible with an 
LED lighting product. The packaging or 
accompanying instructions will indicate if the 
product is dimmable and which dimmer 
products are compatible. Fully compatible 
LED dimmers are expected to become more 
common as the LED industry expands.

4. Motion Sensor Controls:
Motion sensors, as the name suggests, are 
sensitive to motion. They are very useful for 
outdoor security and utility lighting. They 
respond to movement by automatically 
turning the outdoor lights on, and by turning 
them off a short while later. Because utility 
lights and some security lights are needed 
only when it is dark and people are present, 
the best way to control might be a 
combination of a motion sensor and photo 
sensor. Incandescent flood lights with a photo 
sensor and motion sensor may actually use 
less energy than pole-mounted high-intensity 
discharge (HID) security lights controlled by 
a photosensor. Even though HID lights are 
more efficient than incandescent, they are 
turned on for a much longer period of time 
than incandescents using these dual controls.

6.2.1.1 Automatic Lighting Shutoff
a) 90% of interior lighting fittings in building 
or space of building larger than 300 m2 shall 

be equipped with automatic control device.   
b) Additionally, occupancy sensors shall be 
provided in  
i. All building types greater than 20,000 m2 
BUA. 
a) All habitable spaces less than 30 m2, 
enclosed by walls or ceiling height partitions. 
b) All storage or utility spaces more than 15 
m2 in all building types with BUA greater 
than 20,000 m²
c) Public toilets more than 25 m2, controlling 
at least 80 % of lighting fitted in the toilet. The 
lighting fixtures, not controlled by automatic 
lighting shutoff, shall be uniformly spread in 
the area. 
ii. In corridors of all hospitality greater than 
20,000 m2 BUA, controlling minimum 70% 
and maximum 80% of lighting fitted in the 
public corridor. The lighting fixtures, not 
controlled by automatic lighting shut off, 
shall be uniformly spread in the area.
iii. In all Business and all-conference or 
meeting rooms.
The automatic control device shall function 
on either:  
I. A scheduled basis at specific programmed 
times. An independent program schedule 
shall be provided for areas of no more than 
2,500 m2 and not more than one floor, or 
II. Occupancy sensors that shall turn off the 
lighting fixtures within 15 minutes of an 
occupant leaving the space. Light fixtures 
controlled by occupancy sensors shall have a 
wall-mounted, manual switch capable of 
turning off lights when space is occupied.
Exception: Lighting systems designed for 
emergency and firefighting purposes.
The lighting requirements in this section shall 
apply to:  
1. Interior spaces of buildings.
2. Exterior building features, including 
facades, illuminated roofs, architectural 
features, entrances, exits, loading docks, and 
illuminated canopies.  
3. Exterior building grounds lighting that is 
provided through the building's electrical 
service.

6.2.1.2 Space Control
Along with controls for individual lights or 
sets of fixtures, master controls are required 
for each space which can shut off all the lights 
within the space. For example, the last person 
leaving the office is much more likely to use a 
master switch than to go through the office 
turning off every switch. Similarly, a cleaning 
crew can easily use master switches to turn 
lights off at the end of a working day.
Exception: The required control device may 
be remotely installed if required for reasons 

of safety or security. A remotely located 
device shall have a pilot light indicator as 
part of or next to the control device and shall 
be clearly labeled to identify the controlled 
lighting.

6.2.2 Control in Daylighted Areas
Luminaires is defined as a complete lighting 
unit  consisting of  a  lamp or  lamps together  
with  the  housing  designed  to distribute the 
light, position and protect the lamps, and 
connect  the  lamps  to  the power supply.  
The  ECBC  mandates  manual  or automatic  
control  device  of  luminaires  in daylighted 

areas greater than 25 m² (250 ft). 
a)  Luminaries,  installed  within  daylighting  
extent  from  the window  (as  calculated in 
4.2.3), shall be equipped with either a 
manual control device to shut off luminaries,  
installed within daylit  area, during potential 
daylit  time of a day or automatic control 
device that: 
i. Has a delay of a minimum 5 minutes, or,
ii. Can dim or step  down  to  50% of total 
power.
b) Overrides  to the daylight controls shall 
not be allowed. 
c) For  Super  ECBC  buildings,  Lighting 
Power Density adjustment factor of 20% 
shall be allowed to all spaces with more than  
70%  of  their  area  under  daylight controls. 
ECBC+  and  Super  ECBC  building  shall 
have a centralized control system for 
schedule.

6.2.3 Exterior Lighting control
a. Lighting for all exterior applications not 
exempted  in  §6.3.5  shall  be  controlled by a 
photosensor or astronomical  time switch  
that  is  capable  of  automatically turning off 
the exterior lighting when daylight  is  
available,  or  the  lighting  is not required.
b. Lighting  for all exterior applications, of 
school  and  business with  built-up  area 
greater  than 20,000 m², shall have lamp 

Question:
2

A: Minimum four, this space is smaller than 1,000 m2 & space control can serve a max. Area 
of 250 m2.

2

A: Minimum two, this space is larger than 1,000 m2 each control can serve a maximum area 
of 1,000 m2

efficacy not less than 80 lumens per watt, 90 
lumens per watt, and 100 lumens per watt, 
for ECBC, ECBC+ and Super ECBC buildings  
respectively, unless  the  luminaire is 
controlled by a motion sensor or exempt §6.1 
of ECBC 2017.
c. Facade lighting and Facade 
non-emergency signage  of  shopping  
complexes shall have separate time switches.
Exemption to §6.2.5 Exterior emergency 
lighting.

6.2.4 Additional Control
Additional control must be provided for spe
cialty lighting devices. These include:
a. Display/Accent  lighting:  The  light work 
used to highlight artwork or merchandise  in  
retail  stores,  art  galleries, lobbies and other 
spaces. 
b. Case  Lighting:  The  lighting  used  in 
closed  caseworks  for  displacing  of  items 
items. 
c. Task Lighting: Task lighting is provided 
for  all  supplemental  tasks such  as  desk der 
cabinet lighting. 
d. Non- visual Lighting: Lighting needed 
growth or food warming must have separate 
controls. 
e. Hotel and Motel Guest  Room  Lighting: 
Guest rooms and guest suites in a hotel shall 
have a master control device at the main 
room entry that controls all permanently 
installed luminaries and switched 
receptacles.
f.Demonstration  Lighting:  Lighting  on 
display  in  retail  stores  and  lighting  in 
classrooms  or  education  facilities  need to 
be provided with separate controls.

6.2.5 Exit Signs
As  per  the  code,  internally  illuminated exit 

signs shall not exceed 5W per face. The 
electrically powered exit signs normally use
incandescent bulbs. Most LED and some CFL 
exit signs can meet the ECBC requirment . 

6.3 Prescriptive Requirements
The prescriptive requirement of the Code 
regulates both interior and exterior lighting 
power.

6.3.1 Interior Lighting Power
The prescriptive lighting requirements limit 
the installed electric wattage for interior 
building lighting. Interior lighting includes 
all permanently installed general and task 
lighting shown on the plans. Interior 
lighting, for a building or a separately 
metered or permitted portion of a building, 
shall not exceed allowed power limits.
The installed interior lighting power for a 
building or a separately metered or 
permitted portion of a building shall be 
calculated following §6.3.4 and shall not 
exceed interior lighting power allowance 
determined in accordance with either §6.3.2 

or §6.3.3
Tradeoffs of interior lighting power 
allowance among portions of the building for 
which different method of calculation has 
been used is not permitted.  
Exception: The following lighting equipment 
and applications shall not be considered 
when determining the interior lighting 
power allowance, nor shall the wattage for 
such lighting be included in the installed 
interior lighting power. However, any such 
lighting not is exempt unless it is an addition 
to the  general lighting and is controlled by 
an independent control device.
a) Display or accent lighting that is an 
essential element for the function performed 
in galleries, museums, and monuments, 
b) Lighting that is integral to equipment or 
instrumentation and is installed by its 
manufacturer, 
c) Lighting specifically designed for medical 
or dental procedures and lighting integral to 
medical equipment, 
d) Lighting integral to food warming and 
food preparation equipment, 
e) Lighting for plant growth or maintenance, 
f) Lighting in spaces specifically designed for 
use by the visually impaired, 
g) Lighting in retail display windows, 

provided the display area is enclosed by 
ceiling-height partitions, 
h) Lighting in interior spaces that have been 
specifically designated as a registered 
interior historic landmark, 
i) Lighting that is an integral part of 
advertising or directional signage, 
j) Exit signs, 
k) Lighting that is for sale or lighting 
educational demonstration systems, 
l) Lighting for theatrical purposes, including 
performance, stage, and film or video 
production, and
m) Athletic playing areas with permanent 
facilities for television broadcasting. 

6.3.2 Building Area Method:
This method provides the procedure of 
calculating total watts per square meter for 
the entire building based on its type. The 
sum of all the interior lighting power for 
various areas of the building cannot exceed 
the total watts to be in comply. The building 
area method is the simplest method to follow 
since fewer calculations are required. 

However, if the project applies to only a 
portion of the entire building, is not listed as 
a building type, or has more than one 
occupancy type, the space function method 
should be used to determine compliance. 
The allowed lighting power density can be 
calculated in the following two steps as per 
the Building Area Method
1. Calculate the gross lighted carpet area for 
each building area type. 
2. The interior lighting power allowance is 
the sum of the products of the gross lighted 
floor area of each building area times the 
allowed lighting power density for that 
building area type.
The lighting power for appropriate building 
area type can be selected from for ECBC 
Buildings, from Table 6-2 for ECBC+ 
Buildings and from Table 6-3 for Super ECBC 
Buildings.
 
6.3.3 Space Function Method
The first step of the space function method  is  
to decide the building type and the  
prescribed  Lighting  Power  Densities which  
vary  according  to  the  function  of the  
spaces. Table 6.2, provides with  the 
prescribed  limits  for  the  Interior  Lighting 
power  densities  using  Space  function 

method.  The  next  step  is  to  calculate  the 
areas of each of these spaces. The area must 
be the gross interior floor area and for each 
space  that  is  enclosed  by  partitions  which 
are 80% or greater than the ceiling height. 
The gross interior area should be calculated 
by measuring  to  the  center  of  the partition 
walls and must also includes spaces allotted 
to balconies or other projections.  Finally,the  
individual  lighting  power  allowances for 

each space is determined by multiplying its 
gross lighted floor area by the designed  
lighting  power  density  for  that  space.  The 
lighting  power  allowances  are  summed  to 
equal the Interior Lighting Power Allowance  
for the building.

 6.3.4 Installed Interior Lighting Power
The installed interior lighting power 
calculated for compliance shall include all 
power used by the luminaires, including 
lamps, ballasts, current regulators, and 
control devices except as specifically 

exempted in §6.1.  
Exception: If two or more independently 
operating lighting systems in a space are 
controlled to prevent simultaneous user 
operation, the installed interior lighting 
power shall be based solely on the lighting 
system with the highest power. 

6.3.4.1 Luminaire Wattage:

There are two aspects of a luminaire that has 
a direct impact on lighting energy 
consumption.
1. Wattage – This indicates the direct power 
consumption of the luminaire. Higher the 
wattage, more the electricity use. It also 
means that more luminaires would mean a 
higher total wattage and hence a higher 
connected lighting load. 
2. Efficacy – Light output of a luminaire is 
given by ‘lumens’. Higher the lumens, the 
“brighter” a lamp will appear. We want to 

select a luminaire that gives “more lumens 
per watt of electricity used”. This is called 
lamp efficacy.
For example, a 6.5 watt LED lamp will give a 
similar light output to a 50-watt Halogen 
lamp. Thus, efficacy indicates how energy 
efficient a lamp is. 
Thus, while selecting an energy efficiency 
lamp, it is essential to compare the efficacy 
and not just the wattage. All lamps have 
lumen rating mentioned on the package 
using which the efficacy can be derived. As 
per the Code,
Luminaire efficacy shall be 0.7 or above. The 
Code requires that luminaire wattage be 
incorporated into the installed interior 
lighting power calculation as follows:
a) The wattage of incandescent luminaires 
with medium base sockets and not 
containing permanently installed ballasts 
shall be the maximum labeled wattage of the 
luminaires.  
b) The wattage of luminaires containing 
permanently installed ballasts shall be the 
operating input wattage of the specified 
lamp/ballast combination. Operating input 
wattage can be either values from 
manufacturers’ catalogs or values from 
independent testing laboratory reports.  
c) The wattage of all other miscellaneous 
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luminaire types not described in (a) or (b) 



 

Sections:
Mandatory 
• Lighting Control 
• Exit Sign

Prescriptive
• Interior Lighting Power
• Building Area Method
• Space Function Method
• Installed Interior Lighting Power
• Exterior Lighting Power

6.1 General
Lighting accounts for 15% of total energy 
consumption in India. Lighting offers many 
energy efficiency opportunities in almost any 
building facility, existing or new. A century 
ago, a person could read by the light of a 
single candle, but today a person in a typical 
office uses hundreds or evens thousand 
times more light. Over the years, 
illumination standards have increased 
radically along with the efficiency of lamps. 
People want the light for different reasons, 
and a good lighting designer needs to keep 
all of them in mind. Different tasks and 
building facilities require different amounts 
and types of light. For example, a surgeon in 
an operation theater needs lots of light with 
low glare and excellent color rendering, 
restaurant owners and diners often want low 
light levels, corporate boardrooms call for 
lighting that reinforces a feeling of 
importance and success while adapting to 

audio-visual presentations; retail outlets in 
many situations want to make their 
merchandise sparkle so that it draws the 
customers and encourages them to buy. An 
office executive needs a modest ambient 
lighting level, good task lighting on work 
surface, and minimal glare to effectively read 
and work on computers. While energy 
efficiency is an attractive goal for many 
reasons, lighting designers also need to 
consider a host of other factors, including the 
effect of quality of light on the visual comfort 

and productivity of the occupants. A Small 
improvement in lighting quality can improve 
the productivity of the user substantially. In 
practice, the right quality and quantity of 
light can be provided efficiently (with less 
energy) by using the right technology and its 
effective integration with daylight.

General Design Considerations
Using efficient lighting equipment and 
controls is the best way to ensure lighting 
energy efficiency while maintaining or even 
improving lighting conditions. For instance, 
modern fluorescent lighting, such as 
electronically ballasted T-8 systems, can 
provide the same quantity of light as older 
fluorescent lighting while consuming as little 
as two-thirds of the energy. Similarly, 
compact fluorescent sources are three to four 
times more efficient than the traditional 
incandescent lamps they are designed to 
replace.
For a lighting designer and energy-efficient 
lighting design involves sensitive integration 
of many requirements and considerations 
that include building orientation, interior 
building layout, task illumination, daylight 
strategies, glazing specification, choice of the 
lighting system and controls etc. The 
designer is also responsible for making sure 
that lighting complies with the Code, 
meeting both mandatory and prescriptive 
requirements.
Exceptions: (a) Emergency or security 
lighting that is automatically off during 
normal building operations.

6.2 Mandatory Requirements:
6.2.1 Lighting Control
Lighting controls allow lighting to be turned 
down or completely off when it is not needed 
the simplest way to save energy. Maximizing 
the use of controls involves developing a set 
of strategies that utilize the Code 
requirements for various devices, including 
on-off controls, dimming controls, and 
systems that combine the use of both types of 
equipment.  
These controls can be quite sophisticated, but 
in general, they perform two basic functions: 

1) Turn lights off when not needed, and  
2) Modulate light output so that no more 
light than necessary is produced.  
The equipment required to achieve these 
functions varies in complexity from simple 
timers to intricate electronic dimming 
circuits, each applicable to different 
situations. Controls include time clocks, 
occupant and motion sensors, automatic or 
manual daylighting controls, and 

astronomical time switches (the automatic 
switches that adjust for the length of the day 
as it varies over the year).

Automatic Control Strategies
Several different approaches can be used to 
control electric lighting. The control 
hardware and design practices are discussed 
below:
Scheduling Control: Use a time scheduling 
device to control the lighting system 
according to predetermined schedules. 
Occupancy Sensing: Control lights in 
response to the presence or absence of people 
in the space. 
Daylighting: Switch or dim electric lights in 
response to the presence or absence of 
daylight illumination in the space. 
Lumen Maintenance: Gradually adjust 
electric light levels over time to correspond 
with the depreciation of light output from 
aging lamps.

1. Dimmer Controls:
Dimmer controls provide variable indoor 
lighting. Dimming the light bulbs reduces 
their wattage and output, which helps in 
saving energy. These are inexpensive 
systems, which provide some energy savings 
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when lights are used at a reduced level. They 
also increase the service life of light bulbs 
significantly. However, dimming reduces an 
incandescent bulb's lumen output more than 
its wattage. This makes the bulb less efficient 
as they are dimmed.

2. Dimmers and CFLs:
Unlike incandescent bulb, compact 
fluorescent lamps (CFLs) do not lose their 
efficiency with dimming. Some CFLs are 
compatible with standard dimmers. Others 
require special dimming ballasts and bulb 
holders. Fluorescent dimmers are dedicated 
fixtures and bulbs that provide even greater 
energy savings than a regular fluorescent 
bulb. Dimming a CFL that is not designed to 
work with a dimmer switch is not 
recommended, as this can shorten its life 
significantly.
Changing the light bulbs and ballasts in 
fluorescent lighting fixtures is a better 
approach than replacing them.

3. Dimmers and LEDs:
Some light-emitting diode (LED) light bulbs 
can be used with dimmers. LED bulbs and 
fixtures must be designed for dimming. It is 
required to replace existing dimmer switches 
with the ones that are compatible with an 
LED lighting product. The packaging or 
accompanying instructions will indicate if the 
product is dimmable and which dimmer 
products are compatible. Fully compatible 
LED dimmers are expected to become more 
common as the LED industry expands.

4. Motion Sensor Controls:
Motion sensors, as the name suggests, are 
sensitive to motion. They are very useful for 
outdoor security and utility lighting. They 
respond to movement by automatically 
turning the outdoor lights on, and by turning 
them off a short while later. Because utility 
lights and some security lights are needed 
only when it is dark and people are present, 
the best way to control might be a 
combination of a motion sensor and photo 
sensor. Incandescent flood lights with a photo 
sensor and motion sensor may actually use 
less energy than pole-mounted high-intensity 
discharge (HID) security lights controlled by 
a photosensor. Even though HID lights are 
more efficient than incandescent, they are 
turned on for a much longer period of time 
than incandescents using these dual controls.

6.2.1.1 Automatic Lighting Shutoff
a) 90% of interior lighting fittings in building 
or space of building larger than 300 m2 shall 

be equipped with automatic control device.   
b) Additionally, occupancy sensors shall be 
provided in  
i. All building types greater than 20,000 m2 
BUA. 
a) All habitable spaces less than 30 m2, 
enclosed by walls or ceiling height partitions. 
b) All storage or utility spaces more than 15 
m2 in all building types with BUA greater 
than 20,000 m²
c) Public toilets more than 25 m2, controlling 
at least 80 % of lighting fitted in the toilet. The 
lighting fixtures, not controlled by automatic 
lighting shutoff, shall be uniformly spread in 
the area. 
ii. In corridors of all hospitality greater than 
20,000 m2 BUA, controlling minimum 70% 
and maximum 80% of lighting fitted in the 
public corridor. The lighting fixtures, not 
controlled by automatic lighting shut off, 
shall be uniformly spread in the area.
iii. In all Business and all-conference or 
meeting rooms.
The automatic control device shall function 
on either:  
I. A scheduled basis at specific programmed 
times. An independent program schedule 
shall be provided for areas of no more than 
2,500 m2 and not more than one floor, or 
II. Occupancy sensors that shall turn off the 
lighting fixtures within 15 minutes of an 
occupant leaving the space. Light fixtures 
controlled by occupancy sensors shall have a 
wall-mounted, manual switch capable of 
turning off lights when space is occupied.
Exception: Lighting systems designed for 
emergency and firefighting purposes.
The lighting requirements in this section shall 
apply to:  
1. Interior spaces of buildings.
2. Exterior building features, including 
facades, illuminated roofs, architectural 
features, entrances, exits, loading docks, and 
illuminated canopies.  
3. Exterior building grounds lighting that is 
provided through the building's electrical 
service.

6.2.1.2 Space Control
Along with controls for individual lights or 
sets of fixtures, master controls are required 
for each space which can shut off all the lights 
within the space. For example, the last person 
leaving the office is much more likely to use a 
master switch than to go through the office 
turning off every switch. Similarly, a cleaning 
crew can easily use master switches to turn 
lights off at the end of a working day.
Exception: The required control device may 
be remotely installed if required for reasons 

of safety or security. A remotely located 
device shall have a pilot light indicator as 
part of or next to the control device and shall 
be clearly labeled to identify the controlled 
lighting.

6.2.2 Control in Daylighted Areas
Luminaires is defined as a complete lighting 
unit  consisting of  a  lamp or  lamps together  
with  the  housing  designed  to distribute the 
light, position and protect the lamps, and 
connect  the  lamps  to  the power supply.  
The  ECBC  mandates  manual  or automatic  
control  device  of  luminaires  in daylighted 

areas greater than 25 m² (250 ft). 
a)  Luminaries,  installed  within  daylighting  
extent  from  the window  (as  calculated in 
4.2.3), shall be equipped with either a 
manual control device to shut off luminaries,  
installed within daylit  area, during potential 
daylit  time of a day or automatic control 
device that: 
i. Has a delay of a minimum 5 minutes, or,
ii. Can dim or step  down  to  50% of total 
power.
b) Overrides  to the daylight controls shall 
not be allowed. 
c) For  Super  ECBC  buildings,  Lighting 
Power Density adjustment factor of 20% 
shall be allowed to all spaces with more than  
70%  of  their  area  under  daylight controls. 
ECBC+  and  Super  ECBC  building  shall 
have a centralized control system for 
schedule.

6.2.3 Exterior Lighting control
a. Lighting for all exterior applications not 
exempted  in  §6.3.5  shall  be  controlled by a 
photosensor or astronomical  time switch  
that  is  capable  of  automatically turning off 
the exterior lighting when daylight  is  
available,  or  the  lighting  is not required.
b. Lighting  for all exterior applications, of 
school  and  business with  built-up  area 
greater  than 20,000 m², shall have lamp 

efficacy not less than 80 lumens per watt, 90 
lumens per watt, and 100 lumens per watt, 
for ECBC, ECBC+ and Super ECBC buildings  
respectively, unless  the  luminaire is 
controlled by a motion sensor or exempt §6.1 
of ECBC 2017.
c. Facade lighting and Facade 
non-emergency signage  of  shopping  
complexes shall have separate time switches.
Exemption to §6.2.5 Exterior emergency 
lighting.

6.2.4 Additional Control
Additional control must be provided for spe
cialty lighting devices. These include:
a. Display/Accent  lighting:  The  light work 
used to highlight artwork or merchandise  in  
retail  stores,  art  galleries, lobbies and other 
spaces. 
b. Case  Lighting:  The  lighting  used  in 
closed  caseworks  for  displacing  of  items 
items. 
c. Task Lighting: Task lighting is provided 
for  all  supplemental  tasks such  as  desk der 
cabinet lighting. 
d. Non- visual Lighting: Lighting needed 
growth or food warming must have separate 
controls. 
e. Hotel and Motel Guest  Room  Lighting: 
Guest rooms and guest suites in a hotel shall 
have a master control device at the main 
room entry that controls all permanently 
installed luminaries and switched 
receptacles.
f.Demonstration  Lighting:  Lighting  on 
display  in  retail  stores  and  lighting  in 
classrooms  or  education  facilities  need to 
be provided with separate controls.

6.2.5 Exit Signs
As  per  the  code,  internally  illuminated exit 

signs shall not exceed 5W per face. The 
electrically powered exit signs normally use
incandescent bulbs. Most LED and some CFL 
exit signs can meet the ECBC requirment . 

6.3 Prescriptive Requirements
The prescriptive requirement of the Code 
regulates both interior and exterior lighting 
power.

6.3.1 Interior Lighting Power
The prescriptive lighting requirements limit 
the installed electric wattage for interior 
building lighting. Interior lighting includes 
all permanently installed general and task 
lighting shown on the plans. Interior 
lighting, for a building or a separately 
metered or permitted portion of a building, 
shall not exceed allowed power limits.
The installed interior lighting power for a 
building or a separately metered or 
permitted portion of a building shall be 
calculated following §6.3.4 and shall not 
exceed interior lighting power allowance 
determined in accordance with either §6.3.2 or §6.3.3 

Tradeoffs of interior lighting power 
allowance among portions of the building for 
which different method of calculation has 
been used is not permitted.  
Exception: The following lighting equipment 
and applications shall not be considered 
when determining the interior lighting 
power allowance, nor shall the wattage for 
such lighting be included in the installed 
interior lighting power. However, any such 
lighting not is exempt unless it is an addition 
to the  general lighting and is controlled by 
an independent control device.
a) Display or accent lighting that is an 
essential element for the function performed 
in galleries, museums, and monuments, 
b) Lighting that is integral to equipment or 
instrumentation and is installed by its 
manufacturer, 
c) Lighting specifically designed for medical 
or dental procedures and lighting integral to 
medical equipment, 
d) Lighting integral to food warming and 
food preparation equipment, 
e) Lighting for plant growth or maintenance, 
f) Lighting in spaces specifically designed for 
use by the visually impaired, 
g) Lighting in retail display windows, 

Note: For each of the above-mentioned lighting controls the ECBC code Section 6 men

-

-
tions the thresholds and requirements that the buildings must follow. For ECBC+ and 
Super ECBC buildings the code requires the buildings to have centralized lighting con
trol systems for schedule based automatic lighting control switches.

provided the display area is enclosed by 
ceiling-height partitions, 
h) Lighting in interior spaces that have been 
specifically designated as a registered 
interior historic landmark, 
i) Lighting that is an integral part of 
advertising or directional signage, 
j) Exit signs, 
k) Lighting that is for sale or lighting 
educational demonstration systems, 
l) Lighting for theatrical purposes, including 
performance, stage, and film or video 
production, and
m) Athletic playing areas with permanent 
facilities for television broadcasting. 

6.3.2 Building Area Method:
This method provides the procedure of 
calculating total watts per square meter for 
the entire building based on its type. The 
sum of all the interior lighting power for 
various areas of the building cannot exceed 
the total watts to be in comply. The building 
area method is the simplest method to follow 
since fewer calculations are required. 

However, if the project applies to only a 
portion of the entire building, is not listed as 
a building type, or has more than one 
occupancy type, the space function method 
should be used to determine compliance. 
The allowed lighting power density can be 
calculated in the following two steps as per 
the Building Area Method
1. Calculate the gross lighted carpet area for 
each building area type. 
2. The interior lighting power allowance is 
the sum of the products of the gross lighted 
floor area of each building area times the 
allowed lighting power density for that 
building area type.
The lighting power for appropriate building 
area type can be selected from for ECBC 
Buildings, from Table 6-2 for ECBC+ 
Buildings and from Table 6-3 for Super ECBC 
Buildings.
 6.3.3 Space Function Method
The first step of the space function method  is  
to decide the building type and the  
prescribed  Lighting  Power  Densities which  
vary  according  to  the  function  of the  
spaces. Table 6.2, provides with  the 
prescribed  limits  for  the  Interior  Lighting 
power  densities  using  Space  function 

method.  The  next  step  is  to  calculate  the 
areas of each of these spaces. The area must 
be the gross interior floor area and for each 
space  that  is  enclosed  by  partitions  which 
are 80% or greater than the ceiling height. 
The gross interior area should be calculated 
by measuring  to  the  center  of  the partition 
walls and must also includes spaces allotted 
to balconies or other projections.  Finally,the  
individual  lighting  power  allowances for 

each space is determined by multiplying its 
gross lighted floor area by the designed  
lighting  power  density  for  that  space.  The 
lighting  power  allowances  are  summed  to 
equal the Interior Lighting Power Allowance  
for the building.

 6.3.4 Installed Interior Lighting Power
The installed interior lighting power 
calculated for compliance shall include all 
power used by the luminaires, including 
lamps, ballasts, current regulators, and 
control devices except as specifically 

exempted in §6.1.  
Exception: If two or more independently 
operating lighting systems in a space are 
controlled to prevent simultaneous user 
operation, the installed interior lighting 
power shall be based solely on the lighting 
system with the highest power. 

6.3.4.1 Luminaire Wattage:

There are two aspects of a luminaire that has 
a direct impact on lighting energy 
consumption.
1. Wattage – This indicates the direct power 
consumption of the luminaire. Higher the 
wattage, more the electricity use. It also 
means that more luminaires would mean a 
higher total wattage and hence a higher 
connected lighting load. 
2. Efficacy – Light output of a luminaire is 
given by ‘lumens’. Higher the lumens, the 
“brighter” a lamp will appear. We want to 

select a luminaire that gives “more lumens 
per watt of electricity used”. This is called 
lamp efficacy.
For example, a 6.5 watt LED lamp will give a 
similar light output to a 50-watt Halogen 
lamp. Thus, efficacy indicates how energy 
efficient a lamp is. 
Thus, while selecting an energy efficiency 
lamp, it is essential to compare the efficacy 
and not just the wattage. All lamps have 
lumen rating mentioned on the package 
using which the efficacy can be derived. As 
per the Code,
Luminaire efficacy shall be 0.7 or above. The 
Code requires that luminaire wattage be 
incorporated into the installed interior 
lighting power calculation as follows:
a) The wattage of incandescent luminaires 
with medium base sockets and not 
containing permanently installed ballasts 
shall be the maximum labeled wattage of the 
luminaires.  
b) The wattage of luminaires containing 
permanently installed ballasts shall be the 
operating input wattage of the specified 
lamp/ballast combination. Operating input 
wattage can be either values from 
manufacturers’ catalogs or values from 
independent testing laboratory reports.  
c) The wattage of all other miscellaneous 
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luminaire types not described in (a) or (b) 



Building Type
LPD (W/m2)

ECBC ECBC+ Super ECBC
7.60 5.0

Hospitals
Hotels 7.60
Shopping Mall 14.1 11.3 7.0
University and Schools 11.2 6.0
Library 12.2 6.1
Dining: bar lounge/leisure 12.2 6.1
Dining: cafeteria/fast food 11.5
Dining: family 5.5
Dormitory 7.30 4.6
Fire station
Gymnasium 10.0 5.0
Manufacturing facility 12.0 6.0
Motion picture theatre 7.50 4.7
Museum 10.2 5.1

10.5 5.3
Religious building 12.0 6.0
Sports Arena
Transportation 7.40 4.6
Warehouse 5.70 3.5
Performing arts theatre 16.3 13.0
Police Station 5.0
Workshop 14.1 11.3 7.1
Automotive facility 7.20 4.5
Convention Centre 12.5 10.0 6.3
Parking garage 3.00 2.40 1.5

Sections:
Mandatory 
• Lighting Control 
• Exit Sign

Prescriptive
• Interior Lighting Power
• Building Area Method
• Space Function Method
• Installed Interior Lighting Power
• Exterior Lighting Power

6.1 General
Lighting accounts for 15% of total energy 
consumption in India. Lighting offers many 
energy efficiency opportunities in almost any 
building facility, existing or new. A century 
ago, a person could read by the light of a 
single candle, but today a person in a typical 
office uses hundreds or evens thousand 
times more light. Over the years, 
illumination standards have increased 
radically along with the efficiency of lamps. 
People want the light for different reasons, 
and a good lighting designer needs to keep 
all of them in mind. Different tasks and 
building facilities require different amounts 
and types of light. For example, a surgeon in 
an operation theater needs lots of light with 
low glare and excellent color rendering, 
restaurant owners and diners often want low 
light levels, corporate boardrooms call for 
lighting that reinforces a feeling of 
importance and success while adapting to 

audio-visual presentations; retail outlets in 
many situations want to make their 
merchandise sparkle so that it draws the 
customers and encourages them to buy. An 
office executive needs a modest ambient 
lighting level, good task lighting on work 
surface, and minimal glare to effectively read 
and work on computers. While energy 
efficiency is an attractive goal for many 
reasons, lighting designers also need to 
consider a host of other factors, including the 
effect of quality of light on the visual comfort 

and productivity of the occupants. A Small 
improvement in lighting quality can improve 
the productivity of the user substantially. In 
practice, the right quality and quantity of 
light can be provided efficiently (with less 
energy) by using the right technology and its 
effective integration with daylight.

General Design Considerations
Using efficient lighting equipment and 
controls is the best way to ensure lighting 
energy efficiency while maintaining or even 
improving lighting conditions. For instance, 
modern fluorescent lighting, such as 
electronically ballasted T-8 systems, can 
provide the same quantity of light as older 
fluorescent lighting while consuming as little 
as two-thirds of the energy. Similarly, 
compact fluorescent sources are three to four 
times more efficient than the traditional 
incandescent lamps they are designed to 
replace.
For a lighting designer and energy-efficient 
lighting design involves sensitive integration 
of many requirements and considerations 
that include building orientation, interior 
building layout, task illumination, daylight 
strategies, glazing specification, choice of the 
lighting system and controls etc. The 
designer is also responsible for making sure 
that lighting complies with the Code, 
meeting both mandatory and prescriptive 
requirements.
Exceptions: (a) Emergency or security 
lighting that is automatically off during 
normal building operations.

6.2 Mandatory Requirements:
6.2.1 Lighting Control
Lighting controls allow lighting to be turned 
down or completely off when it is not needed 
the simplest way to save energy. Maximizing 
the use of controls involves developing a set 
of strategies that utilize the Code 
requirements for various devices, including 
on-off controls, dimming controls, and 
systems that combine the use of both types of 
equipment.  
These controls can be quite sophisticated, but 
in general, they perform two basic functions: 

1) Turn lights off when not needed, and  
2) Modulate light output so that no more 
light than necessary is produced.  
The equipment required to achieve these 
functions varies in complexity from simple 
timers to intricate electronic dimming 
circuits, each applicable to different 
situations. Controls include time clocks, 
occupant and motion sensors, automatic or 
manual daylighting controls, and 

astronomical time switches (the automatic 
switches that adjust for the length of the day 
as it varies over the year).

Automatic Control Strategies
Several different approaches can be used to 
control electric lighting. The control 
hardware and design practices are discussed 
below:
Scheduling Control: Use a time scheduling 
device to control the lighting system 
according to predetermined schedules. 
Occupancy Sensing: Control lights in 
response to the presence or absence of people 
in the space. 
Daylighting: Switch or dim electric lights in 
response to the presence or absence of 
daylight illumination in the space. 
Lumen Maintenance: Gradually adjust 
electric light levels over time to correspond 
with the depreciation of light output from 
aging lamps.

1. Dimmer Controls:
Dimmer controls provide variable indoor 
lighting. Dimming the light bulbs reduces 
their wattage and output, which helps in 
saving energy. These are inexpensive 
systems, which provide some energy savings 
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when lights are used at a reduced level. They 
also increase the service life of light bulbs 
significantly. However, dimming reduces an 
incandescent bulb's lumen output more than 
its wattage. This makes the bulb less efficient 
as they are dimmed.

2. Dimmers and CFLs:
Unlike incandescent bulb, compact 
fluorescent lamps (CFLs) do not lose their 
efficiency with dimming. Some CFLs are 
compatible with standard dimmers. Others 
require special dimming ballasts and bulb 
holders. Fluorescent dimmers are dedicated 
fixtures and bulbs that provide even greater 
energy savings than a regular fluorescent 
bulb. Dimming a CFL that is not designed to 
work with a dimmer switch is not 
recommended, as this can shorten its life 
significantly.
Changing the light bulbs and ballasts in 
fluorescent lighting fixtures is a better 
approach than replacing them.

3. Dimmers and LEDs:
Some light-emitting diode (LED) light bulbs 
can be used with dimmers. LED bulbs and 
fixtures must be designed for dimming. It is 
required to replace existing dimmer switches 
with the ones that are compatible with an 
LED lighting product. The packaging or 
accompanying instructions will indicate if the 
product is dimmable and which dimmer 
products are compatible. Fully compatible 
LED dimmers are expected to become more 
common as the LED industry expands.

4. Motion Sensor Controls:
Motion sensors, as the name suggests, are 
sensitive to motion. They are very useful for 
outdoor security and utility lighting. They 
respond to movement by automatically 
turning the outdoor lights on, and by turning 
them off a short while later. Because utility 
lights and some security lights are needed 
only when it is dark and people are present, 
the best way to control might be a 
combination of a motion sensor and photo 
sensor. Incandescent flood lights with a photo 
sensor and motion sensor may actually use 
less energy than pole-mounted high-intensity 
discharge (HID) security lights controlled by 
a photosensor. Even though HID lights are 
more efficient than incandescent, they are 
turned on for a much longer period of time 
than incandescents using these dual controls.

6.2.1.1 Automatic Lighting Shutoff
a) 90% of interior lighting fittings in building 
or space of building larger than 300 m2 shall 

be equipped with automatic control device.   
b) Additionally, occupancy sensors shall be 
provided in  
i. All building types greater than 20,000 m2 
BUA. 
a) All habitable spaces less than 30 m2, 
enclosed by walls or ceiling height partitions. 
b) All storage or utility spaces more than 15 
m2 in all building types with BUA greater 
than 20,000 m²
c) Public toilets more than 25 m2, controlling 
at least 80 % of lighting fitted in the toilet. The 
lighting fixtures, not controlled by automatic 
lighting shutoff, shall be uniformly spread in 
the area. 
ii. In corridors of all hospitality greater than 
20,000 m2 BUA, controlling minimum 70% 
and maximum 80% of lighting fitted in the 
public corridor. The lighting fixtures, not 
controlled by automatic lighting shut off, 
shall be uniformly spread in the area.
iii. In all Business and all-conference or 
meeting rooms.
The automatic control device shall function 
on either:  
I. A scheduled basis at specific programmed 
times. An independent program schedule 
shall be provided for areas of no more than 
2,500 m2 and not more than one floor, or 
II. Occupancy sensors that shall turn off the 
lighting fixtures within 15 minutes of an 
occupant leaving the space. Light fixtures 
controlled by occupancy sensors shall have a 
wall-mounted, manual switch capable of 
turning off lights when space is occupied.
Exception: Lighting systems designed for 
emergency and firefighting purposes.
The lighting requirements in this section shall 
apply to:  
1. Interior spaces of buildings.
2. Exterior building features, including 
facades, illuminated roofs, architectural 
features, entrances, exits, loading docks, and 
illuminated canopies.  
3. Exterior building grounds lighting that is 
provided through the building's electrical 
service.

6.2.1.2 Space Control
Along with controls for individual lights or 
sets of fixtures, master controls are required 
for each space which can shut off all the lights 
within the space. For example, the last person 
leaving the office is much more likely to use a 
master switch than to go through the office 
turning off every switch. Similarly, a cleaning 
crew can easily use master switches to turn 
lights off at the end of a working day.
Exception: The required control device may 
be remotely installed if required for reasons 

of safety or security. A remotely located 
device shall have a pilot light indicator as 
part of or next to the control device and shall 
be clearly labeled to identify the controlled 
lighting.

6.2.2 Control in Daylighted Areas
Luminaires is defined as a complete lighting 
unit  consisting of  a  lamp or  lamps together  
with  the  housing  designed  to distribute the 
light, position and protect the lamps, and 
connect  the  lamps  to  the power supply.  
The  ECBC  mandates  manual  or automatic  
control  device  of  luminaires  in daylighted 

areas greater than 25 m² (250 ft). 
a)  Luminaries,  installed  within  daylighting  
extent  from  the window  (as  calculated in 
4.2.3), shall be equipped with either a 
manual control device to shut off luminaries,  
installed within daylit  area, during potential 
daylit  time of a day or automatic control 
device that: 
i. Has a delay of a minimum 5 minutes, or,
ii. Can dim or step  down  to  50% of total 
power.
b) Overrides  to the daylight controls shall 
not be allowed. 
c) For  Super  ECBC  buildings,  Lighting 
Power Density adjustment factor of 20% 
shall be allowed to all spaces with more than  
70%  of  their  area  under  daylight controls. 
ECBC+  and  Super  ECBC  building  shall 
have a centralized control system for 
schedule.

6.2.3 Exterior Lighting control
a. Lighting for all exterior applications not 
exempted  in  §6.3.5  shall  be  controlled by a 
photosensor or astronomical  time switch  
that  is  capable  of  automatically turning off 
the exterior lighting when daylight  is  
available,  or  the  lighting  is not required.
b. Lighting  for all exterior applications, of 
school  and  business with  built-up  area 
greater  than 20,000 m², shall have lamp 

efficacy not less than 80 lumens per watt, 90 
lumens per watt, and 100 lumens per watt, 
for ECBC, ECBC+ and Super ECBC buildings  
respectively, unless  the  luminaire is 
controlled by a motion sensor or exempt §6.1 
of ECBC 2017.
c. Facade lighting and Facade 
non-emergency signage  of  shopping  
complexes shall have separate time switches.
Exemption to §6.2.5 Exterior emergency 
lighting.

6.2.4 Additional Control
Additional control must be provided for spe
cialty lighting devices. These include:
a. Display/Accent  lighting:  The  light work 
used to highlight artwork or merchandise  in  
retail  stores,  art  galleries, lobbies and other 
spaces. 
b. Case  Lighting:  The  lighting  used  in 
closed  caseworks  for  displacing  of  items 
items. 
c. Task Lighting: Task lighting is provided 
for  all  supplemental  tasks such  as  desk der 
cabinet lighting. 
d. Non- visual Lighting: Lighting needed 
growth or food warming must have separate 
controls. 
e. Hotel and Motel Guest  Room  Lighting: 
Guest rooms and guest suites in a hotel shall 
have a master control device at the main 
room entry that controls all permanently 
installed luminaries and switched 
receptacles.
f.Demonstration  Lighting:  Lighting  on 
display  in  retail  stores  and  lighting  in 
classrooms  or  education  facilities  need to 
be provided with separate controls.

6.2.5 Exit Signs
As  per  the  code,  internally  illuminated exit 

signs shall not exceed 5W per face. The 
electrically powered exit signs normally use
incandescent bulbs. Most LED and some CFL 
exit signs can meet the ECBC requirment . 

6.3 Prescriptive Requirements
The prescriptive requirement of the Code 
regulates both interior and exterior lighting 
power.

6.3.1 Interior Lighting Power
The prescriptive lighting requirements limit 
the installed electric wattage for interior 
building lighting. Interior lighting includes 
all permanently installed general and task 
lighting shown on the plans. Interior 
lighting, for a building or a separately 
metered or permitted portion of a building, 
shall not exceed allowed power limits.
The installed interior lighting power for a 
building or a separately metered or 
permitted portion of a building shall be 
calculated following §6.3.4 and shall not 
exceed interior lighting power allowance 
determined in accordance with either §6.3.2 

or §6.3.3
Tradeoffs of interior lighting power 
allowance among portions of the building for 
which different method of calculation has 
been used is not permitted.  
Exception: The following lighting equipment 
and applications shall not be considered 
when determining the interior lighting 
power allowance, nor shall the wattage for 
such lighting be included in the installed 
interior lighting power. However, any such 
lighting not is exempt unless it is an addition 
to the  general lighting and is controlled by 
an independent control device.
a) Display or accent lighting that is an 
essential element for the function performed 
in galleries, museums, and monuments, 
b) Lighting that is integral to equipment or 
instrumentation and is installed by its 
manufacturer, 
c) Lighting specifically designed for medical 
or dental procedures and lighting integral to 
medical equipment, 
d) Lighting integral to food warming and 
food preparation equipment, 
e) Lighting for plant growth or maintenance, 
f) Lighting in spaces specifically designed for 
use by the visually impaired, 
g) Lighting in retail display windows, 

provided the display area is enclosed by 
ceiling-height partitions, 
h) Lighting in interior spaces that have been 
specifically designated as a registered 
interior historic landmark, 
i) Lighting that is an integral part of 
advertising or directional signage, 
j) Exit signs, 
k) Lighting that is for sale or lighting 
educational demonstration systems, 
l) Lighting for theatrical purposes, including 
performance, stage, and film or video 
production, and
m) Athletic playing areas with permanent 
facilities for television broadcasting. 

6.3.2 Building Area Method:
This method provides the procedure of 
calculating total watts per square meter for 
the entire building based on its type. The 
sum of all the interior lighting power for 
various areas of the building cannot exceed 
the total watts to be in comply. The building 
area method is the simplest method to follow 
since fewer calculations are required. 

However, if the project applies to only a 
portion of the entire building, is not listed as 
a building type, or has more than one 
occupancy type, the space function method 
should be used to determine compliance. 
The allowed lighting power density can be 
calculated in the following two steps as per 
the Building Area Method
1. Calculate the gross lighted carpet area for 
each building area type. 
2. The interior lighting power allowance is 
the sum of the products of the gross lighted 
floor area of each building area times the 
allowed lighting power density for that 
building area type.
The lighting power for appropriate building 
area type can be selected from for ECBC 
Buildings, from Table 6-2 for ECBC+ 
Buildings and from Table 6-3 for Super ECBC 
Buildings.
 
6.3.3 Space Function Method
The first step of the space function method  is  
to decide the building type and the  
prescribed  Lighting  Power  Densities which  
vary  according  to  the  function  of the  
spaces. Table 6.2, provides with  the 
prescribed  limits  for  the  Interior  Lighting 
power  densities  using  Space  function 

method.  The  next  step  is  to  calculate  the 
areas of each of these spaces. The area must 
be the gross interior floor area and for each 
space  that  is  enclosed  by  partitions  which 
are 80% or greater than the ceiling height. 
The gross interior area should be calculated 
by measuring  to  the  center  of  the partition 
walls and must also includes spaces allotted 
to balconies or other projections.  Finally,the  
individual  lighting  power  allowances for 

each space is determined by multiplying its 
gross lighted floor area by the designed  
lighting  power  density  for  that  space.  The 
lighting  power  allowances  are  summed  to 
equal the Interior Lighting Power Allowance  
for the building.

 6.3.4 Installed Interior Lighting Power
The installed interior lighting power 
calculated for compliance shall include all 
power used by the luminaires, including 
lamps, ballasts, current regulators, and 

exempted in §6.1.  
Exception: If two or more independently 
operating lighting systems in a space are 
controlled to prevent simultaneous user 
operation, the installed interior lighting 
power shall be based solely on the lighting 
system with the highest power. 

6.3.4.1 Luminaire Wattage:

There are two aspects of a luminaire that has 
a direct impact on lighting energy 
consumption.
1. Wattage – This indicates the direct power 
consumption of the luminaire. Higher the 
wattage, more the electricity use. It also 
means that more luminaires would mean a 
higher total wattage and hence a higher 
connected lighting load. 
2. Efficacy – Light output of a luminaire is 
given by ‘lumens’. Higher the lumens, the 
“brighter” a lamp will appear. We want to 

select a luminaire that gives “more lumens 
per watt of electricity used”. This is called 
lamp efficacy.
For example, a 6.5 watt LED lamp will give a 
similar light output to a 50-watt Halogen 
lamp. Thus, efficacy indicates how energy 
efficient a lamp is. 
Thus, while selecting an energy efficiency 
lamp, it is essential to compare the efficacy 
and not just the wattage. All lamps have 
lumen rating mentioned on the package 
using which the efficacy can be derived. As 
per the Code,
Luminaire efficacy shall be 0.7 or above. The 
Code requires that luminaire wattage be 
incorporated into the installed interior 
lighting power calculation as follows:
a) The wattage of incandescent luminaires 
with medium base sockets and not 
containing permanently installed ballasts 
shall be the maximum labeled wattage of the 
luminaires.  
b) The wattage of luminaires containing 
permanently installed ballasts shall be the 
operating input wattage of the specified 
lamp/ballast combination. Operating input 
wattage can be either values from 
manufacturers’ catalogs or values from 
independent testing laboratory reports.  
c) The wattage of all other miscellaneous 

Table 6.2
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luminaire types not described in (a) or (b) 

control devices except as specifically 
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Sections:
Mandatory 
• Lighting Control 
• Exit Sign

Prescriptive
• Interior Lighting Power
• Building Area Method
• Space Function Method
• Installed Interior Lighting Power
• Exterior Lighting Power

6.1 General
Lighting accounts for 15% of total energy 
consumption in India. Lighting offers many 
energy efficiency opportunities in almost any 
building facility, existing or new. A century 
ago, a person could read by the light of a 
single candle, but today a person in a typical 
office uses hundreds or evens thousand 
times more light. Over the years, 
illumination standards have increased 
radically along with the efficiency of lamps. 
People want the light for different reasons, 
and a good lighting designer needs to keep 
all of them in mind. Different tasks and 
building facilities require different amounts 
and types of light. For example, a surgeon in 
an operation theater needs lots of light with 
low glare and excellent color rendering, 
restaurant owners and diners often want low 
light levels, corporate boardrooms call for 
lighting that reinforces a feeling of 
importance and success while adapting to 

audio-visual presentations; retail outlets in 
many situations want to make their 
merchandise sparkle so that it draws the 
customers and encourages them to buy. An 
office executive needs a modest ambient 
lighting level, good task lighting on work 
surface, and minimal glare to effectively read 
and work on computers. While energy 
efficiency is an attractive goal for many 
reasons, lighting designers also need to 
consider a host of other factors, including the 
effect of quality of light on the visual comfort 

and productivity of the occupants. A Small 
improvement in lighting quality can improve 
the productivity of the user substantially. In 
practice, the right quality and quantity of 
light can be provided efficiently (with less 
energy) by using the right technology and its 
effective integration with daylight.

General Design Considerations
Using efficient lighting equipment and 
controls is the best way to ensure lighting 
energy efficiency while maintaining or even 
improving lighting conditions. For instance, 
modern fluorescent lighting, such as 
electronically ballasted T-8 systems, can 
provide the same quantity of light as older 
fluorescent lighting while consuming as little 
as two-thirds of the energy. Similarly, 
compact fluorescent sources are three to four 
times more efficient than the traditional 
incandescent lamps they are designed to 
replace.
For a lighting designer and energy-efficient 
lighting design involves sensitive integration 
of many requirements and considerations 
that include building orientation, interior 
building layout, task illumination, daylight 
strategies, glazing specification, choice of the 
lighting system and controls etc. The 
designer is also responsible for making sure 
that lighting complies with the Code, 
meeting both mandatory and prescriptive 
requirements.
Exceptions: (a) Emergency or security 
lighting that is automatically off during 
normal building operations.

6.2 Mandatory Requirements:
6.2.1 Lighting Control
Lighting controls allow lighting to be turned 
down or completely off when it is not needed 
the simplest way to save energy. Maximizing 
the use of controls involves developing a set 
of strategies that utilize the Code 
requirements for various devices, including 
on-off controls, dimming controls, and 
systems that combine the use of both types of 
equipment.  
These controls can be quite sophisticated, but 
in general, they perform two basic functions: 

1) Turn lights off when not needed, and  
2) Modulate light output so that no more 
light than necessary is produced.  
The equipment required to achieve these 
functions varies in complexity from simple 
timers to intricate electronic dimming 
circuits, each applicable to different 
situations. Controls include time clocks, 
occupant and motion sensors, automatic or 
manual daylighting controls, and 

astronomical time switches (the automatic 
switches that adjust for the length of the day 
as it varies over the year).

Automatic Control Strategies
Several different approaches can be used to 
control electric lighting. The control 
hardware and design practices are discussed 
below:
Scheduling Control: Use a time scheduling 
device to control the lighting system 
according to predetermined schedules. 
Occupancy Sensing: Control lights in 
response to the presence or absence of people 
in the space. 
Daylighting: Switch or dim electric lights in 
response to the presence or absence of 
daylight illumination in the space. 
Lumen Maintenance: Gradually adjust 
electric light levels over time to correspond 
with the depreciation of light output from 
aging lamps.

1. Dimmer Controls:
Dimmer controls provide variable indoor 
lighting. Dimming the light bulbs reduces 
their wattage and output, which helps in 
saving energy. These are inexpensive 
systems, which provide some energy savings 

when lights are used at a reduced level. They 
also increase the service life of light bulbs 
significantly. However, dimming reduces an 
incandescent bulb's lumen output more than 
its wattage. This makes the bulb less efficient 
as they are dimmed.

2. Dimmers and CFLs:
Unlike incandescent bulb, compact 
fluorescent lamps (CFLs) do not lose their 
efficiency with dimming. Some CFLs are 
compatible with standard dimmers. Others 
require special dimming ballasts and bulb 
holders. Fluorescent dimmers are dedicated 
fixtures and bulbs that provide even greater 
energy savings than a regular fluorescent 
bulb. Dimming a CFL that is not designed to 
work with a dimmer switch is not 
recommended, as this can shorten its life 
significantly.
Changing the light bulbs and ballasts in 
fluorescent lighting fixtures is a better 
approach than replacing them.

3. Dimmers and LEDs:
Some light-emitting diode (LED) light bulbs 
can be used with dimmers. LED bulbs and 
fixtures must be designed for dimming. It is 
required to replace existing dimmer switches 
with the ones that are compatible with an 
LED lighting product. The packaging or 
accompanying instructions will indicate if the 
product is dimmable and which dimmer 
products are compatible. Fully compatible 
LED dimmers are expected to become more 
common as the LED industry expands.

4. Motion Sensor Controls:
Motion sensors, as the name suggests, are 
sensitive to motion. They are very useful for 
outdoor security and utility lighting. They 
respond to movement by automatically 
turning the outdoor lights on, and by turning 
them off a short while later. Because utility 
lights and some security lights are needed 
only when it is dark and people are present, 
the best way to control might be a 
combination of a motion sensor and photo 
sensor. Incandescent flood lights with a photo 
sensor and motion sensor may actually use 
less energy than pole-mounted high-intensity 
discharge (HID) security lights controlled by 
a photosensor. Even though HID lights are 
more efficient than incandescent, they are 
turned on for a much longer period of time 
than incandescents using these dual controls.

6.2.1.1 Automatic Lighting Shutoff
a) 90% of interior lighting fittings in building 
or space of building larger than 300 m2 shall 

be equipped with automatic control device.   
b) Additionally, occupancy sensors shall be 
provided in  
i. All building types greater than 20,000 m2 
BUA. 
a) All habitable spaces less than 30 m2, 
enclosed by walls or ceiling height partitions. 
b) All storage or utility spaces more than 15 
m2 in all building types with BUA greater 
than 20,000 m²
c) Public toilets more than 25 m2, controlling 
at least 80 % of lighting fitted in the toilet. The 
lighting fixtures, not controlled by automatic 
lighting shutoff, shall be uniformly spread in 
the area. 
ii. In corridors of all hospitality greater than 
20,000 m2 BUA, controlling minimum 70% 
and maximum 80% of lighting fitted in the 
public corridor. The lighting fixtures, not 
controlled by automatic lighting shut off, 
shall be uniformly spread in the area.
iii. In all Business and all-conference or 
meeting rooms.
The automatic control device shall function 
on either:  
I. A scheduled basis at specific programmed 
times. An independent program schedule 
shall be provided for areas of no more than 
2,500 m2 and not more than one floor, or 
II. Occupancy sensors that shall turn off the 
lighting fixtures within 15 minutes of an 
occupant leaving the space. Light fixtures 
controlled by occupancy sensors shall have a 
wall-mounted, manual switch capable of 
turning off lights when space is occupied.
Exception: Lighting systems designed for 
emergency and firefighting purposes.
The lighting requirements in this section shall 
apply to:  
1. Interior spaces of buildings.
2. Exterior building features, including 
facades, illuminated roofs, architectural 
features, entrances, exits, loading docks, and 
illuminated canopies.  
3. Exterior building grounds lighting that is 
provided through the building's electrical 
service.

6.2.1.2 Space Control
Along with controls for individual lights or 
sets of fixtures, master controls are required 
for each space which can shut off all the lights 
within the space. For example, the last person 
leaving the office is much more likely to use a 
master switch than to go through the office 
turning off every switch. Similarly, a cleaning 
crew can easily use master switches to turn 
lights off at the end of a working day.
Exception: The required control device may 
be remotely installed if required for reasons 

of safety or security. A remotely located 
device shall have a pilot light indicator as 
part of or next to the control device and shall 
be clearly labeled to identify the controlled 
lighting.

6.2.2 Control in Daylighted Areas
Luminaires is defined as a complete lighting 
unit  consisting of  a  lamp or  lamps together  
with  the  housing  designed  to distribute the 
light, position and protect the lamps, and 
connect  the  lamps  to  the power supply.  
The  ECBC  mandates  manual  or automatic  
control  device  of  luminaires  in daylighted 

areas greater than 25 m² (250 ft). 
a)  Luminaries,  installed  within  daylighting  
extent  from  the window  (as  calculated in 
4.2.3), shall be equipped with either a 
manual control device to shut off luminaries,  
installed within daylit  area, during potential 
daylit  time of a day or automatic control 
device that: 
i. Has a delay of a minimum 5 minutes, or,
ii. Can dim or step  down  to  50% of total 
power.
b) Overrides  to the daylight controls shall 
not be allowed. 
c) For  Super  ECBC  buildings,  Lighting 
Power Density adjustment factor of 20% 
shall be allowed to all spaces with more than  
70%  of  their  area  under  daylight controls. 
ECBC+  and  Super  ECBC  building  shall 
have a centralized control system for 
schedule.

6.2.3 Exterior Lighting control
a. Lighting for all exterior applications not 
exempted  in  §6.3.5  shall  be  controlled by a 
photosensor or astronomical  time switch  
that  is  capable  of  automatically turning off 
the exterior lighting when daylight  is  
available,  or  the  lighting  is not required.
b. Lighting  for all exterior applications, of 
school  and  business with  built-up  area 
greater  than 20,000 m², shall have lamp 

efficacy not less than 80 lumens per watt, 90 
lumens per watt, and 100 lumens per watt, 
for ECBC, ECBC+ and Super ECBC buildings  
respectively, unless  the  luminaire is 
controlled by a motion sensor or exempt §6.1 
of ECBC 2017.
c. Facade lighting and Facade 
non-emergency signage  of  shopping  
complexes shall have separate time switches.
Exemption to §6.2.5 Exterior emergency 
lighting.

6.2.4 Additional Control
Additional control must be provided for spe
cialty lighting devices. These include:
a. Display/Accent  lighting:  The  light work 
used to highlight artwork or merchandise  in  
retail  stores,  art  galleries, lobbies and other 
spaces. 
b. Case  Lighting:  The  lighting  used  in 
closed  caseworks  for  displacing  of  items 
items. 
c. Task Lighting: Task lighting is provided 
for  all  supplemental  tasks such  as  desk der 
cabinet lighting. 
d. Non- visual Lighting: Lighting needed 
growth or food warming must have separate 
controls. 
e. Hotel and Motel Guest  Room  Lighting: 
Guest rooms and guest suites in a hotel shall 
have a master control device at the main 
room entry that controls all permanently 
installed luminaries and switched 
receptacles.
f.Demonstration  Lighting:  Lighting  on 
display  in  retail  stores  and  lighting  in 
classrooms  or  education  facilities  need to 
be provided with separate controls.

6.2.5 Exit Signs
As  per  the  code,  internally  illuminated exit 

signs shall not exceed 5W per face. The 
electrically powered exit signs normally use
incandescent bulbs. Most LED and some CFL 
exit signs can meet the ECBC requirment . 

6.3 Prescriptive Requirements
The prescriptive requirement of the Code 
regulates both interior and exterior lighting 
power.

6.3.1 Interior Lighting Power
The prescriptive lighting requirements limit 
the installed electric wattage for interior 
building lighting. Interior lighting includes 
all permanently installed general and task 
lighting shown on the plans. Interior 
lighting, for a building or a separately 
metered or permitted portion of a building, 
shall not exceed allowed power limits.
The installed interior lighting power for a 
building or a separately metered or 
permitted portion of a building shall be 
calculated following §6.3.4 and shall not 
exceed interior lighting power allowance 
determined in accordance with either §6.3.2 

or §6.3.3
Tradeoffs of interior lighting power 
allowance among portions of the building for 
which different method of calculation has 
been used is not permitted.  
Exception: The following lighting equipment 
and applications shall not be considered 
when determining the interior lighting 
power allowance, nor shall the wattage for 
such lighting be included in the installed 
interior lighting power. However, any such 
lighting not is exempt unless it is an addition 
to the  general lighting and is controlled by 
an independent control device.
a) Display or accent lighting that is an 
essential element for the function performed 
in galleries, museums, and monuments, 
b) Lighting that is integral to equipment or 
instrumentation and is installed by its 
manufacturer, 
c) Lighting specifically designed for medical 
or dental procedures and lighting integral to 
medical equipment, 
d) Lighting integral to food warming and 
food preparation equipment, 
e) Lighting for plant growth or maintenance, 
f) Lighting in spaces specifically designed for 
use by the visually impaired, 
g) Lighting in retail display windows, 

provided the display area is enclosed by 
ceiling-height partitions, 
h) Lighting in interior spaces that have been 
specifically designated as a registered 
interior historic landmark, 
i) Lighting that is an integral part of 
advertising or directional signage, 
j) Exit signs, 
k) Lighting that is for sale or lighting 
educational demonstration systems, 
l) Lighting for theatrical purposes, including 
performance, stage, and film or video 
production, and
m) Athletic playing areas with permanent 
facilities for television broadcasting. 

6.3.2 Building Area Method:
This method provides the procedure of 
calculating total watts per square meter for 
the entire building based on its type. The 
sum of all the interior lighting power for 
various areas of the building cannot exceed 
the total watts to be in comply. The building 
area method is the simplest method to follow 
since fewer calculations are required. 

However, if the project applies to only a 
portion of the entire building, is not listed as 
a building type, or has more than one 
occupancy type, the space function method 
should be used to determine compliance. 
The allowed lighting power density can be 
calculated in the following two steps as per 
the Building Area Method
1. Calculate the gross lighted carpet area for 
each building area type. 
2. The interior lighting power allowance is 
the sum of the products of the gross lighted 
floor area of each building area times the 
allowed lighting power density for that 
building area type.
The lighting power for appropriate building 
area type can be selected from for ECBC 
Buildings, from Table 6-2 for ECBC+ 
Buildings and from Table 6-3 for Super ECBC 
Buildings.
 
6.3.3 Space Function Method
The first step of the space function method  is  
to decide the building type and the  
prescribed  Lighting  Power  Densities which  
vary  according  to  the  function  of the  
spaces. Table 6.2, provides with  the 
prescribed  limits  for  the  Interior  Lighting 
power  densities  using  Space  function 

method.  The  next  step  is  to  calculate  the 
areas of each of these spaces. The area must 
be the gross interior floor area and for each 
space  that  is  enclosed  by  partitions  which 
are 80% or greater than the ceiling height. 
The gross interior area should be calculated 
by measuring  to  the  center  of  the partition 
walls and must also includes spaces allotted 
to balconies or other projections.  Finally,the  
individual  lighting  power  allowances for 

each space is determined by multiplying its 
gross lighted floor area by the designed  
lighting  power  density  for  that  space.  The 
lighting  power  allowances  are  summed  to 
equal the Interior Lighting Power Allowance  
for the building.

 6.3.4 Installed Interior Lighting Power
The installed interior lighting power 
calculated for compliance shall include all 
power used by the luminaires, including 
lamps, ballasts, current regulators, and 
control devices except as specifically 

exempted in §6.1.  
Exception: If two or more independently 
operating lighting systems in a space are 
controlled to prevent simultaneous user 
operation, the installed interior lighting 
power shall be based solely on the lighting 
system with the highest power. 

6.3.4.1 Luminaire Wattage:

There are two aspects of a luminaire that has 
a direct impact on lighting energy 
consumption.
1. Wattage – This indicates the direct power 
consumption of the luminaire. Higher the 
wattage, more the electricity use. It also 
means that more luminaires would mean a 
higher total wattage and hence a higher 
connected lighting load. 
2. Efficacy – Light output of a luminaire is 
given by ‘lumens’. Higher the lumens, the 
“brighter” a lamp will appear. We want to 

select a luminaire that gives “more lumens 
per watt of electricity used”. This is called 
lamp efficacy.
For example, a 6.5 watt LED lamp will give a 
similar light output to a 50-watt Halogen 
lamp. Thus, efficacy indicates how energy 
efficient a lamp is. 
Thus, while selecting an energy efficiency 
lamp, it is essential to compare the efficacy 
and not just the wattage. All lamps have 
lumen rating mentioned on the package 
using which the efficacy can be derived. As 
per the Code,
Luminaire efficacy shall be 0.7 or above. The 
Code requires that luminaire wattage be 
incorporated into the installed interior 
lighting power calculation as follows:
a) The wattage of incandescent luminaires 
with medium base sockets and not 
containing permanently installed ballasts 
shall be the maximum labeled wattage of the 
luminaires.  
b) The wattage of luminaires containing 
permanently installed ballasts shall be the 
operating input wattage of the specified 
lamp/ballast combination. Operating input 
wattage can be either values from 
manufacturers’ catalogs or values from 
independent testing laboratory reports.  
c) The wattage of all other miscellaneous 

Category
LPD(W/m2)

ECBC ECBC+ Super ECBC

Common space types

Restroom 7.70 6.10
Storage 5.40 3.40
Conference/Meeting 11.5 5.70
Parking Bays (covered/basement) 2.20 1.75 1.10
Electrical/Mechanicals 7.10 5.70 3.50
Stairway 5.50 4.40 2.70
Corridor/Transition 7.10 3.60 2.30
Lobby 7.30 4.60
Parking driveways(covered/base
ment) 3.00 2.50 1.50

Workshop 17.1 13.7

Business

Enclosed 10.0 5.40
Banking Activity Area 12.6
Open Plan 10.0 5.40
Service/Repair 5.5 3.40

Healthcare

Emergency 11.4
Exam/Treatment 13.7
Nurses’ Station 7.50 5.00
Operating Room 17.5
Patient Room 7.70 6.10
Pharmacy 10.7 5.30
Physical Therapy
Radiology/Imaging 7.30 4.60
Recovery 7.00 4.40
Storage 5.50 4.40 2.70
Laundry/Washing 7.50 6.00
Lounge/Recreation 6.40 4.60
Medical Supply 13.7
Nursery 5.70 4.60
Corridor/Transition 7.30 4.60

Hospitality
Hotel/Dining 7.30 4.60
For Bar Lounge/Dining 14.1 11.3 7.00
For food preparation 12.1 12.1 7.50
Hotel Guest Rooms 7.30 4.60
Hotel Lobby 5.50
Motel Dining 7.30 4.60
Motel Guest Rooms 7.70 6.10

Shopping Complex
Mall Concourse 10.2 6.40
Sales Area 14.6
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luminaire types not described in (a) or (b) 
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Sections:
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• Exterior Lighting Power

6.1 General
Lighting accounts for 15% of total energy 
consumption in India. Lighting offers many 
energy efficiency opportunities in almost any 
building facility, existing or new. A century 
ago, a person could read by the light of a 
single candle, but today a person in a typical 
office uses hundreds or evens thousand 
times more light. Over the years, 
illumination standards have increased 
radically along with the efficiency of lamps. 
People want the light for different reasons, 
and a good lighting designer needs to keep 
all of them in mind. Different tasks and 
building facilities require different amounts 
and types of light. For example, a surgeon in 
an operation theater needs lots of light with 
low glare and excellent color rendering, 
restaurant owners and diners often want low 
light levels, corporate boardrooms call for 
lighting that reinforces a feeling of 
importance and success while adapting to 

audio-visual presentations; retail outlets in 
many situations want to make their 
merchandise sparkle so that it draws the 
customers and encourages them to buy. An 
office executive needs a modest ambient 
lighting level, good task lighting on work 
surface, and minimal glare to effectively read 
and work on computers. While energy 
efficiency is an attractive goal for many 
reasons, lighting designers also need to 
consider a host of other factors, including the 
effect of quality of light on the visual comfort 

and productivity of the occupants. A Small 
improvement in lighting quality can improve 
the productivity of the user substantially. In 
practice, the right quality and quantity of 
light can be provided efficiently (with less 
energy) by using the right technology and its 
effective integration with daylight.

General Design Considerations
Using efficient lighting equipment and 
controls is the best way to ensure lighting 
energy efficiency while maintaining or even 
improving lighting conditions. For instance, 
modern fluorescent lighting, such as 
electronically ballasted T-8 systems, can 
provide the same quantity of light as older 
fluorescent lighting while consuming as little 
as two-thirds of the energy. Similarly, 
compact fluorescent sources are three to four 
times more efficient than the traditional 
incandescent lamps they are designed to 
replace.
For a lighting designer and energy-efficient 
lighting design involves sensitive integration 
of many requirements and considerations 
that include building orientation, interior 
building layout, task illumination, daylight 
strategies, glazing specification, choice of the 
lighting system and controls etc. The 
designer is also responsible for making sure 
that lighting complies with the Code, 
meeting both mandatory and prescriptive 
requirements.
Exceptions: (a) Emergency or security 
lighting that is automatically off during 
normal building operations.

6.2 Mandatory Requirements:
6.2.1 Lighting Control
Lighting controls allow lighting to be turned 
down or completely off when it is not needed 
the simplest way to save energy. Maximizing 
the use of controls involves developing a set 
of strategies that utilize the Code 
requirements for various devices, including 
on-off controls, dimming controls, and 
systems that combine the use of both types of 
equipment.  
These controls can be quite sophisticated, but 
in general, they perform two basic functions: 

1) Turn lights off when not needed, and  
2) Modulate light output so that no more 
light than necessary is produced.  
The equipment required to achieve these 
functions varies in complexity from simple 
timers to intricate electronic dimming 
circuits, each applicable to different 
situations. Controls include time clocks, 
occupant and motion sensors, automatic or 
manual daylighting controls, and 

astronomical time switches (the automatic 
switches that adjust for the length of the day 
as it varies over the year).

Automatic Control Strategies
Several different approaches can be used to 
control electric lighting. The control 
hardware and design practices are discussed 
below:
Scheduling Control: Use a time scheduling 
device to control the lighting system 
according to predetermined schedules. 
Occupancy Sensing: Control lights in 
response to the presence or absence of people 
in the space. 
Daylighting: Switch or dim electric lights in 
response to the presence or absence of 
daylight illumination in the space. 
Lumen Maintenance: Gradually adjust 
electric light levels over time to correspond 
with the depreciation of light output from 
aging lamps.

1. Dimmer Controls:
Dimmer controls provide variable indoor 
lighting. Dimming the light bulbs reduces 
their wattage and output, which helps in 
saving energy. These are inexpensive 
systems, which provide some energy savings 

when lights are used at a reduced level. They 
also increase the service life of light bulbs 
significantly. However, dimming reduces an 
incandescent bulb's lumen output more than 
its wattage. This makes the bulb less efficient 
as they are dimmed.

2. Dimmers and CFLs:
Unlike incandescent bulb, compact 
fluorescent lamps (CFLs) do not lose their 
efficiency with dimming. Some CFLs are 
compatible with standard dimmers. Others 
require special dimming ballasts and bulb 
holders. Fluorescent dimmers are dedicated 
fixtures and bulbs that provide even greater 
energy savings than a regular fluorescent 
bulb. Dimming a CFL that is not designed to 
work with a dimmer switch is not 
recommended, as this can shorten its life 
significantly.
Changing the light bulbs and ballasts in 
fluorescent lighting fixtures is a better 
approach than replacing them.

3. Dimmers and LEDs:
Some light-emitting diode (LED) light bulbs 
can be used with dimmers. LED bulbs and 
fixtures must be designed for dimming. It is 
required to replace existing dimmer switches 
with the ones that are compatible with an 
LED lighting product. The packaging or 
accompanying instructions will indicate if the 
product is dimmable and which dimmer 
products are compatible. Fully compatible 
LED dimmers are expected to become more 
common as the LED industry expands.

4. Motion Sensor Controls:
Motion sensors, as the name suggests, are 
sensitive to motion. They are very useful for 
outdoor security and utility lighting. They 
respond to movement by automatically 
turning the outdoor lights on, and by turning 
them off a short while later. Because utility 
lights and some security lights are needed 
only when it is dark and people are present, 
the best way to control might be a 
combination of a motion sensor and photo 
sensor. Incandescent flood lights with a photo 
sensor and motion sensor may actually use 
less energy than pole-mounted high-intensity 
discharge (HID) security lights controlled by 
a photosensor. Even though HID lights are 
more efficient than incandescent, they are 
turned on for a much longer period of time 
than incandescents using these dual controls.

6.2.1.1 Automatic Lighting Shutoff
a) 90% of interior lighting fittings in building 
or space of building larger than 300 m2 shall 

be equipped with automatic control device.   
b) Additionally, occupancy sensors shall be 
provided in  
i. All building types greater than 20,000 m2 
BUA. 
a) All habitable spaces less than 30 m2, 
enclosed by walls or ceiling height partitions. 
b) All storage or utility spaces more than 15 
m2 in all building types with BUA greater 
than 20,000 m²
c) Public toilets more than 25 m2, controlling 
at least 80 % of lighting fitted in the toilet. The 
lighting fixtures, not controlled by automatic 
lighting shutoff, shall be uniformly spread in 
the area. 
ii. In corridors of all hospitality greater than 
20,000 m2 BUA, controlling minimum 70% 
and maximum 80% of lighting fitted in the 
public corridor. The lighting fixtures, not 
controlled by automatic lighting shut off, 
shall be uniformly spread in the area.
iii. In all Business and all-conference or 
meeting rooms.
The automatic control device shall function 
on either:  
I. A scheduled basis at specific programmed 
times. An independent program schedule 
shall be provided for areas of no more than 
2,500 m2 and not more than one floor, or 
II. Occupancy sensors that shall turn off the 
lighting fixtures within 15 minutes of an 
occupant leaving the space. Light fixtures 
controlled by occupancy sensors shall have a 
wall-mounted, manual switch capable of 
turning off lights when space is occupied.
Exception: Lighting systems designed for 
emergency and firefighting purposes.
The lighting requirements in this section shall 
apply to:  
1. Interior spaces of buildings.
2. Exterior building features, including 
facades, illuminated roofs, architectural 
features, entrances, exits, loading docks, and 
illuminated canopies.  
3. Exterior building grounds lighting that is 
provided through the building's electrical 
service.

6.2.1.2 Space Control
Along with controls for individual lights or 
sets of fixtures, master controls are required 
for each space which can shut off all the lights 
within the space. For example, the last person 
leaving the office is much more likely to use a 
master switch than to go through the office 
turning off every switch. Similarly, a cleaning 
crew can easily use master switches to turn 
lights off at the end of a working day.
Exception: The required control device may 
be remotely installed if required for reasons 

of safety or security. A remotely located 
device shall have a pilot light indicator as 
part of or next to the control device and shall 
be clearly labeled to identify the controlled 
lighting.

6.2.2 Control in Daylighted Areas
Luminaires is defined as a complete lighting 
unit  consisting of  a  lamp or  lamps together  
with  the  housing  designed  to distribute the 
light, position and protect the lamps, and 
connect  the  lamps  to  the power supply.  
The  ECBC  mandates  manual  or automatic  
control  device  of  luminaires  in daylighted 

areas greater than 25 m² (250 ft). 
a)  Luminaries,  installed  within  daylighting  
extent  from  the window  (as  calculated in 
4.2.3), shall be equipped with either a 
manual control device to shut off luminaries,  
installed within daylit  area, during potential 
daylit  time of a day or automatic control 
device that: 
i. Has a delay of a minimum 5 minutes, or,
ii. Can dim or step  down  to  50% of total 
power.
b) Overrides  to the daylight controls shall 
not be allowed. 
c) For  Super  ECBC  buildings,  Lighting 
Power Density adjustment factor of 20% 
shall be allowed to all spaces with more than  
70%  of  their  area  under  daylight controls. 
ECBC+  and  Super  ECBC  building  shall 
have a centralized control system for 
schedule.

6.2.3 Exterior Lighting control
a. Lighting for all exterior applications not 
exempted  in  §6.3.5  shall  be  controlled by a 
photosensor or astronomical  time switch  
that  is  capable  of  automatically turning off 
the exterior lighting when daylight  is  
available,  or  the  lighting  is not required.
b. Lighting  for all exterior applications, of 
school  and  business with  built-up  area 
greater  than 20,000 m², shall have lamp 

efficacy not less than 80 lumens per watt, 90 
lumens per watt, and 100 lumens per watt, 
for ECBC, ECBC+ and Super ECBC buildings  
respectively, unless  the  luminaire is 
controlled by a motion sensor or exempt §6.1 
of ECBC 2017.
c. Facade lighting and Facade 
non-emergency signage  of  shopping  
complexes shall have separate time switches.
Exemption to §6.2.5 Exterior emergency 
lighting.

6.2.4 Additional Control
Additional control must be provided for spe
cialty lighting devices. These include:
a. Display/Accent  lighting:  The  light work 
used to highlight artwork or merchandise  in  
retail  stores,  art  galleries, lobbies and other 
spaces. 
b. Case  Lighting:  The  lighting  used  in 
closed  caseworks  for  displacing  of  items 
items. 
c. Task Lighting: Task lighting is provided 
for  all  supplemental  tasks such  as  desk der 
cabinet lighting. 
d. Non- visual Lighting: Lighting needed 
growth or food warming must have separate 
controls. 
e. Hotel and Motel Guest  Room  Lighting: 
Guest rooms and guest suites in a hotel shall 
have a master control device at the main 
room entry that controls all permanently 
installed luminaries and switched 
receptacles.
f.Demonstration  Lighting:  Lighting  on 
display  in  retail  stores  and  lighting  in 
classrooms  or  education  facilities  need to 
be provided with separate controls.

6.2.5 Exit Signs
As  per  the  code,  internally  illuminated exit 

signs shall not exceed 5W per face. The 
electrically powered exit signs normally use
incandescent bulbs. Most LED and some CFL 
exit signs can meet the ECBC requirment . 

6.3 Prescriptive Requirements
The prescriptive requirement of the Code 
regulates both interior and exterior lighting 
power.

6.3.1 Interior Lighting Power
The prescriptive lighting requirements limit 
the installed electric wattage for interior 
building lighting. Interior lighting includes 
all permanently installed general and task 
lighting shown on the plans. Interior 
lighting, for a building or a separately 
metered or permitted portion of a building, 
shall not exceed allowed power limits.
The installed interior lighting power for a 
building or a separately metered or 
permitted portion of a building shall be 
calculated following §6.3.4 and shall not 
exceed interior lighting power allowance 
determined in accordance with either §6.3.2 

or §6.3.3
Tradeoffs of interior lighting power 
allowance among portions of the building for 
which different method of calculation has 
been used is not permitted.  
Exception: The following lighting equipment 
and applications shall not be considered 
when determining the interior lighting 
power allowance, nor shall the wattage for 
such lighting be included in the installed 
interior lighting power. However, any such 
lighting not is exempt unless it is an addition 
to the  general lighting and is controlled by 
an independent control device.
a) Display or accent lighting that is an 
essential element for the function performed 
in galleries, museums, and monuments, 
b) Lighting that is integral to equipment or 
instrumentation and is installed by its 
manufacturer, 
c) Lighting specifically designed for medical 
or dental procedures and lighting integral to 
medical equipment, 
d) Lighting integral to food warming and 
food preparation equipment, 
e) Lighting for plant growth or maintenance, 
f) Lighting in spaces specifically designed for 
use by the visually impaired, 
g) Lighting in retail display windows, 

provided the display area is enclosed by 
ceiling-height partitions, 
h) Lighting in interior spaces that have been 
specifically designated as a registered 
interior historic landmark, 
i) Lighting that is an integral part of 
advertising or directional signage, 
j) Exit signs, 
k) Lighting that is for sale or lighting 
educational demonstration systems, 
l) Lighting for theatrical purposes, including 
performance, stage, and film or video 
production, and
m) Athletic playing areas with permanent 
facilities for television broadcasting. 

6.3.2 Building Area Method:
This method provides the procedure of 
calculating total watts per square meter for 
the entire building based on its type. The 
sum of all the interior lighting power for 
various areas of the building cannot exceed 
the total watts to be in comply. The building 
area method is the simplest method to follow 
since fewer calculations are required. 

However, if the project applies to only a 
portion of the entire building, is not listed as 
a building type, or has more than one 
occupancy type, the space function method 
should be used to determine compliance. 
The allowed lighting power density can be 
calculated in the following two steps as per 
the Building Area Method
1. Calculate the gross lighted carpet area for 
each building area type. 
2. The interior lighting power allowance is 
the sum of the products of the gross lighted 
floor area of each building area times the 
allowed lighting power density for that 
building area type.
The lighting power for appropriate building 
area type can be selected from for ECBC 
Buildings, from Table 6-2 for ECBC+ 
Buildings and from Table 6-3 for Super ECBC 
Buildings.
 
6.3.3 Space Function Method
The first step of the space function method  is  
to decide the building type and the  
prescribed  Lighting  Power  Densities which  
vary  according  to  the  function  of the  
spaces. Table 6.2, provides with  the 
prescribed  limits  for  the  Interior  Lighting 
power  densities  using  Space  function 

method.  The  next  step  is  to  calculate  the 
areas of each of these spaces. The area must 
be the gross interior floor area and for each 
space  that  is  enclosed  by  partitions  which 
are 80% or greater than the ceiling height. 
The gross interior area should be calculated 
by measuring  to  the  center  of  the partition 
walls and must also includes spaces allotted 
to balconies or other projections.  Finally,the  
individual  lighting  power  allowances for 

each space is determined by multiplying its 
gross lighted floor area by the designed  
lighting  power  density  for  that  space.  The 
lighting  power  allowances  are  summed  to 
equal the Interior Lighting Power Allowance  
for the building.

 6.3.4 Installed Interior Lighting Power
The installed interior lighting power 
calculated for compliance shall include all 
power used by the luminaires, including 
lamps, ballasts, current regulators, and 
control devices except as specifically 

exempted in §6.1.  
Exception: If two or more independently 
operating lighting systems in a space are 
controlled to prevent simultaneous user 
operation, the installed interior lighting 
power shall be based solely on the lighting 
system with the highest power. 

6.3.4.1 Luminaire Wattage:

There are two aspects of a luminaire that has 
a direct impact on lighting energy 
consumption.
1. Wattage – This indicates the direct power 
consumption of the luminaire. Higher the 
wattage, more the electricity use. It also 
means that more luminaires would mean a 
higher total wattage and hence a higher 
connected lighting load. 
2. Efficacy – Light output of a luminaire is 
given by ‘lumens’. Higher the lumens, the 
“brighter” a lamp will appear. We want to 

select a luminaire that gives “more lumens 
per watt of electricity used”. This is called 
lamp efficacy.
For example, a 6.5 watt LED lamp will give a 
similar light output to a 50-watt Halogen 
lamp. Thus, efficacy indicates how energy 
efficient a lamp is. 
Thus, while selecting an energy efficiency 
lamp, it is essential to compare the efficacy 
and not just the wattage. All lamps have 
lumen rating mentioned on the package 
using which the efficacy can be derived. As 
per the Code,
Luminaire efficacy shall be 0.7 or above. The 
Code requires that luminaire wattage be 
incorporated into the installed interior 
lighting power calculation as follows:
a) The wattage of incandescent luminaires 
with medium base sockets and not 
containing permanently installed ballasts 
shall be the maximum labeled wattage of the 
luminaires.  
b) The wattage of luminaires containing 
permanently installed ballasts shall be the 
operating input wattage of the specified 
lamp/ballast combination. Operating input 
wattage can be either values from 
manufacturers’ catalogs or values from 
independent testing laboratory reports.  

c) The wattage of all other miscellaneous 

Motion Picture Theatre 10.3 6.50
For Family Dining 5.50
For food preparation 12.1 12.1 7.50
Bar Lounge/Dining 14.1 11.3 7.00

Educational
Classroom/Lecture 13.7
For Classrooms 11.0
Laboratory 15.1 12.1 7.50
Card File and Cataloguing 7.30 4.60
Stacks(Lib) 14.6
Reading Area(Library) 10.0 5.70

Assembly
Dressing Room 7.30 4.60

14.0 11.2 7.00
4.60 3.60 3.40
13.70
16.40 11.3 5.65

11.0 5.50
Seating Area – Performing Arts 
Theatre 22.6 11.3

21.5 17.2
Seating Area – Convention Centre 6.40 5.10 3.20
Seating Religious Building 16.4 13.1

6.50

Table 6.3:
Interior Lighting

Power space
Function Method

(Source: Tables
[6-4,6-5 & 6-6]

ECBC 2017)
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luminaire types not described in (a) or (b) 
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Exemptions are allowed for the following 
lighting applications, only if they are

a)Specialized signal, directional, and 
marker lighting associated with 
transportation.
b) Lighting used to highlight features 
of public monuments and registered 
historic landmark structures or buildings. 
c)Lighting that is integral to advertising

  signage.
d)Lighting that is specifically designated as 
required by a health or life safety statue, 
ordinance or regulation.
Any exterior lighting applications not

6.4

of exterior lighting as mentioned in the 
code.
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Exterior lighting application Power limits

Building entrance (with canopy) 10 W/m2 of canopied area

Building entrance (w/o canopy)

Building exit 60 W/linear m of door width

Building facade 5.0 W/m2 of vertical façade area

Emergency signs, ATM kiosks, Security areas 
facade 1.0 W/m2

Driveways and parking (open/ external) 1.6 W/m2

Pedestrian walkways 2.0 W/m2

Stairways 10.0 W/m2

Landscaping 0.5 W/m2

Outdoor sales area 2

 

Exterior lighting application Power limits

Building entrance (with canopy) 5 W/m2 of canopied area

Building entrance (w/o canopy) 45 W/linear m of door width

Building exit 30 W/linear m of door width

Building facade 2.5 W/m2 of vertical façade area

Emergency signs, ATM kiosks, Security areas 
facade 0.5 W/m2

Driveways and parking (open/ external) 2

Pedestrian walkways 1.0 W/m2

Stairways 5.0 W/m2

Landscaping 0.25 W/m2

Outdoor sales area 4.5 W/m2

for ECBC 

for Super ECBC 

Example:

Proposed: 

men.

 output  of a single fluorescent light fixtures is around 2400 lumen
Hence the luminous

Table 6.4:

Table 6.5:
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6.4 Summary

Lighting & Controls Value

Automatic Control Devices
2 shall be 

Occupancy Controls
All building types greater than 20,000 m2 BUA: Inhabitable 
spaces (<30 m2), In Storage/Utility Spaces (>15 m2) & Public 

toilets (>25m2)

Maximum Lighting Densities

or above

Exit Signs per face

Calculations 

No’s

Proposed option

2.08

24.96

3153

9110

5957
29785

thousand10,000
Months4

8.64 kWh/day
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(Table 6.2)

(Table 6.3)

(Table 6.4-6.5)
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ELECTRICAL  & RENEWABLE ENERGY SYSTEMS
Chapter 7

Section:
Mandatory:
• Transformer
• Energy efficient motors
• Diesel generator sets
• Check metering and monitoring
• Power factor correction
• Power distribution system
• Uninterruptible power supply
• Renewable energy systems

7.1 General:
Electricity is integral to our lives and 
determines how we live today. Most 
modern buildings today are completely 
dependent on electricity for normal 
operations.  Hence  that designers must be 
familiar with the basic concepts and 
equipment of regular electrical systems.

7.2 Mandatory requirements
7.2.1 Transformer
The transformer has made long-range 
electric power distribution practical.  The 
transformer is the equipment that steps the 
voltage up or down. It only works with AC 
supply and not with DC.  Transformers can 
be pole-mounted or pad-mounted on the 
ground. It is a common practice to install a 
transformer outside the building, but it can 
be installed inside as well. Power 
transmitted from the power plant, is in the 
form of a high-tension voltage (11kV voltage 
are: 
a) Reduced conductor size and investment 
on conductors. 
b) Reduced transmission losses and voltage 
drop.
At the user end, equipment with various 

Figure 7.2
Working Principle 
of Transformer

Figure 7.1
Function of 
Electrical System

voltage ratings is used for diffrent 
applications. Hence, the transmitted voltage 
is first stepped down from 11 kV to 230V 
through distribution transformers and then 
the power supply is distributed to the 
various sections and equipment. 
Distribution transformers are used normally 
in all commercial buildings. They are kept 
energized around the clock providing 
power to the building’s electrical 
equipment. Distribution transformers 
consume energy even when the building is 
not occupied or its equipment are not 
operating, resulting in energy loss.

7.2.1.1 Maximum Allowable Power 
Transformer Losses
Power transformers of the proper ratings 
and design must be selected to satisfy the 
minimum acceptable efficiency at 50% and 
full load rating.   
a) 5% of the maximum total loss values 
mentioned in IS 1180 for oil type 
transformers in voltage class above 11 kV 
but not more than 22 kV.
b) 7.5% of the maximum total loss values 
mentioned in IS 1180 for oil type 
transformers in voltage class above 22 kV 
and up to and including 33 kV. 

Figure 7.1 Figure 7.2

c) Values listed in Table 7.1 for dry-type 
transformers and Table 7.2 for oil type 
transformer.

7.2.1.2 Measurement and Reporting of 
Transformer Losses
Current transformer (CT) is used to measure 
current and Potential transformer (PT) is 
used to measure voltage. These instrument 
transformers are used primarily for 
measuring losses. All measurement of losses 
shall be carried out by using calibrated 
digital meters of class 0.5 or better accuracy 
and certified by the manufacturer. All 
transformers of the capacity of 500 kVA and 
above would be equipped with additional 
metering class current transformers (CTs) 
and potential transformers (PTs) additional 
to requirements of Utilities so that periodic 
loss monitoring study may be carried out.

7.2.1.3 Voltage Drop
The Voltage drop in the electrical system is 
the direct indicator of the system resistance. 
It represents the energy loss in the system 
which is dissipated in the form of heat.  As 
the length of the wire increases, its resistance 
increases. Therefore, the higher the 
resistance(R) more will be the voltage drop. 

If the current increases, there will be further 
losses. The voltage drop for feeders shall not 
exceed 2% at design load. Voltage drop for 
branch circuit shall not exceed 3% at design 
load. 
 
7.2.2 Energy Efficient Motors
Motors convert electrical energy into 
mechanic energy. In a commercial building, 
motors find diverse applications such as 
fans, blowers, condensers, cooling towers 

and many others.  
Electric motors may be classified by the 
source of electric power, by their internal 
construction, and by their application. 
Motors can use either AC or DC supply. 

Motors shall comply with the following:
a) Three-phase induction motors shall 
conform to Indian Standard (IS) 12615 and 
shall  fulfill the following efficiency 
requirements: 

I. ECBC Buildings shall have motors of IE 2 
(high efficiency) class or a higher class 
II. ECBC+ Buildings shall have IE 3 
(premium efficiency) class motors or higher 
class 
III. Super ECBC Buildings shall have IE 4 
(super premium efficiency) class motors  
b) All permanently wired polyphase motors 
of 0.375 kW or more serving the building 
and expected to operate more than 1,500 
hours per year and all permanently wired 
polyphase motors of 50kW or more serving 
the building and expected to operate more 
than 500 hours per year, shall have a 

minimum acceptable nominal full load 
motor efficiency not less than levels 
specified in the latest version of IS 12615. 
c) Motors of horsepower differing from 
those listed in the table shall have efficiency 
greater than that of the next listed kW 
motor. 
d) Motor horsepower ratings shall not 
exceed 20% of the calculated maximum load 
being served.
e) Motor nameplates shall list the nominal 
full-load motor efficiencies and the full-load 
power factor. 
f) Motor users should insist on proper 
rewinding practices for any rewound 
motors. the proper rewinding practices 

cannot be assured, the damaged motor 
should be replaced with a new, efficient one 
rather than suffer the significant efficiency 
the penalty associated with typical rewind 
practices. Rewinding practices from BEE 
guideline for energy efficient motors shall be 
followed.  
g) Certificates shall be obtained and kept on 
record indicating the motor efficiency. 
Whenever a motor is rewound, appropriate 
measures shall be taken so that the core 
characteristics of the motor is not lost due to 
thermal and mechanical stress during 
removal of damaged parts. After rewinding, 

a new efficiency test shall be performed and 
a similar record shall be maintained.

7.2.3 Diesel Generator (DG) sets
DG sets are used for power backup in 
buildings. Additionally, it could also be 
used to generate power for peak load 
application. Using diesel as the fuel, the 
generator converts mechanical energy into 
electrical energy.  DG sets can be located 
inside the building or outside. 
 
Energy efficiency in a DG set
The Star Labeling program of the Bureau of 
Energy Efficiency (BEE) determines the 
energy performance for various appliances 

and equipment. The Star Label provides 
consumer the information about energy 
saving and, thereby, cost-saving potential of 
the relevant marketed product. With the 
display of the information on the product, 
consumer can make the right choice. Star 
rating or star level means the grade of 
energy efficiency based on specific fuel 
consumption (SFC) in g/kWh (electrical 
unit) displayed on the label of the generating 
set. More stars are equivalent to better 
energy performance. The available stars are 
between a minimum of one and a maximum 

of five shown in Table 7.2a.
Table 7.2a BEE star rating for DG systems 
(Source-BEE star rating for DG sets)
BEE star rated DG sets shall be used in all 
compliant buildings. DG sets in buildings 
greater than 20,000 m² BUA shall have: 
a) Minimum 3 stars rating in ECBC Builings 
b) Minimum 4 stars rating in ECBC+ 
Buildings 
c) Minimum 5 stars rating in Super ECBC 
Buildings

7.2.4 Check-Metering and Monitoring
A significant barrier to achieving energy 
efficiency during the operation of a building 
is inadequate metering systems and 
monitoring plans. Building operators cannot 
be expected to manage energy if they cannot 
measure energy use. To improve a 
building’s energy performance over its 
operating life, and optimize the 
energy-efficient requirements, the Code 

requires that the building’s performance to 
be measured.
Metering is about having information that 
allows energy managers to analyze and 
track changes in energy demand and, 
therefore, to manage their energy use more 
effectively.  Energy metering is not a new 
concept and has been used by large 
energy-intensive buildings for many years 
to monitor energy consumption.  
a) Services exceeding 1000 kVA shall have 
permanently installed electrical metering to 
record demand (kVA), energy (kWh), and 
total power factor. The metering shall also 
display current (in each phase and the 
neutral), voltage (between phases and 

between each phase and neutral), and total 
harmonic distortion (THD) as a percentage 
of total current.  
b) Services not exceeding 1000 kVA but over 
65 kVA shall have permanently installed 
electric metering to record demand (kW), 
energy (kWh), and total power factor (or 
kVARh). 
c) Services not exceeding 65 kVA shall have 
permanently installed electrical metering to 
record energy (kWh).
d) In case of tenant-based buildings, 
metering should be provided at a location 
from where each tenant could attach the 
services.

7.2.5 Power Factor Correction
Power Factor is the ratio between the useful 
(true) power (kW) to the total (apparent) 
power (kVA) consumed by electrical 
equipment or a complete electrical 
installation. It is a measure of how efficiently 

electrical power is converted into useful 
work output. The ideal power factor is 
unity, or one. Anything less than one means 
that extra power is required to achieve the 
actual task at hand. Inductive loads require 
reactive power to create magnetizing fields 
to perform the desired function. This 
reactive power causes the power factor to 
reduce. Increasing the power factor is 
required to achieve energy efficiency.
All 3 phase shall maintain their power factor 
at the point of connection as follows: 
(a)  0.97 for ECBC Building 
(b)  0.98 for ECBC+ building 
(c)  0.99 for Super ECBC building
   

7.2.6 Power Distribution Systems
Power distribution systems are the network 
of wires or cables that distribute power to all 
the end-uses in a building from the point of 
supply. For a given load, energy losses 
depend on the size and material of the wires, 
the length of wires and the overall circuit 
design.
There are distribution losses due to heat 
generated by friction in the cables. The 
longer and thicker the wire, more is the heat 
loss. Further material of the cable itself offers 
some friction depending on how good a 
conductor it is. An engineer or contractor 
can demonstrate real savings as well as the 
advantages of lower heat generated and 
increased flexibility of the installation with a 
properly sized distribution system. In 
addition, when less heat is generated, the 
result is reduced energy requirements for 
fans and air conditioning systems.
The power cabling shall be sized so that the 

distribution losses do not exceed:  
(a)  3% of the total power usage in ECBC 
Buildings 
(b)  2% of the total power usage in ECBC+ 
Buildings 
(c)  1% of total power usage in Super ECBC 
Buildings 
Record of design calculation for the losses 
shall be maintained. The load calculation 
shall be calculated up to the panel level.
 
7.2.7 Uninterruptible Power Supply (UPS)
UPS provides backup power when utility 
power fails, either long enough for critical 
equipment to shut down properly so that no 
data is lost, or long enough to keep required 
loads operational until a generator comes 
online. Along with backup power, it 
conditions incoming power so that quality 
power reaches to the load. It is commonly 
used to dedicatedly serve critical loads such 
as computers, servers, routers and other IT 
loads.  These losses in the system occur due 

to internal circuitry of the UPS system. 
Generally, UPS has efficiency equal or 
greater than 90%. For some UPS, it could 
reach up to 97%.
As per the Code,
In all buildings, UPS shall meet or exceed 
the energy efficiency requirements listed in 
Table 7.4. Any Standards and Labeling 
program by BEE shall take precedence over 
requirements listed in this section.

7.2.8 Renewable Energy Systems
Using fossil fuels like coal and oil for energy 
production has two primary issues. It is a 
finite natural resource, and burning them 
causes greenhouse gas emissions that are 
responsible for climate change. The energy 
produced using natural sources like solar, 
wind, hydro, bioenergy and geothermal etc., 
are called as renewable energy systems. 
These sources are renewed in the natural 
process and since there is no burning 
involved, they are a clean source of energy. 

Moreover, reliable energy supply is the 
major factor for the socio-economic 
development of society.  Further, using 
renewable energy promoted sustainable 
development.  
A major rooftop program for Solar 
Photovoltaic Power Project has been 
launched in the State under which these 
projects have been setup at various 
important government, institutional and 
religious buildings, namely Punjab Raj 
Bhawan, Punjab  Civil  Secretariat, Golden 
Temple, Wagah Border, Punjab Agricultural 
University (Ludhiana)  and Pushpa Gujral 
Science City (Kapurthala). Rooftop projects 
to be continuously promoted in all sectors in 
order to enhance the share of solar power in 
the State. All buildings shall have provisions 
for installation of renewable energy systems 
in the future on rooftops or the site.
   
7.2.8.1 Renewable Energy Generating Zone 
(REGZ) 
a) A dedicated REGZ equivalent to at least 
25% of roof area or area required for 
generation of energy equivalent to 1% of 
total peak demand or a connected load of the 
building, whichever is less, shall be 
provided in all buildings.  
b) The REGZ shall be free of any 
obstructions within its boundaries and from 
the shadow cast by objects adjacent to the 
zone.
c) ECBC+ and Super ECBC building shall 
fulfill the additional requirements listed in 
the Table respectively.
Exception to 7.2.8.1: Projects with solar hot 
water and/ or solar power generation 
systems.

7.2.8.2 Main Electrical Service Panel
Integration of solar electric systems in the 
future requires planning at the main 
electrical panel as well. As per the Code, the 
minimum rating shall be displayed on the 
main electrical service panel. Space shall be 
reserved for the installation of a double pole 
circuit breaker for a future solar electric 
installation.
  
7.2.8.3 Demarcation on Documents
The Code requires that the provision for 
renewables is clearly shown in the design 
and construction documents in terms of 
space, structured as well as supporting 
services like electrical and plumbing. 
The following shall be indicated in design 
and construction documents: 
a) Location for inverters and metering 
equipment, 

b) Pathway for routing of conduit from the 
REGZ to the point of interconnection with 
the electrical service, 
c) Routing of plumbing from the REGZ to 
the water-heating system and, 
d) Structural design loads for roof dead and 
live load.
 
1. Question:
A 10-Watt light bulb is being used for 100 
hours. What is total energy use of the lamp 
and what is the power rating?

Answer:
The power rating of the light bulb is 
10W.The rate at which this power will be 
used, will determine the energy use.  
Energy used = Power x Time = 10 x 100 = 
1000 watt-hours or 1kWh 
(Note: This is a simplified example to 
explain the concept)

2. Question:
Find the daily energy consumption of the 
listed equipment, if they are used for the 
length of time shown. 
• Split AC (3500 W) – 5 hours 
• Coffee maker (500 W) – 6 hours
• Computer (75 W) – 12 hours 
• Microwave (1000 W) – 2 hours

Answer: 
• Split AC  3500 W = 3.5 kW x 5 = 17.5 kWh 
• Coffee maker 500 W = 0.5 kW x 6 = 3 kWh 
• Computer 75 W = 0.075 kW x 12 = 0.9 kWh 
• Microwave 1000 W = 1 kW x 2 = 2 kWh 
• Total daily energy consumption  = 23.4 
kWh

 

 

 



Table 7.1
Permissible 

Losses for 
dry Type 

Transformers 
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Section:
Mandatory:
• Transformer
• Energy efficient motors
• Diesel generator sets
• Check metering and monitoring
• Power factor correction
• Power distribution system
• Uninterruptible power supply
• Renewable energy systems

7.1 General:
Electricity is integral to our lives and 
determines how we live today. Most 
modern buildings today are completely 
dependent on electricity for normal 
operations.  Hence  that designers must be 
familiar with the basic concepts and 
equipment of regular electrical systems.

7.2 Mandatory requirements
7.2.1 Transformer
The transformer has made long-range 
electric power distribution practical.  The 
transformer is the equipment that steps the 
voltage up or down. It only works with AC 
supply and not with DC.  Transformers can 
be pole-mounted or pad-mounted on the 
ground. It is a common practice to install a 
transformer outside the building, but it can 
be installed inside as well. Power 
transmitted from the power plant, is in the 
form of a high-tension voltage (11kV voltage 
are: 
a) Reduced conductor size and investment 
on conductors. 
b) Reduced transmission losses and voltage 
drop.
At the user end, equipment with various 

voltage ratings is used for diffrent 
applications. Hence, the transmitted voltage 
is first stepped down from 11 kV to 230V 
through distribution transformers and then 
the power supply is distributed to the 
various sections and equipment. 
Distribution transformers are used normally 
in all commercial buildings. They are kept 
energized around the clock providing 
power to the building’s electrical 
equipment. Distribution transformers 
consume energy even when the building is 
not occupied or its equipment are not 
operating, resulting in energy loss.

7.2.1.1 Maximum Allowable Power 
Transformer Losses
Power transformers of the proper ratings 
and design must be selected to satisfy the 
minimum acceptable efficiency at 50% and 
full load rating.   
a) 5% of the maximum total loss values 
mentioned in IS 1180 for oil type 
transformers in voltage class above 11 kV 
but not more than 22 kV.
b) 7.5% of the maximum total loss values 
mentioned in IS 1180 for oil type 
transformers in voltage class above 22 kV 
and up to and including 33 kV. 

c) Values listed in Table 7.1 for dry-type 
transformers and Table 7.2 for oil type 
transformer.

7.2.1.2 Measurement and Reporting of 
Transformer Losses
Current transformer (CT) is used to measure 
current and Potential transformer (PT) is 
used to measure voltage. These instrument 
transformers are used primarily for 
measuring losses. All measurement of losses 
shall be carried out by using calibrated 
digital meters of class 0.5 or better accuracy 
and certified by the manufacturer. All 
transformers of the capacity of 500 kVA and 
above would be equipped with additional 
metering class current transformers (CTs) 
and potential transformers (PTs) additional 
to requirements of Utilities so that periodic 
loss monitoring study may be carried out.

7.2.1.3 Voltage Drop
The Voltage drop in the electrical system is 
the direct indicator of the system resistance. 
It represents the energy loss in the system 
which is dissipated in the form of heat.  As 
the length of the wire increases, its resistance 
increases. Therefore, the higher the 
resistance(R) more will be the voltage drop. 

If the current increases, there will be further 
losses. The voltage drop for feeders shall not 
exceed 2% at design load. Voltage drop for 
branch circuit shall not exceed 3% at design 
load. 
 
7.2.2 Energy Efficient Motors
Motors convert electrical energy into 
mechanic energy. In a commercial building, 
motors find diverse applications such as 
fans, blowers, condensers, cooling towers 

and many others.  
Electric motors may be classified by the 
source of electric power, by their internal 
construction, and by their application. 
Motors can use either AC or DC supply. 

Motors shall comply with the following:
a) Three-phase induction motors shall 
conform to Indian Standard (IS) 12615 and 
shall  fulfill the following efficiency 
requirements: 

I. ECBC Buildings shall have motors of IE 2 
(high efficiency) class or a higher class 
II. ECBC+ Buildings shall have IE 3 
(premium efficiency) class motors or higher 
class 
III. Super ECBC Buildings shall have IE 4 
(super premium efficiency) class motors  
b) All permanently wired polyphase motors 
of 0.375 kW or more serving the building 
and expected to operate more than 1,500 
hours per year and all permanently wired 
polyphase motors of 50kW or more serving 
the building and expected to operate more 
than 500 hours per year, shall have a 

minimum acceptable nominal full load 
motor efficiency not less than levels 
specified in the latest version of IS 12615. 
c) Motors of horsepower differing from 
those listed in the table shall have efficiency 
greater than that of the next listed kW 
motor. 
d) Motor horsepower ratings shall not 
exceed 20% of the calculated maximum load 
being served.
e) Motor nameplates shall list the nominal 
full-load motor efficiencies and the full-load 
power factor. 
f) Motor users should insist on proper 
rewinding practices for any rewound 
motors. the proper rewinding practices 

cannot be assured, the damaged motor 
should be replaced with a new, efficient one 
rather than suffer the significant efficiency 
the penalty associated with typical rewind 
practices. Rewinding practices from BEE 
guideline for energy efficient motors shall be 
followed.  
g) Certificates shall be obtained and kept on 
record indicating the motor efficiency. 
Whenever a motor is rewound, appropriate 
measures shall be taken so that the core 
characteristics of the motor is not lost due to 
thermal and mechanical stress during 
removal of damaged parts. After rewinding, 

a new efficiency test shall be performed and 
a similar record shall be maintained.

7.2.3 Diesel Generator (DG) sets
DG sets are used for power backup in 
buildings. Additionally, it could also be 
used to generate power for peak load 
application. Using diesel as the fuel, the 
generator converts mechanical energy into 
electrical energy.  DG sets can be located 
inside the building or outside. 
 
Energy efficiency in a DG set
The Star Labeling program of the Bureau of 
Energy Efficiency (BEE) determines the 
energy performance for various appliances 

and equipment. The Star Label provides 
consumer the information about energy 
saving and, thereby, cost-saving potential of 
the relevant marketed product. With the 
display of the information on the product, 
consumer can make the right choice. Star 
rating or star level means the grade of 
energy efficiency based on specific fuel 
consumption (SFC) in g/kWh (electrical 
unit) displayed on the label of the generating 
set. More stars are equivalent to better 
energy performance. The available stars are 
between a minimum of one and a maximum 

of five shown in Table 7.2a.
Table 7.2a BEE star rating for DG systems 
(Source-BEE star rating for DG sets)
BEE star rated DG sets shall be used in all 
compliant buildings. DG sets in buildings 
greater than 20,000 m² BUA shall have: 
a) Minimum 3 stars rating in ECBC Builings 
b) Minimum 4 stars rating in ECBC+ 
Buildings 
c) Minimum 5 stars rating in Super ECBC 
Buildings

7.2.4 Check-Metering and Monitoring
A significant barrier to achieving energy 
efficiency during the operation of a building 
is inadequate metering systems and 
monitoring plans. Building operators cannot 
be expected to manage energy if they cannot 
measure energy use. To improve a 
building’s energy performance over its 
operating life, and optimize the 
energy-efficient requirements, the Code 

requires that the building’s performance to 
be measured.
Metering is about having information that 
allows energy managers to analyze and 
track changes in energy demand and, 
therefore, to manage their energy use more 
effectively.  Energy metering is not a new 
concept and has been used by large 
energy-intensive buildings for many years 
to monitor energy consumption.  
a) Services exceeding 1000 kVA shall have 
permanently installed electrical metering to 
record demand (kVA), energy (kWh), and 
total power factor. The metering shall also 
display current (in each phase and the 
neutral), voltage (between phases and 

between each phase and neutral), and total 
harmonic distortion (THD) as a percentage 
of total current.  
b) Services not exceeding 1000 kVA but over 
65 kVA shall have permanently installed 
electric metering to record demand (kW), 
energy (kWh), and total power factor (or 
kVARh). 
c) Services not exceeding 65 kVA shall have 
permanently installed electrical metering to 
record energy (kWh).
d) In case of tenant-based buildings, 
metering should be provided at a location 
from where each tenant could attach the 
services.

7.2.5 Power Factor Correction
Power Factor is the ratio between the useful 
(true) power (kW) to the total (apparent) 
power (kVA) consumed by electrical 
equipment or a complete electrical 
installation. It is a measure of how efficiently 

electrical power is converted into useful 
work output. The ideal power factor is 
unity, or one. Anything less than one means 
that extra power is required to achieve the 
actual task at hand. Inductive loads require 
reactive power to create magnetizing fields 
to perform the desired function. This 
reactive power causes the power factor to 
reduce. Increasing the power factor is 
required to achieve energy efficiency.
All 3 phase shall maintain their power factor 
at the point of connection as follows: 
(a)  0.97 for ECBC Building 
(b)  0.98 for ECBC+ building 
(c)  0.99 for Super ECBC building
   

7.2.6 Power Distribution Systems
Power distribution systems are the network 
of wires or cables that distribute power to all 
the end-uses in a building from the point of 
supply. For a given load, energy losses 
depend on the size and material of the wires, 
the length of wires and the overall circuit 
design.
There are distribution losses due to heat 
generated by friction in the cables. The 
longer and thicker the wire, more is the heat 
loss. Further material of the cable itself offers 
some friction depending on how good a 
conductor it is. An engineer or contractor 
can demonstrate real savings as well as the 
advantages of lower heat generated and 
increased flexibility of the installation with a 
properly sized distribution system. In 
addition, when less heat is generated, the 
result is reduced energy requirements for 
fans and air conditioning systems.
The power cabling shall be sized so that the 

distribution losses do not exceed:  
(a)  3% of the total power usage in ECBC 
Buildings 
(b)  2% of the total power usage in ECBC+ 
Buildings 
(c)  1% of total power usage in Super ECBC 
Buildings 
Record of design calculation for the losses 
shall be maintained. The load calculation 
shall be calculated up to the panel level.
 
7.2.7 Uninterruptible Power Supply (UPS)
UPS provides backup power when utility 
power fails, either long enough for critical 
equipment to shut down properly so that no 
data is lost, or long enough to keep required 
loads operational until a generator comes 
online. Along with backup power, it 
conditions incoming power so that quality 
power reaches to the load. It is commonly 
used to dedicatedly serve critical loads such 
as computers, servers, routers and other IT 
loads.  These losses in the system occur due 

to internal circuitry of the UPS system. 
Generally, UPS has efficiency equal or 
greater than 90%. For some UPS, it could 
reach up to 97%.
As per the Code,
In all buildings, UPS shall meet or exceed 
the energy efficiency requirements listed in 
Table 7.4. Any Standards and Labeling 
program by BEE shall take precedence over 
requirements listed in this section.

7.2.8 Renewable Energy Systems
Using fossil fuels like coal and oil for energy 
production has two primary issues. It is a 
finite natural resource, and burning them 
causes greenhouse gas emissions that are 
responsible for climate change. The energy 
produced using natural sources like solar, 
wind, hydro, bioenergy and geothermal etc., 
are called as renewable energy systems. 
These sources are renewed in the natural 
process and since there is no burning 
involved, they are a clean source of energy. 

Moreover, reliable energy supply is the 
major factor for the socio-economic 
development of society.  Further, using 
renewable energy promoted sustainable 
development.  
A major rooftop program for Solar 
Photovoltaic Power Project has been 
launched in the State under which these 
projects have been setup at various 
important government, institutional and 
religious buildings, namely Punjab Raj 
Bhawan, Punjab  Civil  Secretariat, Golden 
Temple, Wagah Border, Punjab Agricultural 
University (Ludhiana)  and Pushpa Gujral 
Science City (Kapurthala). Rooftop projects 
to be continuously promoted in all sectors in 
order to enhance the share of solar power in 
the State. All buildings shall have provisions 
for installation of renewable energy systems 
in the future on rooftops or the site.
   
7.2.8.1 Renewable Energy Generating Zone 
(REGZ) 
a) A dedicated REGZ equivalent to at least 
25% of roof area or area required for 
generation of energy equivalent to 1% of 
total peak demand or a connected load of the 
building, whichever is less, shall be 
provided in all buildings.  
b) The REGZ shall be free of any 
obstructions within its boundaries and from 
the shadow cast by objects adjacent to the 
zone.
c) ECBC+ and Super ECBC building shall 
fulfill the additional requirements listed in 
the Table respectively.
Exception to 7.2.8.1: Projects with solar hot 
water and/ or solar power generation 
systems.

7.2.8.2 Main Electrical Service Panel
Integration of solar electric systems in the 
future requires planning at the main 
electrical panel as well. As per the Code, the 
minimum rating shall be displayed on the 
main electrical service panel. Space shall be 
reserved for the installation of a double pole 
circuit breaker for a future solar electric 
installation.
  
7.2.8.3 Demarcation on Documents
The Code requires that the provision for 
renewables is clearly shown in the design 
and construction documents in terms of 
space, structured as well as supporting 
services like electrical and plumbing. 
The following shall be indicated in design 
and construction documents: 
a) Location for inverters and metering 
equipment, 

b) Pathway for routing of conduit from the 
REGZ to the point of interconnection with 
the electrical service, 
c) Routing of plumbing from the REGZ to 
the water-heating system and, 
d) Structural design loads for roof dead and 
live load.
 
1. Question:
A 10-Watt light bulb is being used for 100 
hours. What is total energy use of the lamp 
and what is the power rating?

Answer:
The power rating of the light bulb is 
10W.The rate at which this power will be 
used, will determine the energy use.  
Energy used = Power x Time = 10 x 100 = 
1000 watt-hours or 1kWh 
(Note: This is a simplified example to 
explain the concept)

2. Question:
Find the daily energy consumption of the 
listed equipment, if they are used for the 
length of time shown. 
• Split AC (3500 W) – 5 hours 
• Coffee maker (500 W) – 6 hours
• Computer (75 W) – 12 hours 
• Microwave (1000 W) – 2 hours

Answer: 
• Split AC  3500 W = 3.5 kW x 5 = 17.5 kWh 
• Coffee maker 500 W = 0.5 kW x 6 = 3 kWh 
• Computer 75 W = 0.075 kW x 12 = 0.9 kWh 
• Microwave 1000 W = 1 kW x 2 = 2 kWh 
• Total daily energy consumption  = 23.4 
kWh
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Table 7.2: 
Permissible 
Losses for 
Oil Type 
Transformers. 
Total losses 
for oil type 
transformers 

with Indian 
Standard IS 
1180. (Source: 
Table 7-2; ECBC 
2017)

Section:
Mandatory:
• Transformer
• Energy efficient motors
• Diesel generator sets
• Check metering and monitoring
• Power factor correction
• Power distribution system
• Uninterruptible power supply
• Renewable energy systems

7.1 General:
Electricity is integral to our lives and 
determines how we live today. Most 
modern buildings today are completely 
dependent on electricity for normal 
operations.  Hence  that designers must be 
familiar with the basic concepts and 
equipment of regular electrical systems.

7.2 Mandatory requirements
7.2.1 Transformer
The transformer has made long-range 
electric power distribution practical.  The 
transformer is the equipment that steps the 
voltage up or down. It only works with AC 
supply and not with DC.  Transformers can 
be pole-mounted or pad-mounted on the 
ground. It is a common practice to install a 
transformer outside the building, but it can 
be installed inside as well. Power 
transmitted from the power plant, is in the 
form of a high-tension voltage (11kV voltage 
are: 
a) Reduced conductor size and investment 
on conductors. 
b) Reduced transmission losses and voltage 
drop.
At the user end, equipment with various 

voltage ratings is used for diffrent 
applications. Hence, the transmitted voltage 
is first stepped down from 11 kV to 230V 
through distribution transformers and then 
the power supply is distributed to the 
various sections and equipment. 
Distribution transformers are used normally 
in all commercial buildings. They are kept 
energized around the clock providing 
power to the building’s electrical 
equipment. Distribution transformers 
consume energy even when the building is 
not occupied or its equipment are not 
operating, resulting in energy loss.

7.2.1.1 Maximum Allowable Power 
Transformer Losses
Power transformers of the proper ratings 
and design must be selected to satisfy the 
minimum acceptable efficiency at 50% and 
full load rating.   
a) 5% of the maximum total loss values 
mentioned in IS 1180 for oil type 
transformers in voltage class above 11 kV 
but not more than 22 kV.
b) 7.5% of the maximum total loss values 
mentioned in IS 1180 for oil type 
transformers in voltage class above 22 kV 
and up to and including 33 kV. 

c) Values listed in Table 7.1 for dry-type 
transformers and Table 7.2 for oil type 
transformer.

7.2.1.2 Measurement and Reporting of 
Transformer Losses
Current transformer (CT) is used to measure 
current and Potential transformer (PT) is 
used to measure voltage. These instrument 
transformers are used primarily for 
measuring losses. All measurement of losses 
shall be carried out by using calibrated 
digital meters of class 0.5 or better accuracy 
and certified by the manufacturer. All 
transformers of the capacity of 500 kVA and 
above would be equipped with additional 
metering class current transformers (CTs) 
and potential transformers (PTs) additional 
to requirements of Utilities so that periodic 
loss monitoring study may be carried out.

7.2.1.3 Voltage Drop
The Voltage drop in the electrical system is 
the direct indicator of the system resistance. 
It represents the energy loss in the system 
which is dissipated in the form of heat.  As 
the length of the wire increases, its resistance 
increases. Therefore, the higher the 
resistance(R) more will be the voltage drop. 

If the current increases, there will be further 
losses. The voltage drop for feeders shall not 
exceed 2% at design load. Voltage drop for 
branch circuit shall not exceed 3% at design 
load. 
 
7.2.2 Energy Efficient Motors
Motors convert electrical energy into 
mechanic energy. In a commercial building, 
motors find diverse applications such as 
fans, blowers, condensers, cooling towers 

Class Type Class Number 
Standard efficiency  IE1 
High efficiency  IE2 
Premium efficiency  IE3 
Super premium efficiency  IE4 
Higher the class number, the higher the motor efficiency. 

 Figure 7.3
Classifications of 
Motor efficiency

and many others.  
Electric motors may be classified by the 
source of electric power, by their internal 
construction, and by their application. 
Motors can use either AC or DC supply. 

Motors shall comply with the following:
a) Three-phase induction motors shall 
conform to Indian Standard (IS) 12615 and 
shall  fulfill the following efficiency 
requirements: 

I. ECBC Buildings shall have motors of IE 2 
(high efficiency) class or a higher class 
II. ECBC+ Buildings shall have IE 3 
(premium efficiency) class motors or higher 
class 
III. Super ECBC Buildings shall have IE 4 
(super premium efficiency) class motors  
b) All permanently wired polyphase motors 
of 0.375 kW or more serving the building 
and expected to operate more than 1,500 
hours per year and all permanently wired 
polyphase motors of 50kW or more serving 
the building and expected to operate more 
than 500 hours per year, shall have a 

minimum acceptable nominal full load 
motor efficiency not less than levels 
specified in the latest version of IS 12615. 
c) Motors of horsepower differing from 
those listed in the table shall have efficiency 
greater than that of the next listed kW 
motor. 
d) Motor horsepower ratings shall not 
exceed 20% of the calculated maximum load 
being served.
e) Motor nameplates shall list the nominal 
full-load motor efficiencies and the full-load 
power factor. 
f) Motor users should insist on proper 
rewinding practices for any rewound 
motors. the proper rewinding practices 

cannot be assured, the damaged motor 
should be replaced with a new, efficient one 
rather than suffer the significant efficiency 
the penalty associated with typical rewind 
practices. Rewinding practices from BEE 
guideline for energy efficient motors shall be 
followed.  
g) Certificates shall be obtained and kept on 
record indicating the motor efficiency. 
Whenever a motor is rewound, appropriate 
measures shall be taken so that the core 
characteristics of the motor is not lost due to 
thermal and mechanical stress during 
removal of damaged parts. After rewinding, 

a new efficiency test shall be performed and 
a similar record shall be maintained.

7.2.3 Diesel Generator (DG) sets
DG sets are used for power backup in 
buildings. Additionally, it could also be 
used to generate power for peak load 
application. Using diesel as the fuel, the 
generator converts mechanical energy into 
electrical energy.  DG sets can be located 
inside the building or outside. 
 
Energy efficiency in a DG set
The Star Labeling program of the Bureau of 
Energy Efficiency (BEE) determines the 
energy performance for various appliances 

and equipment. The Star Label provides 
consumer the information about energy 
saving and, thereby, cost-saving potential of 
the relevant marketed product. With the 
display of the information on the product, 
consumer can make the right choice. Star 
rating or star level means the grade of 
energy efficiency based on specific fuel 
consumption (SFC) in g/kWh (electrical 
unit) displayed on the label of the generating 
set. More stars are equivalent to better 
energy performance. The available stars are 
between a minimum of one and a maximum 

of five shown in Table 7.2a.
Table 7.2a BEE star rating for DG systems 
(Source-BEE star rating for DG sets)
BEE star rated DG sets shall be used in all 
compliant buildings. DG sets in buildings 
greater than 20,000 m² BUA shall have: 
a) Minimum 3 stars rating in ECBC Builings 
b) Minimum 4 stars rating in ECBC+ 
Buildings 
c) Minimum 5 stars rating in Super ECBC 
Buildings

7.2.4 Check-Metering and Monitoring
A significant barrier to achieving energy 
efficiency during the operation of a building 
is inadequate metering systems and 
monitoring plans. Building operators cannot 
be expected to manage energy if they cannot 
measure energy use. To improve a 
building’s energy performance over its 
operating life, and optimize the 
energy-efficient requirements, the Code 

requires that the building’s performance to 
be measured.
Metering is about having information that 
allows energy managers to analyze and 
track changes in energy demand and, 
therefore, to manage their energy use more 
effectively.  Energy metering is not a new 
concept and has been used by large 
energy-intensive buildings for many years 
to monitor energy consumption.  
a) Services exceeding 1000 kVA shall have 
permanently installed electrical metering to 
record demand (kVA), energy (kWh), and 
total power factor. The metering shall also 
display current (in each phase and the 
neutral), voltage (between phases and 

between each phase and neutral), and total 
harmonic distortion (THD) as a percentage 
of total current.  
b) Services not exceeding 1000 kVA but over 
65 kVA shall have permanently installed 
electric metering to record demand (kW), 
energy (kWh), and total power factor (or 
kVARh). 
c) Services not exceeding 65 kVA shall have 
permanently installed electrical metering to 
record energy (kWh).
d) In case of tenant-based buildings, 
metering should be provided at a location 
from where each tenant could attach the 
services.

7.2.5 Power Factor Correction
Power Factor is the ratio between the useful 
(true) power (kW) to the total (apparent) 
power (kVA) consumed by electrical 
equipment or a complete electrical 
installation. It is a measure of how efficiently 

electrical power is converted into useful 
work output. The ideal power factor is 
unity, or one. Anything less than one means 
that extra power is required to achieve the 
actual task at hand. Inductive loads require 
reactive power to create magnetizing fields 
to perform the desired function. This 
reactive power causes the power factor to 
reduce. Increasing the power factor is 
required to achieve energy efficiency.
All 3 phase shall maintain their power factor 
at the point of connection as follows: 
(a)  0.97 for ECBC Building 
(b)  0.98 for ECBC+ building 
(c)  0.99 for Super ECBC building
   

7.2.6 Power Distribution Systems
Power distribution systems are the network 
of wires or cables that distribute power to all 
the end-uses in a building from the point of 
supply. For a given load, energy losses 
depend on the size and material of the wires, 
the length of wires and the overall circuit 
design.
There are distribution losses due to heat 
generated by friction in the cables. The 
longer and thicker the wire, more is the heat 
loss. Further material of the cable itself offers 
some friction depending on how good a 
conductor it is. An engineer or contractor 
can demonstrate real savings as well as the 
advantages of lower heat generated and 
increased flexibility of the installation with a 
properly sized distribution system. In 
addition, when less heat is generated, the 
result is reduced energy requirements for 
fans and air conditioning systems.
The power cabling shall be sized so that the 

distribution losses do not exceed:  
(a)  3% of the total power usage in ECBC 
Buildings 
(b)  2% of the total power usage in ECBC+ 
Buildings 
(c)  1% of total power usage in Super ECBC 
Buildings 
Record of design calculation for the losses 
shall be maintained. The load calculation 
shall be calculated up to the panel level.
 
7.2.7 Uninterruptible Power Supply (UPS)
UPS provides backup power when utility 
power fails, either long enough for critical 
equipment to shut down properly so that no 
data is lost, or long enough to keep required 
loads operational until a generator comes 
online. Along with backup power, it 
conditions incoming power so that quality 
power reaches to the load. It is commonly 
used to dedicatedly serve critical loads such 
as computers, servers, routers and other IT 
loads.  These losses in the system occur due 

to internal circuitry of the UPS system. 
Generally, UPS has efficiency equal or 
greater than 90%. For some UPS, it could 
reach up to 97%.
As per the Code,
In all buildings, UPS shall meet or exceed 
the energy efficiency requirements listed in 
Table 7.4. Any Standards and Labeling 
program by BEE shall take precedence over 
requirements listed in this section.

7.2.8 Renewable Energy Systems
Using fossil fuels like coal and oil for energy 
production has two primary issues. It is a 
finite natural resource, and burning them 
causes greenhouse gas emissions that are 
responsible for climate change. The energy 
produced using natural sources like solar, 
wind, hydro, bioenergy and geothermal etc., 
are called as renewable energy systems. 
These sources are renewed in the natural 
process and since there is no burning 
involved, they are a clean source of energy. 

Moreover, reliable energy supply is the 
major factor for the socio-economic 
development of society.  Further, using 
renewable energy promoted sustainable 
development.  
A major rooftop program for Solar 
Photovoltaic Power Project has been 
launched in the State under which these 
projects have been setup at various 
important government, institutional and 
religious buildings, namely Punjab Raj 
Bhawan, Punjab  Civil  Secretariat, Golden 
Temple, Wagah Border, Punjab Agricultural 
University (Ludhiana)  and Pushpa Gujral 
Science City (Kapurthala). Rooftop projects 
to be continuously promoted in all sectors in 
order to enhance the share of solar power in 
the State. All buildings shall have provisions 
for installation of renewable energy systems 
in the future on rooftops or the site.
   
7.2.8.1 Renewable Energy Generating Zone 
(REGZ) 
a) A dedicated REGZ equivalent to at least 
25% of roof area or area required for 
generation of energy equivalent to 1% of 
total peak demand or a connected load of the 
building, whichever is less, shall be 
provided in all buildings.  
b) The REGZ shall be free of any 
obstructions within its boundaries and from 
the shadow cast by objects adjacent to the 
zone.
c) ECBC+ and Super ECBC building shall 
fulfill the additional requirements listed in 
the Table respectively.
Exception to 7.2.8.1: Projects with solar hot 
water and/ or solar power generation 
systems.

7.2.8.2 Main Electrical Service Panel
Integration of solar electric systems in the 
future requires planning at the main 
electrical panel as well. As per the Code, the 
minimum rating shall be displayed on the 
main electrical service panel. Space shall be 
reserved for the installation of a double pole 
circuit breaker for a future solar electric 
installation.
  
7.2.8.3 Demarcation on Documents
The Code requires that the provision for 
renewables is clearly shown in the design 
and construction documents in terms of 
space, structured as well as supporting 
services like electrical and plumbing. 
The following shall be indicated in design 
and construction documents: 
a) Location for inverters and metering 
equipment, 

b) Pathway for routing of conduit from the 
REGZ to the point of interconnection with 
the electrical service, 
c) Routing of plumbing from the REGZ to 
the water-heating system and, 
d) Structural design loads for roof dead and 
live load.
 
1. Question:
A 10-Watt light bulb is being used for 100 
hours. What is total energy use of the lamp 
and what is the power rating?

Answer:
The power rating of the light bulb is 
10W.The rate at which this power will be 
used, will determine the energy use.  
Energy used = Power x Time = 10 x 100 = 
1000 watt-hours or 1kWh 
(Note: This is a simplified example to 
explain the concept)

2. Question:
Find the daily energy consumption of the 
listed equipment, if they are used for the 
length of time shown. 
• Split AC (3500 W) – 5 hours 
• Coffee maker (500 W) – 6 hours
• Computer (75 W) – 12 hours 
• Microwave (1000 W) – 2 hours

Answer: 
• Split AC  3500 W = 3.5 kW x 5 = 17.5 kWh 
• Coffee maker 500 W = 0.5 kW x 6 = 3 kWh 
• Computer 75 W = 0.075 kW x 12 = 0.9 kWh 
• Microwave 1000 W = 1 kW x 2 = 2 kWh 
• Total daily energy consumption  = 23.4 
kWh
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Example:
Replacing IE1 motor with IE3           

Rated Power 37 kW
No. of Poles 4

91.2 (IE1)
Operating Hours per Day 10
Operating Days per Year 360

       
The annual energy consumption is calculated as follows:
Annual Energy Consumption (kWh per Year) = 37 kW/0.912 X 10 hours per day X 360 days/
year = 1, 46,052 kWh     

Rated Power 37 kW
No. of Poles 4

93.9% (IE3)
Designed Lifespan 400,000 hours

The percentage of energy-saving and the anticipated annual energy saving is calculated below:

Percentage of Energy Saving (%) = [1-(91.2/93.9)] x 100% = 2.88% 

Annual Energy Saving (kWh per Year) = 1,46,052 kWh per year x 2.88/100 = 4206 kWh/year.                

Section:
Mandatory:
• Transformer
• Energy efficient motors
• Diesel generator sets
• Check metering and monitoring
• Power factor correction
• Power distribution system
• Uninterruptible power supply
• Renewable energy systems

7.1 General:
Electricity is integral to our lives and 
determines how we live today. Most 
modern buildings today are completely 
dependent on electricity for normal 
operations.  Hence  that designers must be 
familiar with the basic concepts and 
equipment of regular electrical systems.

7.2 Mandatory requirements
7.2.1 Transformer
The transformer has made long-range 
electric power distribution practical.  The 
transformer is the equipment that steps the 
voltage up or down. It only works with AC 
supply and not with DC.  Transformers can 
be pole-mounted or pad-mounted on the 
ground. It is a common practice to install a 
transformer outside the building, but it can 
be installed inside as well. Power 
transmitted from the power plant, is in the 
form of a high-tension voltage (11kV voltage 
are: 
a) Reduced conductor size and investment 
on conductors. 
b) Reduced transmission losses and voltage 
drop.
At the user end, equipment with various 

voltage ratings is used for diffrent 
applications. Hence, the transmitted voltage 
is first stepped down from 11 kV to 230V 
through distribution transformers and then 
the power supply is distributed to the 
various sections and equipment. 
Distribution transformers are used normally 
in all commercial buildings. They are kept 
energized around the clock providing 
power to the building’s electrical 
equipment. Distribution transformers 
consume energy even when the building is 
not occupied or its equipment are not 
operating, resulting in energy loss.

7.2.1.1 Maximum Allowable Power 
Transformer Losses
Power transformers of the proper ratings 
and design must be selected to satisfy the 
minimum acceptable efficiency at 50% and 
full load rating.   
a) 5% of the maximum total loss values 
mentioned in IS 1180 for oil type 
transformers in voltage class above 11 kV 
but not more than 22 kV.
b) 7.5% of the maximum total loss values 
mentioned in IS 1180 for oil type 
transformers in voltage class above 22 kV 
and up to and including 33 kV. 

c) Values listed in Table 7.1 for dry-type 
transformers and Table 7.2 for oil type 
transformer.

7.2.1.2 Measurement and Reporting of 
Transformer Losses
Current transformer (CT) is used to measure 
current and Potential transformer (PT) is 
used to measure voltage. These instrument 
transformers are used primarily for 
measuring losses. All measurement of losses 
shall be carried out by using calibrated 
digital meters of class 0.5 or better accuracy 
and certified by the manufacturer. All 
transformers of the capacity of 500 kVA and 
above would be equipped with additional 
metering class current transformers (CTs) 
and potential transformers (PTs) additional 
to requirements of Utilities so that periodic 
loss monitoring study may be carried out.

7.2.1.3 Voltage Drop
The Voltage drop in the electrical system is 
the direct indicator of the system resistance. 
It represents the energy loss in the system 
which is dissipated in the form of heat.  As 
the length of the wire increases, its resistance 
increases. Therefore, the higher the 
resistance(R) more will be the voltage drop. 

If the current increases, there will be further 
losses. The voltage drop for feeders shall not 
exceed 2% at design load. Voltage drop for 
branch circuit shall not exceed 3% at design 
load. 
 
7.2.2 Energy Efficient Motors
Motors convert electrical energy into 
mechanic energy. In a commercial building, 
motors find diverse applications such as 
fans, blowers, condensers, cooling towers 

and many others.  
Electric motors may be classified by the 
source of electric power, by their internal 
construction, and by their application. 
Motors can use either AC or DC supply. 

Motors shall comply with the following:
a) Three-phase induction motors shall 
conform to Indian Standard (IS) 12615 and 
shall  fulfill the following efficiency 
requirements: 

I. ECBC Buildings shall have motors of IE 2 
(high efficiency) class or a higher class 
II. ECBC+ Buildings shall have IE 3 
(premium efficiency) class motors or higher 
class 
III. Super ECBC Buildings shall have IE 4 
(super premium efficiency) class motors  
b) All permanently wired polyphase motors 
of 0.375 kW or more serving the building 
and expected to operate more than 1,500 
hours per year and all permanently wired 
polyphase motors of 50kW or more serving 
the building and expected to operate more 
than 500 hours per year, shall have a 

minimum acceptable nominal full load 
motor efficiency not less than levels 
specified in the latest version of IS 12615. 
c) Motors of horsepower differing from 
those listed in the table shall have efficiency 
greater than that of the next listed kW 
motor. 
d) Motor horsepower ratings shall not 
exceed 20% of the calculated maximum load 
being served.
e) Motor nameplates shall list the nominal 
full-load motor efficiencies and the full-load 
power factor. 
f) Motor users should insist on proper 
rewinding practices for any rewound 
motors. the proper rewinding practices 

cannot be assured, the damaged motor 
should be replaced with a new, efficient one 
rather than suffer the significant efficiency 
the penalty associated with typical rewind 
practices. Rewinding practices from BEE 
guideline for energy efficient motors shall be 
followed.  
g) Certificates shall be obtained and kept on 
record indicating the motor efficiency. 
Whenever a motor is rewound, appropriate 
measures shall be taken so that the core 
characteristics of the motor is not lost due to 
thermal and mechanical stress during 
removal of damaged parts. After rewinding, 

a new efficiency test shall be performed and 
a similar record shall be maintained.

7.2.3 Diesel Generator (DG) sets
DG sets are used for power backup in 
buildings. Additionally, it could also be 
used to generate power for peak load 
application. Using diesel as the fuel, the 
generator converts mechanical energy into 
electrical energy.  DG sets can be located 
inside the building or outside. 
 
Energy efficiency in a DG set
The Star Labeling program of the Bureau of 
Energy Efficiency (BEE) determines the 
energy performance for various appliances 

and equipment. The Star Label provides 
consumer the information about energy 
saving and, thereby, cost-saving potential of 
the relevant marketed product. With the 
display of the information on the product, 
consumer can make the right choice. Star 
rating or star level means the grade of 
energy efficiency based on specific fuel 
consumption (SFC) in g/kWh (electrical 
unit) displayed on the label of the generating 
set. More stars are equivalent to better 
energy performance. The available stars are 
between a minimum of one and a maximum 

 

of five shown in Table 7.2a.
Table 7.2a BEE star rating for DG systems 
(Source-BEE star rating for DG sets)
BEE star rated DG sets shall be used in all 
compliant buildings. DG sets in buildings 
greater than 20,000 m² BUA shall have: 
a) Minimum 3 stars rating in ECBC Builings 
b) Minimum 4 stars rating in ECBC+ 
Buildings 
c) Minimum 5 stars rating in Super ECBC 
Buildings

7.2.4 Check-Metering and Monitoring
A significant barrier to achieving energy 
efficiency during the operation of a building 
is inadequate metering systems and 
monitoring plans. Building operators cannot 
be expected to manage energy if they cannot 
measure energy use. To improve a 
building’s energy performance over its 
operating life, and optimize the 
energy-efficient requirements, the Code 

requires that the building’s performance to 
be measured.
Metering is about having information that 
allows energy managers to analyze and 
track changes in energy demand and, 
therefore, to manage their energy use more 
effectively.  Energy metering is not a new 
concept and has been used by large 
energy-intensive buildings for many years 
to monitor energy consumption.  
a) Services exceeding 1000 kVA shall have 
permanently installed electrical metering to 
record demand (kVA), energy (kWh), and 
total power factor. The metering shall also 
display current (in each phase and the 
neutral), voltage (between phases and 

between each phase and neutral), and total 
harmonic distortion (THD) as a percentage 
of total current.  
b) Services not exceeding 1000 kVA but over 
65 kVA shall have permanently installed 
electric metering to record demand (kW), 
energy (kWh), and total power factor (or 
kVARh). 
c) Services not exceeding 65 kVA shall have 
permanently installed electrical metering to 
record energy (kWh).
d) In case of tenant-based buildings, 
metering should be provided at a location 
from where each tenant could attach the 
services.

7.2.5 Power Factor Correction
Power Factor is the ratio between the useful 
(true) power (kW) to the total (apparent) 
power (kVA) consumed by electrical 
equipment or a complete electrical 
installation. It is a measure of how efficiently 

electrical power is converted into useful 
work output. The ideal power factor is 
unity, or one. Anything less than one means 
that extra power is required to achieve the 
actual task at hand. Inductive loads require 
reactive power to create magnetizing fields 
to perform the desired function. This 
reactive power causes the power factor to 
reduce. Increasing the power factor is 
required to achieve energy efficiency.
All 3 phase shall maintain their power factor 
at the point of connection as follows: 
(a)  0.97 for ECBC Building 
(b)  0.98 for ECBC+ building 
(c)  0.99 for Super ECBC building
   

7.2.6 Power Distribution Systems
Power distribution systems are the network 
of wires or cables that distribute power to all 
the end-uses in a building from the point of 
supply. For a given load, energy losses 
depend on the size and material of the wires, 
the length of wires and the overall circuit 
design.
There are distribution losses due to heat 
generated by friction in the cables. The 
longer and thicker the wire, more is the heat 
loss. Further material of the cable itself offers 
some friction depending on how good a 
conductor it is. An engineer or contractor 
can demonstrate real savings as well as the 
advantages of lower heat generated and 
increased flexibility of the installation with a 
properly sized distribution system. In 
addition, when less heat is generated, the 
result is reduced energy requirements for 
fans and air conditioning systems.
The power cabling shall be sized so that the 

distribution losses do not exceed:  
(a)  3% of the total power usage in ECBC 
Buildings 
(b)  2% of the total power usage in ECBC+ 
Buildings 
(c)  1% of total power usage in Super ECBC 
Buildings 
Record of design calculation for the losses 
shall be maintained. The load calculation 
shall be calculated up to the panel level.
 
7.2.7 Uninterruptible Power Supply (UPS)
UPS provides backup power when utility 
power fails, either long enough for critical 
equipment to shut down properly so that no 
data is lost, or long enough to keep required 
loads operational until a generator comes 
online. Along with backup power, it 
conditions incoming power so that quality 
power reaches to the load. It is commonly 
used to dedicatedly serve critical loads such 
as computers, servers, routers and other IT 
loads.  These losses in the system occur due 

to internal circuitry of the UPS system. 
Generally, UPS has efficiency equal or 
greater than 90%. For some UPS, it could 
reach up to 97%.
As per the Code,
In all buildings, UPS shall meet or exceed 
the energy efficiency requirements listed in 
Table 7.4. Any Standards and Labeling 
program by BEE shall take precedence over 
requirements listed in this section.

7.2.8 Renewable Energy Systems
Using fossil fuels like coal and oil for energy 
production has two primary issues. It is a 
finite natural resource, and burning them 
causes greenhouse gas emissions that are 
responsible for climate change. The energy 
produced using natural sources like solar, 
wind, hydro, bioenergy and geothermal etc., 
are called as renewable energy systems. 
These sources are renewed in the natural 
process and since there is no burning 
involved, they are a clean source of energy. 

Moreover, reliable energy supply is the 
major factor for the socio-economic 
development of society.  Further, using 
renewable energy promoted sustainable 
development.  
A major rooftop program for Solar 
Photovoltaic Power Project has been 
launched in the State under which these 
projects have been setup at various 
important government, institutional and 
religious buildings, namely Punjab Raj 
Bhawan, Punjab  Civil  Secretariat, Golden 
Temple, Wagah Border, Punjab Agricultural 
University (Ludhiana)  and Pushpa Gujral 
Science City (Kapurthala). Rooftop projects 
to be continuously promoted in all sectors in 
order to enhance the share of solar power in 
the State. All buildings shall have provisions 
for installation of renewable energy systems 
in the future on rooftops or the site.
   
7.2.8.1 Renewable Energy Generating Zone 
(REGZ) 
a) A dedicated REGZ equivalent to at least 
25% of roof area or area required for 
generation of energy equivalent to 1% of 
total peak demand or a connected load of the 
building, whichever is less, shall be 
provided in all buildings.  
b) The REGZ shall be free of any 
obstructions within its boundaries and from 
the shadow cast by objects adjacent to the 
zone.
c) ECBC+ and Super ECBC building shall 
fulfill the additional requirements listed in 
the Table respectively.
Exception to 7.2.8.1: Projects with solar hot 
water and/ or solar power generation 
systems.

7.2.8.2 Main Electrical Service Panel
Integration of solar electric systems in the 
future requires planning at the main 
electrical panel as well. As per the Code, the 
minimum rating shall be displayed on the 
main electrical service panel. Space shall be 
reserved for the installation of a double pole 
circuit breaker for a future solar electric 
installation.
  
7.2.8.3 Demarcation on Documents
The Code requires that the provision for 
renewables is clearly shown in the design 
and construction documents in terms of 
space, structured as well as supporting 
services like electrical and plumbing. 
The following shall be indicated in design 
and construction documents: 
a) Location for inverters and metering 
equipment, 

b) Pathway for routing of conduit from the 
REGZ to the point of interconnection with 
the electrical service, 
c) Routing of plumbing from the REGZ to 
the water-heating system and, 
d) Structural design loads for roof dead and 
live load.
 
1. Question:
A 10-Watt light bulb is being used for 100 
hours. What is total energy use of the lamp 
and what is the power rating?

Answer:
The power rating of the light bulb is 
10W.The rate at which this power will be 
used, will determine the energy use.  
Energy used = Power x Time = 10 x 100 = 
1000 watt-hours or 1kWh 
(Note: This is a simplified example to 
explain the concept)

2. Question:
Find the daily energy consumption of the 
listed equipment, if they are used for the 
length of time shown. 
• Split AC (3500 W) – 5 hours 
• Coffee maker (500 W) – 6 hours
• Computer (75 W) – 12 hours 
• Microwave (1000 W) – 2 hours

Answer: 
• Split AC  3500 W = 3.5 kW x 5 = 17.5 kWh 
• Coffee maker 500 W = 0.5 kW x 6 = 3 kWh 
• Computer 75 W = 0.075 kW x 12 = 0.9 kWh 
• Microwave 1000 W = 1 kW x 2 = 2 kWh 
• Total daily energy consumption  = 23.4 
kWh
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120 kVA to 250 kVA Greater than 250 kVA

the minimum requirement for metering of electrical load

Energy kWh Required Required

Demand kVA Required Required

Total power factor Required Required

the minimum requirement for the  separation of electrical load

components
Required Required

Interior and Exterior 
Lighting *

Not Required Required

Domestic hot water Not Required Required

Plug loads Not Required Required

Renewable power source Required Required

Mandatory requirement for building type over the requirement stated above

Shopping Complex Façade Lighting Elevator, escalators, moving walks

Business Data Centers

Commercial 
Kitchens

metering requirements.

Section:
Mandatory:
• Transformer
• Energy efficient motors
• Diesel generator sets
• Check metering and monitoring
• Power factor correction
• Power distribution system
• Uninterruptible power supply
• Renewable energy systems

7.1 General:
Electricity is integral to our lives and 
determines how we live today. Most 
modern buildings today are completely 
dependent on electricity for normal 
operations.  Hence  that designers must be 
familiar with the basic concepts and 
equipment of regular electrical systems.

7.2 Mandatory requirements
7.2.1 Transformer
The transformer has made long-range 
electric power distribution practical.  The 
transformer is the equipment that steps the 
voltage up or down. It only works with AC 
supply and not with DC.  Transformers can 
be pole-mounted or pad-mounted on the 
ground. It is a common practice to install a 
transformer outside the building, but it can 
be installed inside as well. Power 
transmitted from the power plant, is in the 
form of a high-tension voltage (11kV voltage 
are: 
a) Reduced conductor size and investment 
on conductors. 
b) Reduced transmission losses and voltage 
drop.
At the user end, equipment with various 

voltage ratings is used for diffrent 
applications. Hence, the transmitted voltage 
is first stepped down from 11 kV to 230V 
through distribution transformers and then 
the power supply is distributed to the 
various sections and equipment. 
Distribution transformers are used normally 
in all commercial buildings. They are kept 
energized around the clock providing 
power to the building’s electrical 
equipment. Distribution transformers 
consume energy even when the building is 
not occupied or its equipment are not 
operating, resulting in energy loss.

7.2.1.1 Maximum Allowable Power 
Transformer Losses
Power transformers of the proper ratings 
and design must be selected to satisfy the 
minimum acceptable efficiency at 50% and 
full load rating.   
a) 5% of the maximum total loss values 
mentioned in IS 1180 for oil type 
transformers in voltage class above 11 kV 
but not more than 22 kV.
b) 7.5% of the maximum total loss values 
mentioned in IS 1180 for oil type 
transformers in voltage class above 22 kV 
and up to and including 33 kV. 

c) Values listed in Table 7.1 for dry-type 
transformers and Table 7.2 for oil type 
transformer.

7.2.1.2 Measurement and Reporting of 
Transformer Losses
Current transformer (CT) is used to measure 
current and Potential transformer (PT) is 
used to measure voltage. These instrument 
transformers are used primarily for 
measuring losses. All measurement of losses 
shall be carried out by using calibrated 
digital meters of class 0.5 or better accuracy 
and certified by the manufacturer. All 
transformers of the capacity of 500 kVA and 
above would be equipped with additional 
metering class current transformers (CTs) 
and potential transformers (PTs) additional 
to requirements of Utilities so that periodic 
loss monitoring study may be carried out.

7.2.1.3 Voltage Drop
The Voltage drop in the electrical system is 
the direct indicator of the system resistance. 
It represents the energy loss in the system 
which is dissipated in the form of heat.  As 
the length of the wire increases, its resistance 
increases. Therefore, the higher the 
resistance(R) more will be the voltage drop. 

If the current increases, there will be further 
losses. The voltage drop for feeders shall not 
exceed 2% at design load. Voltage drop for 
branch circuit shall not exceed 3% at design 
load. 
 
7.2.2 Energy Efficient Motors
Motors convert electrical energy into 
mechanic energy. In a commercial building, 
motors find diverse applications such as 
fans, blowers, condensers, cooling towers 

and many others.  
Electric motors may be classified by the 
source of electric power, by their internal 
construction, and by their application. 
Motors can use either AC or DC supply. 

Motors shall comply with the following:
a) Three-phase induction motors shall 
conform to Indian Standard (IS) 12615 and 
shall  fulfill the following efficiency 
requirements: 

I. ECBC Buildings shall have motors of IE 2 
(high efficiency) class or a higher class 
II. ECBC+ Buildings shall have IE 3 
(premium efficiency) class motors or higher 
class 
III. Super ECBC Buildings shall have IE 4 
(super premium efficiency) class motors  
b) All permanently wired polyphase motors 
of 0.375 kW or more serving the building 
and expected to operate more than 1,500 
hours per year and all permanently wired 
polyphase motors of 50kW or more serving 
the building and expected to operate more 
than 500 hours per year, shall have a 

minimum acceptable nominal full load 
motor efficiency not less than levels 
specified in the latest version of IS 12615. 
c) Motors of horsepower differing from 
those listed in the table shall have efficiency 
greater than that of the next listed kW 
motor. 
d) Motor horsepower ratings shall not 
exceed 20% of the calculated maximum load 
being served.
e) Motor nameplates shall list the nominal 
full-load motor efficiencies and the full-load 
power factor. 
f) Motor users should insist on proper 
rewinding practices for any rewound 
motors. the proper rewinding practices 

cannot be assured, the damaged motor 
should be replaced with a new, efficient one 
rather than suffer the significant efficiency 
the penalty associated with typical rewind 
practices. Rewinding practices from BEE 
guideline for energy efficient motors shall be 
followed.  
g) Certificates shall be obtained and kept on 
record indicating the motor efficiency. 
Whenever a motor is rewound, appropriate 
measures shall be taken so that the core 
characteristics of the motor is not lost due to 
thermal and mechanical stress during 
removal of damaged parts. After rewinding, 

a new efficiency test shall be performed and 
a similar record shall be maintained.

7.2.3 Diesel Generator (DG) sets
DG sets are used for power backup in 
buildings. Additionally, it could also be 
used to generate power for peak load 
application. Using diesel as the fuel, the 
generator converts mechanical energy into 
electrical energy.  DG sets can be located 
inside the building or outside. 
 
Energy efficiency in a DG set
The Star Labeling program of the Bureau of 
Energy Efficiency (BEE) determines the 
energy performance for various appliances 

and equipment. The Star Label provides 
consumer the information about energy 
saving and, thereby, cost-saving potential of 
the relevant marketed product. With the 
display of the information on the product, 
consumer can make the right choice. Star 
rating or star level means the grade of 
energy efficiency based on specific fuel 
consumption (SFC) in g/kWh (electrical 
unit) displayed on the label of the generating 
set. More stars are equivalent to better 
energy performance. The available stars are 
between a minimum of one and a maximum 

Star 
level 

Specific Fuel Consump�on 
(SFC) in g/kWh 

1 >302 & ≤336 
2 >272 & ≤302 
3 >245 & ≤272 
4 >220 & ≤245 
5 ≤220 

of five shown in Table 7.2a.
Table 7.2a BEE star rating for DG systems 
(Source-BEE star rating for DG sets)
BEE star rated DG sets shall be used in all 
compliant buildings. DG sets in buildings 
greater than 20,000 m² BUA shall have: 
a) Minimum 3 stars rating in ECBC Builings 
b) Minimum 4 stars rating in ECBC+ 
Buildings 
c) Minimum 5 stars rating in Super ECBC 
Buildings

7.2.4 Check-Metering and Monitoring
A significant barrier to achieving energy 
efficiency during the operation of a building 
is inadequate metering systems and 
monitoring plans. Building operators cannot 
be expected to manage energy if they cannot 
measure energy use. To improve a 
building’s energy performance over its 
operating life, and optimize the 
energy-efficient requirements, the Code 

requires that the building’s performance to 
be measured.
Metering is about having information that 
allows energy managers to analyze and 
track changes in energy demand and, 
therefore, to manage their energy use more 
effectively.  Energy metering is not a new 
concept and has been used by large 
energy-intensive buildings for many years 
to monitor energy consumption.  
a) Services exceeding 1000 kVA shall have 
permanently installed electrical metering to 
record demand (kVA), energy (kWh), and 
total power factor. The metering shall also 
display current (in each phase and the 
neutral), voltage (between phases and 

between each phase and neutral), and total 
harmonic distortion (THD) as a percentage 
of total current.  
b) Services not exceeding 1000 kVA but over 
65 kVA shall have permanently installed 
electric metering to record demand (kW), 
energy (kWh), and total power factor (or 
kVARh). 
c) Services not exceeding 65 kVA shall have 
permanently installed electrical metering to 
record energy (kWh).
d) In case of tenant-based buildings, 
metering should be provided at a location 
from where each tenant could attach the 
services.

7.2.5 Power Factor Correction
Power Factor is the ratio between the useful 
(true) power (kW) to the total (apparent) 
power (kVA) consumed by electrical 
equipment or a complete electrical 
installation. It is a measure of how efficiently 

electrical power is converted into useful 
work output. The ideal power factor is 
unity, or one. Anything less than one means 
that extra power is required to achieve the 
actual task at hand. Inductive loads require 
reactive power to create magnetizing fields 
to perform the desired function. This 
reactive power causes the power factor to 
reduce. Increasing the power factor is 
required to achieve energy efficiency.
All 3 phase shall maintain their power factor 
at the point of connection as follows: 
(a)  0.97 for ECBC Building 
(b)  0.98 for ECBC+ building 
(c)  0.99 for Super ECBC building
   

7.2.6 Power Distribution Systems
Power distribution systems are the network 
of wires or cables that distribute power to all 
the end-uses in a building from the point of 
supply. For a given load, energy losses 
depend on the size and material of the wires, 
the length of wires and the overall circuit 
design.
There are distribution losses due to heat 
generated by friction in the cables. The 
longer and thicker the wire, more is the heat 
loss. Further material of the cable itself offers 
some friction depending on how good a 
conductor it is. An engineer or contractor 
can demonstrate real savings as well as the 
advantages of lower heat generated and 
increased flexibility of the installation with a 
properly sized distribution system. In 
addition, when less heat is generated, the 
result is reduced energy requirements for 
fans and air conditioning systems.
The power cabling shall be sized so that the 

distribution losses do not exceed:  
(a)  3% of the total power usage in ECBC 
Buildings 
(b)  2% of the total power usage in ECBC+ 
Buildings 
(c)  1% of total power usage in Super ECBC 
Buildings 
Record of design calculation for the losses 
shall be maintained. The load calculation 
shall be calculated up to the panel level.
 
7.2.7 Uninterruptible Power Supply (UPS)
UPS provides backup power when utility 
power fails, either long enough for critical 
equipment to shut down properly so that no 
data is lost, or long enough to keep required 
loads operational until a generator comes 
online. Along with backup power, it 
conditions incoming power so that quality 
power reaches to the load. It is commonly 
used to dedicatedly serve critical loads such 
as computers, servers, routers and other IT 
loads.  These losses in the system occur due 

to internal circuitry of the UPS system. 
Generally, UPS has efficiency equal or 
greater than 90%. For some UPS, it could 
reach up to 97%.
As per the Code,
In all buildings, UPS shall meet or exceed 
the energy efficiency requirements listed in 
Table 7.4. Any Standards and Labeling 
program by BEE shall take precedence over 
requirements listed in this section.

7.2.8 Renewable Energy Systems
Using fossil fuels like coal and oil for energy 
production has two primary issues. It is a 
finite natural resource, and burning them 
causes greenhouse gas emissions that are 
responsible for climate change. The energy 
produced using natural sources like solar, 
wind, hydro, bioenergy and geothermal etc., 
are called as renewable energy systems. 
These sources are renewed in the natural 
process and since there is no burning 
involved, they are a clean source of energy. 

Moreover, reliable energy supply is the 
major factor for the socio-economic 
development of society.  Further, using 
renewable energy promoted sustainable 
development.  
A major rooftop program for Solar 
Photovoltaic Power Project has been 
launched in the State under which these 
projects have been setup at various 
important government, institutional and 
religious buildings, namely Punjab Raj 
Bhawan, Punjab  Civil  Secretariat, Golden 
Temple, Wagah Border, Punjab Agricultural 
University (Ludhiana)  and Pushpa Gujral 
Science City (Kapurthala). Rooftop projects 
to be continuously promoted in all sectors in 
order to enhance the share of solar power in 
the State. All buildings shall have provisions 
for installation of renewable energy systems 
in the future on rooftops or the site.
   
7.2.8.1 Renewable Energy Generating Zone 
(REGZ) 
a) A dedicated REGZ equivalent to at least 
25% of roof area or area required for 
generation of energy equivalent to 1% of 
total peak demand or a connected load of the 
building, whichever is less, shall be 
provided in all buildings.  
b) The REGZ shall be free of any 
obstructions within its boundaries and from 
the shadow cast by objects adjacent to the 
zone.
c) ECBC+ and Super ECBC building shall 
fulfill the additional requirements listed in 
the Table respectively.
Exception to 7.2.8.1: Projects with solar hot 
water and/ or solar power generation 
systems.

7.2.8.2 Main Electrical Service Panel
Integration of solar electric systems in the 
future requires planning at the main 
electrical panel as well. As per the Code, the 
minimum rating shall be displayed on the 
main electrical service panel. Space shall be 
reserved for the installation of a double pole 
circuit breaker for a future solar electric 
installation.
  
7.2.8.3 Demarcation on Documents
The Code requires that the provision for 
renewables is clearly shown in the design 
and construction documents in terms of 
space, structured as well as supporting 
services like electrical and plumbing. 
The following shall be indicated in design 
and construction documents: 
a) Location for inverters and metering 
equipment, 

b) Pathway for routing of conduit from the 
REGZ to the point of interconnection with 
the electrical service, 
c) Routing of plumbing from the REGZ to 
the water-heating system and, 
d) Structural design loads for roof dead and 
live load.
 
1. Question:
A 10-Watt light bulb is being used for 100 
hours. What is total energy use of the lamp 
and what is the power rating?

Answer:
The power rating of the light bulb is 
10W.The rate at which this power will be 
used, will determine the energy use.  
Energy used = Power x Time = 10 x 100 = 
1000 watt-hours or 1kWh 
(Note: This is a simplified example to 
explain the concept)

2. Question:
Find the daily energy consumption of the 
listed equipment, if they are used for the 
length of time shown. 
• Split AC (3500 W) – 5 hours 
• Coffee maker (500 W) – 6 hours
• Computer (75 W) – 12 hours 
• Microwave (1000 W) – 2 hours

Answer: 
• Split AC  3500 W = 3.5 kW x 5 = 17.5 kWh 
• Coffee maker 500 W = 0.5 kW x 6 = 3 kWh 
• Computer 75 W = 0.075 kW x 12 = 0.9 kWh 
• Microwave 1000 W = 1 kW x 2 = 2 kWh 
• Total daily energy consumption  = 23.4 
kWh
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DG systems 
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kW=812

kV
A

r=828-
625=203kVA=837

kW=812

kVA
r=828

kVA=1160

Example: 

kVA transformer. The initial demand of 
the plant was 1160 kVA with power factor
 of 0.70. The % loading of transformer
was about 78% (1160/1500 = 77.3%) 
To improve the power factor and to avoid 
the penalty, the unit had added about 625 
kVAr in the reactive load end. This im-
proved the power factor to 0.97, and re-
duced the required kVA to 837, which is 
the vector sum of kW and kVAr.
After improvement the plant has avoided 
penalty and the 1500 kVA transformer is 
now loaded only at 55.8% of capacity. This 
will allow the addition of more loads in the 
future to be supplied by the transformer.

-

Section:
Mandatory:
• Transformer
• Energy efficient motors
• Diesel generator sets
• Check metering and monitoring
• Power factor correction
• Power distribution system
• Uninterruptible power supply
• Renewable energy systems

7.1 General:
Electricity is integral to our lives and 
determines how we live today. Most 
modern buildings today are completely 
dependent on electricity for normal 
operations.  Hence  that designers must be 
familiar with the basic concepts and 
equipment of regular electrical systems.

7.2 Mandatory requirements
7.2.1 Transformer
The transformer has made long-range 
electric power distribution practical.  The 
transformer is the equipment that steps the 
voltage up or down. It only works with AC 
supply and not with DC.  Transformers can 
be pole-mounted or pad-mounted on the 
ground. It is a common practice to install a 
transformer outside the building, but it can 
be installed inside as well. Power 
transmitted from the power plant, is in the 
form of a high-tension voltage (11kV voltage 
are: 
a) Reduced conductor size and investment 
on conductors. 
b) Reduced transmission losses and voltage 
drop.
At the user end, equipment with various 

voltage ratings is used for diffrent 
applications. Hence, the transmitted voltage 
is first stepped down from 11 kV to 230V 
through distribution transformers and then 
the power supply is distributed to the 
various sections and equipment. 
Distribution transformers are used normally 
in all commercial buildings. They are kept 
energized around the clock providing 
power to the building’s electrical 
equipment. Distribution transformers 
consume energy even when the building is 
not occupied or its equipment are not 
operating, resulting in energy loss.

7.2.1.1 Maximum Allowable Power 
Transformer Losses
Power transformers of the proper ratings 
and design must be selected to satisfy the 
minimum acceptable efficiency at 50% and 
full load rating.   
a) 5% of the maximum total loss values 
mentioned in IS 1180 for oil type 
transformers in voltage class above 11 kV 
but not more than 22 kV.
b) 7.5% of the maximum total loss values 
mentioned in IS 1180 for oil type 
transformers in voltage class above 22 kV 
and up to and including 33 kV. 

c) Values listed in Table 7.1 for dry-type 
transformers and Table 7.2 for oil type 
transformer.

7.2.1.2 Measurement and Reporting of 
Transformer Losses
Current transformer (CT) is used to measure 
current and Potential transformer (PT) is 
used to measure voltage. These instrument 
transformers are used primarily for 
measuring losses. All measurement of losses 
shall be carried out by using calibrated 
digital meters of class 0.5 or better accuracy 
and certified by the manufacturer. All 
transformers of the capacity of 500 kVA and 
above would be equipped with additional 
metering class current transformers (CTs) 
and potential transformers (PTs) additional 
to requirements of Utilities so that periodic 
loss monitoring study may be carried out.

7.2.1.3 Voltage Drop
The Voltage drop in the electrical system is 
the direct indicator of the system resistance. 
It represents the energy loss in the system 
which is dissipated in the form of heat.  As 
the length of the wire increases, its resistance 
increases. Therefore, the higher the 
resistance(R) more will be the voltage drop. 

If the current increases, there will be further 
losses. The voltage drop for feeders shall not 
exceed 2% at design load. Voltage drop for 
branch circuit shall not exceed 3% at design 
load. 
 
7.2.2 Energy Efficient Motors
Motors convert electrical energy into 
mechanic energy. In a commercial building, 
motors find diverse applications such as 
fans, blowers, condensers, cooling towers 

and many others.  
Electric motors may be classified by the 
source of electric power, by their internal 
construction, and by their application. 
Motors can use either AC or DC supply. 

Motors shall comply with the following:
a) Three-phase induction motors shall 
conform to Indian Standard (IS) 12615 and 
shall  fulfill the following efficiency 
requirements: 

I. ECBC Buildings shall have motors of IE 2 
(high efficiency) class or a higher class 
II. ECBC+ Buildings shall have IE 3 
(premium efficiency) class motors or higher 
class 
III. Super ECBC Buildings shall have IE 4 
(super premium efficiency) class motors  
b) All permanently wired polyphase motors 
of 0.375 kW or more serving the building 
and expected to operate more than 1,500 
hours per year and all permanently wired 
polyphase motors of 50kW or more serving 
the building and expected to operate more 
than 500 hours per year, shall have a 

minimum acceptable nominal full load 
motor efficiency not less than levels 
specified in the latest version of IS 12615. 
c) Motors of horsepower differing from 
those listed in the table shall have efficiency 
greater than that of the next listed kW 
motor. 
d) Motor horsepower ratings shall not 
exceed 20% of the calculated maximum load 
being served.
e) Motor nameplates shall list the nominal 
full-load motor efficiencies and the full-load 
power factor. 
f) Motor users should insist on proper 
rewinding practices for any rewound 
motors. the proper rewinding practices 

cannot be assured, the damaged motor 
should be replaced with a new, efficient one 
rather than suffer the significant efficiency 
the penalty associated with typical rewind 
practices. Rewinding practices from BEE 
guideline for energy efficient motors shall be 
followed.  
g) Certificates shall be obtained and kept on 
record indicating the motor efficiency. 
Whenever a motor is rewound, appropriate 
measures shall be taken so that the core 
characteristics of the motor is not lost due to 
thermal and mechanical stress during 
removal of damaged parts. After rewinding, 

a new efficiency test shall be performed and 
a similar record shall be maintained.

7.2.3 Diesel Generator (DG) sets
DG sets are used for power backup in 
buildings. Additionally, it could also be 
used to generate power for peak load 
application. Using diesel as the fuel, the 
generator converts mechanical energy into 
electrical energy.  DG sets can be located 
inside the building or outside. 
 
Energy efficiency in a DG set
The Star Labeling program of the Bureau of 
Energy Efficiency (BEE) determines the 
energy performance for various appliances 

and equipment. The Star Label provides 
consumer the information about energy 
saving and, thereby, cost-saving potential of 
the relevant marketed product. With the 
display of the information on the product, 
consumer can make the right choice. Star 
rating or star level means the grade of 
energy efficiency based on specific fuel 
consumption (SFC) in g/kWh (electrical 
unit) displayed on the label of the generating 
set. More stars are equivalent to better 
energy performance. The available stars are 
between a minimum of one and a maximum 

of five shown in Table 7.2a.
Table 7.2a BEE star rating for DG systems 
(Source-BEE star rating for DG sets)
BEE star rated DG sets shall be used in all 
compliant buildings. DG sets in buildings 
greater than 20,000 m² BUA shall have: 
a) Minimum 3 stars rating in ECBC Builings 
b) Minimum 4 stars rating in ECBC+ 
Buildings 
c) Minimum 5 stars rating in Super ECBC 
Buildings

7.2.4 Check-Metering and Monitoring
A significant barrier to achieving energy 
efficiency during the operation of a building 
is inadequate metering systems and 
monitoring plans. Building operators cannot 
be expected to manage energy if they cannot 
measure energy use. To improve a 
building’s energy performance over its 
operating life, and optimize the 
energy-efficient requirements, the Code 

requires that the building’s performance to 
be measured.
Metering is about having information that 
allows energy managers to analyze and 
track changes in energy demand and, 
therefore, to manage their energy use more 
effectively.  Energy metering is not a new 
concept and has been used by large 
energy-intensive buildings for many years 
to monitor energy consumption.  
a) Services exceeding 1000 kVA shall have 
permanently installed electrical metering to 
record demand (kVA), energy (kWh), and 
total power factor. The metering shall also 
display current (in each phase and the 
neutral), voltage (between phases and 

between each phase and neutral), and total 
harmonic distortion (THD) as a percentage 
of total current.  
b) Services not exceeding 1000 kVA but over 
65 kVA shall have permanently installed 
electric metering to record demand (kW), 
energy (kWh), and total power factor (or 
kVARh). 
c) Services not exceeding 65 kVA shall have 
permanently installed electrical metering to 
record energy (kWh).
d) In case of tenant-based buildings, 
metering should be provided at a location 
from where each tenant could attach the 
services.

7.2.5 Power Factor Correction
Power Factor is the ratio between the useful 
(true) power (kW) to the total (apparent) 
power (kVA) consumed by electrical 
equipment or a complete electrical 
installation. It is a measure of how efficiently 

electrical power is converted into useful 
work output. The ideal power factor is 
unity, or one. Anything less than one means 
that extra power is required to achieve the 
actual task at hand. Inductive loads require 
reactive power to create magnetizing fields 
to perform the desired function. This 
reactive power causes the power factor to 
reduce. Increasing the power factor is 
required to achieve energy efficiency.
All 3 phase shall maintain their power factor 
at the point of connection as follows: 
(a)  0.97 for ECBC Building 
(b)  0.98 for ECBC+ building 
(c)  0.99 for Super ECBC building
   

7.2.6 Power Distribution Systems
Power distribution systems are the network 
of wires or cables that distribute power to all 
the end-uses in a building from the point of 
supply. For a given load, energy losses 
depend on the size and material of the wires, 
the length of wires and the overall circuit 
design.
There are distribution losses due to heat 
generated by friction in the cables. The 
longer and thicker the wire, more is the heat 
loss. Further material of the cable itself offers 
some friction depending on how good a 
conductor it is. An engineer or contractor 
can demonstrate real savings as well as the 
advantages of lower heat generated and 
increased flexibility of the installation with a 
properly sized distribution system. In 
addition, when less heat is generated, the 
result is reduced energy requirements for 
fans and air conditioning systems.
The power cabling shall be sized so that the 

distribution losses do not exceed:  
(a)  3% of the total power usage in ECBC 
Buildings 
(b)  2% of the total power usage in ECBC+ 
Buildings 
(c)  1% of total power usage in Super ECBC 
Buildings 
Record of design calculation for the losses 
shall be maintained. The load calculation 
shall be calculated up to the panel level.
 
7.2.7 Uninterruptible Power Supply (UPS)
UPS provides backup power when utility 
power fails, either long enough for critical 
equipment to shut down properly so that no 
data is lost, or long enough to keep required 
loads operational until a generator comes 
online. Along with backup power, it 
conditions incoming power so that quality 
power reaches to the load. It is commonly 
used to dedicatedly serve critical loads such 
as computers, servers, routers and other IT 
loads.  These losses in the system occur due 

to internal circuitry of the UPS system. 
Generally, UPS has efficiency equal or 
greater than 90%. For some UPS, it could 
reach up to 97%.
As per the Code,
In all buildings, UPS shall meet or exceed 
the energy efficiency requirements listed in 
Table 7.4. Any Standards and Labeling 
program by BEE shall take precedence over 
requirements listed in this section.

7.2.8 Renewable Energy Systems
Using fossil fuels like coal and oil for energy 
production has two primary issues. It is a 
finite natural resource, and burning them 
causes greenhouse gas emissions that are 
responsible for climate change. The energy 
produced using natural sources like solar, 
wind, hydro, bioenergy and geothermal etc., 
are called as renewable energy systems. 
These sources are renewed in the natural 
process and since there is no burning 
involved, they are a clean source of energy. 

Moreover, reliable energy supply is the 
major factor for the socio-economic 
development of society.  Further, using 
renewable energy promoted sustainable 
development.  
A major rooftop program for Solar 
Photovoltaic Power Project has been 
launched in the State under which these 
projects have been setup at various 
important government, institutional and 
religious buildings, namely Punjab Raj 
Bhawan, Punjab  Civil  Secretariat, Golden 
Temple, Wagah Border, Punjab Agricultural 
University (Ludhiana)  and Pushpa Gujral 
Science City (Kapurthala). Rooftop projects 
to be continuously promoted in all sectors in 
order to enhance the share of solar power in 
the State. All buildings shall have provisions 
for installation of renewable energy systems 
in the future on rooftops or the site.
   
7.2.8.1 Renewable Energy Generating Zone 
(REGZ) 
a) A dedicated REGZ equivalent to at least 
25% of roof area or area required for 
generation of energy equivalent to 1% of 
total peak demand or a connected load of the 
building, whichever is less, shall be 
provided in all buildings.  
b) The REGZ shall be free of any 
obstructions within its boundaries and from 
the shadow cast by objects adjacent to the 
zone.
c) ECBC+ and Super ECBC building shall 
fulfill the additional requirements listed in 
the Table respectively.
Exception to 7.2.8.1: Projects with solar hot 
water and/ or solar power generation 
systems.

7.2.8.2 Main Electrical Service Panel
Integration of solar electric systems in the 
future requires planning at the main 
electrical panel as well. As per the Code, the 
minimum rating shall be displayed on the 
main electrical service panel. Space shall be 
reserved for the installation of a double pole 
circuit breaker for a future solar electric 
installation.
  
7.2.8.3 Demarcation on Documents
The Code requires that the provision for 
renewables is clearly shown in the design 
and construction documents in terms of 
space, structured as well as supporting 
services like electrical and plumbing. 
The following shall be indicated in design 
and construction documents: 
a) Location for inverters and metering 
equipment, 

b) Pathway for routing of conduit from the 
REGZ to the point of interconnection with 
the electrical service, 
c) Routing of plumbing from the REGZ to 
the water-heating system and, 
d) Structural design loads for roof dead and 
live load.
 
1. Question:
A 10-Watt light bulb is being used for 100 
hours. What is total energy use of the lamp 
and what is the power rating?

Answer:
The power rating of the light bulb is 
10W.The rate at which this power will be 
used, will determine the energy use.  
Energy used = Power x Time = 10 x 100 = 
1000 watt-hours or 1kWh 
(Note: This is a simplified example to 
explain the concept)

2. Question:
Find the daily energy consumption of the 
listed equipment, if they are used for the 
length of time shown. 
• Split AC (3500 W) – 5 hours 
• Coffee maker (500 W) – 6 hours
• Computer (75 W) – 12 hours 
• Microwave (1000 W) – 2 hours

Answer: 
• Split AC  3500 W = 3.5 kW x 5 = 17.5 kWh 
• Coffee maker 500 W = 0.5 kW x 6 = 3 kWh 
• Computer 75 W = 0.075 kW x 12 = 0.9 kWh 
• Microwave 1000 W = 1 kW x 2 = 2 kWh 
• Total daily energy consumption  = 23.4 
kWh

 

 

 



UPS Size -

kVA< 20

kVA>100

Table 7.4: Energy 

Requirements for 
UPS for ECBC, 
ECBC+, and 
Super ECBC 
building (Source: 
Table 7-4; ECBC 
2017)

 

 

Technical Manual on ECBC 2017 for the state of Punjab

Building Type Minimum Electricity to be Generated in REGZ

All building types except below

Resort > 12,500 m2

Building Type Minimum Electricity to be Generated in REGZ

All building types except below

Resort > 12,500 m2

Table 7.6: 
Minimum Solar 
Zone Area/
Renewable 
Energy 
Generating Zone 
Requirement 
for Super 
(Source: Table 
7-6; ECBC 2017)

Table 7.5: 
Minimum Solar 
Zone Area/ Renewable 
Energy Generating 
Zone Requirement for  
ECBC+ Building
(Source: Table 7-5; 
ECBC 2017)    

k
Section:
Mandatory:
• Transformer
• Energy efficient motors
• Diesel generator sets
• Check metering and monitoring
• Power factor correction
• Power distribution system
• Uninterruptible power supply
• Renewable energy systems

7.1 General:
Electricity is integral to our lives and 
determines how we live today. Most 
modern buildings today are completely 
dependent on electricity for normal 
operations.  Hence  that designers must be 
familiar with the basic concepts and 
equipment of regular electrical systems.

7.2 Mandatory requirements
7.2.1 Transformer
The transformer has made long-range 
electric power distribution practical.  The 
transformer is the equipment that steps the 
voltage up or down. It only works with AC 
supply and not with DC.  Transformers can 
be pole-mounted or pad-mounted on the 
ground. It is a common practice to install a 
transformer outside the building, but it can 
be installed inside as well. Power 
transmitted from the power plant, is in the 
form of a high-tension voltage (11kV voltage 
are: 
a) Reduced conductor size and investment 
on conductors. 
b) Reduced transmission losses and voltage 
drop.
At the user end, equipment with various 

voltage ratings is used for diffrent 
applications. Hence, the transmitted voltage 
is first stepped down from 11 kV to 230V 
through distribution transformers and then 
the power supply is distributed to the 
various sections and equipment. 
Distribution transformers are used normally 
in all commercial buildings. They are kept 
energized around the clock providing 
power to the building’s electrical 
equipment. Distribution transformers 
consume energy even when the building is 
not occupied or its equipment are not 
operating, resulting in energy loss.

7.2.1.1 Maximum Allowable Power 
Transformer Losses
Power transformers of the proper ratings 
and design must be selected to satisfy the 
minimum acceptable efficiency at 50% and 
full load rating.   
a) 5% of the maximum total loss values 
mentioned in IS 1180 for oil type 
transformers in voltage class above 11 kV 
but not more than 22 kV.
b) 7.5% of the maximum total loss values 
mentioned in IS 1180 for oil type 
transformers in voltage class above 22 kV 
and up to and including 33 kV. 

c) Values listed in Table 7.1 for dry-type 
transformers and Table 7.2 for oil type 
transformer.

7.2.1.2 Measurement and Reporting of 
Transformer Losses
Current transformer (CT) is used to measure 
current and Potential transformer (PT) is 
used to measure voltage. These instrument 
transformers are used primarily for 
measuring losses. All measurement of losses 
shall be carried out by using calibrated 
digital meters of class 0.5 or better accuracy 
and certified by the manufacturer. All 
transformers of the capacity of 500 kVA and 
above would be equipped with additional 
metering class current transformers (CTs) 
and potential transformers (PTs) additional 
to requirements of Utilities so that periodic 
loss monitoring study may be carried out.

7.2.1.3 Voltage Drop
The Voltage drop in the electrical system is 
the direct indicator of the system resistance. 
It represents the energy loss in the system 
which is dissipated in the form of heat.  As 
the length of the wire increases, its resistance 
increases. Therefore, the higher the 
resistance(R) more will be the voltage drop. 

If the current increases, there will be further 
losses. The voltage drop for feeders shall not 
exceed 2% at design load. Voltage drop for 
branch circuit shall not exceed 3% at design 
load. 
 
7.2.2 Energy Efficient Motors
Motors convert electrical energy into 
mechanic energy. In a commercial building, 
motors find diverse applications such as 
fans, blowers, condensers, cooling towers 

and many others.  
Electric motors may be classified by the 
source of electric power, by their internal 
construction, and by their application. 
Motors can use either AC or DC supply. 

Motors shall comply with the following:
a) Three-phase induction motors shall 
conform to Indian Standard (IS) 12615 and 
shall  fulfill the following efficiency 
requirements: 

I. ECBC Buildings shall have motors of IE 2 
(high efficiency) class or a higher class 
II. ECBC+ Buildings shall have IE 3 
(premium efficiency) class motors or higher 
class 
III. Super ECBC Buildings shall have IE 4 
(super premium efficiency) class motors  
b) All permanently wired polyphase motors 
of 0.375 kW or more serving the building 
and expected to operate more than 1,500 
hours per year and all permanently wired 
polyphase motors of 50kW or more serving 
the building and expected to operate more 
than 500 hours per year, shall have a 

minimum acceptable nominal full load 
motor efficiency not less than levels 
specified in the latest version of IS 12615. 
c) Motors of horsepower differing from 
those listed in the table shall have efficiency 
greater than that of the next listed kW 
motor. 
d) Motor horsepower ratings shall not 
exceed 20% of the calculated maximum load 
being served.
e) Motor nameplates shall list the nominal 
full-load motor efficiencies and the full-load 
power factor. 
f) Motor users should insist on proper 
rewinding practices for any rewound 
motors. the proper rewinding practices 

cannot be assured, the damaged motor 
should be replaced with a new, efficient one 
rather than suffer the significant efficiency 
the penalty associated with typical rewind 
practices. Rewinding practices from BEE 
guideline for energy efficient motors shall be 
followed.  
g) Certificates shall be obtained and kept on 
record indicating the motor efficiency. 
Whenever a motor is rewound, appropriate 
measures shall be taken so that the core 
characteristics of the motor is not lost due to 
thermal and mechanical stress during 
removal of damaged parts. After rewinding, 

a new efficiency test shall be performed and 
a similar record shall be maintained.

7.2.3 Diesel Generator (DG) sets
DG sets are used for power backup in 
buildings. Additionally, it could also be 
used to generate power for peak load 
application. Using diesel as the fuel, the 
generator converts mechanical energy into 
electrical energy.  DG sets can be located 
inside the building or outside. 
 
Energy efficiency in a DG set
The Star Labeling program of the Bureau of 
Energy Efficiency (BEE) determines the 
energy performance for various appliances 

and equipment. The Star Label provides 
consumer the information about energy 
saving and, thereby, cost-saving potential of 
the relevant marketed product. With the 
display of the information on the product, 
consumer can make the right choice. Star 
rating or star level means the grade of 
energy efficiency based on specific fuel 
consumption (SFC) in g/kWh (electrical 
unit) displayed on the label of the generating 
set. More stars are equivalent to better 
energy performance. The available stars are 
between a minimum of one and a maximum 

of five shown in Table 7.2a.
Table 7.2a BEE star rating for DG systems 
(Source-BEE star rating for DG sets)
BEE star rated DG sets shall be used in all 
compliant buildings. DG sets in buildings 
greater than 20,000 m² BUA shall have: 
a) Minimum 3 stars rating in ECBC Builings 
b) Minimum 4 stars rating in ECBC+ 
Buildings 
c) Minimum 5 stars rating in Super ECBC 
Buildings

7.2.4 Check-Metering and Monitoring
A significant barrier to achieving energy 
efficiency during the operation of a building 
is inadequate metering systems and 
monitoring plans. Building operators cannot 
be expected to manage energy if they cannot 
measure energy use. To improve a 
building’s energy performance over its 
operating life, and optimize the 
energy-efficient requirements, the Code 

requires that the building’s performance to 
be measured.
Metering is about having information that 
allows energy managers to analyze and 
track changes in energy demand and, 
therefore, to manage their energy use more 
effectively.  Energy metering is not a new 
concept and has been used by large 
energy-intensive buildings for many years 
to monitor energy consumption.  
a) Services exceeding 1000 kVA shall have 
permanently installed electrical metering to 
record demand (kVA), energy (kWh), and 
total power factor. The metering shall also 
display current (in each phase and the 
neutral), voltage (between phases and 

between each phase and neutral), and total 
harmonic distortion (THD) as a percentage 
of total current.  
b) Services not exceeding 1000 kVA but over 
65 kVA shall have permanently installed 
electric metering to record demand (kW), 
energy (kWh), and total power factor (or 
kVARh). 
c) Services not exceeding 65 kVA shall have 
permanently installed electrical metering to 
record energy (kWh).
d) In case of tenant-based buildings, 
metering should be provided at a location 
from where each tenant could attach the 
services.

7.2.5 Power Factor Correction
Power Factor is the ratio between the useful 
(true) power (kW) to the total (apparent) 
power (kVA) consumed by electrical 
equipment or a complete electrical 
installation. It is a measure of how efficiently 

electrical power is converted into useful 
work output. The ideal power factor is 
unity, or one. Anything less than one means 
that extra power is required to achieve the 
actual task at hand. Inductive loads require 
reactive power to create magnetizing fields 
to perform the desired function. This 
reactive power causes the power factor to 
reduce. Increasing the power factor is 
required to achieve energy efficiency.
All 3 phase shall maintain their power factor 
at the point of connection as follows: 
(a)  0.97 for ECBC Building 
(b)  0.98 for ECBC+ building 
(c)  0.99 for Super ECBC building
   

7.2.6 Power Distribution Systems
Power distribution systems are the network 
of wires or cables that distribute power to all 
the end-uses in a building from the point of 
supply. For a given load, energy losses 
depend on the size and material of the wires, 
the length of wires and the overall circuit 
design.
There are distribution losses due to heat 
generated by friction in the cables. The 
longer and thicker the wire, more is the heat 
loss. Further material of the cable itself offers 
some friction depending on how good a 
conductor it is. An engineer or contractor 
can demonstrate real savings as well as the 
advantages of lower heat generated and 
increased flexibility of the installation with a 
properly sized distribution system. In 
addition, when less heat is generated, the 
result is reduced energy requirements for 
fans and air conditioning systems.
The power cabling shall be sized so that the 

distribution losses do not exceed:  
(a)  3% of the total power usage in ECBC 
Buildings 
(b)  2% of the total power usage in ECBC+ 
Buildings 
(c)  1% of total power usage in Super ECBC 
Buildings 
Record of design calculation for the losses 
shall be maintained. The load calculation 
shall be calculated up to the panel level.
 
7.2.7 Uninterruptible Power Supply (UPS)
UPS provides backup power when utility 
power fails, either long enough for critical 
equipment to shut down properly so that no 
data is lost, or long enough to keep required 
loads operational until a generator comes 
online. Along with backup power, it 
conditions incoming power so that quality 
power reaches to the load. It is commonly 
used to dedicatedly serve critical loads such 
as computers, servers, routers and other IT 
loads.  These losses in the system occur due 

to internal circuitry of the UPS system. 
Generally, UPS has efficiency equal or 
greater than 90%. For some UPS, it could 
reach up to 97%.
As per the Code,
In all buildings, UPS shall meet or exceed 
the energy efficiency requirements listed in 
Table 7.4. Any Standards and Labeling 
program by BEE shall take precedence over 
requirements listed in this section.

7.2.8 Renewable Energy Systems
Using fossil fuels like coal and oil for energy 
production has two primary issues. It is a 
finite natural resource, and burning them 
causes greenhouse gas emissions that are 
responsible for climate change. The energy 
produced using natural sources like solar, 
wind, hydro, bioenergy and geothermal etc., 
are called as renewable energy systems. 
These sources are renewed in the natural 
process and since there is no burning 
involved, they are a clean source of energy. 

Moreover, reliable energy supply is the 
major factor for the socio-economic 
development of society.  Further, using 
renewable energy promoted sustainable 
development.  
A major rooftop program for Solar 
Photovoltaic Power Project has been 
launched in the State under which these 
projects have been setup at various 
important government, institutional and 
religious buildings, namely Punjab Raj 
Bhawan, Punjab  Civil  Secretariat, Golden 
Temple, Wagah Border, Punjab Agricultural 
University (Ludhiana)  and Pushpa Gujral 
Science City (Kapurthala). Rooftop projects 
to be continuously promoted in all sectors in 
order to enhance the share of solar power in 
the State. All buildings shall have provisions 
for installation of renewable energy systems 
in the future on rooftops or the site.
   
7.2.8.1 Renewable Energy Generating Zone 
(REGZ) 
a) A dedicated REGZ equivalent to at least 
25% of roof area or area required for 
generation of energy equivalent to 1% of 
total peak demand or a connected load of the 
building, whichever is less, shall be 
provided in all buildings.  
b) The REGZ shall be free of any 
obstructions within its boundaries and from 
the shadow cast by objects adjacent to the 
zone.
c) ECBC+ and Super ECBC building shall 
fulfill the additional requirements listed in 
the Table respectively.
Exception to 7.2.8.1: Projects with solar hot 
water and/ or solar power generation 
systems.

7.2.8.2 Main Electrical Service Panel
Integration of solar electric systems in the 
future requires planning at the main 
electrical panel as well. As per the Code, the 
minimum rating shall be displayed on the 
main electrical service panel. Space shall be 
reserved for the installation of a double pole 
circuit breaker for a future solar electric 
installation.
  
7.2.8.3 Demarcation on Documents
The Code requires that the provision for 
renewables is clearly shown in the design 
and construction documents in terms of 
space, structured as well as supporting 
services like electrical and plumbing. 
The following shall be indicated in design 
and construction documents: 
a) Location for inverters and metering 
equipment, 

b) Pathway for routing of conduit from the 
REGZ to the point of interconnection with 
the electrical service, 
c) Routing of plumbing from the REGZ to 
the water-heating system and, 
d) Structural design loads for roof dead and 
live load.
 
1. Question:
A 10-Watt light bulb is being used for 100 
hours. What is total energy use of the lamp 
and what is the power rating?

Answer:
The power rating of the light bulb is 
10W.The rate at which this power will be 
used, will determine the energy use.  
Energy used = Power x Time = 10 x 100 = 
1000 watt-hours or 1kWh 
(Note: This is a simplified example to 
explain the concept)

2. Question:
Find the daily energy consumption of the 
listed equipment, if they are used for the 
length of time shown. 
• Split AC (3500 W) – 5 hours 
• Coffee maker (500 W) – 6 hours
• Computer (75 W) – 12 hours 
• Microwave (1000 W) – 2 hours

Answer: 
• Split AC  3500 W = 3.5 kW x 5 = 17.5 kWh 
• Coffee maker 500 W = 0.5 kW x 6 = 3 kWh 
• Computer 75 W = 0.075 kW x 12 = 0.9 kWh 
• Microwave 1000 W = 1 kW x 2 = 2 kWh 
• Total daily energy consumption  = 23.4 
kWh
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Section:
Mandatory:
• Transformer
• Energy efficient motors
• Diesel generator sets
• Check metering and monitoring
• Power factor correction
• Power distribution system
• Uninterruptible power supply
• Renewable energy systems

7.1 General:
Electricity is integral to our lives and 
determines how we live today. Most 
modern buildings today are completely 
dependent on electricity for normal 
operations.  Hence  that designers must be 
familiar with the basic concepts and 
equipment of regular electrical systems.

7.2 Mandatory requirements
7.2.1 Transformer
The transformer has made long-range 
electric power distribution practical.  The 
transformer is the equipment that steps the 
voltage up or down. It only works with AC 
supply and not with DC.  Transformers can 
be pole-mounted or pad-mounted on the 
ground. It is a common practice to install a 
transformer outside the building, but it can 
be installed inside as well. Power 
transmitted from the power plant, is in the 
form of a high-tension voltage (11kV voltage 
are: 
a) Reduced conductor size and investment 
on conductors. 
b) Reduced transmission losses and voltage 
drop.
At the user end, equipment with various 

voltage ratings is used for diffrent 
applications. Hence, the transmitted voltage 
is first stepped down from 11 kV to 230V 
through distribution transformers and then 
the power supply is distributed to the 
various sections and equipment. 
Distribution transformers are used normally 
in all commercial buildings. They are kept 
energized around the clock providing 
power to the building’s electrical 
equipment. Distribution transformers 
consume energy even when the building is 
not occupied or its equipment are not 
operating, resulting in energy loss.

7.2.1.1 Maximum Allowable Power 
Transformer Losses
Power transformers of the proper ratings 
and design must be selected to satisfy the 
minimum acceptable efficiency at 50% and 
full load rating.   
a) 5% of the maximum total loss values 
mentioned in IS 1180 for oil type 
transformers in voltage class above 11 kV 
but not more than 22 kV.
b) 7.5% of the maximum total loss values 
mentioned in IS 1180 for oil type 
transformers in voltage class above 22 kV 
and up to and including 33 kV. 

c) Values listed in Table 7.1 for dry-type 
transformers and Table 7.2 for oil type 
transformer.

7.2.1.2 Measurement and Reporting of 
Transformer Losses
Current transformer (CT) is used to measure 
current and Potential transformer (PT) is 
used to measure voltage. These instrument 
transformers are used primarily for 
measuring losses. All measurement of losses 
shall be carried out by using calibrated 
digital meters of class 0.5 or better accuracy 
and certified by the manufacturer. All 
transformers of the capacity of 500 kVA and 
above would be equipped with additional 
metering class current transformers (CTs) 
and potential transformers (PTs) additional 
to requirements of Utilities so that periodic 
loss monitoring study may be carried out.

7.2.1.3 Voltage Drop
The Voltage drop in the electrical system is 
the direct indicator of the system resistance. 
It represents the energy loss in the system 
which is dissipated in the form of heat.  As 
the length of the wire increases, its resistance 
increases. Therefore, the higher the 
resistance(R) more will be the voltage drop. 

If the current increases, there will be further 
losses. The voltage drop for feeders shall not 
exceed 2% at design load. Voltage drop for 
branch circuit shall not exceed 3% at design 
load. 
 
7.2.2 Energy Efficient Motors
Motors convert electrical energy into 
mechanic energy. In a commercial building, 
motors find diverse applications such as 
fans, blowers, condensers, cooling towers 

and many others.  
Electric motors may be classified by the 
source of electric power, by their internal 
construction, and by their application. 
Motors can use either AC or DC supply. 

Motors shall comply with the following:
a) Three-phase induction motors shall 
conform to Indian Standard (IS) 12615 and 
shall  fulfill the following efficiency 
requirements: 

I. ECBC Buildings shall have motors of IE 2 
(high efficiency) class or a higher class 
II. ECBC+ Buildings shall have IE 3 
(premium efficiency) class motors or higher 
class 
III. Super ECBC Buildings shall have IE 4 
(super premium efficiency) class motors  
b) All permanently wired polyphase motors 
of 0.375 kW or more serving the building 
and expected to operate more than 1,500 
hours per year and all permanently wired 
polyphase motors of 50kW or more serving 
the building and expected to operate more 
than 500 hours per year, shall have a 

minimum acceptable nominal full load 
motor efficiency not less than levels 
specified in the latest version of IS 12615. 
c) Motors of horsepower differing from 
those listed in the table shall have efficiency 
greater than that of the next listed kW 
motor. 
d) Motor horsepower ratings shall not 
exceed 20% of the calculated maximum load 
being served.
e) Motor nameplates shall list the nominal 
full-load motor efficiencies and the full-load 
power factor. 
f) Motor users should insist on proper 
rewinding practices for any rewound 
motors. the proper rewinding practices 

cannot be assured, the damaged motor 
should be replaced with a new, efficient one 
rather than suffer the significant efficiency 
the penalty associated with typical rewind 
practices. Rewinding practices from BEE 
guideline for energy efficient motors shall be 
followed.  
g) Certificates shall be obtained and kept on 
record indicating the motor efficiency. 
Whenever a motor is rewound, appropriate 
measures shall be taken so that the core 
characteristics of the motor is not lost due to 
thermal and mechanical stress during 
removal of damaged parts. After rewinding, 

a new efficiency test shall be performed and 
a similar record shall be maintained.

7.2.3 Diesel Generator (DG) sets
DG sets are used for power backup in 
buildings. Additionally, it could also be 
used to generate power for peak load 
application. Using diesel as the fuel, the 
generator converts mechanical energy into 
electrical energy.  DG sets can be located 
inside the building or outside. 
 
Energy efficiency in a DG set
The Star Labeling program of the Bureau of 
Energy Efficiency (BEE) determines the 
energy performance for various appliances 

and equipment. The Star Label provides 
consumer the information about energy 
saving and, thereby, cost-saving potential of 
the relevant marketed product. With the 
display of the information on the product, 
consumer can make the right choice. Star 
rating or star level means the grade of 
energy efficiency based on specific fuel 
consumption (SFC) in g/kWh (electrical 
unit) displayed on the label of the generating 
set. More stars are equivalent to better 
energy performance. The available stars are 
between a minimum of one and a maximum 

of five shown in Table 7.2a.
Table 7.2a BEE star rating for DG systems 
(Source-BEE star rating for DG sets)
BEE star rated DG sets shall be used in all 
compliant buildings. DG sets in buildings 
greater than 20,000 m² BUA shall have: 
a) Minimum 3 stars rating in ECBC Builings 
b) Minimum 4 stars rating in ECBC+ 
Buildings 
c) Minimum 5 stars rating in Super ECBC 
Buildings

7.2.4 Check-Metering and Monitoring
A significant barrier to achieving energy 
efficiency during the operation of a building 
is inadequate metering systems and 
monitoring plans. Building operators cannot 
be expected to manage energy if they cannot 
measure energy use. To improve a 
building’s energy performance over its 
operating life, and optimize the 
energy-efficient requirements, the Code 

requires that the building’s performance to 
be measured.
Metering is about having information that 
allows energy managers to analyze and 
track changes in energy demand and, 
therefore, to manage their energy use more 
effectively.  Energy metering is not a new 
concept and has been used by large 
energy-intensive buildings for many years 
to monitor energy consumption.  
a) Services exceeding 1000 kVA shall have 
permanently installed electrical metering to 
record demand (kVA), energy (kWh), and 
total power factor. The metering shall also 
display current (in each phase and the 
neutral), voltage (between phases and 

between each phase and neutral), and total 
harmonic distortion (THD) as a percentage 
of total current.  
b) Services not exceeding 1000 kVA but over 
65 kVA shall have permanently installed 
electric metering to record demand (kW), 
energy (kWh), and total power factor (or 
kVARh). 
c) Services not exceeding 65 kVA shall have 
permanently installed electrical metering to 
record energy (kWh).
d) In case of tenant-based buildings, 
metering should be provided at a location 
from where each tenant could attach the 
services.

7.2.5 Power Factor Correction
Power Factor is the ratio between the useful 
(true) power (kW) to the total (apparent) 
power (kVA) consumed by electrical 
equipment or a complete electrical 
installation. It is a measure of how efficiently 

electrical power is converted into useful 
work output. The ideal power factor is 
unity, or one. Anything less than one means 
that extra power is required to achieve the 
actual task at hand. Inductive loads require 
reactive power to create magnetizing fields 
to perform the desired function. This 
reactive power causes the power factor to 
reduce. Increasing the power factor is 
required to achieve energy efficiency.
All 3 phase shall maintain their power factor 
at the point of connection as follows: 
(a)  0.97 for ECBC Building 
(b)  0.98 for ECBC+ building 
(c)  0.99 for Super ECBC building
   

7.2.6 Power Distribution Systems
Power distribution systems are the network 
of wires or cables that distribute power to all 
the end-uses in a building from the point of 
supply. For a given load, energy losses 
depend on the size and material of the wires, 
the length of wires and the overall circuit 
design.
There are distribution losses due to heat 
generated by friction in the cables. The 
longer and thicker the wire, more is the heat 
loss. Further material of the cable itself offers 
some friction depending on how good a 
conductor it is. An engineer or contractor 
can demonstrate real savings as well as the 
advantages of lower heat generated and 
increased flexibility of the installation with a 
properly sized distribution system. In 
addition, when less heat is generated, the 
result is reduced energy requirements for 
fans and air conditioning systems.
The power cabling shall be sized so that the 

distribution losses do not exceed:  
(a)  3% of the total power usage in ECBC 
Buildings 
(b)  2% of the total power usage in ECBC+ 
Buildings 
(c)  1% of total power usage in Super ECBC 
Buildings 
Record of design calculation for the losses 
shall be maintained. The load calculation 
shall be calculated up to the panel level.
 
7.2.7 Uninterruptible Power Supply (UPS)
UPS provides backup power when utility 
power fails, either long enough for critical 
equipment to shut down properly so that no 
data is lost, or long enough to keep required 
loads operational until a generator comes 
online. Along with backup power, it 
conditions incoming power so that quality 
power reaches to the load. It is commonly 
used to dedicatedly serve critical loads such 
as computers, servers, routers and other IT 
loads.  These losses in the system occur due 

to internal circuitry of the UPS system. 
Generally, UPS has efficiency equal or 
greater than 90%. For some UPS, it could 
reach up to 97%.
As per the Code,
In all buildings, UPS shall meet or exceed 
the energy efficiency requirements listed in 
Table 7.4. Any Standards and Labeling 
program by BEE shall take precedence over 
requirements listed in this section.

7.2.8 Renewable Energy Systems
Using fossil fuels like coal and oil for energy 
production has two primary issues. It is a 
finite natural resource, and burning them 
causes greenhouse gas emissions that are 
responsible for climate change. The energy 
produced using natural sources like solar, 
wind, hydro, bioenergy and geothermal etc., 
are called as renewable energy systems. 
These sources are renewed in the natural 
process and since there is no burning 
involved, they are a clean source of energy. 

Moreover, reliable energy supply is the 
major factor for the socio-economic 
development of society.  Further, using 
renewable energy promoted sustainable 
development.  
A major rooftop program for Solar 
Photovoltaic Power Project has been 
launched in the State under which these 
projects have been setup at various 
important government, institutional and 
religious buildings, namely Punjab Raj 
Bhawan, Punjab  Civil  Secretariat, Golden 
Temple, Wagah Border, Punjab Agricultural 
University (Ludhiana)  and Pushpa Gujral 
Science City (Kapurthala). Rooftop projects 
to be continuously promoted in all sectors in 
order to enhance the share of solar power in 
the State. All buildings shall have provisions 
for installation of renewable energy systems 
in the future on rooftops or the site.
   
7.2.8.1 Renewable Energy Generating Zone 
(REGZ) 
a) A dedicated REGZ equivalent to at least 
25% of roof area or area required for 
generation of energy equivalent to 1% of 
total peak demand or a connected load of the 
building, whichever is less, shall be 
provided in all buildings.  
b) The REGZ shall be free of any 
obstructions within its boundaries and from 
the shadow cast by objects adjacent to the 
zone.
c) ECBC+ and Super ECBC building shall 
fulfill the additional requirements listed in 
the Table respectively.
Exception to 7.2.8.1: Projects with solar hot 
water and/ or solar power generation 
systems.

7.2.8.2 Main Electrical Service Panel
Integration of solar electric systems in the 
future requires planning at the main 
electrical panel as well. As per the Code, the 
minimum rating shall be displayed on the 
main electrical service panel. Space shall be 
reserved for the installation of a double pole 
circuit breaker for a future solar electric 
installation.
  

7.2.8.3 Demarcation on Documents
The Code requires that the provision for 
renewables is clearly shown in the design 
and construction documents in terms of 
space, structured as well as supporting 
services like electrical and plumbing. 
The following shall be indicated in design 
and construction documents: 
a) Location for inverters and metering 
equipment, 
b) Pathway for routing of conduit from the 
REGZ to the point of interconnection with 
the electrical service, 
c) Routing of plumbing from the REGZ to 
the water-heating system and, 
d) Structural design loads for roof dead and 
live load.

 

1. Question:
A 10-Watt light bulb is being used for 100 
hours. What is total energy use of the lamp 
and what is the power rating?

Answer:
The power rating of the light bulb is 
10W.The rate at which this power will be 
used, will determine the energy use.  
Energy used = Power x Time = 10 x 100 = 
1000 watt-hours or 1kWh 
(Note: This is a simplified example to 
explain the concept)

2. Question:
Find the daily energy consumption of the 
listed equipment, if they are used for the 
length of time shown.

 

• Split AC (3500 W) – 5 hours 
• Coffee maker (500 W) – 6 hours
• Computer (75 W) – 12 hours 
• Microwave (1000 W) – 2 hours

Answer: 
• Split AC  3500 W = 3.5 kW x 5 = 17.5 kWh 
• Coffee maker 500 W = 0.5 kW x 6 = 3 kWh 
• Computer 75 W = 0.075 kW x 12 = 0.9 kWh 
• Microwave 1000 W = 1 kW x 2 = 2 kWh 
• Total daily energy consumption  = 23.4 
kWh

 

 

 



Electrical & Renewable Energy 
Systems Value

Maximum Allowable  Power 
Transformer Losses

kV

Voltage drop load

Diesel Generator (DG) Set Minimum BEE 3 Star Rating in building greater than 
20,000 m2 BUA.

Electrical Metering Services exceeding 1000 kVA shall have permanently 
installed electrical metering

Power Factor Correction All 3 phase shall have minimum 0.97 power factor

Uninterruptible Power Supply 
(UPS)

Renewable Energy Generating 
Zone (REGZ) connected load of the building, whichever is less.

7.3 Summary

Do you Know
?
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Having multiple energy 
meters is an appropriate 

way to monitor the 
energy consumption & to 

determine which 
component of the 

building is consuming 
maximum electricity, so  
that energy conservative 

measure can be imple-
mented accordingly.
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WHOLE  BUILDING  PERFORMANCE  METHOD

 

Energy Performance Index (EPI) of a building is the annual energy consumption of the building 
in (kW/m2/year   ). The EPI calculations do not include the unconditioned basement area of the 
building.

EPI Ratio of a building is the ratio of the EPI of the proposed building to that of a standard building.

EPI=
Annual energy consumption in kWh

Total Built-up Area (excluding unconditioned basements)

EPI=
EPI of Proposed Building
EPI of standard Building 

Chapter 8

Section
• Mandatory requirements
• Calculating Energy Consumption Of 
Proposed Design And Standard Design
• Schedules
• Simulation
• Maximum Allowed EPI Ratio

8.1 General  
The annual energy performance of a 
proposed (or existing) building can be 
predicted by using energy simulation 
software.  To analyze a building using the 
Whole Building Performance (WBP) 
Method, a detailed computer model of the 
proposed building needs to be prepared 
using building simulation software. The 
model must accurately (to the extent 
possible) represent the building location, 
occupancy, schedules, geometry, thermal 
properties, heating and cooling systems, and 
plants.  The energy use of the Proposed 
Design is then calculated using a weather file 
that contains hourly weather data for the 
given location.

  
8.1.1 Methodology
In another iteration (called the standard 
design), parameters of the proposed design 
are modified according to the rules specified 
in Table 8.2 . Unless specified in this table, all 
building systems and equipment are 
modeled identically in the standard design 
and Proposed Design.  The proposed design 
and Standard are simulated for all 8,760 
hours of a year using the hourly values of 
climatic data, such as temperature and 
humidity, from representative climatic data 
for the city in which the proposed design is 
to be located. For cities or urban regions with 
several climate data entries, and for locations 
where weather data are not available, 
weather data that best represents the climate 
at the construction site may be selected.  EPI 
for the standard design and proposed design 
are obtained from the output file of the 
models (the equations are included below).
With  the  WBP  approach,  a  computer 

program  is  used  to  calculate  the  annual 
energy  consumption  for both  the proposed 
building  design  and  the  Standard  building 
design, which  is  a  variant  of  the  proposed 
design.  When  simulating  the  standard 
building  design,  all  mandatory  and 
prescriptive  requirements  of  the  standard 
are  applied.  In  other  words,  the  standard 
building  represents  the  building  as  if  it 
exactly complies with the ECBC Standard.
Use of energy simulation software is 
necessary to show ECBC compliance via the 
whole building performance method. 
Energy simulation is a computer-based 
analytical process that helps building 
owners and designers to evaluate the energy 
performance of a building and make it more 
energy-efficient by making necessary 
modifications in the design before the 
building is constructed. Consumption for 
lighting, space cooling, fan consumption, 
equipment consumption is some of the 
parameters that the software provides for 
analysis and design modifications if 

required. These computer-based energy 
simulation programs model the thermal, 
visual, ventilation, and other energy- 
consuming sources taking place within the 
building to predict its energy performance. 
The simulation program takes into account 
the building geometry and orientation, 
building materials, building façade design 
and characteristics, climate, indoor 
environmental conditions, occupant 
activities and schedules, HVAC and lighting 
system and other parameters to analyze. 
Energy consumption in the standard design 
represents the upper limit of energy use 
allowed for that particular building under a 
scenario where all the prescriptive 
requirements of the code are adopted. Code 
compliance will be achieved if the energy 
use in proposed design is less then the 
energy used in the Standard Design. 
Three basic steps are involved:
• Design the building with energy efficiency 
measures; the prescriptive approach 
requirements provide a good starting point 

for the development of the design.
• Demonstrate that the building complies 
with the mandatory measures (See chapters 
6-9).
• Using approved simulation software, 
model the energy consumption of the 
building using the proposed features to 
create the proposed design. The model will 
also automatically calculate the energy use 
for the proposed design.
For the compliance calculations the 
proposed and standard design uses the same 
simulation software, same weather file and 
identical building operation assumptions 
such as thermostat setpoints, schedules, 
equipment and occupant loads) unless 
mentioned otherwise by code or any other 
authority having jurisdiction. These rules are 
to ensure a fair comparison between the two 
models. The biggest advantage of using this 
approach is that it enables the design and 
construction team to make comparisons 
between different design options to identify 
the most cost-effective and energy-efficient 
design solution. For instance, the efficiency 
of the indoor lighting system might be 
improved  to justify a fenestration design 
that does not meet the prescriptive envelope 
requirements. As long as the total energy use 
of the proposed design does not exceed the 
allowed energy use in standard design, the 
building will be ECBC compliant.

8.1.2 Benefits
The WBP method provides a detailed and 
robust analysis of the thermal performance 
of the building. Whole building energy 
simulation is currently the most 
sophisticated way of analyzing the impact of 
energy efficiency measures in an integrated 
manner. It is an alternative to the 
prescriptive requirements contained in 
chapter-4 to chapter-8 of ECBC. The impact 
of changing any one of the myriad 
parameters affecting energy performance of 
the building design being modeled can be 
predicted using this method. This is 
particularly useful for studying the impact of 
combinations of energy efficiency measures 
that may lead to non-linear building energy 
outcomes.
For example, electric lights produce light 
and heat inside a space. Calculating the 
electrical consumption for the electric lights 
is not very difficult, as long as one knows 
how many lights there are, what their heat 
output is, and how many hours they run. 
One does not need a simulation model to 
predict this outcome. However, the heat 
generated by electric lighting has to be 
removed by the HVAC systems in a warm or 
hot climate. Calculating the reduction in 

energy used by the HVAC systems due to 
the use of a more efficient electric lighting 
system is not recommended through manual 
calculations.
This computation becomes significantly 
more complex if the design team decides to 
employ daylight linked electric lighting 
system. Such a system is designed to reduce 
light (and heat output) in space when 
enough daylight is available. This non-linear 
relationship impacts the electric energy 
input to the lighting system, and the heat 
removed by the HVAC system.
At this time, predicting the integrated energy 
performance resulting from complex energy 
efficiency strategies cannot be studied 
reliably by any other means except the use of 
a whole building energy simulation analysis.
Once the model is completed and a base 
runer is established, carrying out multiple 
runs to test alternate design options involves 
less effort on the part of the analyst, although 
there could still be substantial computer run 
time involved. Whole building energy 
simulation is increasingly being used for 
testing compliance with various building 
energy codes and sustainability rating tools 
such as LEED and GRIHA. Technically 
reliable and verifiable energy simulation 
programs satisfying the minimum modeling 
capabilities should be used for compliance 
using this verification method.

8.2 Scope
The Whole Building Performance Method is 
an alternative to the Prescriptive Method 
compliance path contained in chapter-4 
through chapter-7 of this Code. It applies to 
all building types.
The alternative approach (Other than 
Prescriptive approach) to qualify for ECBC is 
the Whole Building Performance Method. It 
applies to all buildings of all climatic 
conditions. It is a flexible approach as it 
allows the energy analyst to account for 
measures such as building orientation, 
natural ventilation, daylighting and high 
efficiency HVAC system design. The WBP 
Method may be used to model new 
buildings, additions to existing buildings.

8.2.1 HVAC System
The use of the WBP method requires 
knowledge of the proposed HVAC system in 
order to create the standard design. 
Buildings with no HVAC system cannot use 
the WBP Method. In the case of a shell 
building, which might become conditioned 
in the future, trade-offs may still be made 
within the envelope system.

8.2.2 Alterations to Existing Buildings
When the WBP method is used for an 
alteration of an existing building, some 
special rules apply. The WBP method is 
optional for this purpose; designers may use 
the calculation acceptable to the Authority 
Having Jurisdiction. Unless a building 
component is being altered, the proposed 
design and the standard design are identical 
for that component. Portions of the building 
that are being replaced shall be treated as 
new systems and these systems in the 
standard design shall be representative of 
the requirements in the ECBC.

8.2.3 Alterations and Additions
The basic rules for alterations and additions 
are discussed in chapter-3. Some more rules  
apply to cases where it is undesirable either 
to treat the addition as a stand-alone 
building or to fully model the entire existing 
building. It is often necessary with additions 
or alterations to model at least part of the 
existing building. For instance, if the existing 
building’s HVAC system is being extended 
to serve the new construction, then that 
system needs to be fully modeled to account 
for its energy performance. If, however, this 
system only serves a portion of the existing 
building and only part of that building is 
affected by the new work, then it is not 
necessary to model the entire existing 
building.

8.2.4 Parts of Existing Buildings
The rules for excluding parts of the existing 
building are as follows: 
• If there is new construction that comes 
under the ECBC scope and it is part of the 
existing building but will be excluded from 
the proposed design, then those parts must 
comply with the Code’s applicable 
prescriptive requirements. 
• The excluded parts of the existing building 
must be served by HVAC systems that are 
completely independent of the systems or 
building components being modeled for the 
Proposed Building.
• There should not be any significant energy 
flows between the excluded parts of the 
building and the modeled parts. Rephrasing, 
the design space temperature, HVAC system 
operating setpoints, and operating and 
occupancy schedules on both sides of the 
boundary between the included and 
excluded parts must be the same. If the 
excluded portion of the building is a 
refrigerated warehouse and the included 
portion is an office, this condition would not 
be met, because there would be significant 
energy flows between them.

8.2.5 Compliance
A building complies with the Code using the 
Whole Building Performance (WBP) 
Method, when the estimated EPI Ratio is 
equal to or less than 1, even though it may 
not comply with the specific provisions of 
the prescriptive requirements in Ch-4 
through CH-7. The mandatory requirements 
of Ch-4 through CH-7 (§4.2, §5.2, §6.2 and 
§7.2) shall be met when using the WBP 
Method.
Compliance of the Proposed Design with the 
requirements of the ECBC Whole Building 
Performance Method consists of the 
following steps: 
1) Developing a Standard Design simulation 
model 
2) Carrying out a valid energy simulation 
run using the Standard Design to  predict its 
annual energy use 
3) Developing the Proposed Design 
simulation model for which compliance is 
being sought  Carrying out a valid energy 
simulation run for the Proposed Design 
model and ensuring that the predicted 
annual energy use is less than or equal to the 
energy use in Standard Design.

8.2.6 Annual Energy Use
Annual energy use for the purposes of the 
WBP Method shall be calculated in 
kilowatt-hours (kWh) of electricity use per 
year per unit area. Energy sources other than 
electricity that used in the building shall be 
converted to kWh of electric energy at the 
rate of 0.75 kWh per megajoule.  
Note: The annual energy use calculation as 
per the Whole Building Performance 
Method is not a prediction of the actual 
energy use of the building once it gets 
operational. Actual energy performance of a 
building depends on several factors like 
weather, occupant behavior, equipment 
performance and maintenance, among 
others, which are not covered by this Code.

8.2.7 Trade-offs Limited to Building Permit
The WBP Method may be used for building 
permit applications that include less than the 
whole building; however, any design 
parameters that are not part of the building 
permit application shall be identical for both 
the Proposed Design and the Standard 
Design. Future improvements to the 
building shall comply with both the 
mandatory and prescriptive requirements of 
concurrent code.

8.3 Documentation required (As per 
Existing Manual)

The following are the documents required 
for  the  entire  ECBC  Compliance  process 
alongside the Section Compliance Forms for 
the project under review. 

8.3.1 Architectural
Drawings: 
• Floor-wise Area Statement 
• Zone/Space wise Area Statement
• Site Plan/Master Plan 
• Floor Plans 
• Roof Plan 
• All Side Elevations
• Door-Window Schedule
• Section Drawings
• Facade  Wall  and  Roof  Sections  with 
material description and K-value marking. 
• Separate  Architectural  Plan  with  all  
daylight areas marked on the floor plans.

Calculations:
• Window  to  Wall  Ratio  Calculation  and 
Skylight to Roof Ratio Calculation.
• U value calculation for wall and roof 
• Equivalent SHGC calculation using  
Shading Equivalent Factors
• Tradeoff method calculation (if opted).
• Daylight  Area  Calculation  with 
Compliance Summary Report or Daylight 
Simulation Report

Data Sheets:
• Insulation proposed to be used in Wall 
and roof with its K-value 
• Proposed  Window/Skylight  Glass 
(Mention U Value, SHGC, VLT) following 
with ISO-15099
• Proposed  Roof  Tile/Paint  (Mentioning 
initial  Solar  Reflectance  (according to  
ASTM  E903-96),  initial  emitance 
(according to ASTM E408-71).

8.3.2 HVAC Consultant
Drawings and Schedules:
• HVAC layout showing an air-conditioned 
area  with  the  marking  of a thermostat 
control and occupancy sensors.
• Summary  on  provision  done  for  natural 
ventilation spaces as per NBC 2016 (Part 8:  
Building  Services,  Section  1:  Lighting and 
Natural Ventilation, subsection 5: 
Ventilation)
• Proposed HVAC systems details 
(Mechanical  Schedules)  with  mentioning 
star rating, capacity, and efficiency.
• Details of proposed basement ventilation 
System Details controlled by CO sensors.
• Detail  of  Proposed Air  Side  Economizer 
or  Automatic  Outdoor  Air  Modulating 
Damper 
• Detail  of  Evaporative  Cooling/Desiccant 

Cooling/Solar  Air-Conditioning/Tri-
Generation/Radiant Cooling/Ground source 
heat pump/Adiabatic cooling  System (if 
proposed in the building).
• Air Side System and Hydronics System 
Balancing Report.
• Air-Side Economizer Test Report.

Data Sheets:
• HVAC systems mentioning star rating 
capacity and efficiency.
• Ceiling  fans  indicating  the  Star Rating 
(Minimum 3 Star)
• Piping Insulation (Mentioning the K value 
and thickness)
• Duct  Insulation  (Mentioning  the K  value 
and thickness)
• Chilled  Water  Pumps,  Condenser  Water 
Pumps  and  Cooling  Tower  (Mentioning 
the efficiency and VDF specs)
• Air  Side  Economizer  and  Water  Side 
Economizer Specification.
• Heat Recovery Equipment and specifiction 
(Hospital & Healthcare).
• Occupancy Sensors datasheet.
• Exhaust  Fan  Mentioning  the  Motor 
• The Motor of  the  fan  showing  the 
mechanicalefficiency and motor efficiency 
(IE2/IE3/IE4) as per IS 12615.

8.3.3 Plumbing Consultant
Drawings:
Plumbing  showing  hot  water  supply 
(Solar/Electric/Fuel) to the building.

Calculations:
Hot water requirnement in building and 
solar hot water provision calculation.

Data Sheets:
• Solar water heater with information and 
its minimum efficiency as per IS 13129.
• Electric equipment with the information of 
its efficiency as per IS 2028.
• Liquid/Gas fuel-based equipment with the 
information of its efficiency as per IS 15558 
(minimum 80% FUE).
• The insulation used for piping mentioning 
the 
K  value  and  thickness  confirming  to  IS 
Standard.
• Swimming  Pool  Cover  insulation 
mentioning  the  K  value  and  thickness 
confirming to IS Standard. 

8.3.4 Lighting Consultant
Drawings:
• Lighting  showing  the  provision  of  
occupancy sensors  in  the applicable spaces.
• Lighting  showing  the  location of  lighting 
fixtures, mentioning the type and wattage 

of the fixtures.

Calculations:
Lighting Power Density Calculation for inte-
rior spaces and exterior spaces.

Data Sheets:
• Exterior Lighting fixtures/Street Lights  in 
the  campus  with  its  specification  (Time 
based, or a photo sensed based).
• Interior  lighting fixture with  its  type and 
wattage details.
• Display/Demonstrating/Exit  Sign  lighting 
fixture with its wattage details.
• Exterior  Lighting  Fixtures  with  the 
information  of  its  luminous  efficacy 
(lm/W). 
• Master control devices for hotel buildings.
• Task lighting fixtures.
• Occupancy sensor and daylight sensor 
Specification Sheet.

8.3.5 Electrical Consultant
Drawings:
Site Plan or Roof Plan showing the 
dedicated renewable energy generating 
zone  in future with area description. 

Reports:
• Measurement  and Report  of  Transformer 
Losses
• Report on voltage drop for feeders and 
branch circuit.
• Connected Load Calculation.

Data Sheets:
• Transformer  details with  the  information 
of its type, capacity and losses at 50% and 
100% loading.
• Specification  sheet  and  Certificate  of 
Motors  with  the  information  of  its 
efficiency as per IS 12615. 
• DG  Set with  the BEE  star  rating  
information.
• UPS  with  the  information  of  energy 
efficiency or BEE star Rating. 
• Power Factor or APFC  (Automatic Power 
Factor Controller) with the specification.
• Meter  details  having  the  provision  to 
display the kVA, kWh, PF, current, voltage, 
THD.   
• Power cable specifications.

8.4  Simulation Requirements
8.4.1 Documentation
The project team needs to submit set of  
documents  to  the  ECBC  reviewers  to 
complete  the  ECBC  compliance  process. 
These documents include:
a) The drawings  that  the building owners 
and designers need to provide for carrying 
out  the ECBC calculations and simulations. 
This  includes general  information such as a 
several number of stories, floor area, 
conditioned space and building. 
b) The  calculations  and  simulations  of data 
that are performed for the building seeking  
compliance.  To  perform  the  simulation  
following  requirements  must  be arranged  
before  starting  the  simulation  process:
Architectural  drawings  viz.  Floor Plans,  
Elevations,  Building  Sections,  Wall  and  
Roof  Section  (for U-value calculation), Door 

Window Schedule,  Electrical  Plans, 
Mechanical  Plans,  Electrical  and  
Mechanical  Schedules,  Plumbing  plans  
and schedules etc.
• The weather file of the project site area.
• Energy  simulation  software  as  approved 
by the BEE.
• Operational Schedules for occupancy, 
lighting, Equipment etc.
c) The cut sheets of the different products 
used and installed in the project.
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Building Type Composite
ECBC ECBC+ Super ECBC

1 0.91 0.81
Resort 1 0.88 0.76

1 0.85 0.77
Outpatient 1 0.85 0.75
Assembly 1 0.86 0.77

1 0.86 0.78
1 0.88 0.76

Schools and University 1 0.77 0.66
Open Gallery Mall 1 0.85 0.76
Shopping Mall 1 0.86 0.74
Supermarket 1 0.81 0.70
Strip retail 1 0.68

Table 8.1
Maximum 

Allowed EPI 
Ratios for 

building in 
Composite 

Climate

Figure 8.1:
ECBC 

Compliance 
Method

   

Section
• Mandatory requirements
• Calculating Energy Consumption Of 
Proposed Design And Standard Design
• Schedules
• Simulation
• Maximum Allowed EPI Ratio

8.1 General  
The annual energy performance of a 
proposed (or existing) building can be 
predicted by using energy simulation 
software.  To analyze a building using the 
Whole Building Performance (WBP) 
Method, a detailed computer model of the 
proposed building needs to be prepared 
using building simulation software. The 
model must accurately (to the extent 
possible) represent the building location, 
occupancy, schedules, geometry, thermal 
properties, heating and cooling systems, and 
plants.  The energy use of the Proposed 
Design is then calculated using a weather file 
that contains hourly weather data for the 

given location.
  
8.1.1 Methodology
In another iteration (called the standard 
design), parameters of the proposed design 
are modified according to the rules specified 
in Table 8.2 . Unless specified in this table, all 
building systems and equipment are 
modeled identically in the standard design 
and Proposed Design.  The proposed design 
and Standard are simulated for all 8,760 
hours of a year using the hourly values of 
climatic data, such as temperature and 
humidity, from representative climatic data 
for the city in which the proposed design is 
to be located. For cities or urban regions with 
several climate data entries, and for locations 
where weather data are not available, 
weather data that best represents the climate 
at the construction site may be selected.  EPI 
for the standard design and proposed design 
are obtained from the output file of the 
models (the equations are included below).
With  the  WBP  approach,  a  computer 

program  is  used  to  calculate  the  annual 
energy  consumption  for both  the proposed 
building  design  and  the  Standard  building 
design, which  is  a  variant  of  the  proposed 
design.  When  simulating  the  standard 
building  design,  all  mandatory  and 
prescriptive  requirements  of  the  standard 
are  applied.  In  other  words,  the  standard 
building  represents  the  building  as  if  it 
exactly complies with the ECBC Standard.
Use of energy simulation software is 
necessary to show ECBC compliance via the 
whole building performance method. 
Energy simulation is a computer-based 
analytical process that helps building 
owners and designers to evaluate the energy 
performance of a building and make it more 
energy-efficient by making necessary 
modifications in the design before the 
building is constructed. Consumption for 
lighting, space cooling, fan consumption, 
equipment consumption is some of the 
parameters that the software provides for 
analysis and design modifications if 

required. These computer-based energy 
simulation programs model the thermal, 
visual, ventilation, and other energy- 
consuming sources taking place within the 
building to predict its energy performance. 
The simulation program takes into account 
the building geometry and orientation, 
building materials, building façade design 
and characteristics, climate, indoor 
environmental conditions, occupant 
activities and schedules, HVAC and lighting 
system and other parameters to analyze. 
Energy consumption in the standard design 
represents the upper limit of energy use 
allowed for that particular building under a 
scenario where all the prescriptive 
requirements of the code are adopted. Code 
compliance will be achieved if the energy 
use in proposed design is less then the 
energy used in the Standard Design. 
Three basic steps are involved:
• Design the building with energy efficiency 
measures; the prescriptive approach 
requirements provide a good starting point 

for the development of the design.
• Demonstrate that the building complies 
with the mandatory measures (See chapters 
6-9).
• Using approved simulation software, 
model the energy consumption of the 
building using the proposed features to 
create the proposed design. The model will 
also automatically calculate the energy use 
for the proposed design.
For the compliance calculations the 
proposed and standard design uses the same 
simulation software, same weather file and 
identical building operation assumptions 
such as thermostat setpoints, schedules, 
equipment and occupant loads) unless 
mentioned otherwise by code or any other 
authority having jurisdiction. These rules are 
to ensure a fair comparison between the two 
models. The biggest advantage of using this 
approach is that it enables the design and 
construction team to make comparisons 
between different design options to identify 
the most cost-effective and energy-efficient 
design solution. For instance, the efficiency 
of the indoor lighting system might be 
improved  to justify a fenestration design 
that does not meet the prescriptive envelope 
requirements. As long as the total energy use 
of the proposed design does not exceed the 
allowed energy use in standard design, the 
building will be ECBC compliant.

8.1.2 Benefits
The WBP method provides a detailed and 
robust analysis of the thermal performance 
of the building. Whole building energy 
simulation is currently the most 
sophisticated way of analyzing the impact of 
energy efficiency measures in an integrated 
manner. It is an alternative to the 
prescriptive requirements contained in 
chapter-4 to chapter-8 of ECBC. The impact 
of changing any one of the myriad 
parameters affecting energy performance of 
the building design being modeled can be 
predicted using this method. This is 
particularly useful for studying the impact of 
combinations of energy efficiency measures 
that may lead to non-linear building energy 
outcomes.
For example, electric lights produce light 
and heat inside a space. Calculating the 
electrical consumption for the electric lights 
is not very difficult, as long as one knows 
how many lights there are, what their heat 
output is, and how many hours they run. 
One does not need a simulation model to 
predict this outcome. However, the heat 
generated by electric lighting has to be 
removed by the HVAC systems in a warm or 
hot climate. Calculating the reduction in 

energy used by the HVAC systems due to 
the use of a more efficient electric lighting 
system is not recommended through manual 
calculations.
This computation becomes significantly 
more complex if the design team decides to 
employ daylight linked electric lighting 
system. Such a system is designed to reduce 
light (and heat output) in space when 

relationship impacts the electric energy 
input to the lighting system, and the heat 
removed by the HVAC system.
At this time, predicting the integrated energy 
performance resulting from complex energy 
efficiency strategies cannot be studied 
reliably by any other means except the use of 
a whole building energy simulation analysis.
Once the model is completed and a base 
runer is established, carrying out multiple 
runs to test alternate design options involves 
less effort on the part of the analyst, although 
there could still be substantial computer run 
time involved. Whole building energy 
simulation is increasingly being used for 
testing compliance with various building 
energy codes and sustainability rating tools 
such as LEED and GRIHA. Technically 
reliable and verifiable energy simulation 
programs satisfying the minimum modeling 
capabilities should be used for compliance 
using this verification method.

8.2 Scope
The Whole Building Performance Method is 
an alternative to the Prescriptive Method 
compliance path contained in chapter-4 
through chapter-7 of this Code. It applies to 
all building types.
The alternative approach (Other than 
Prescriptive approach) to qualify for ECBC is 
the Whole Building Performance Method. It 
applies to all buildings of all climatic 
conditions. It is a flexible approach as it 
allows the energy analyst to account for 
measures such as building orientation, 
natural ventilation, daylighting and high 
efficiency HVAC system design. The WBP 
Method may be used to model new 
buildings, additions to existing buildings.

8.2.1 HVAC System
The use of the WBP method requires 
knowledge of the proposed HVAC system in 
order to create the standard design. 
Buildings with no HVAC system cannot use 
the WBP Method. In the case of a shell 
building, which might become conditioned 
in the future, trade-offs may still be made 
within the envelope system.

8.2.2 Alterations to Existing Buildings
When the WBP method is used for an 
alteration of an existing building, some 
special rules apply. The WBP method is 
optional for this purpose; designers may use 
the calculation acceptable to the Authority 
Having Jurisdiction. Unless a building 
component is being altered, the proposed 
design and the standard design are identical 
for that component. Portions of the building 
that are being replaced shall be treated as 
new systems and these systems in the 
standard design shall be representative of 
the requirements in the ECBC.

8.2.3 Alterations and Additions
The basic rules for alterations and additions 
are discussed in chapter-3. Some more rules  
apply to cases where it is undesirable either 
to treat the addition as a stand-alone 
building or to fully model the entire existing 
building. It is often necessary with additions 
or alterations to model at least part of the 
existing building. For instance, if the existing 
building’s HVAC system is being extended 
to serve the new construction, then that 
system needs to be fully modeled to account 
for its energy performance. If, however, this 
system only serves a portion of the existing 
building and only part of that building is 
affected by the new work, then it is not 
necessary to model the entire existing 
building.

8.2.4 Parts of Existing Buildings
The rules for excluding parts of the existing 
building are as follows: 
• If there is new construction that comes 
under the ECBC scope and it is part of the 
existing building but will be excluded from 
the proposed design, then those parts must 
comply with the Code’s applicable 
prescriptive requirements. 
• The excluded parts of the existing building 
must be served by HVAC systems that are 
completely independent of the systems or 
building components being modeled for the 
Proposed Building.
• There should not be any significant energy 
flows between the excluded parts of the 
building and the modeled parts. Rephrasing, 
the design space temperature, HVAC system 
operating setpoints, and operating and 
occupancy schedules on both sides of the 
boundary between the included and 
excluded parts must be the same. If the 
excluded portion of the building is a 
refrigerated warehouse and the included 
portion is an office, this condition would not 
be met, because there would be significant 
energy flows between them.

8.2.5 Compliance
A building complies with the Code using the 
Whole Building Performance (WBP) 
Method, when the estimated EPI Ratio is 
equal to or less than 1, even though it may 
not comply with the specific provisions of 
the prescriptive requirements in Ch-4 
through CH-7. The mandatory requirements 
of Ch-4 through CH-7 (§4.2, §5.2, §6.2 and 
§7.2) shall be met when using the WBP 
Method.
Compliance of the Proposed Design with the 
requirements of the ECBC Whole Building 
Performance Method consists of the 
following steps: 
1) Developing a Standard Design simulation 
model 
2) Carrying out a valid energy simulation 
run using the Standard Design to  predict its 
annual energy use 
3) Developing the Proposed Design 
simulation model for which compliance is 
being sought  Carrying out a valid energy 
simulation run for the Proposed Design 
model and ensuring that the predicted 
annual energy use is less than or equal to the 
energy use in Standard Design.

8.2.6 Annual Energy Use
Annual energy use for the purposes of the 
WBP Method shall be calculated in 
kilowatt-hours (kWh) of electricity use per 
year per unit area. Energy sources other than 
electricity that used in the building shall be 
converted to kWh of electric energy at the 
rate of 0.75 kWh per megajoule.  
Note: The annual energy use calculation as 
per the Whole Building Performance 
Method is not a prediction of the actual 
energy use of the building once it gets 
operational. Actual energy performance of a 
building depends on several factors like 
weather, occupant behavior, equipment 
performance and maintenance, among 
others, which are not covered by this Code.

8.2.7 Trade-offs Limited to Building Permit
The WBP Method may be used for building 
permit applications that include less than the 
whole building; however, any design 
parameters that are not part of the building 
permit application shall be identical for both 
the Proposed Design and the Standard 
Design. Future improvements to the 
building shall comply with both the 
mandatory and prescriptive requirements of 
concurrent code.

8.3 Documentation required (As per 
Existing Manual)

The following are the documents required 
for  the  entire  ECBC  Compliance  process 
alongside the Section Compliance Forms for 
the project under review. 

8.3.1 Architectural
Drawings: 
• Floor-wise Area Statement 
• Zone/Space wise Area Statement
• Site Plan/Master Plan 
• Floor Plans 
• Roof Plan 
• All Side Elevations
• Door-Window Schedule
• Section Drawings
• Facade  Wall  and  Roof  Sections  with 
material description and K-value marking. 
• Separate  Architectural  Plan  with  all  
daylight areas marked on the floor plans.

Calculations:
• Window  to  Wall  Ratio  Calculation  and 
Skylight to Roof Ratio Calculation.
• U value calculation for wall and roof 
• Equivalent SHGC calculation using  
Shading Equivalent Factors
• Tradeoff method calculation (if opted).
• Daylight  Area  Calculation  with 
Compliance Summary Report or Daylight 
Simulation Report

Data Sheets:
• Insulation proposed to be used in Wall 
and roof with its K-value 
• Proposed  Window/Skylight  Glass 
(Mention U Value, SHGC, VLT) following 
with ISO-15099
• Proposed  Roof  Tile/Paint  (Mentioning 
initial  Solar  Reflectance  (according to  
ASTM  E903-96),  initial  emitance 
(according to ASTM E408-71).

8.3.2 HVAC Consultant
Drawings and Schedules:
• HVAC layout showing an air-conditioned 
area  with  the  marking  of a thermostat 
control and occupancy sensors.
• Summary  on  provision  done  for  natural 
ventilation spaces as per NBC 2016 (Part 8:  
Building  Services,  Section  1:  Lighting and 
Natural Ventilation, subsection 5: 
Ventilation)
• Proposed HVAC systems details 
(Mechanical  Schedules)  with  mentioning 
star rating, capacity, and efficiency.
• Details of proposed basement ventilation 
System Details controlled by CO sensors.
• Detail  of  Proposed Air  Side  Economizer 
or  Automatic  Outdoor  Air  Modulating 
Damper 
• Detail  of  Evaporative  Cooling/Desiccant 

Cooling/Solar  Air-Conditioning/Tri-
Generation/Radiant Cooling/Ground source 
heat pump/Adiabatic cooling  System (if 
proposed in the building).
• Air Side System and Hydronics System 
Balancing Report.
• Air-Side Economizer Test Report.

Data Sheets:
• HVAC systems mentioning star rating 
capacity and efficiency.
• Ceiling  fans  indicating  the  Star Rating 
(Minimum 3 Star)
• Piping Insulation (Mentioning the K value 
and thickness)
• Duct  Insulation  (Mentioning  the K  value 
and thickness)
• Chilled  Water  Pumps,  Condenser  Water 
Pumps  and  Cooling  Tower  (Mentioning 
the efficiency and VDF specs)
• Air  Side  Economizer  and  Water  Side 
Economizer Specification.
• Heat Recovery Equipment and specifiction 
(Hospital & Healthcare).
• Occupancy Sensors datasheet.
• Exhaust  Fan  Mentioning  the  Motor 
• The Motor of  the  fan  showing  the 
mechanicalefficiency and motor efficiency 
(IE2/IE3/IE4) as per IS 12615.

8.3.3 Plumbing Consultant
Drawings:
Plumbing  showing  hot  water  supply 
(Solar/Electric/Fuel) to the building.

Calculations:
Hot water requirnement in building and 
solar hot water provision calculation.

Data Sheets:
• Solar water heater with information and 
its minimum efficiency as per IS 13129.
• Electric equipment with the information of 
its efficiency as per IS 2028.
• Liquid/Gas fuel-based equipment with the 
information of its efficiency as per IS 15558 
(minimum 80% FUE).
• The insulation used for piping mentioning 
the 
K  value  and  thickness  confirming  to  IS 
Standard.
• Swimming  Pool  Cover  insulation 
mentioning  the  K  value  and  thickness 
confirming to IS Standard. 

8.3.4 Lighting Consultant
Drawings:
• Lighting  showing  the  provision  of  
occupancy sensors  in  the applicable spaces.
• Lighting  showing  the  location of  lighting 
fixtures, mentioning the type and wattage 

of the fixtures.

Calculations:
Lighting Power Density Calculation for inte-
rior spaces and exterior spaces.

Data Sheets:
• Exterior Lighting fixtures/Street Lights  in 
the  campus  with  its  specification  (Time 
based, or a photo sensed based).
• Interior  lighting fixture with  its  type and 
wattage details.
• Display/Demonstrating/Exit  Sign  lighting 
fixture with its wattage details.
• Exterior  Lighting  Fixtures  with  the 
information  of  its  luminous  efficacy 
(lm/W). 
• Master control devices for hotel buildings.
• Task lighting fixtures.
• Occupancy sensor and daylight sensor 
Specification Sheet.

8.3.5 Electrical Consultant
Drawings:
Site Plan or Roof Plan showing the 
dedicated renewable energy generating 
zone  in future with area description. 

Reports:
• Measurement  and Report  of  Transformer 
Losses
• Report on voltage drop for feeders and 
branch circuit.
• Connected Load Calculation.

Data Sheets:
• Transformer  details with  the  information 
of its type, capacity and losses at 50% and 
100% loading.
• Specification  sheet  and  Certificate  of 
Motors  with  the  information  of  its 
efficiency as per IS 12615. 
• DG  Set with  the BEE  star  rating  
information.
• UPS  with  the  information  of  energy 
efficiency or BEE star Rating. 
• Power Factor or APFC  (Automatic Power 
Factor Controller) with the specification.
• Meter  details  having  the  provision  to 
display the kVA, kWh, PF, current, voltage, 
THD.   
• Power cable specifications.

8.4  Simulation Requirements
8.4.1 Documentation
The project team needs to submit set of  
documents  to  the  ECBC  reviewers  to 
complete  the  ECBC  compliance  process. 
These documents include:
a) The drawings  that  the building owners 
and designers need to provide for carrying 
out  the ECBC calculations and simulations. 
This  includes general  information such as a 
several number of stories, floor area, 
conditioned space and building. 
b) The  calculations  and  simulations  of data 
that are performed for the building seeking  
compliance.  To  perform  the  simulation  
following  requirements  must  be arranged  
before  starting  the  simulation  process:
Architectural  drawings  viz.  Floor Plans,  
Elevations,  Building  Sections,  Wall  and  
Roof  Section  (for U-value calculation), Door 

Window Schedule,  Electrical  Plans, 
Mechanical  Plans,  Electrical  and  
Mechanical  Schedules,  Plumbing  plans  
and schedules etc.
• The weather file of the project site area.
• Energy  simulation  software  as  approved 
by the BEE.
• Operational Schedules for occupancy, 
lighting, Equipment etc.
c) The cut sheets of the different products 
used and installed in the project.
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Section
• Mandatory requirements
• Calculating Energy Consumption Of 
Proposed Design And Standard Design
• Schedules
• Simulation
• Maximum Allowed EPI Ratio

8.1 General  
The annual energy performance of a 
proposed (or existing) building can be 
predicted by using energy simulation 
software.  To analyze a building using the 
Whole Building Performance (WBP) 
Method, a detailed computer model of the 
proposed building needs to be prepared 
using building simulation software. The 
model must accurately (to the extent 
possible) represent the building location, 
occupancy, schedules, geometry, thermal 
properties, heating and cooling systems, and 
plants.  The energy use of the Proposed 
Design is then calculated using a weather file 
that contains hourly weather data for the 

given location.
  
8.1.1 Methodology
In another iteration (called the standard 
design), parameters of the proposed design 
are modified according to the rules specified 
in Table 8.2 . Unless specified in this table, all 
building systems and equipment are 
modeled identically in the standard design 
and Proposed Design.  The proposed design 
and Standard are simulated for all 8,760 
hours of a year using the hourly values of 
climatic data, such as temperature and 
humidity, from representative climatic data 
for the city in which the proposed design is 
to be located. For cities or urban regions with 
several climate data entries, and for locations 
where weather data are not available, 
weather data that best represents the climate 
at the construction site may be selected.  EPI 
for the standard design and proposed design 
are obtained from the output file of the 
models (the equations are included below).
With  the  WBP  approach,  a  computer 

program  is  used  to  calculate  the  annual 
energy  consumption  for both  the proposed 
building  design  and  the  Standard  building 
design, which  is  a  variant  of  the  proposed 
design.  When  simulating  the  standard 
building  design,  all  mandatory  and 
prescriptive  requirements  of  the  standard 
are  applied.  In  other  words,  the  standard 
building  represents  the  building  as  if  it 
exactly complies with the ECBC Standard.
Use of energy simulation software is 
necessary to show ECBC compliance via the 
whole building performance method. 
Energy simulation is a computer-based 
analytical process that helps building 
owners and designers to evaluate the energy 
performance of a building and make it more 
energy-efficient by making necessary 
modifications in the design before the 
building is constructed. Consumption for 
lighting, space cooling, fan consumption, 
equipment consumption is some of the 
parameters that the software provides for 
analysis and design modifications if 

required. These computer-based energy 
simulation programs model the thermal, 
visual, ventilation, and other energy- 
consuming sources taking place within the 
building to predict its energy performance. 
The simulation program takes into account 
the building geometry and orientation, 
building materials, building façade design 
and characteristics, climate, indoor 
environmental conditions, occupant 
activities and schedules, HVAC and lighting 
system and other parameters to analyze. 
Energy consumption in the standard design 
represents the upper limit of energy use 
allowed for that particular building under a 
scenario where all the prescriptive 
requirements of the code are adopted. Code 
compliance will be achieved if the energy 
use in proposed design is less then the 
energy used in the Standard Design. 
Three basic steps are involved:
• Design the building with energy efficiency 
measures; the prescriptive approach 
requirements provide a good starting point 

for the development of the design.
• Demonstrate that the building complies 
with the mandatory measures (See chapters 
6-9).
• Using approved simulation software, 
model the energy consumption of the 
building using the proposed features to 
create the proposed design. The model will 
also automatically calculate the energy use 
for the proposed design.
For the compliance calculations the 
proposed and standard design uses the same 
simulation software, same weather file and 
identical building operation assumptions 
such as thermostat setpoints, schedules, 
equipment and occupant loads) unless 
mentioned otherwise by code or any other 
authority having jurisdiction. These rules are 
to ensure a fair comparison between the two 
models. The biggest advantage of using this 
approach is that it enables the design and 
construction team to make comparisons 
between different design options to identify 
the most cost-effective and energy-efficient 
design solution. For instance, the efficiency 
of the indoor lighting system might be 
improved  to justify a fenestration design 
that does not meet the prescriptive envelope 
requirements. As long as the total energy use 
of the proposed design does not exceed the 
allowed energy use in standard design, the 
building will be ECBC compliant.

8.1.2 Benefits
The WBP method provides a detailed and 
robust analysis of the thermal performance 
of the building. Whole building energy 
simulation is currently the most 
sophisticated way of analyzing the impact of 
energy efficiency measures in an integrated 
manner. It is an alternative to the 
prescriptive requirements contained in 
chapter-4 to chapter-8 of ECBC. The impact 
of changing any one of the myriad 
parameters affecting energy performance of 
the building design being modeled can be 
predicted using this method. This is 
particularly useful for studying the impact of 
combinations of energy efficiency measures 
that may lead to non-linear building energy 
outcomes.
For example, electric lights produce light 
and heat inside a space. Calculating the 
electrical consumption for the electric lights 
is not very difficult, as long as one knows 
how many lights there are, what their heat 
output is, and how many hours they run. 
One does not need a simulation model to 
predict this outcome. However, the heat 
generated by electric lighting has to be 
removed by the HVAC systems in a warm or 

energy used by the HVAC systems due to 
the use of a more efficient electric lighting 
system is not recommended through manual 
calculations.
This computation becomes significantly 
more complex if the design team decides to 
employ daylight linked electric lighting 
system. Such a system is designed to reduce 
light (and heat output) in space when 
enough daylight is available. This non-linear 
relationship impacts the electric energy 
input to the lighting system, and the heat 
removed by the HVAC system.
At this time, predicting the integrated energy 
performance resulting from complex energy 
efficiency strategies cannot be studied 
reliably by any other means except the use of 
a whole building energy simulation analysis.
Once the model is completed and a base 
runer is established, carrying out multiple 
runs to test alternate design options involves 
less effort on the part of the analyst, although 
there could still be substantial computer run 
time involved. Whole building energy 
simulation is increasingly being used for 
testing compliance with various building 
energy codes and sustainability rating tools 
such as LEED and GRIHA. Technically 
reliable and verifiable energy simulation 
programs satisfying the minimum modeling 
capabilities should be used for compliance 
using this verification method.

8.2 Scope
The Whole Building Performance Method is 
an alternative to the Prescriptive Method 
compliance path contained in chapter-4 
through chapter-7 of this Code. It applies to 
all building types.
The alternative approach (Other than 
Prescriptive approach) to qualify for ECBC is 
the Whole Building Performance Method. It 
applies to all buildings of all climatic 
conditions. It is a flexible approach as it 
allows the energy analyst to account for 
measures such as building orientation, 
natural ventilation, daylighting and high 
efficiency HVAC system design. The WBP 
Method may be used to model new 
buildings, additions to existing buildings.

8.2.1 HVAC System
The use of the WBP method requires 
knowledge of the proposed HVAC system in 
order to create the standard design. 
Buildings with no HVAC system cannot use 
the WBP Method. In the case of a shell 
building, which might become conditioned 
in the future, trade-offs may still be made 
within the envelope system.

8.2.2 Alterations to Existing Buildings
When the WBP method is used for an 
alteration of an existing building, some 
special rules apply. The WBP method is 
optional for this purpose; designers may use 
the calculation acceptable to the Authority 
Having Jurisdiction. Unless a building 
component is being altered, the proposed 
design and the standard design are identical 
for that component. Portions of the building 
that are being replaced shall be treated as 
new systems and these systems in the 
standard design shall be representative of 
the requirements in the ECBC.

8.2.3 Alterations and Additions
The basic rules for alterations and additions 
are discussed in chapter-3. Some more rules  
apply to cases where it is undesirable either 
to treat the addition as a stand-alone 
building or to fully model the entire existing 
building. It is often necessary with additions 
or alterations to model at least part of the 
existing building. For instance, if the existing 
building’s HVAC system is being extended 
to serve the new construction, then that 
system needs to be fully modeled to account 
for its energy performance. If, however, this 
system only serves a portion of the existing 
building and only part of that building is 
affected by the new work, then it is not 
necessary to model the entire existing 
building.

8.2.4 Parts of Existing Buildings
The rules for excluding parts of the existing 
building are as follows: 
• If there is new construction that comes 
under the ECBC scope and it is part of the 
existing building but will be excluded from 
the proposed design, then those parts must 
comply with the Code’s applicable 
prescriptive requirements. 
• The excluded parts of the existing building 
must be served by HVAC systems that are 
completely independent of the systems or 
building components being modeled for the 
Proposed Building.
• There should not be any significant energy 
flows between the excluded parts of the 
building and the modeled parts. Rephrasing, 
the design space temperature, HVAC system 
operating setpoints, and operating and 
occupancy schedules on both sides of the 
boundary between the included and 
excluded parts must be the same. If the 
excluded portion of the building is a 
refrigerated warehouse and the included 
portion is an office, this condition would not 
be met, because there would be significant 
energy flows between them.

8.2.5 Compliance
A building complies with the Code using the 
Whole Building Performance (WBP) 
Method, when the estimated EPI Ratio is 
equal to or less than 1, even though it may 
not comply with the specific provisions of 
the prescriptive requirements in Ch-4 
through CH-7. The mandatory requirements 
of Ch-4 through CH-7 (§4.2, §5.2, §6.2 and 
§7.2) shall be met when using the WBP 
Method.
Compliance of the Proposed Design with the 
requirements of the ECBC Whole Building 
Performance Method consists of the 
following steps: 
1) Developing a Standard Design simulation 
model 
2) Carrying out a valid energy simulation 
run using the Standard Design to  predict its 
annual energy use 
3) Developing the Proposed Design 
simulation model for which compliance is 
being sought  Carrying out a valid energy 
simulation run for the Proposed Design 
model and ensuring that the predicted 
annual energy use is less than or equal to the 
energy use in Standard Design.

8.2.6 Annual Energy Use
Annual energy use for the purposes of the 
WBP Method shall be calculated in 
kilowatt-hours (kWh) of electricity use per 
year per unit area. Energy sources other than 
electricity that used in the building shall be 
converted to kWh of electric energy at the 
rate of 0.75 kWh per megajoule.  
Note: The annual energy use calculation as 
per the Whole Building Performance 
Method is not a prediction of the actual 
energy use of the building once it gets 
operational. Actual energy performance of a 
building depends on several factors like 
weather, occupant behavior, equipment 
performance and maintenance, among 
others, which are not covered by this Code.

8.2.7 Trade-offs Limited to Building Permit
The WBP Method may be used for building 
permit applications that include less than the 
whole building; however, any design 
parameters that are not part of the building 
permit application shall be identical for both 
the Proposed Design and the Standard 
Design. Future improvements to the 
building shall comply with both the 
mandatory and prescriptive requirements of 
concurrent code.

8.3 Documentation required (As per 
Existing Manual)

The following are the documents required 
for  the  entire  ECBC  Compliance  process 
alongside the Section Compliance Forms for 
the project under review. 

8.3.1 Architectural
Drawings: 
• Floor-wise Area Statement 
• Zone/Space wise Area Statement
• Site Plan/Master Plan 
• Floor Plans 
• Roof Plan 
• All Side Elevations
• Door-Window Schedule
• Section Drawings
• Facade  Wall  and  Roof  Sections  with 
material description and K-value marking. 
• Separate  Architectural  Plan  with  all  
daylight areas marked on the floor plans.

Calculations:
• Window  to  Wall  Ratio  Calculation  and 
Skylight to Roof Ratio Calculation.
• U value calculation for wall and roof 
• Equivalent SHGC calculation using  
Shading Equivalent Factors
• Tradeoff method calculation (if opted).
• Daylight  Area  Calculation  with 
Compliance Summary Report or Daylight 
Simulation Report

Data Sheets:
• Insulation proposed to be used in Wall 
and roof with its K-value 
• Proposed  Window/Skylight  Glass 
(Mention U Value, SHGC, VLT) following 
with ISO-15099
• Proposed  Roof  Tile/Paint  (Mentioning 
initial  Solar  Reflectance  (according to  
ASTM  E903-96),  initial  emitance 
(according to ASTM E408-71).

8.3.2 HVAC Consultant
Drawings and Schedules:
• HVAC layout showing an air-conditioned 
area  with  the  marking  of a thermostat 
control and occupancy sensors.
• Summary  on  provision  done  for  natural 
ventilation spaces as per NBC 2016 (Part 8:  
Building  Services,  Section  1:  Lighting and 
Natural Ventilation, subsection 5: 
Ventilation)
• Proposed HVAC systems details 
(Mechanical  Schedules)  with  mentioning 
star rating, capacity, and efficiency.
• Details of proposed basement ventilation 
System Details controlled by CO sensors.
• Detail  of  Proposed Air  Side  Economizer 
or  Automatic  Outdoor  Air  Modulating 
Damper 
• Detail  of  Evaporative  Cooling/Desiccant 

Cooling/Solar  Air-Conditioning/Tri-
Generation/Radiant Cooling/Ground source 
heat pump/Adiabatic cooling  System (if 
proposed in the building).
• Air Side System and Hydronics System 
Balancing Report.
• Air-Side Economizer Test Report.

Data Sheets:
• HVAC systems mentioning star rating 
capacity and efficiency.
• Ceiling  fans  indicating  the  Star Rating 
(Minimum 3 Star)
• Piping Insulation (Mentioning the K value 
and thickness)
• Duct  Insulation  (Mentioning  the K  value 
and thickness)
• Chilled  Water  Pumps,  Condenser  Water 
Pumps  and  Cooling  Tower  (Mentioning 
the efficiency and VDF specs)
• Air  Side  Economizer  and  Water  Side 
Economizer Specification.
• Heat Recovery Equipment and specifiction 
(Hospital & Healthcare).
• Occupancy Sensors datasheet.
• Exhaust  Fan  Mentioning  the  Motor 
• The Motor of  the  fan  showing  the 
mechanicalefficiency and motor efficiency 
(IE2/IE3/IE4) as per IS 12615.

8.3.3 Plumbing Consultant
Drawings:
Plumbing  showing  hot  water  supply 
(Solar/Electric/Fuel) to the building.

Calculations:
Hot water requirnement in building and 
solar hot water provision calculation.

Data Sheets:
• Solar water heater with information and 
its minimum efficiency as per IS 13129.
• Electric equipment with the information of 
its efficiency as per IS 2028.
• Liquid/Gas fuel-based equipment with the 
information of its efficiency as per IS 15558 
(minimum 80% FUE).
• The insulation used for piping mentioning 
the 
K  value  and  thickness  confirming  to  IS 
Standard.
• Swimming  Pool  Cover  insulation 
mentioning  the  K  value  and  thickness 
confirming to IS Standard. 

8.3.4 Lighting Consultant
Drawings:
• Lighting  showing  the  provision  of  
occupancy sensors  in  the applicable spaces.
• Lighting  showing  the  location of  lighting 
fixtures, mentioning the type and wattage 

of the fixtures.

Calculations:
Lighting Power Density Calculation for inte-
rior spaces and exterior spaces.

Data Sheets:
• Exterior Lighting fixtures/Street Lights  in 
the  campus  with  its  specification  (Time 
based, or a photo sensed based).
• Interior  lighting fixture with  its  type and 
wattage details.
• Display/Demonstrating/Exit  Sign  lighting 
fixture with its wattage details.
• Exterior  Lighting  Fixtures  with  the 
information  of  its  luminous  efficacy 
(lm/W). 
• Master control devices for hotel buildings.
• Task lighting fixtures.
• Occupancy sensor and daylight sensor 
Specification Sheet.

8.3.5 Electrical Consultant
Drawings:
Site Plan or Roof Plan showing the 
dedicated renewable energy generating 
zone  in future with area description. 

Reports:
• Measurement  and Report  of  Transformer 
Losses
• Report on voltage drop for feeders and 
branch circuit.
• Connected Load Calculation.

Data Sheets:
• Transformer  details with  the  information 
of its type, capacity and losses at 50% and 
100% loading.
• Specification  sheet  and  Certificate  of 
Motors  with  the  information  of  its 
efficiency as per IS 12615. 
• DG  Set with  the BEE  star  rating  
information.
• UPS  with  the  information  of  energy 
efficiency or BEE star Rating. 
• Power Factor or APFC  (Automatic Power 
Factor Controller) with the specification.
• Meter  details  having  the  provision  to 
display the kVA, kWh, PF, current, voltage, 
THD.   
• Power cable specifications.

8.4  Simulation Requirements
8.4.1 Documentation
The project team needs to submit set of  
documents  to  the  ECBC  reviewers  to 
complete  the  ECBC  compliance  process. 
These documents include:
a) The drawings  that  the building owners 
and designers need to provide for carrying 
out  the ECBC calculations and simulations. 
This  includes general  information such as a 
several number of stories, floor area, 
conditioned space and building. 
b) The  calculations  and  simulations  of data 
that are performed for the building seeking  
compliance.  To  perform  the  simulation  
following  requirements  must  be arranged  
before  starting  the  simulation  process:
Architectural  drawings  viz.  Floor Plans,  
Elevations,  Building  Sections,  Wall  and  
Roof  Section  (for U-value calculation), Door 

Window Schedule,  Electrical  Plans, 
Mechanical  Plans,  Electrical  and  
Mechanical  Schedules,  Plumbing  plans  
and schedules etc.
• The weather file of the project site area.
• Energy  simulation  software  as  approved 
by the BEE.
• Operational Schedules for occupancy, 
lighting, Equipment etc.
c) The cut sheets of the different products 
used and installed in the project.

hot climate. Calculating the reduction in 
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Section
• Mandatory requirements
• Calculating Energy Consumption Of 
Proposed Design And Standard Design
• Schedules
• Simulation
• Maximum Allowed EPI Ratio

8.1 General  
The annual energy performance of a 
proposed (or existing) building can be 
predicted by using energy simulation 
software.  To analyze a building using the 
Whole Building Performance (WBP) 
Method, a detailed computer model of the 
proposed building needs to be prepared 
using building simulation software. The 
model must accurately (to the extent 
possible) represent the building location, 
occupancy, schedules, geometry, thermal 
properties, heating and cooling systems, and 
plants.  The energy use of the Proposed 
Design is then calculated using a weather file 
that contains hourly weather data for the 

given location.
  
8.1.1 Methodology
In another iteration (called the standard 
design), parameters of the proposed design 
are modified according to the rules specified 
in Table 8.2 . Unless specified in this table, all 
building systems and equipment are 
modeled identically in the standard design 
and Proposed Design.  The proposed design 
and Standard are simulated for all 8,760 
hours of a year using the hourly values of 
climatic data, such as temperature and 
humidity, from representative climatic data 
for the city in which the proposed design is 
to be located. For cities or urban regions with 
several climate data entries, and for locations 
where weather data are not available, 
weather data that best represents the climate 
at the construction site may be selected.  EPI 
for the standard design and proposed design 
are obtained from the output file of the 
models (the equations are included below).
With  the  WBP  approach,  a  computer 

program  is  used  to  calculate  the  annual 
energy  consumption  for both  the proposed 
building  design  and  the  Standard  building 
design, which  is  a  variant  of  the  proposed 
design.  When  simulating  the  standard 
building  design,  all  mandatory  and 
prescriptive  requirements  of  the  standard 
are  applied.  In  other  words,  the  standard 
building  represents  the  building  as  if  it 
exactly complies with the ECBC Standard.
Use of energy simulation software is 
necessary to show ECBC compliance via the 
whole building performance method. 
Energy simulation is a computer-based 
analytical process that helps building 
owners and designers to evaluate the energy 
performance of a building and make it more 
energy-efficient by making necessary 
modifications in the design before the 
building is constructed. Consumption for 
lighting, space cooling, fan consumption, 
equipment consumption is some of the 
parameters that the software provides for 
analysis and design modifications if 

required. These computer-based energy 
simulation programs model the thermal, 
visual, ventilation, and other energy- 
consuming sources taking place within the 
building to predict its energy performance. 
The simulation program takes into account 
the building geometry and orientation, 
building materials, building façade design 
and characteristics, climate, indoor 
environmental conditions, occupant 
activities and schedules, HVAC and lighting 
system and other parameters to analyze. 
Energy consumption in the standard design 
represents the upper limit of energy use 
allowed for that particular building under a 
scenario where all the prescriptive 
requirements of the code are adopted. Code 
compliance will be achieved if the energy 
use in proposed design is less then the 
energy used in the Standard Design. 
Three basic steps are involved:
• Design the building with energy efficiency 
measures; the prescriptive approach 
requirements provide a good starting point 

for the development of the design.
• Demonstrate that the building complies 
with the mandatory measures (See chapters 
6-9).
• Using approved simulation software, 
model the energy consumption of the 
building using the proposed features to 
create the proposed design. The model will 
also automatically calculate the energy use 
for the proposed design.
For the compliance calculations the 
proposed and standard design uses the same 
simulation software, same weather file and 
identical building operation assumptions 
such as thermostat setpoints, schedules, 
equipment and occupant loads) unless 
mentioned otherwise by code or any other 
authority having jurisdiction. These rules are 
to ensure a fair comparison between the two 
models. The biggest advantage of using this 
approach is that it enables the design and 
construction team to make comparisons 
between different design options to identify 
the most cost-effective and energy-efficient 
design solution. For instance, the efficiency 
of the indoor lighting system might be 
improved  to justify a fenestration design 
that does not meet the prescriptive envelope 
requirements. As long as the total energy use 
of the proposed design does not exceed the 
allowed energy use in standard design, the 
building will be ECBC compliant.

8.1.2 Benefits
The WBP method provides a detailed and 
robust analysis of the thermal performance 
of the building. Whole building energy 
simulation is currently the most 
sophisticated way of analyzing the impact of 
energy efficiency measures in an integrated 
manner. It is an alternative to the 
prescriptive requirements contained in 
chapter-4 to chapter-8 of ECBC. The impact 
of changing any one of the myriad 
parameters affecting energy performance of 
the building design being modeled can be 
predicted using this method. This is 
particularly useful for studying the impact of 
combinations of energy efficiency measures 
that may lead to non-linear building energy 
outcomes.
For example, electric lights produce light 
and heat inside a space. Calculating the 
electrical consumption for the electric lights 
is not very difficult, as long as one knows 
how many lights there are, what their heat 
output is, and how many hours they run. 
One does not need a simulation model to 
predict this outcome. However, the heat 
generated by electric lighting has to be 
removed by the HVAC systems in a warm or 
hot climate. Calculating the reduction in 

energy used by the HVAC systems due to 
the use of a more efficient electric lighting 
system is not recommended through manual 
calculations.
This computation becomes significantly 
more complex if the design team decides to 
employ daylight linked electric lighting 
system. Such a system is designed to reduce 
light (and heat output) in space when 
enough daylight is available. This non-linear 
relationship impacts the electric energy 
input to the lighting system, and the heat 
removed by the HVAC system.
At this time, predicting the integrated energy 
performance resulting from complex energy 
efficiency strategies cannot be studied 
reliably by any other means except the use of 
a whole building energy simulation analysis.
Once the model is completed and a base 
runer is established, carrying out multiple 
runs to test alternate design options involves 
less effort on the part of the analyst, although 
there could still be substantial computer run 
time involved. Whole building energy 
simulation is increasingly being used for 
testing compliance with various building 
energy codes and sustainability rating tools 
such as LEED and GRIHA. Technically 
reliable and verifiable energy simulation 
programs satisfying the minimum modeling 
capabilities should be used for compliance 
using this verification method.

8.2 Scope
The Whole Building Performance Method is 
an alternative to the Prescriptive Method 
compliance path contained in chapter-4 
through chapter-7 of this Code. It applies to 
all building types.
The alternative approach (Other than 
Prescriptive approach) to qualify for ECBC is 
the Whole Building Performance Method. It 
applies to all buildings of all climatic 
conditions. It is a flexible approach as it 
allows the energy analyst to account for 
measures such as building orientation, 
natural ventilation, daylighting and high 
efficiency HVAC system design. The WBP 
Method may be used to model new 
buildings, additions to existing buildings.

8.2.1 HVAC System
The use of the WBP method requires 
knowledge of the proposed HVAC system in 
order to create the standard design. 
Buildings with no HVAC system cannot use 
the WBP Method. In the case of a shell 
building, which might become conditioned 
in the future, trade-offs may still be made 
within the envelope system.

8.2.2 Alterations to Existing Buildings
When the WBP method is used for an 
alteration of an existing building, some 
special rules apply. The WBP method is 
optional for this purpose; designers may use 
the calculation acceptable to the Authority 
Having Jurisdiction. Unless a building 
component is being altered, the proposed 
design and the standard design are identical 
for that component. Portions of the building 
that are being replaced shall be treated as 
new systems and these systems in the 
standard design shall be representative of 
the requirements in the ECBC.

8.2.3 Alterations and Additions
The basic rules for alterations and additions 
are discussed in chapter-3. Some more rules  
apply to cases where it is undesirable either 
to treat the addition as a stand-alone 
building or to fully model the entire existing 
building. It is often necessary with additions 
or alterations to model at least part of the 
existing building. For instance, if the existing 
building’s HVAC system is being extended 
to serve the new construction, then that 
system needs to be fully modeled to account 
for its energy performance. If, however, this 
system only serves a portion of the existing 
building and only part of that building is 
affected by the new work, then it is not 
necessary to model the entire existing 
building.

8.2.4 Parts of Existing Buildings
The rules for excluding parts of the existing 
building are as follows: 
• If there is new construction that comes 
under the ECBC scope and it is part of the 
existing building but will be excluded from 
the proposed design, then those parts must 
comply with the Code’s applicable 
prescriptive requirements. 
• The excluded parts of the existing building 
must be served by HVAC systems that are 
completely independent of the systems or 
building components being modeled for the 
Proposed Building.
• There should not be any significant energy 
flows between the excluded parts of the 
building and the modeled parts. Rephrasing, 
the design space temperature, HVAC system 
operating setpoints, and operating and 
occupancy schedules on both sides of the 
boundary between the included and 
excluded parts must be the same. If the 
excluded portion of the building is a 
refrigerated warehouse and the included 
portion is an office, this condition would not 
be met, because there would be significant 
energy flows between them.

8.2.5 Compliance
A building complies with the Code using the 
Whole Building Performance (WBP) 
Method, when the estimated EPI Ratio is 
equal to or less than 1, even though it may 
not comply with the specific provisions of 
the prescriptive requirements in Ch-4 
through CH-7. The mandatory requirements 
of Ch-4 through CH-7 (§4.2, §5.2, §6.2 and 
§7.2) shall be met when using the WBP 
Method.
Compliance of the Proposed Design with the 
requirements of the ECBC Whole Building 
Performance Method consists of the 
following steps: 
1) Developing a Standard Design simulation 
model 
2) Carrying out a valid energy simulation 
run using the Standard Design to  predict its 
annual energy use 
3) Developing the Proposed Design 
simulation model for which compliance is 
being sought  Carrying out a valid energy 
simulation run for the Proposed Design 
model and ensuring that the predicted 
annual energy use is less than or equal to the 
energy use in Standard Design.

8.2.6 Annual Energy Use
Annual energy use for the purposes of the 
WBP Method shall be calculated in 
kilowatt-hours (kWh) of electricity use per 
year per unit area. Energy sources other than 
electricity that used in the building shall be 
converted to kWh of electric energy at the 
rate of 0.75 kWh per megajoule.  
Note: The annual energy use calculation as 
per the Whole Building Performance 
Method is not a prediction of the actual 
energy use of the building once it gets 
operational. Actual energy performance of a 
building depends on several factors like 
weather, occupant behavior, equipment 
performance and maintenance, among 
others, which are not covered by this Code.

8.2.7 Trade-offs Limited to Building Permit
The WBP Method may be used for building 
permit applications that include less than the 
whole building; however, any design 
parameters that are not part of the building 
permit application shall be identical for both 
the Proposed Design and the Standard 
Design. Future improvements to the 
building shall comply with both the 
mandatory and prescriptive requirements of 
concurrent code.

The following are the documents required 
for  the  entire  ECBC  Compliance  process 
alongside the Section Compliance Forms for 
the project under review. 

8.3.1 Architectural
Drawings: 
• Floor-wise Area Statement 
• Zone/Space wise Area Statement
• Site Plan/Master Plan 
• Floor Plans 
• Roof Plan 
• All Side Elevations
• Door-Window Schedule
• Section Drawings
• Facade  Wall  and  Roof  Sections  with 
material description and K-value marking. 
• Separate  Architectural  Plan  with  all  
daylight areas marked on the floor plans.

Calculations:
• Window  to  Wall  Ratio  Calculation  and 
Skylight to Roof Ratio Calculation.
• U value calculation for wall and roof 
• Equivalent SHGC calculation using  
Shading Equivalent Factors
• Tradeoff method calculation (if opted).
• Daylight  Area  Calculation  with 
Compliance Summary Report or Daylight 
Simulation Report

Data Sheets:
• Insulation proposed to be used in Wall 
and roof with its K-value 
• Proposed  Window/Skylight  Glass 
(Mention U Value, SHGC, VLT) following 
with ISO-15099
• Proposed  Roof  Tile/Paint  (Mentioning 
initial  Solar  Reflectance  (according to  
ASTM  E903-96),  initial  emitance 
(according to ASTM E408-71).

8.3.2 HVAC Consultant
Drawings and Schedules:
• HVAC layout showing an air-conditioned 
area  with  the  marking  of a thermostat 
control and occupancy sensors.
• Summary  on  provision  done  for  natural 
ventilation spaces as per NBC 2016 (Part 8:  
Building  Services,  Section  1:  Lighting and 
Natural Ventilation, subsection 5: 
Ventilation)
• Proposed HVAC systems details 
(Mechanical  Schedules)  with  mentioning 
star rating, capacity, and efficiency.
• Details of proposed basement ventilation 
System Details controlled by CO sensors.
• Detail  of  Proposed Air  Side  Economizer 
or  Automatic  Outdoor  Air  Modulating 
Damper 
• Detail  of  Evaporative  Cooling/Desiccant 

Cooling/Solar  Air-Conditioning/Tri-
Generation/Radiant Cooling/Ground source 
heat pump/Adiabatic cooling  System (if 
proposed in the building).
• Air Side System and Hydronics System 
Balancing Report.
• Air-Side Economizer Test Report.

Data Sheets:
• HVAC systems mentioning star rating 
capacity and efficiency.
• Ceiling  fans  indicating  the  Star Rating 
(Minimum 3 Star)
• Piping Insulation (Mentioning the K value 
and thickness)
• Duct  Insulation  (Mentioning  the K  value 
and thickness)
• Chilled  Water  Pumps,  Condenser  Water 
Pumps  and  Cooling  Tower  (Mentioning 
the efficiency and VDF specs)
• Air  Side  Economizer  and  Water  Side 
Economizer Specification.
• Heat Recovery Equipment and specifiction 
(Hospital & Healthcare).
• Occupancy Sensors datasheet.
• Exhaust  Fan  Mentioning  the  Motor 
• The Motor of  the  fan  showing  the 
mechanicalefficiency and motor efficiency 
(IE2/IE3/IE4) as per IS 12615.

8.3.3 Plumbing Consultant
Drawings:
Plumbing  showing  hot  water  supply 
(Solar/Electric/Fuel) to the building.

Calculations:
Hot water requirnement in building and 
solar hot water provision calculation.

Data Sheets:
• Solar water heater with information and 
its minimum efficiency as per IS 13129.
• Electric equipment with the information of 
its efficiency as per IS 2028.
• Liquid/Gas fuel-based equipment with the 
information of its efficiency as per IS 15558 
(minimum 80% FUE).
• The insulation used for piping mentioning 
the 
K  value  and  thickness  confirming  to  IS 
Standard.
• Swimming  Pool  Cover  insulation 
mentioning  the  K  value  and  thickness 
confirming to IS Standard. 

8.3.4 Lighting Consultant
Drawings:
• Lighting  showing  the  provision  of  
occupancy sensors  in  the applicable spaces.
• Lighting  showing  the  location of  lighting 
fixtures, mentioning the type and wattage 

of the fixtures.

Calculations:
Lighting Power Density Calculation for inte-
rior spaces and exterior spaces.

Data Sheets:
• Exterior Lighting fixtures/Street Lights  in 
the  campus  with  its  specification  (Time 
based, or a photo sensed based).
• Interior  lighting fixture with  its  type and 
wattage details.
• Display/Demonstrating/Exit  Sign  lighting 
fixture with its wattage details.
• Exterior  Lighting  Fixtures  with  the 
information  of  its  luminous  efficacy 
(lm/W). 
• Master control devices for hotel buildings.
• Task lighting fixtures.
• Occupancy sensor and daylight sensor 
Specification Sheet.

8.3.5 Electrical Consultant
Drawings:
Site Plan or Roof Plan showing the 
dedicated renewable energy generating 
zone  in future with area description. 

Reports:
• Measurement  and Report  of  Transformer 
Losses
• Report on voltage drop for feeders and 
branch circuit.
• Connected Load Calculation.

Data Sheets:
• Transformer  details with  the  information 
of its type, capacity and losses at 50% and 
100% loading.
• Specification  sheet  and  Certificate  of 
Motors  with  the  information  of  its 
efficiency as per IS 12615. 
• DG  Set with  the BEE  star  rating  
information.
• UPS  with  the  information  of  energy 
efficiency or BEE star Rating. 
• Power Factor or APFC  (Automatic Power 
Factor Controller) with the specification.
• Meter  details  having  the  provision  to 
display the kVA, kWh, PF, current, voltage, 
THD.   
• Power cable specifications.
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8.4  Simulation Requirements
8.4.1 Documentation
The project team needs to submit set of  
documents  to  the  ECBC  reviewers  to 
complete  the  ECBC  compliance  process. 
These documents include:
a) The drawings  that  the building owners 
and designers need to provide for carrying 
out  the ECBC calculations and simulations. 
This  includes general  information such as a 
several number of stories, floor area, 
conditioned space and building. 
b) The  calculations  and  simulations  of data 
that are performed for the building seeking  
compliance.  To  perform  the  simulation  
following  requirements  must  be arranged  
before  starting  the  simulation  process:
Architectural  drawings  viz.  Floor Plans,  
Elevations,  Building  Sections,  Wall  and  
Roof  Section  (for U-value calculation), Door 

Window Schedule,  Electrical  Plans, 
Mechanical  Plans,  Electrical  and  
Mechanical  Schedules,  Plumbing  plans  
and schedules etc.
• The weather file of the project site area.
• Energy  simulation  software  as  approved 
by the BEE.
• Operational Schedules for occupancy, 
lighting, Equipment etc.
c) The cut sheets of the different products 
used and installed in the project.
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Section
• Mandatory requirements
• Calculating Energy Consumption Of 
Proposed Design And Standard Design
• Schedules
• Simulation
• Maximum Allowed EPI Ratio

8.1 General  
The annual energy performance of a 
proposed (or existing) building can be 
predicted by using energy simulation 
software.  To analyze a building using the 
Whole Building Performance (WBP) 
Method, a detailed computer model of the 
proposed building needs to be prepared 
using building simulation software. The 
model must accurately (to the extent 
possible) represent the building location, 
occupancy, schedules, geometry, thermal 
properties, heating and cooling systems, and 
plants.  The energy use of the Proposed 
Design is then calculated using a weather file 
that contains hourly weather data for the 

given location.
  
8.1.1 Methodology
In another iteration (called the standard 
design), parameters of the proposed design 
are modified according to the rules specified 
in Table 8.2 . Unless specified in this table, all 
building systems and equipment are 
modeled identically in the standard design 
and Proposed Design.  The proposed design 
and Standard are simulated for all 8,760 
hours of a year using the hourly values of 
climatic data, such as temperature and 
humidity, from representative climatic data 
for the city in which the proposed design is 
to be located. For cities or urban regions with 
several climate data entries, and for locations 
where weather data are not available, 
weather data that best represents the climate 
at the construction site may be selected.  EPI 
for the standard design and proposed design 
are obtained from the output file of the 
models (the equations are included below).
With  the  WBP  approach,  a  computer 

program  is  used  to  calculate  the  annual 
energy  consumption  for both  the proposed 
building  design  and  the  Standard  building 
design, which  is  a  variant  of  the  proposed 
design.  When  simulating  the  standard 
building  design,  all  mandatory  and 
prescriptive  requirements  of  the  standard 
are  applied.  In  other  words,  the  standard 
building  represents  the  building  as  if  it 
exactly complies with the ECBC Standard.
Use of energy simulation software is 
necessary to show ECBC compliance via the 
whole building performance method. 
Energy simulation is a computer-based 
analytical process that helps building 
owners and designers to evaluate the energy 
performance of a building and make it more 
energy-efficient by making necessary 
modifications in the design before the 
building is constructed. Consumption for 
lighting, space cooling, fan consumption, 
equipment consumption is some of the 
parameters that the software provides for 
analysis and design modifications if 

required. These computer-based energy 
simulation programs model the thermal, 
visual, ventilation, and other energy- 
consuming sources taking place within the 
building to predict its energy performance. 
The simulation program takes into account 
the building geometry and orientation, 
building materials, building façade design 
and characteristics, climate, indoor 
environmental conditions, occupant 
activities and schedules, HVAC and lighting 
system and other parameters to analyze. 
Energy consumption in the standard design 
represents the upper limit of energy use 
allowed for that particular building under a 
scenario where all the prescriptive 
requirements of the code are adopted. Code 
compliance will be achieved if the energy 
use in proposed design is less then the 
energy used in the Standard Design. 
Three basic steps are involved:
• Design the building with energy efficiency 
measures; the prescriptive approach 
requirements provide a good starting point 

for the development of the design.
• Demonstrate that the building complies 
with the mandatory measures (See chapters 
6-9).
• Using approved simulation software, 
model the energy consumption of the 
building using the proposed features to 
create the proposed design. The model will 
also automatically calculate the energy use 
for the proposed design.
For the compliance calculations the 
proposed and standard design uses the same 
simulation software, same weather file and 
identical building operation assumptions 
such as thermostat setpoints, schedules, 
equipment and occupant loads) unless 
mentioned otherwise by code or any other 
authority having jurisdiction. These rules are 
to ensure a fair comparison between the two 
models. The biggest advantage of using this 
approach is that it enables the design and 
construction team to make comparisons 
between different design options to identify 
the most cost-effective and energy-efficient 
design solution. For instance, the efficiency 
of the indoor lighting system might be 
improved  to justify a fenestration design 
that does not meet the prescriptive envelope 
requirements. As long as the total energy use 
of the proposed design does not exceed the 
allowed energy use in standard design, the 
building will be ECBC compliant.

8.1.2 Benefits
The WBP method provides a detailed and 
robust analysis of the thermal performance 
of the building. Whole building energy 
simulation is currently the most 
sophisticated way of analyzing the impact of 
energy efficiency measures in an integrated 
manner. It is an alternative to the 
prescriptive requirements contained in 
chapter-4 to chapter-8 of ECBC. The impact 
of changing any one of the myriad 
parameters affecting energy performance of 
the building design being modeled can be 
predicted using this method. This is 
particularly useful for studying the impact of 
combinations of energy efficiency measures 
that may lead to non-linear building energy 
outcomes.
For example, electric lights produce light 
and heat inside a space. Calculating the 
electrical consumption for the electric lights 
is not very difficult, as long as one knows 
how many lights there are, what their heat 
output is, and how many hours they run. 
One does not need a simulation model to 
predict this outcome. However, the heat 
generated by electric lighting has to be 
removed by the HVAC systems in a warm or 
hot climate. Calculating the reduction in 

energy used by the HVAC systems due to 
the use of a more efficient electric lighting 
system is not recommended through manual 
calculations.
This computation becomes significantly 
more complex if the design team decides to 
employ daylight linked electric lighting 
system. Such a system is designed to reduce 
light (and heat output) in space when 
enough daylight is available. This non-linear 
relationship impacts the electric energy 
input to the lighting system, and the heat 
removed by the HVAC system.
At this time, predicting the integrated energy 
performance resulting from complex energy 
efficiency strategies cannot be studied 
reliably by any other means except the use of 
a whole building energy simulation analysis.
Once the model is completed and a base 
runer is established, carrying out multiple 
runs to test alternate design options involves 
less effort on the part of the analyst, although 
there could still be substantial computer run 
time involved. Whole building energy 
simulation is increasingly being used for 
testing compliance with various building 
energy codes and sustainability rating tools 
such as LEED and GRIHA. Technically 
reliable and verifiable energy simulation 
programs satisfying the minimum modeling 
capabilities should be used for compliance 
using this verification method.

8.2 Scope
The Whole Building Performance Method is 
an alternative to the Prescriptive Method 
compliance path contained in chapter-4 
through chapter-7 of this Code. It applies to 
all building types.
The alternative approach (Other than 
Prescriptive approach) to qualify for ECBC is 
the Whole Building Performance Method. It 
applies to all buildings of all climatic 
conditions. It is a flexible approach as it 
allows the energy analyst to account for 
measures such as building orientation, 
natural ventilation, daylighting and high 
efficiency HVAC system design. The WBP 
Method may be used to model new 
buildings, additions to existing buildings.

8.2.1 HVAC System
The use of the WBP method requires 
knowledge of the proposed HVAC system in 
order to create the standard design. 
Buildings with no HVAC system cannot use 
the WBP Method. In the case of a shell 
building, which might become conditioned 
in the future, trade-offs may still be made 
within the envelope system.

8.2.2 Alterations to Existing Buildings
When the WBP method is used for an 
alteration of an existing building, some 
special rules apply. The WBP method is 
optional for this purpose; designers may use 
the calculation acceptable to the Authority 
Having Jurisdiction. Unless a building 
component is being altered, the proposed 
design and the standard design are identical 
for that component. Portions of the building 
that are being replaced shall be treated as 
new systems and these systems in the 
standard design shall be representative of 
the requirements in the ECBC.

8.2.3 Alterations and Additions
The basic rules for alterations and additions 
are discussed in chapter-3. Some more rules  
apply to cases where it is undesirable either 
to treat the addition as a stand-alone 
building or to fully model the entire existing 
building. It is often necessary with additions 
or alterations to model at least part of the 
existing building. For instance, if the existing 
building’s HVAC system is being extended 
to serve the new construction, then that 
system needs to be fully modeled to account 
for its energy performance. If, however, this 
system only serves a portion of the existing 
building and only part of that building is 
affected by the new work, then it is not 
necessary to model the entire existing 
building.

8.2.4 Parts of Existing Buildings
The rules for excluding parts of the existing 
building are as follows: 
• If there is new construction that comes 
under the ECBC scope and it is part of the 
existing building but will be excluded from 
the proposed design, then those parts must 
comply with the Code’s applicable 
prescriptive requirements. 
• The excluded parts of the existing building 
must be served by HVAC systems that are 
completely independent of the systems or 
building components being modeled for the 
Proposed Building.
• There should not be any significant energy 
flows between the excluded parts of the 
building and the modeled parts. Rephrasing, 
the design space temperature, HVAC system 
operating setpoints, and operating and 
occupancy schedules on both sides of the 
boundary between the included and 
excluded parts must be the same. If the 
excluded portion of the building is a 
refrigerated warehouse and the included 
portion is an office, this condition would not 
be met, because there would be significant 
energy flows between them.

8.2.5 Compliance
A building complies with the Code using the 
Whole Building Performance (WBP) 
Method, when the estimated EPI Ratio is 
equal to or less than 1, even though it may 
not comply with the specific provisions of 
the prescriptive requirements in Ch-4 
through CH-7. The mandatory requirements 
of Ch-4 through CH-7 (§4.2, §5.2, §6.2 and 
§7.2) shall be met when using the WBP 
Method.
Compliance of the Proposed Design with the 
requirements of the ECBC Whole Building 
Performance Method consists of the 
following steps: 
1) Developing a Standard Design simulation 
model 
2) Carrying out a valid energy simulation 
run using the Standard Design to  predict its 
annual energy use 
3) Developing the Proposed Design 
simulation model for which compliance is 
being sought  Carrying out a valid energy 
simulation run for the Proposed Design 
model and ensuring that the predicted 
annual energy use is less than or equal to the 
energy use in Standard Design.

8.2.6 Annual Energy Use
Annual energy use for the purposes of the 
WBP Method shall be calculated in 
kilowatt-hours (kWh) of electricity use per 
year per unit area. Energy sources other than 
electricity that used in the building shall be 
converted to kWh of electric energy at the 
rate of 0.75 kWh per megajoule.  
Note: The annual energy use calculation as 
per the Whole Building Performance 
Method is not a prediction of the actual 
energy use of the building once it gets 
operational. Actual energy performance of a 
building depends on several factors like 
weather, occupant behavior, equipment 
performance and maintenance, among 
others, which are not covered by this Code.

8.2.7 Trade-offs Limited to Building Permit
The WBP Method may be used for building 
permit applications that include less than the 
whole building; however, any design 
parameters that are not part of the building 
permit application shall be identical for both 
the Proposed Design and the Standard 
Design. Future improvements to the 
building shall comply with both the 
mandatory and prescriptive requirements of 
concurrent code.

8.3 Documentation required (As per 
Existing Manual)

The following are the documents required 
for  the  entire  ECBC  Compliance  process 
alongside the Section Compliance Forms for 
the project under review. 
8.3.1 Architectural
Drawings:

 

• Floor-wise Area Statement 
• Zone/Space wise Area Statement
• Site Plan/Master Plan 
• Floor Plans 
• Roof Plan 
• All Side Elevations
• Door-Window Schedule
• Section Drawings
• Facade  Wall  and  Roof  Sections  with 
material description and K-value marking. 
• Separate  Architectural  Plan  with  all  
daylight areas marked on the floor plans.

Calculations:
• Window  to  Wall  Ratio  Calculation  and 
Skylight to Roof Ratio Calculation.
• U value calculation for wall and roof 
• Equivalent SHGC calculation using  
Shading Equivalent Factors
• Tradeoff method calculation (if opted).
• Daylight  Area  Calculation  with 
Compliance Summary Report or Daylight 
Simulation Report

Data Sheets:
• Insulation proposed to be used in Wall 
and roof with its K-value 
• Proposed  Window/Skylight  Glass 
(Mention U Value, SHGC, VLT) following 
with ISO-15099
• Proposed  Roof  Tile/Paint  (Mentioning 
initial  Solar  Reflectance  (according to  
ASTM  E903-96),  initial  emitance 
(according to ASTM E408-71).

8.3.2 HVAC Consultant
Drawings and Schedules:
• HVAC layout showing an air-conditioned 
area  with  the  marking  of a thermostat 
control and occupancy sensors.
• Summary  on  provision  done  for  natural 
ventilation spaces as per NBC 2016 (Part 8:  
Building  Services,  Section  1:  Lighting and 
Natural Ventilation, subsection 5: 
Ventilation)
• Proposed HVAC systems details 
(Mechanical  Schedules)  with  mentioning 
star rating, capacity, and efficiency.
• Details of proposed basement ventilation 
System Details controlled by CO sensors.
• Detail  of  Proposed Air  Side  Economizer 
or  Automatic  Outdoor  Air  Modulating 
Damper 

Cooling/Solar  Air-Conditioning/Tri-
Generation/Radiant Cooling/Ground source 
heat pump/Adiabatic cooling  System (if 
proposed in the building).
• Air Side System and Hydronics System 
Balancing Report.
• Air-Side Economizer Test Report.

Data Sheets:
• HVAC systems mentioning star rating 
capacity and efficiency.
• Ceiling  fans  indicating  the  Star Rating 
(Minimum 3 Star)
• Piping Insulation (Mentioning the K value 
and thickness)
• Duct  Insulation  (Mentioning  the K  value 
and thickness)
• Chilled  Water  Pumps,  Condenser  Water 
Pumps  and  Cooling  Tower  (Mentioning 
the efficiency and VDF specs)
• Air  Side  Economizer  and  Water  Side 
Economizer Specification.
• Heat Recovery Equipment and specifiction 
(Hospital & Healthcare).
• Occupancy Sensors datasheet.
• Exhaust  Fan  Mentioning  the  Motor 
• The Motor of  the  fan  showing  the 
mechanicalefficiency and motor efficiency 
(IE2/IE3/IE4) as per IS 12615.

8.3.3 Plumbing Consultant
Drawings:
Plumbing  showing  hot  water  supply 
(Solar/Electric/Fuel) to the building.
Calculations:
Hot water requirement in building and 
solar hot water provision calculation.
Data Sheets:
• Solar water heater with information and 
its minimum efficiency as per IS 13129.
• Electric equipment with the information of 
its efficiency as per IS 2028.
• Liquid/Gas fuel-based equipment with the 
information of its efficiency as per IS 15558 
(minimum 80% FUE).
• The insulation used for piping mentioning 
the K  value  and  thickness  confirming to IS 
Standard.
• Swimming  Pool  Cover  insulation 
mentioning  the  K  value  and  thickness 
confirming to IS Standard. 

8.3.4 Lighting Consultant
Drawings:
• Lighting  showing  the  provision  of  
occupancy sensors  in  the applicable spaces.
• Lighting  showing  the  location of  lighting 
fixtures, mentioning the type and wattage 

of the fixtures.

Calculations:
Lighting Power Density Calculation for inte-
rior spaces and exterior spaces.

Data Sheets:
• Exterior Lighting fixtures/Street Lights  in 
the  campus  with  its  specification  (Time 
based, or a photo sensed based).
• Interior  lighting fixture with  its  type and 
wattage details.
• Display/Demonstrating/Exit  Sign  lighting 
fixture with its wattage details.
• Exterior  Lighting  Fixtures  with  the 
information  of  its  luminous  efficacy 
(lm/W). 
• Master control devices for hotel buildings.
• Task lighting fixtures.
• Occupancy sensor and daylight sensor 
Specification Sheet.

8.3.5 Electrical Consultant
Drawings:
Site Plan or Roof Plan showing the 
dedicated renewable energy generating 
zone  in future with area description. 

Reports:
• Measurement  and Report  of  Transformer 
Losses
• Report on voltage drop for feeders and 
branch circuit.
• Connected Load Calculation.

Data Sheets:
• Transformer  details with  the  information 
of its type, capacity and losses at 50% and 
100% loading.
• Specification  sheet  and  Certificate  of 
Motors  with  the  information  of  its 

• DG  Set with  the BEE  star  rating  
information.
• UPS  with  the  information  of  energy 
efficiency or BEE star Rating. 
• Power Factor or APFC  (Automatic Power 
Factor Controller) with the specification.
• Meter  details  having  the  provision  to 
display the kVA, kWh, PF, current, voltage, 
THD.   
• Power cable specifications.

8.4  Simulation Requirements
8.4.1 Documentation
The project team needs to submit set of  
documents  to  the  ECBC  reviewers  to 
complete  the  ECBC  compliance  process. 
These documents include:
a) The drawings  that  the building owners 
and designers need to provide for carrying 
out  the ECBC calculations and simulations. 
This  includes general  information such as a 
several number of stories, floor area, 
conditioned space and building. 
b) The  calculations  and  simulations  of data 
that are performed for the building seeking  
compliance.  To  perform  the  simulation  
following  requirements  must  be arranged  
before  starting  the  simulation  process:
Architectural  drawings  viz.  Floor Plans,  
Elevations,  Building  Sections,  Wall  and  
Roof  Section  (for U-value calculation), Door 

Window Schedule,  Electrical  Plans, 
Mechanical  Plans,  Electrical  and  
Mechanical  Schedules,  Plumbing  plans  
and schedules etc.
• The weather file of the project site area.
• Energy  simulation  software  as  approved 
by the BEE.
• Operational Schedules for occupancy, 
lighting, Equipment etc.
c) The cut sheets of the different products 
used and installed in the project.

• Detail  of  Evaporative  Cooling/Desiccant 8.3 Documentation required (As per 
Existing Manual)
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Section
• Mandatory requirements
• Calculating Energy Consumption Of 
Proposed Design And Standard Design
• Schedules
• Simulation
• Maximum Allowed EPI Ratio

8.1 General  
The annual energy performance of a 
proposed (or existing) building can be 
predicted by using energy simulation 
software.  To analyze a building using the 
Whole Building Performance (WBP) 
Method, a detailed computer model of the 
proposed building needs to be prepared 
using building simulation software. The 
model must accurately (to the extent 
possible) represent the building location, 
occupancy, schedules, geometry, thermal 
properties, heating and cooling systems, and 
plants.  The energy use of the Proposed 
Design is then calculated using a weather file 
that contains hourly weather data for the 

given location.
  
8.1.1 Methodology
In another iteration (called the standard 
design), parameters of the proposed design 
are modified according to the rules specified 
in Table 8.2 . Unless specified in this table, all 
building systems and equipment are 
modeled identically in the standard design 
and Proposed Design.  The proposed design 
and Standard are simulated for all 8,760 
hours of a year using the hourly values of 
climatic data, such as temperature and 
humidity, from representative climatic data 
for the city in which the proposed design is 
to be located. For cities or urban regions with 
several climate data entries, and for locations 
where weather data are not available, 
weather data that best represents the climate 
at the construction site may be selected.  EPI 
for the standard design and proposed design 
are obtained from the output file of the 
models (the equations are included below).
With  the  WBP  approach,  a  computer 

program  is  used  to  calculate  the  annual 
energy  consumption  for both  the proposed 
building  design  and  the  Standard  building 
design, which  is  a  variant  of  the  proposed 
design.  When  simulating  the  standard 
building  design,  all  mandatory  and 
prescriptive  requirements  of  the  standard 
are  applied.  In  other  words,  the  standard 
building  represents  the  building  as  if  it 
exactly complies with the ECBC Standard.
Use of energy simulation software is 
necessary to show ECBC compliance via the 
whole building performance method. 
Energy simulation is a computer-based 
analytical process that helps building 
owners and designers to evaluate the energy 
performance of a building and make it more 
energy-efficient by making necessary 
modifications in the design before the 
building is constructed. Consumption for 
lighting, space cooling, fan consumption, 
equipment consumption is some of the 
parameters that the software provides for 
analysis and design modifications if 

required. These computer-based energy 
simulation programs model the thermal, 
visual, ventilation, and other energy- 
consuming sources taking place within the 
building to predict its energy performance. 
The simulation program takes into account 
the building geometry and orientation, 
building materials, building façade design 
and characteristics, climate, indoor 
environmental conditions, occupant 
activities and schedules, HVAC and lighting 
system and other parameters to analyze. 
Energy consumption in the standard design 
represents the upper limit of energy use 
allowed for that particular building under a 
scenario where all the prescriptive 
requirements of the code are adopted. Code 
compliance will be achieved if the energy 
use in proposed design is less then the 
energy used in the Standard Design. 
Three basic steps are involved:
• Design the building with energy efficiency 
measures; the prescriptive approach 
requirements provide a good starting point 

for the development of the design.
• Demonstrate that the building complies 
with the mandatory measures (See chapters 
6-9).
• Using approved simulation software, 
model the energy consumption of the 
building using the proposed features to 
create the proposed design. The model will 
also automatically calculate the energy use 
for the proposed design.
For the compliance calculations the 
proposed and standard design uses the same 
simulation software, same weather file and 
identical building operation assumptions 
such as thermostat setpoints, schedules, 
equipment and occupant loads) unless 
mentioned otherwise by code or any other 
authority having jurisdiction. These rules are 
to ensure a fair comparison between the two 
models. The biggest advantage of using this 
approach is that it enables the design and 
construction team to make comparisons 
between different design options to identify 
the most cost-effective and energy-efficient 
design solution. For instance, the efficiency 
of the indoor lighting system might be 
improved  to justify a fenestration design 
that does not meet the prescriptive envelope 
requirements. As long as the total energy use 
of the proposed design does not exceed the 
allowed energy use in standard design, the 
building will be ECBC compliant.

8.1.2 Benefits
The WBP method provides a detailed and 
robust analysis of the thermal performance 
of the building. Whole building energy 
simulation is currently the most 
sophisticated way of analyzing the impact of 
energy efficiency measures in an integrated 
manner. It is an alternative to the 
prescriptive requirements contained in 
chapter-4 to chapter-8 of ECBC. The impact 
of changing any one of the myriad 
parameters affecting energy performance of 
the building design being modeled can be 
predicted using this method. This is 
particularly useful for studying the impact of 
combinations of energy efficiency measures 
that may lead to non-linear building energy 
outcomes.
For example, electric lights produce light 
and heat inside a space. Calculating the 
electrical consumption for the electric lights 
is not very difficult, as long as one knows 
how many lights there are, what their heat 
output is, and how many hours they run. 
One does not need a simulation model to 
predict this outcome. However, the heat 
generated by electric lighting has to be 
removed by the HVAC systems in a warm or 
hot climate. Calculating the reduction in 

energy used by the HVAC systems due to 
the use of a more efficient electric lighting 
system is not recommended through manual 
calculations.
This computation becomes significantly 
more complex if the design team decides to 
employ daylight linked electric lighting 
system. Such a system is designed to reduce 
light (and heat output) in space when 
enough daylight is available. This non-linear 
relationship impacts the electric energy 
input to the lighting system, and the heat 
removed by the HVAC system.
At this time, predicting the integrated energy 
performance resulting from complex energy 
efficiency strategies cannot be studied 
reliably by any other means except the use of 
a whole building energy simulation analysis.
Once the model is completed and a base 
runer is established, carrying out multiple 
runs to test alternate design options involves 
less effort on the part of the analyst, although 
there could still be substantial computer run 
time involved. Whole building energy 
simulation is increasingly being used for 
testing compliance with various building 
energy codes and sustainability rating tools 
such as LEED and GRIHA. Technically 
reliable and verifiable energy simulation 
programs satisfying the minimum modeling 
capabilities should be used for compliance 
using this verification method.

8.2 Scope
The Whole Building Performance Method is 
an alternative to the Prescriptive Method 
compliance path contained in chapter-4 
through chapter-7 of this Code. It applies to 
all building types.
The alternative approach (Other than 
Prescriptive approach) to qualify for ECBC is 
the Whole Building Performance Method. It 
applies to all buildings of all climatic 
conditions. It is a flexible approach as it 
allows the energy analyst to account for 
measures such as building orientation, 
natural ventilation, daylighting and high 
efficiency HVAC system design. The WBP 
Method may be used to model new 
buildings, additions to existing buildings.

8.2.1 HVAC System
The use of the WBP method requires 
knowledge of the proposed HVAC system in 
order to create the standard design. 
Buildings with no HVAC system cannot use 
the WBP Method. In the case of a shell 
building, which might become conditioned 
in the future, trade-offs may still be made 
within the envelope system.

8.2.2 Alterations to Existing Buildings
When the WBP method is used for an 
alteration of an existing building, some 
special rules apply. The WBP method is 
optional for this purpose; designers may use 
the calculation acceptable to the Authority 
Having Jurisdiction. Unless a building 
component is being altered, the proposed 
design and the standard design are identical 
for that component. Portions of the building 
that are being replaced shall be treated as 
new systems and these systems in the 
standard design shall be representative of 
the requirements in the ECBC.

8.2.3 Alterations and Additions
The basic rules for alterations and additions 
are discussed in chapter-3. Some more rules  
apply to cases where it is undesirable either 
to treat the addition as a stand-alone 
building or to fully model the entire existing 
building. It is often necessary with additions 
or alterations to model at least part of the 
existing building. For instance, if the existing 
building’s HVAC system is being extended 
to serve the new construction, then that 
system needs to be fully modeled to account 
for its energy performance. If, however, this 
system only serves a portion of the existing 
building and only part of that building is 
affected by the new work, then it is not 
necessary to model the entire existing 
building.

8.2.4 Parts of Existing Buildings
The rules for excluding parts of the existing 
building are as follows: 
• If there is new construction that comes 
under the ECBC scope and it is part of the 
existing building but will be excluded from 
the proposed design, then those parts must 
comply with the Code’s applicable 
prescriptive requirements. 
• The excluded parts of the existing building 
must be served by HVAC systems that are 
completely independent of the systems or 
building components being modeled for the 
Proposed Building.
• There should not be any significant energy 
flows between the excluded parts of the 
building and the modeled parts. Rephrasing, 
the design space temperature, HVAC system 
operating setpoints, and operating and 
occupancy schedules on both sides of the 
boundary between the included and 
excluded parts must be the same. If the 
excluded portion of the building is a 
refrigerated warehouse and the included 
portion is an office, this condition would not 
be met, because there would be significant 
energy flows between them.

8.2.5 Compliance
A building complies with the Code using the 
Whole Building Performance (WBP) 
Method, when the estimated EPI Ratio is 
equal to or less than 1, even though it may 
not comply with the specific provisions of 
the prescriptive requirements in Ch-4 
through CH-7. The mandatory requirements 
of Ch-4 through CH-7 (§4.2, §5.2, §6.2 and 
§7.2) shall be met when using the WBP 
Method.
Compliance of the Proposed Design with the 
requirements of the ECBC Whole Building 
Performance Method consists of the 
following steps: 
1) Developing a Standard Design simulation 
model 
2) Carrying out a valid energy simulation 
run using the Standard Design to  predict its 
annual energy use 
3) Developing the Proposed Design 
simulation model for which compliance is 
being sought  Carrying out a valid energy 
simulation run for the Proposed Design 
model and ensuring that the predicted 
annual energy use is less than or equal to the 
energy use in Standard Design.

8.2.6 Annual Energy Use
Annual energy use for the purposes of the 
WBP Method shall be calculated in 
kilowatt-hours (kWh) of electricity use per 
year per unit area. Energy sources other than 
electricity that used in the building shall be 
converted to kWh of electric energy at the 
rate of 0.75 kWh per megajoule.  
Note: The annual energy use calculation as 
per the Whole Building Performance 
Method is not a prediction of the actual 
energy use of the building once it gets 
operational. Actual energy performance of a 
building depends on several factors like 
weather, occupant behavior, equipment 
performance and maintenance, among 
others, which are not covered by this Code.

8.2.7 Trade-offs Limited to Building Permit
The WBP Method may be used for building 
permit applications that include less than the 
whole building; however, any design 
parameters that are not part of the building 
permit application shall be identical for both 
the Proposed Design and the Standard 
Design. Future improvements to the 
building shall comply with both the 
mandatory and prescriptive requirements of 
concurrent code.

8.3 Documentation required (As per 
Existing Manual)

The following are the documents required 
for  the  entire  ECBC  Compliance  process 
alongside the Section Compliance Forms for 
the project under review. 

8.3.1 Architectural
Drawings: 
• Floor-wise Area Statement 
• Zone/Space wise Area Statement
• Site Plan/Master Plan 
• Floor Plans 
• Roof Plan 
• All Side Elevations
• Door-Window Schedule
• Section Drawings
• Facade  Wall  and  Roof  Sections  with 
material description and K-value marking. 
• Separate  Architectural  Plan  with  all  
daylight areas marked on the floor plans.

Calculations:
• Window  to  Wall  Ratio  Calculation  and 
Skylight to Roof Ratio Calculation.
• U value calculation for wall and roof 
• Equivalent SHGC calculation using  
Shading Equivalent Factors
• Tradeoff method calculation (if opted).
• Daylight  Area  Calculation  with 
Compliance Summary Report or Daylight 
Simulation Report

Data Sheets:
• Insulation proposed to be used in Wall 
and roof with its K-value 
• Proposed  Window/Skylight  Glass 
(Mention U Value, SHGC, VLT) following 
with ISO-15099
• Proposed  Roof  Tile/Paint  (Mentioning 
initial  Solar  Reflectance  (according to  
ASTM  E903-96),  initial  emitance 
(according to ASTM E408-71).

8.3.2 HVAC Consultant
Drawings and Schedules:
• HVAC layout showing an air-conditioned 
area  with  the  marking  of a thermostat 
control and occupancy sensors.
• Summary  on  provision  done  for  natural 
ventilation spaces as per NBC 2016 (Part 8:  
Building  Services,  Section  1:  Lighting and 
Natural Ventilation, subsection 5: 
Ventilation)
• Proposed HVAC systems details 
(Mechanical  Schedules)  with  mentioning 
star rating, capacity, and efficiency.
• Details of proposed basement ventilation 
System Details controlled by CO sensors.
• Detail  of  Proposed Air  Side  Economizer 
or  Automatic  Outdoor  Air  Modulating 
Damper 
• Detail  of  Evaporative  Cooling/Desiccant 

Cooling/Solar  Air-Conditioning/Tri-
Generation/Radiant Cooling/Ground source 
heat pump/Adiabatic cooling  System (if 
proposed in the building).
• Air Side System and Hydronics System 
Balancing Report.
• Air-Side Economizer Test Report.

Data Sheets:
• HVAC systems mentioning star rating 
capacity and efficiency.
• Ceiling  fans  indicating  the  Star Rating 
(Minimum 3 Star)
• Piping Insulation (Mentioning the K value 
and thickness)
• Duct  Insulation  (Mentioning  the K  value 
and thickness)
• Chilled  Water  Pumps,  Condenser  Water 
Pumps  and  Cooling  Tower  (Mentioning 
the efficiency and VDF specs)
• Air  Side  Economizer  and  Water  Side 
Economizer Specification.
• Heat Recovery Equipment and specifiction 
(Hospital & Healthcare).
• Occupancy Sensors datasheet.
• Exhaust  Fan  Mentioning  the  Motor 
• The Motor of  the  fan  showing  the 
mechanicalefficiency and motor efficiency 
(IE2/IE3/IE4) as per IS 12615.

8.3.3 Plumbing Consultant
Drawings:
Plumbing  showing  hot  water  supply 
(Solar/Electric/Fuel) to the building.

Calculations:
Hot water requirnement in building and 
solar hot water provision calculation.

Data Sheets:
• Solar water heater with information and 
its minimum efficiency as per IS 13129.
• Electric equipment with the information of 
its efficiency as per IS 2028.
• Liquid/Gas fuel-based equipment with the 
information of its efficiency as per IS 15558 
(minimum 80% FUE).
• The insulation used for piping mentioning 
the 
K  value  and  thickness  confirming  to  IS 
Standard.
• Swimming  Pool  Cover  insulation 
mentioning  the  K  value  and  thickness 
confirming to IS Standard. 

8.3.4 Lighting Consultant
Drawings:
• Lighting  showing  the  provision  of  
occupancy sensors  in  the applicable spaces.
• Lighting  showing  the  location of  lighting 
fixtures, mentioning the type and wattage 

of the fixtures.

Calculations:
Lighting Power Density Calculation for inte-
rior spaces and exterior spaces.

Data Sheets:
• Exterior Lighting fixtures/Street Lights  in 
the  campus  with  its  specification  (Time 
based, or a photo sensed based).
• Interior  lighting fixture with  its  type and 
wattage details.
• Display/Demonstrating/Exit  Sign  lighting 
fixture with its wattage details.
• Exterior  Lighting  Fixtures  with  the 
information  of  its  luminous  efficacy 
(lm/W). 
• Master control devices for hotel buildings.
• Task lighting fixtures.
• Occupancy sensor and daylight sensor 
Specification Sheet.

8.3.5 Electrical Consultant
Drawings:
Site Plan or Roof Plan showing the 
dedicated renewable energy generating 
zone  in future with area description. 

Reports:
• Measurement  and Report  of  Transformer 
Losses
• Report on voltage drop for feeders and 
branch circuit.
• Connected Load Calculation.

Data Sheets:
• Transformer  details with  the  information 
of its type, capacity and losses at 50% and 
100% loading.
• Specification  sheet  and  Certificate  of 
Motors  with  the  information  of  its 
efficiency as per IS 12615. 

          
   

  
       

        

8.4  Simulation Requirements
8.4.1 Documentation
The project team needs to submit set of  
documents  to  the  ECBC  reviewers  to 
complete  the  ECBC  compliance  process. 
These documents include:
a) The drawings  that  the building owners 
and designers need to provide for carrying 
out  the ECBC calculations and simulations. 
This  includes general  information such as a 
several number of stories, floor area, 
conditioned space and building. 
b) The  calculations  and  simulations  of data 
that are performed for the building seeking  
compliance.  To  perform  the  simulation  
following  requirements  must  be arranged  
before  starting  the  simulation  process:
Architectural  drawings  viz.  Floor Plans,  
Elevations,  Building  Sections,  Wall  and  
Roof  Section  (for U-value calculation), Door 
Window Schedule,  Electrical  Plans, 
Mechanical  Plans,  Electrical  and  
Mechanical  Schedules,  Plumbing  plans  
and schedules etc.

• The weather file of the project site area.

• Energy  simulation  software  as  approved 
by the BEE.
• Operational Schedules for occupancy, 
lighting, Equipment etc.
c) The cut sheets of the different products 
used and installed in the project.

• Power Factor or APFC  (Automatic Power 
Factor Controller) with the specification.
• Meter  details  having  the  provision  to 
display the kVA, kWh, PF, current, voltage, 
THD.   
• Power cable specifications.

• DG  Set with  the BEE  star  rating  
information.

Automatic Control Device Daytime occupancy and area <300 m2 All Others
Programmable Timing Control 10% 0%
Occupancy Sensor 15% 10%
Occupancy Sensor and Programmable Timing Control 15% 10%

Power Adjustment Factors for Automatic Lighting ControlsTable 8.2  Power 
Adjustment
 Factors for 
Automatic 

Lighting 
Controls 

Technical Mannual on ECBC 2017 for the state of Punjab
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Case Proposed Design Standard Design

D
es

ig
n 

M
od

el
• The simulation model of the proposed Design 

shall be consistent with the design documents, 
including proper accounting of fenestration 

heating systems and controls.
• When the whole building method is applied 

to buildings in which energy-related features 
have not been designed yet (e.g., a lighting 
system), those yet-to-be-designed features 
shall be described in the proposed designs 
that they minimally comply with applicable 
mandatory and prescriptive requirements of 
§4 to §8 respectively.

• The standard design shall be 
developed by modifying the 
proposed design as described 
in this table. Unless specified in 
this table, all building systems 
and equipment shall be molded 
identically in the standard 
design and proposed design.

Sp
ac

e 
U

se
 

cl
as

si
fic

at
io

n • The building type or space type classifications 

category may be used in a building if it is a 
mixed-use facility.

• Same as proposed Design.

Sc
he

du
le

s

• Operational Schedules (hourly variations in 
occupancy, lighting power, equipment power, 

for the building and/or space type hall be 
modeled for showing compliance.

• Schedules must be modeled as per Annx-3 of this 

§ 9.6, appropriate schedules may be used. 
Temperature and humidity set points shall 
be identical in the standard and proposed 
design. Temperature control/ thermostat 
throttling ranges shall be modeled identically 
in both the designs.

• Same as proposed design. 
Exception: Schedules may be 
allowed to differ between the 
standard and proposed models 
wherever it is necessary to 
model nonstandard efficiency 
measures and/or measures that 
can be best approximated by a 
change in schedule. Measures 
that may warrant a change in 
operating schedules include 
but are not limited to automatic 
controls for lighting, natural 
ventilation, demand-controlled 
ventilation systems, controls 
for service water heating load 
reduction. Schedule change is 
not allowed for manual control 
under any category. This is 

The service hot water system type and all related 
performance parameters, such as equipment 

design shall be determined as follows:

Where a complete service hot water system 
-

tem type using actual component capacities 

Where a service hot water system has been 
designed, the service hot water model shall 
be consistent with design documents.

Where no service hot water system exists, or is 

modeled.

The service water heating 
system shall be of the same type 
as the proposed design. For 
residential facilities, hotels, and 
hospitals the standard design 
shall have a solar water system 

hot water demand. Systems 
shall meet the efficiency 

§3.14

Table 8.3
Modelling Req. 
for calculating 

proposed and 
standard design 

(Source: Table 
9-1; ECBC-

2017)

Chapter-5.

manual.
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Bu
ild

in
g 

En
ve

lo
pe

All components of the building envelope in the 
proposed design shall be modeled as shown on 
architectural drawings or as installed for exist-
ing building envelopes.

Exceptions:

Any envelope assembly that covers less than 
5% of the total area of that assembly type 
(e.g., exterior walls) need not be separately 
described. If not separately described, the 
area of envelope assembly must be added 

same type.

Exterior surfaces whose azimuth orienta-

otherwise the same may be described as 
ether a single surface or by using multipli-
ers.

For exterior roofs, other than roofs with 
-

tance of the roof surface shall be model in 

Manually operated fenestration shading 
devices such as blinds or shades shall not 
be modeled. Permanent shading devices 

shall be modeled.

The exterior roof surface shall be modeled 

determined in accordance with ASTM 
E408-71. Where cool roof is proposed, emit-

per ASTM E408-71 and ASTM E903-96 re-
spectively. Where cool roof is not proposed, 
the exterior roof surfaces shall be modeled 

-
tance of 0.9.

The Standard Design shall have 

and identical exterior dimensions 
and orientations as the proposed 
design, except as noted in a, b, c 
and d below.

Orientation: The standard 
design performance shall be 
generated by simulating the 
building with its actual orien-
tation and again after rotating 
the entire building 90, 180, 

the results. The building shall 
be modeled so that it does not 
shade itself.

Opaque assemblies such as 

shall be modeled as having 
the same heat capacity as the 
proposed design but with the 

in chapter-4

Fenestration arears shell 
equal to that of the proposed 
design or 40% of gross above 
grade wall area, whichever 
is smaller, and shall be dis-
tributed on each face in the 
same proportions as in the 

fenestration shall be assumed 

wall or roof. Manually op-
erated fenestration shading 
devices such as blinds or 
shades shall not be modeled. 

the maximum allowed for the 
climate, and the solar heat gin 

-
mum allowed for the climate 
and orientation.

-
terior roof surfaces shall be 

-

M
is

ce
lla

ne
ou

s 
Lo

ad
s

Receptacle, motor, and process loads shall be 
modeled and estimated based on the building 
type or space type category. These loads shall 
be included in simulations of the building and 
shall be included when calculating the standard 
design and proposed design. All end-use load 
components within and associated with the 

excluded by this table, but not limited to, ex-
haust fans, parking garage ventilation fans, ex-
terior building lighting, swimming pool heaters 
and pumps, elevators and escalators, refrigera-
tion equipment and cooking equipment.

Receptacle, motor and process 
loads shall be modeled the same 
as the proposed design.

chapter-4 of this manual
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Li
gh

tin
g 

C
on

tr
ol

s

Lighting power in the proposed design shall be 
determined as follows:

Where a complete lighting system exists, 
the actual lighting power shall be used in 
the model.

Where a lighting system has been designed, 
lighting power shall be determined in ac-
cordance with chapter-6.

lighting power shall be determined in ac-
For the appro-

Lighting system power shall include all 
lighting system components shown or pro-
vided for on plans (including lamps, bal-

Lighting power for parking garages and 
building facades shall be modeled.

Minimum lighting controls, as per the 

in the proposed case.

Automatic Daylighting controls shall be 
modeled directly in the software or through 

-
arate daylight analysis approved by the 

-
matic controls shall be modeled directly in 

-

Lighting power in the standard 
design shall be determined using 
the same categorization proce-
dure (building area or space func-
tion) and categories as the pro-
posed design with lighting power 
set equal to the maximum allowed 
for the corresponding method 

M
od

el
lin

g 
Li

m
ita

tio
ns

 to
 th

e 
Si

m
ul

at
io

n 
Pr

og
ra

m

If the simulation program cannot model a com-
ponent or system includc in the proposed 
design, one of the following methods shall be 
used with the approval of the authority having 

Ignore the component if the energy impact 
-

icant.

Model the component substituting a ther-
modynamically similar component model.

standard design in accordance with section 
6 of this table.

Whichever method is selected, the compo-
nent shall be modeled identically for both 
the proposed design and the standard de-
sign.

Same as proposed design.

Chapter-6.
priate building type.

ch-6 shall be modeled

listed Chapter-6.
Power for fixture not included in 
the lighting power Density calcul-
ation shall be modeled identically
 in the proposed design and stan-
dard design. Lighting controls sh-
all be modeled as per the ECBC 
requirments of CH-6    

8.2 
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zone shall be modeled as a separate thermal 
block.

Exception: Identical zones (similar occupancy 
and usage, similar internal loads, similar set 

-
rior walls face the same orientation or vary by 

-
pancy and usage, similar internal loads, simi-

exterior walls that face the same orientation or 

following rules:

Perimeter Core Zoning: Separate thermal 
block shall be modeled for perimeter and 

spaces located within 5 meters of an exteri-
or or semi-exterior wall.

-
ed greater than 5 meters of an exterior or 
semi-exterior wall.

Separate thermal blocks shall be modeled 

to the ambient.

Same as proposed case.

-
mance parameters, such as equipment capac-

using actual component capacities and ef-

design documents. Mechanical equipment 

design conditions to the rating conditions 

Where no heating system has been speci-

be electric. The system characteristics shall 
be identical to the system modeled in the 
Standard Design.

Where no cooling system has been speci-
-

tics shall be identical to the system modeled 
in the Standard design.

-
formance parameters for the stan-
dard design shall be determined 

Equipment performance shall 
meet the requirements of §5 for 
code compliant building.

10.7.1

10.7.1
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IMPACT OF ECBC: NATURAL & BUILT-ENVIRONMENT

 
 

associated with ECBC compliance of 
commercial buildings is the reduction in the 
electricity consumption of these buildings. 
Electricity generation results in the emission 
of greenhouse gases which subsequently 
results in air pollution, rise of sea levels & 

of biodiversity and health hazards. Hence, 

environmental problems. ECBC focuses on 
the energy conservation of commercial buildings 
in India through several approaches. The 
performance of a building and its savings 
compared to other non-compliant buildings 
are measured in terms of EPI (Energy 
Performance Index) which is expressed 
in kWh/m2/year. An analysis has been 
carried out to see how much CO2 emission 
through ECBC compliance can be saved in 
a composite climate region for a 1200 sq. m. 
institutional than 50% conditioned area.  

Assume Day time occupancy 24 hours occupancy
1200 sq. m. (5 days a week) Composite (7 days a week) Composite

Ty
pe

% 
Savings 

com-
pared to 
typical 

building

EPI

Savings 
com-

pared to 
Typical 
building

Electricity 
Savings 
for 1200 
sq. m. 

(MWh)

CO2 
savings 

emission 
per year

EPI

Savings 
com-

pared to 
Typical 
build-

ing

Elec-
tricity 
Sav-
ings 
for 

1200 
sq. m. 

(MWh)

CO2 
savings 
emis-
sion 
per 
year 

(tCO2)

(%)
(kWh/

m2/ 
year)

(kWh/
m2/year) (MWh) (tCO2)

(kWh/
m2/ 

year)

(kWh/
m2/ 

year)
(MWh) (tCO2)

Typical 
building 117 290

ECBC 25 88 29 35 31 217.5 73 87.00 76
ECBC+ 35 76 41 49 43 188.5 102 121.80 106
Super 
ECBC 50 59 59 70 61 145 145 174.00 151

Table 9.1
Assumption of 
CO2 emission 
of an ECBC 
compliant 
building of 1200 
sq. m.

Chapter 9

9.1 General



Technical Manual on ECBC 2017 for the state of Punjab77

 
Along with it we take a hotel building which 
runs for 24 hours & 7 days a week & above 
3-star rating. 

ECBC has established that it saves around 
25% electricity for an ECBC compliant 
building compared to a typical commercial 
building, 35% for ECBC+ and 50% for a 
Super ECBC compliant building. An ECBC 
compliant institutional building running 
with daytime occupancy 5 days a week has 
approximate an EPI of 88 whereas a full-
time occupancy hotel (7 days a week) has an 
approximate EPI of 218. Taking these values 
EPI for typical, ECBC+ and Super ECBC 
buildings has been calculated. This further 
gave us the saving of electricity for this
building.  The carbon emission factor for grid 
electricity consumption in India has been 

obtained which is 0.87 tCO2 /MWh (as per 
CO2  Standard Design Database for Indian 
Power Sector). The electricity consumption 
in MWh multiplied by the carbon emission 

savings that ECBC can achieve each year for 

From calculations, it is observed that a 
day time occupancy Super ECBC compliant 
building is capable of preventing 61.07 
tCO2 emissions and a 24 hours’ occupancy 
building such as hotel which is running 
7 days a week is capable of preventing 
emission of 151 tCO2 each year which will 
help to combat all the environmental issues 
related to release of GHG. Graphs provided 
below show the electricity and CO 2 savings 
for these buildings.

Figure 9.1
Electricity and 

CO2 savings 
for a day time 

occupancy 
building

 

Figure 9.2
Electricity and 

CO₂  savings 
for a 24 hours 

occupancy
building

 

9.2.1   Introduction

building a new facility. ECBC 2017 has 
provisions for an existing building that are going 
for alterations. Where the existing building 
is coming under the scope of ECBC 2017, 
portions of a building and its systems that 

are being altered shall meet the provisions 
of clause 4 through clause 7 of ECBC 2017. 

amount of energy and because existing 
buildings comprise the largest segment 
of the built environment, it is important 

reduce energy 

Typical building ECBC ECBC+ Super ECBC

EPI 117 88 76 59

Electricity Savings 35 49 70

CO2 savings 31 43 61
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9.2 Potential for retrofitting in existing building
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Figure 9.3
Parameters of 

existing building

consumption and the cost of heating, 
cooling, and lighting in buildings.

Doing so will mean that the building will 
be less costly to operate, will increase in 

healthier, more comfortable environment for 
people in which to live and work. The steps 

for existing buildings to include sustainability 
initiatives will reduce operating costs and 
environmental impacts, and can increase 
building adaptability, durability, and 
resiliency. A few recommendations are 

a. Recommission all energy and water 
systems to determine they are operating 
at optimum performance; then upgrade 
energy and water systems to minimize 
consumption.

b. 
daylight, HVAC and lighting sensors 
in appropriate locations. Incorporate 

as appropriate for the tasks and functions 
of the spaces.

c. Determine if natural ventilation and 
fresh air intake are feasible alternatives 
to reduce heating and cooling loads.

d. Investigate renewable energy options 

fuel-based energy. Consider solar 
shading devices for windows and doors, 
including those that generate electricity 
by photovoltaic (PV) devices.

e. Replace existing windows with high 
performance windows appropriate for 
climate and exposure. 

f. 
generation if the building is in a campus 
cluster or can share the on-site energy 
produced with adjacent buildings.

g. Balance the project's sustainable 
goals with its security goals including 
protecting the building and its occupants 
from natural and man-caused disasters.

h. Determine if a cool roof or green roof is 

i. To ensure a newly renovated building 
continues to perform as designed, 
measure the performance of the building 
regularly. If not already metered, plan 
on installing meters for electric, gas, 
water and other utilities. Smart meters 
and sub-meters are preferable to monitor 
real-time consumption, control demand 
and increase tenant accountability (cost 
control).

Determine  if the 
investment of 

worthwhile

Review points like: 
Structur al  soundness  of 
the building,  Possible 
disruption to the 
occupants,  Expense of 
relocating occupants 

Look for  opportunities  
to reduce the cost of the 
work by recycling waste 
and demolition 
materials

Perform an energy 
audit to determine  if the 
existing  systems ar e 
operating at optimum  
levels before replacing  
existing equipment

Plan and follow a  
sequence of a ctivities for  
best options for energy 
and sustainability  
impr ovements

Determine competence 
of building for energy 
and  sustainability  
improvements

Carry  out maintenance  

leaks, stuck dampers,  
disabled sensors, faulty  
wiring, etc to get 
savings in utility cost s

If  the building is 
metered, review utility 
bills from past years  
to determine if 
consumption has 
risen and at what r ate

After determining  
the opportunities  of 

to replacing the 
systems for energy 
conservation 
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Table 9.2

for Building 
Envelope.

Building Envelope
Building 
System
Roof

-

heat gain through roof.
Fenestration Replace the existing glass with Double Glazed Units. 

Solar Films can be added on existing windows which decrease the SHGC of 
glass. 

 

sun. 

sun. Overhangs can be provided on the South facing windows to avoid high 
sun. Drapes and Blinds can also be used for shading of windows

Electrical and Renewable

Building System

Transformers with losses listed in Tables 7.1 & 7.2 of Chapter 7.

Motors

Diesel Generator Replacement with 3 star rated DG sets.

Check Metering and Moni-
toring Replacing meters as per ECBC requirements listed in §7.3

Power Factor Correction

-
cient measures 

Installing automatic power factors to maintain PF greater 
than 0.97.

Power Supply

Renewables Installation of RE system equivalent to at least 25% of roof 
area or 1% of total peak demand.

Table 9.3: 

Table 9.4: 

for Electrical 
& Renewable 

Systems

options for 
comfort systems.

Comfort Systems

Building System

Air Conditioning
Replacement – 3 Star or greater 

Replacement with ECBC complied chillers as per Table 5.1 to 5.3 
Replacement with ECBC complied VRFs as per Table 5.5

Piping/Ductwork 
Insulation Replacing insulation with new insulation

Ceiling Fans Replacement – 3 Star or greater

Time clock Integration of time clock with existing or new system for automa-
tion

7.4
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Temperature Controls 
for zones with com-

fort systems

Integration of temperature controls with existing or new system to 
avoid simultaneous heating and cooling.

Occupancy Controls Occupancy Controls can be integrated for spaces listed in chapter-6.

Dampers Dampers can be integrated with in air supply and exhaust equip-
ment having VFD

System Balancing System Balancing as per ECBC for the desired output

Pumps Replacement with ECBC complied pumps to meet the power 
input per kWr

Condensers

Condensers can be relocated such that the heat sink is free of inter-
ference from heat discharge by devices located nearby. 

Condensers can be relocated or can be provided with shading to 
prevent direct heating.

Economizer Air Economizer or water can be integrated to meet ECBC require-
ments

Cooling Tower

Energy Recovery Installation of new Heat Recovery Units (for Hospitality & Health-
care)

Solar Water Heating
Installing Solar Hot Heater to provide at least 20% of the total hot 

water requirement if above grade area is <20,000m2 and 40% if 
above grade area is >20,000m2

-
ciency Replacing equipment as per ECBC requirements.

Heat Traps Providing heat traps at inlet and outlet of hot water storage tanks 
and vertical pipe risers

System Controls

Building System

Swimming Pools Providing heat retardant cover over pools
Occupancy Sensors Providing occupancy sensors in areas listed in chapter-6

Daylight Sensors Providing daylight sensors for luminaires installed in daylight 
extent area.

Space Control Providing space control device as per chapter-6
Providing either astronomical time switch or photo sensor.

Additional Controls Providing additional controls for building types/area types/lighting 
types mentioned in chapter-6

Exit Signs Replacing light source / exit sign such that power does not exceed 5 

plans with adequate lighting

Power lighting power does not exceed for the areas listed in chapter-6

Table 9.5: Retrofit 
options for system
conntrols
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The  project building “Punjab Energy 
Development Agency (PEDA)” is a typical 

technologies are on boom thereby yet there 
is a large scope in the building for energy 

Punjab Energy Development Agency 
(PEDA), Chandigarh being a State Nodal 
Agency responsible for development of new 

& renewable energy and non-conventional 
energy & is also State Designated 
Agency for implementation of Energy 
ConservationAct-2001 within the State 
of Punjab. PEDA-Solar Passive Complex, 
Chandigarh is a unique and successful 

designed on Solar Passive Architecture with 

Non-Conventional & Renewable Energy 
(MNRE) Govt. of India and Department of 
Science, Technology, Environment and Non-
Conventional Energy, Govt. of Punjab.

Building Details
Punjab Energy Development Agency (PEDA), Solar 

Passive Complex, Plot No. 1-2, Sector 33-D, 
Chandigarh

Building Type
Site Area 1.49 acre (268ft. x 243 ft.)

Total covered area 6338 Sq.m
Climate Composite

State & Country Punjab, India
Time zone

Coordinates
Elevation 350 m

Maximum Summer Temperature
Minimum Winter Temperature

Average Annual Rainfall 1110.7 mm
Total Conditioned Area 415 m2

Total Un- Conditioned Area 3681 m2

83 kW
Working Hours 8 Hours/day, 5 Days/week

EPI of the Building 14 kWh/m2/year

Building Envelope

Building 
Compo-

nent
Existing Building ECBC Complied Building

Roof

Roof is well designed as the roof construc-
tion is integrated with Solar PV Panels. 
Building Integrated Photovoltaic panels 

are used in the building. SRI tiles are also 
used in some portion of the building to 

load in internal part of building.

False Ceiling to be provided which will 
act as an air cavity to reduce heat gain.

Fenestra-
tion

Single Glazed Clear Glass with U- Value 
5.785 W/m2

0.855

Replace the existing glass with Double 
Glazed Units. Solar Films added on 

existing windows which decrease the 

provided on the west facing windows to 
cut the low sun. Drapes and Blinds also 

be used for shading of windows.

Table 9.6
Building details 

of PEDA

6050 m2

9.2.2 Case Study- Existing office building
(Day-time use)

Table 9.7
Comparision of

existing and ECBC
Compliance building

energy anaylsis
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Air Conditioning

Building Compo-
nent

Existing Building ECBC Complied Building

Space/ Building Type AC Tonnage 
(Tr)

No. of 
Ac. Units 
Installed

Total Tonnage

To be 
replaced 
with at 

least BEE 
3-Star as 

per ECBC 
2017

 
 

For spaces 
which are 

near, in 
that case 

the project 
team the 
split sys-
tems are 
replaced 
with VRF 
system. 

 
Note- Re-
placement 

of only 
those AC’s 
are done 

which 
have an 

operating 
hours of 

more than 
3 hours 
per day.

3.5 3 (BEE 2 
Star) 10.5

(PEDA) 4 2 (BEE 2 
Star) 8

Vice-Chairman 
(PEDA) 1.5 1 (BEE 2 

Star) 1.5

2 1 (BEE 2 
Star) 2

1.5 2 (BEE 2 
Star) 3

4 2 (BEE 2 
Star) 8

PS to CE 1 1 (BEE 2 
Star) 1

Executive Director 3.5 2 (BEE 2 
Star) 7

DGM 2 1 (BEE 2 
Star) 2

1.5 1 (BEE 2 
Star) 1.5

AGM (ADMN) 1 1 (BEE 2 
Star) 1

AGM (SPV) 1.5 1 (BEE 2 
Star) 1.5

AGM (EC) 1.5 1 (BEE 2 
Star) 1.5

SM (MA&P) 1.5 1 (BEE 2 
Star) 1.5

AGM (F) 1 1 (BEE 2 
Star) 1

SM (BG) 1 1 (BEE 2 
Star) 1

SM (ST) 1 1 (BEE 2 
Star) 1

SM (P) 1 1 (BEE 2 
Star) 1

Audit room 3 2 (BEE 2 
Star) 6

Conference room 5 1 (BEE 2 
Star) 5

Server room 1 1 (BEE 2 
Star) 1

SPV Control room 2 1 (BEE 2 
Star) 2

Auditorium 6 2 (BEE 2 
Star) 12

Total 51 31 80
Ceiling & Wall 
Mounted Fans 78 Units To be replaced with minimum 

3-star BEE rated ceiling fans.

Time clock No time 
clock

Integration of time clock with 
existing or new system for auto-

mation

Table 9.7
Comparision of
existing and ECBC
Compliance building
energy anaylsis



Technical Manual on ECBC 2017 for the state of Punjab83

Electrical & Renewables
Building Component Existing Building ECBC Complied Building

Motors Replacement of motors with IE2 
class motors.

Power Factor Correction Power Factor Controller is not 
used.

Power factor controller to be used 
to maintain PF greater than 0.97.

Renewable Energy Systems 26 kWp solar photovoltaic is 
installed

Building Compo-
nent Existing Building ECBC Complied Building

Floors Existing type of Quantity 
of existing 
luminaire

of existing 
luminaire

ECBC Complied Building

Ground Floor

8 368 No replacement required

5 200 light
67 2412
2 56
27 27 No replacement required

light 3 36 No replacement required

2 40 No replacement required
3 24 No replacement required
6 18 No replacement required

lighter 10 110 No replacement required

Upper Ground 
Floor

5 230
30 1080

1 40 light

First Floor

48 1728
4 112

8 320 light

Second Floor

1 20
6 276
13 468
1 40

7.605 kW 4.189 kW
Daylight Sensors Not used Must be used in the building

Control Manual Providing either astronomical 
time switch or photo sensor

 
 

Green building  encompasses   a structure’s 
planning, design, construction, operations 
and end-of-life recycling or renewal, 
while considering energy, water, indoor 
environmental quality, materials 
selection and location. Green buildings and 

alternative transportation use and encourage 
retention and creation of vegetated land 
areas and roofs. 

9.3.2 Impact of ECBC 2017 & Green 

Green  building codes go beyond 
minimum code requirements, raising the 

a proving ground for future standards and 
incorporate elements beyond the scope of 
the model energy codes, such as water and 

green building codes and programs become 

9.3 Inter-relation of ECBC with other 
buiding ratings
9.3.1 Introduction

Table 9.7
Comparision of

existing and ECBC
Compliance building

energy anaylsis
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due to solid waste and 5 percent lower GHGs 

With the adoption of ECBC 2017 for 
new commercial building construction 
throughout the country, it is estimated to 
achieve a 50% reduction in energy use by 
2030. This will translate to energy savings 
of about 300 Billion Units by 2030 and 
peak demand reduction of over 15 GW in a 
year. This will be equivalent to expenditure 
savings of  35,000 crores and 250 million 
tons of CO2 reduction. The following table 

the green rating systems and model energy 
codes. The intent of the comparison is to 

rating systems toward sustainability

Parameters

ECBC 2017 GRIHA v4 IGBC NB GEM

Mandatory to 
Comply

Voluntary 
- Incentive 

Based

Voluntary 
-Incentive 

Based

Voluntary 
- Incentive 

Based
Voluntary

Water Savings by 
Fixtures NA Yes Yes Yes Yes

Solar PV Mandatory Mandatory Not 
Mandatory

Not 
Mandatory

Not 
Mandatory

Promote Basic 
Amenities NA Yes Yes Yes Yes

Guidelines for Onsite 
Construction Site 

Measures
NA Yes Yes Yes Yes

Save Tress NA Strict 
Guide

Not 
Mandatory

Not 
Mandatory

Not 
Mandatory

Promote Passive 
Architecture Measures NA Yes NA Yes Yes

Yes (Only 
Roof) Yes Yes Yes Yes

Control Mandatory Mandatory Not 
Mandatory

Not 
Mandatory

Not 
Mandatory

Fixture Yes Yes NA NA NA

Construction Safety 
Measures while NA Yes Yes Yes Yes

Recycled Content in 
the Materials NA Yes Yes Yes Yes

Use of STP Onsite NA Yes Yes Yes Yes

Waste Management NA Yes Yes Yes Yes

CFC Free Refrigerant 
Use NA Mandatory Mandatory Mandatory Mandatory

No Smoking NA Mandatory Mandatory Mandatory Mandatory

Steps towards 
sustainable 

transportation
NA NA Yes Yes Yes

Rain Water Harvesting 
Provision NA Not 

Mandatory
Not 

Mandatory Mandatory Mandatory

more available, they provide jurisdictions 
with another tool for guiding construction 
and development in an overall less impactful, 
more sustainable manner.
 Buildings account for more than one-

quarter of all greenhouse gas emissions 
(GHGs), according to the Global Alliance 
for Buildings and Construction. There is 
over a 95 percent probability that human 
actions over the past 50 years have warmed 
our planet, said the Intergovernmental Panel 
on Climate Change in its Fifth Assessment 
Report. 

A 2014 UC Berkeley study found that 

contributed 50 percent lower GHGs than 
conventionally constructed buildings due to 
water consumption, 48 percent lower GHGs 

Table 9.8
Comparison 
between Green 
ratings and 
energy codes.
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Parameters ECBC 2017 GRIHA IGBC NB GEM

Roof U-Value-0.33 NA

ASHRAE 
90.1 2010

ASHRAE 90.1 
2010 As per ECBC 

2017U Value – 
0.36

U Value – 
0.36

Wall U- Value-0.40 NA

ASHRAE 
90.1 2010

ASHRAE 90.1 
2010 As per ECBC 

2017U Value – 
0.70

U Value – 
0.70

Window to Wall 
Ratio Max 40% Max 40% Max 40% Max 40% As per ECBC 

2017

Fenestration
U-Value-3.0 U-Value-NA U Value-6.81 U Value-6.81

As per ECBC 
2017SHGC-0.27 SHGC-

0.20/0.25 SHGC-0.25 SHGC-0.25

Transmission of 
Glass

> 0.27 No Specs No Specs No Specs As per ECBC 
2017

Day lighted 
Area

Min 40% of 
area

Min 25% of 
area

Not Manda-
tory - 55%

Not Manda-
tory - 50%

As per ECBC 
2017

Natural Venti-
lation NBC 2016 NBC 2005 ASHRAE 

62.1 ASHRAE 62.1 As per ECBC 
2017

Min. Mechanical 
Ventilation NBC 2016 Not Mandatory ASHRAE 

62.1 ASHRAE 62.1 As per ECBC 
2017

-
ciency Min 3 Star ASHRAE 90.1 

2004
ASHRAE 
90.1 2010

ASHRAE 90.1 
2010

As per ECBC 
2017

-
cy ECBC 2017 ASHRAE 90.1 

2004
ASHRAE 
90.1 2010

ASHRAE 90.1 
2010

As per ECBC 
2017

Ceiling Fans Min 3 Star NA NA NA As per ECBC 
2017

Temp Controls
Thermostat/ Thermostat/

NA NA As per ECBC 
2017

Temp Panel Temp Panel
Thermal Com-

fort NBC 2016 NBC 2005 
(100%) ASHRAE 55 ASHRAE 55 As per ECBC 

2017

Duct work Insu-
lation

Supply Duct Supply Duct

NA NA As per ECBC 
2017

R-1.4 R-1.4
Return Duct Return Duct

R-0.6 R-0.6
-

cation
Shaded & Well 

ventilated
Shaded & Well 

ventilated NA NA As per ECBC 
2017

Solar Water 
Heating

Mandatory-At 
least 20%/40% 
of the design 

Capacity.

20%/50%/70% 
Solar

NA NA As per ECBC 
2017

Table 9.9: 
Comparison 

table between 
green rating 
systems and 

energy codes.
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CASE STUDIES

 
 

Chapter 10

10.1.1 General

Punjab Energy Development Agency (PEDA)
PEDA – Solar Passive Complex, Chandigarh is a 
unique and successful model of Energy Efficient 
Solar Building, designed on solar passive 
architecture with the partial financial support of 
Ministry of New & Renewable Energy, 
Government of India and Department of Science, 
Technology, Environment and Non-conventional 
Energy, Government of Punjab. It is setup at Plot 
No. 1 & 2, Sector 33-D, Chandigarh.

10.1. 2 Compliance Approach
Whole Building Performnce Method
The software used for the analysis of the 
building’s energy performance is eQuest Version 

10.1 Punjab Energy Development Agency (PEDA) Chandigarh
3.64. The software is a program based on 
DOE-2.2 simulation engine and has the 
capabilities to model the following:
• 8760 hours per year
• Hourly variations in occupancy, interior loads, 
HVAC equipment’s and controls, defined 
separately for weekdays, holidays and 
weekends.
• Thermal mass effects
• Multiple thermal zones
• Part load performance curves for mechanical 
equipment
• Air side economizers with integrated control
• Perform design load calculations to determine 
required HVAC equipment capacities and air 
and water flow rates
• Perform simulation using a representative 
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10.3 

10.3.1 General Information

General Information
Site Area- 6,030 m²
Built Up Area – 4,096 m²
No. of Storey – 2 

50% saving in overall energy consumption 
34% reduction in Embodied Energy
25 kW installed on site renewable energy system 
Proposed EPI of 14 kWh/ m2/year (Benchmark EPI: 130)

BEE 5 Star rated building

  EPI 14 kWh/m2/year

Name of Building 

Building Type:

Climate Zone: Composite

Connected Load: 65 kW

weather file specific to a location
• Model energy rates 
10.1.3 ECBC Compliance: Energy 
Conservation Measures
Orientation: 
Solar Passive Complex has been  developed In 
response to solar geometry i.e. minimizing 
solar heat gain in cold period.  The building 
envelope attenuates the outside ambient 
conditions and the large volume of air is 
naturally conditioned by controlling solar 
access in response to the climatic swings.

Renewable
25 kWp building integrated solar photovoltaic 
power plant has been set up to meet the basic 
requirement of electricity in the complex.

Unique Shell Roofing on Central Atrium 
The Central atrium of the complex having the 
main entrance, reception, water bodies, 
cafeteria and sitting place for visitors 
constructed with a hyperbolic shell roof to 
admit daylight without glare and heat coupled 
with defused lighting through the glass to 
glass solar panels. The roof is supported with a 
very lightweight space frame structure.

Water Bodies
The water bodies with waterfalls and 
fountains have been placed in the central 
atrium of the complex for cooling of whole the 
complex in the hot and dry period.

Landscape Horticulture: 
The space around the building inside and 
outside of boundary wall and a big lawn in the 

Table 10.1.1
PEDA Building
Information/Highlights 

Figure 10.1.1
Solar Panel

Figure 10.1.2
Unique 
Roof Shell

Figure 10.1.3
Water Bodies

Figure 10.1.4
Landscape
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Space Summary

Building Use Conditioned Area (sq.m) Unconditioned (sq.m) Total (sq.m)

Total 415 3,681 4,096

Building Information and Energy Data 

Primary Data

Item
Existing
Estimate

Connected load (kW)
NIL NIL

Annual Electricity Consumption purchased from utilities in kWh 56,104 41,331
Annual Electricity Consumption through DG/GG sets in kWh NIL NIL
Total Annual Electricity Consumption Utilities +DG/GG sets in kWh 56,104 41,331
Annual cost of Electricity purchased from utilities in Rs. 2,62,345 1,94,376
Annual Cost of Electricity purchased through DG/GG sets in Rs. NIL NIL
Total Annual cost of Electricity, Utilities +DG/GG sets in Rs. 2,62,345 1,94,376

Existing Estimate

k

south has been designed with trees, shrubs and 
grass.  The big trees along the boundary wall 
acts as a curtain to minimize air pollution, 
sound pollution and filter/cool the entry of air.

Unique Floating Slab System
Floating and Overlapping slabs with 
interpenetrating vertical cut outs, that allow 
free and quick movement of  natural air 
reducing any suffocating effect.

Light Vaults: 
The vertical cutouts in the floating slabs are 
integrated with light vaults and solar activated 
naturally ventilating, domical structures in the 
south to admit daylight without glare and heat.

Wind Tower Coupled with Solar Chimenys:
The wind tower is placed centrally coupled 
with solar chimneys on thedomical for 
scientific direction/indirect cooling and drafting 
of used air.

Insulated Roof
All the roofs are insulated with double 
insulation system to avoid penetration of heat 
from the roof. 

Cavity Wall
All the roofs are insulated with a doubled 
insulation system with avoiding penetration 
heat from the roof. 

Cavity wall:
The complex is a single envelope mad up of its 
outer walls as double-skin walls having 2” 
cavity in between. The cavity wall facing south 
and west is filled with insulation material for 
increased thermal efficiency. 

Figure 10.1.5
Floating Slab

Figure 10.1.6
Wind Tower

Figure 10.1.7
Wall/Roof Sections

Table 10.1.2: Space
 Summary

Table 10.1.3: 
Energy Data
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Area of 
building

(Excluding 
parking, lawn, 

road etc.)

Built up area in sq.m. (excluding basement area) 4096 4096
Conditioned area in sq.m. 415 415

Conditioned area as % of built up area 10 10

Working hours(e.g. day working/24 hours working) 8 hrs/day 8 hrs/day

Working days /week (e.g. 5/6/7 days per week) 5 days/
week

5 days/
   week

Total no. of employees

Installed Capacity of air conditioning system (TR) 42 42
Installed lighting load in kW (if available) 11 9

Existing EPI (energy Performance index) in kWh/m2/year. Energy 
includes energy purchased and generated (excluding energy generat-

ed from any renewable sources)
13.4 9.9

Comparison of Proposed Design versus ECBC Recommendations

Building elements ECBC recommendations Proposed Design 
Inputs

Envelope

Wall Construction

Wall construction should be in such 
a way to meet R-value. For Daytime 
building, R value should be 2.1 and 
for 24 hours building, R value should 
be 2.1.

Wall Construction-
10mm Cement 
Mortar
115mm Red Brick
Insulation
10mm thick Cement 
Mortar
In South & West 
wall, used Insulation 
whereas in North & 
East wall, only air 
cavity used. R-value 
is not meeting as 

construction.

Roof Construction

Roof construction should be in such 
a way to meet R-value. For Daytime 
building, R value should be 2.1 and 
for 24 hours building, R value should 
be 3.5.

Roof is well 
designed as the 
roof construction 
is integrated with 

Building Integrated 
Photovoltaic panels 
are used in the 
building. SRI tiles 
are also used in 
some portion of 
the building to 

minimize the cooling 
load in internal part 
of building.

Window to wall gross ratio <60% 16%

U-factors (W/m² -°C) U-3.30 U-5.785

Area of 
building

(Excluding 
parking, lawn, 

road etc.)

Built up area in sq.m. (excluding basement area) 4,096 4,096
Conditioned area in sq.m. 415 415

Conditioned area as % of built up area 10 10

Working hours(e.g. day working/24 hours working) 8 hrs/day 8 hrs/day

Working days /week (e.g. 5/6/7 days per week) 5 days/
week

5 days/
   week

Total no. of employees

Installed Capacity of air conditioning system (TR) 42 42
Installed lighting load in kW (if available) 11 9

Existing EPI (energy Performance index) in kWh/m2/year. Energy 
includes energy purchased and generated (excluding energy generat-

ed from any renewable sources)
13.4 9.9

Comparison of Proposed Design versus ECBC Recommendations

Building elements ECBC recommendations Proposed Design 
Inputs

Envelope

Wall Construction

Wall construction should be in such 
a way to meet R-value. For Daytime 
building, R value should be 2.1 and 
for 24 hours building, R value should 
be 2.1.

Wall Construction-
10mm Cement 
Mortar
115mm Red Brick
Insulation
10mm thick Cement 
Mortar
In South & West 
wall, used Insulation 
whereas in North & 
East wall, only air 
cavity used. R-value 
is not meeting as 

construction.

Roof Construction

Roof construction should be in such 
a way to meet R-value. For Daytime 
building, R value should be 2.1 and 
for 24 hours building, R value should 
be 3.5.

Roof is well 
designed as the 
roof construction 
is integrated with 

Building Integrated 
Photovoltaic panels 
are used in the 
building. SRI tiles 
are also used in 
some portion of 
the building to 

minimize the cooling 
load in internal part 
of building.

Window to wall gross ratio <60% 16%

U-factors (W/m² -°C) U-3.30 U-5.785
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0.25 (<40% WWR)
0.2 (40% < WWR >60%)

0.835

light transmission (Glazing)

0-0.3                            0.27
0.31-0.4                      0.20
0.41-0.5                      0.16
0.51-0.6                      0.13

0.855

Skylight to roof gross ratio <5% 30%
Lighting

Lighting control Occupancy sensors

Occupancy sensors 
have been
used in all cabins of 

Exterior Ground Lighting

Exterior Ground Lighting
Interior Lighting Power 

Density
As per type of building. < 1.5 W/sq. ft 
in most of the buildings

Exterior Lighting Power 
Density No incandescent shall be used.

NBC 2005 - Part 8, Section 1, 5,4,3 and 
5.7.1

Meeting the 
requirements.

Minimum BEE 3 Star Rated

The air-conditioning 
in the building is 
being served by 
Split ACs which 
is used mostly in 

Some Split ACs are 
3 star rated whereas 
in some of the cabins 
are not meeting the 
requirements.

2017 Chillers Not Used.

IS Standard

IS 1391 (Part I) – Unitary System
IS 1391 (Part Ii) – Split
IS 8148 – Packaged
IS 13890 (>=75& Thermal

The equipment’s 
are used in the 
buildings as per IS 
standard.

Ceiling Fans Minimum BEE 3 Star Rated
No star rated fans 
are installed in the 
building.

Controls

Time Clock - Start/Stop – 3 day/week 
schedule
3 degree C – Temperature

Interlocking in separate

80

80

Minimum Equipment 
Efficiency Split AC

Minimum Equipment 
Efficiency Chiller
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Controls CT/Closed Circuit Coolers –
Two Speed Motors/Pony

Door Closer/Door gap sealing
Digital Temp. Indicator Panel.
Fan provision to all AC rooms
h. Each room – thermostat (display & 
regulation) – at> 24 degree C

No controls are 
being used. No 
BMS system is used 
in the building.

Piping Insulation

R-4 with Aluminum Protection 

Aluminum Protection
Coating for Cooling

Piping Insulation 
is protected with 
aluminum coating 
and meeting the 
requirements.

Electric Power

Maximum Allowable Power 
Transformer Losses

Max Power loss as per table 8.1 at 
50% and full loading with class 0.5 
digital meter

No separate 
transformer is used 
for the building. 
Electricity is being 
provided directly 
through grid.

Motors IS 12615
Motors used in the 
building are as per 
standards.

Power Factor Correction 0.97-1

No power factor 
corrector is used. 
Electricity is 
coming directly 
from the grid which 
is not meeting the 
requirement of
Power factor 
in between the 

Metering & Monitoring

A complete 
metering and 
monitoring systems 
is being used 
in the building 
which captures 
the complete 
readings of every 
system type and 

Power Cabling Adequately sized cable – max 1% 
loss

Power cables are 
used in the building 
meets the required 
values.
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In an overall, if we consider the energy 
consumption and EPI of the building for 
ECBC compliance, it can meet the overall 
requirements. As the PEDA building is 
BEE 5-Star Rated Building and having 
EPI of around 14 kWh/m2/Year, it will 
meet the ECBC compliance if it could be 
considered through Whole Building or 
Simulation approach to comply with ECBC 
requirements. As this building is using 
maximum daylight throughout the day 

lighting load which corresponds to Energy 

Major Energy Use and Areas  

centers is mentioned below:

(Average unit consumption per month)
S.

No.

For

Lighting

Window/split 
ACs and desert 

coolers

Computer 
systems 

including 
printers

For Misc. 
electrical 

appliances

Consumption 
from

Electricity 
board

Generation
Total

Electricity

Consumption

1 910 2,124 607 2,427 4,868 1,200 6,068

10.1.5 Details of Electricity Consumption in
 PEDA Building

Electricity Bills from May, 2015-May, 2016
Period from Consumption (kWh) Amount (Rs.)

18.05.2015 to 18.07.2015 18,586 1,01,728
18.07.2015 to 18.09.2015 22,816 1,23,519
18.09.2015 to 18.11.2015 9,442 57,353
18.11.2015 to 18.01.2016 11,571 64,145
18.01.2016 to 18.03.2016 12,211 83,545
18.03.2016 to 18.05.2016 15,180 1,01,908
18.05.2016 to 18.07.2016 23,869 1,85,997

Total 1,13,675 7,18,195

Table 10.1.4:
End-use
consumption 

10.1.6 Summary
1. Energy management:

• 
reduce the energy consumption are: 

 » Natural daylight utilization and 

 » 50% of building is un-conditioned

 » In-house power generation through 

• Reduction of energy consumption (%) – 
89%

• Benchmark EPI: 130 kWh/ m2/year (as per 
standard)

•

 

Proposed EPI: 14 kWh/ m2/year

• Materials/technologies used in the project 
 » White reflective tiles on portion of 

roof
 »
 » LED Fixtures
 »
conference room

10.1.4 Energy Use at PEDA Building

15%

40%

10%

35%

For Lighting
For window/split ACs and desert coolers
For computer systems including printers
For Misc. electrical appliances

The Strategies opted in the project to

3. Integrated Water Management:
• Water management strategies   

 »
 »

• Supply side management
 » Reduction in municipal water supply

2. Sustainable Building Materials /
Technologies:

Major energy consumption at PEDA Major 
energy consumption at PEDA building is for 
localized air conditioning, computer system, a 
few no. of water pumps, hot cases tea kettles and 
for a miscellaneous load like fans, room/desert 
coolers, refrigerators, photocopiers, fax 
machines, etc.
The miscellaneous our electrical appliances in 
the table above include ceiling/pedestal/exhaust 
fans,  photocopiers, fax machines, lifts, 
refrigerators, pumps, hot cases, tea, kettles, etc  

Figure 10.1.8
Energy 
Use at PEDA
Building

Table 10.1.5:
Electricity Bill details 
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4. Renewable energy utilization (Solar 
PV, Solar hot water, Wind, Biomass 
etc.):

• Overall energy consumption of internal 
artificial lighting and space conditioning: 
3034 Units/Month

• 
systems: 32000 kWh.

• Percentage of renewable energy system to 
offset the energy consumption for internal 
artificial lighting and space conditioning: 
40%

• Rated capacity of renewable energy system 
installed on site: 25 kW  
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10.2   Case Study 2: Indian Institute of Technology (IIT), Ropar
10.2.1 General Information
Building Name: Indian Institute of Technology (IIT), Ropar
Building Location: Ropar, Punjab
Site area:  9,98,808 m²
Built-up area: 48,254 m²
Building Type: Institute 
Occupancy Type: Daytime 
Total Connected Load: 2699 kW
Climate Zone: Composite
Compliance Approach: Whole building simulation approach
10.2.2 Building Description:
Indian Institute of Technology, Ropar is 
located in the City of Rupnagar, Punjab, 
India, around 40km away from the planned 
city of Chandigarh.  The building consists of 
multi-discipline departments, recreational 
facilities, an administration building, a 
library, a cafeteria, hostels for male and 
female students, residences for faculty and 
staff, a multi-activity building, and many 

other buildings for various activities. This 
building is self-sustainable.

Energy Simulation and Savings:
The annual energy consumption of the 
building after the simulation is coming out 
to be 6384.3*1000 kWh.  The annual electric 
consumption summary for the proposed 
case is given below:

Table 10.2.1
External Wall 
Assembly

Table 10.2.2
Roof Assembly

Table 10.2.3
Glazings

Innermost- 12 mm plaster + 115 mm 
Blocks AAC Blocks + 30 mm air 
cavity+ 115 mm Blocks AAC Blocks + 
12 mm plaster

U-value = 0.56 W/m2K
Assembly thickness, 300 mm
*There is no insulation in wall

Assembly layers: Cement Screed
100 mm RCC + 60 mm PUFF insulation 
+ 50 mm Cement Screed

U-value = 0.4 W/m2k
Assembly thickness, 240 mm
*60 mm PUFF insulation is provided 
in the roof.

10.2.3 Building Envelope:
10.2.3.1 External Wall Assembly:

10.2.3.2 Roof Assembly:

10.2.3.3 Glazing
6 mm toughened glass, 12 mm air gap, 
6 mm toughened glass

U-value = 1.6 W/m2k
SHGC = 0.23
VLT = 39%
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Fig.10.2.3 End-use Consumption

Table 10.2.6
Baseline 

Design Energy 
Consumption

Table 10.2.7
Proposed 

Design Energy 
Consumption

Table 10.2.5
Chiller 
Details

Table 10.2.4
Window to 

wall ratio

FACADE AREA, m
2 Opaque wall area , m

2 Glazed area, m
2 WWR

East 676.54 650.0 26.54 4.08
West 557.0 530.7 26.35 4.7
North 1032.4 967.1 65.32 6.3
South 1053.7 959.6

Total WWR 6.8%
8.96

10.2.4 Lighting:
1. Occupancy sensors are provided in areas 
like corridors, toilets, classrooms, and 
conference rooms.
2. LED lights with minimum of 80 lm/W are 
used for exterior lighting.
3. The astronomical time switch is provided 
for automatic control of exterior lighting.
4. The lighting loads in the proposed model 
are input as lighting power density (W/ m²) in 
individual spaces. Values were calculated 
using the building area method. Lighting 
power density has been taken as 10.8 W/ m²

 

for the lecture hall building, and 11.9 W/ m²
 

for the super academic block. 
10.2.5 HVAC:
10.2.5.1 HVAC systems – Water Side
The centralized plant has 4 centrifugal 
water-cooled chillers in which one is standby. 
As the chillers are water-cooled, the cooling 
tower and the chiller parameters are shown 
below:

No. Configuration COP IPLV EIR
Chiller 1 Centrifugal Chiller Water cooled 6.5 6.1 0.1538

10.2.6 Energy Consumption Analysis :

Space 
Cool

Heat 
Rejection

Space 
Heat

Vent. 
Fans

Pumps 
& Aux.

Misc. 
Equip.

Area 
Lights

Total

Electricity 
Consumption
(kWh*1000) 

1,469.2 193.7 36.3 171.7 739.5 2,289.1 1,484.8 6,384.3

Space 
Cool

Heat 
Rejection

Space 
Heat

Vent. 
Fans

Pumps 
& Aux.

Misc. 
Equip.

Area 
Lights

Total

Electricity 
Consumption
(kWh*1000) 

1,468 237 103 351 921 2,289.1 1,484.8 6856.5

Fig.10.2.1
Wall Assembly

Fig.10.2.2
Roof Assembly
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Consumption by end-use

Lights (kWh) 1,484,818
Equipment (kWh) 2,289,124

171,705
36,346

Cooling (kWh) 1,469,165
193,735

Pumps (kWh) 739,452
Total Consumption (kWh) 6,384,341
Area (m²) 48,254
EPI (kWh/m²/ year) 84.86*

Benchmark EPI for Institutional Building 140
Proposed Building EPI 84.86
Estimated Energy Savings (%) 39.38%

(kWh)

(kWh)
(kWh)

 
The energy savings are estimated by comparing 
the proposed case EPI with the standard EPI 
recommended in GRIHA Manual. The building, 
which contains two categories of blocks, mainly 
lecture halls and an academic block, is 
considered institutional. Both the blocks use the 
same schedules and working conditions. 
Therefore, combined EPI has been calculated 
for both the blocks. The EPI calculation is given 
below:

*For EPI calculation, Misc. equipment consumption 
is not considered in Total energy consumption.

Table 10.2.9
EPI 
Calculation

Table 10.2.8
Energy Saving 
Analysis

Standard Design Proposed Design Energy Saving (%)
Electricity (kWh)*1000 Electricity (kWh)*1000

Space Cool 1,468 1,469.2 0.1%
Heat Rejec�on 237 193.7 18.27%

Space Heat 103 36.3 64.7%
Vent. Fans 351 171.7 51.08%

Pumps & Aux. 921 739.5 19.7%
Misc. Equip. 2,289.1 2,289.1 0
Area Lights 1,484.8 1,484.8 0

Total 6,856.5 6,384.3 6.88%

 Annual energy consumption in kWh
Total built-up area 

(excluding unconditioned basements)
EPI  =  

10.2.7 Sustainable Goal: 
To incorporate sustainable power solutions, the 
immense focus has been drawn on renewable 
energy sources. Solar power is a clean source of 
energy, which has no carbon footprint. It is a 
heavily competitive energy source, which not 
only results in cost savings but also reduces the 

dependence on fossil fuels. To make the 
building self-sustainable, the project team has 
installed 75kWp solar power plant in the 
building. This has enabled IIT Ropar to become 
independent and create a balance between 
energy production and consumption. 
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10.3   Case Study 3: Indian School of Business, Mohali
10.3.1 General Information

General Information

Building Name: Indian School of Business
Building Location: Mohali, Punjab
Site area:  70 Acres 
Built-up area: 60,988 m²
Building Type: Institutional
Occupancy Hours: Mixed
Climate Zone: Composite
Compliance Approach: Whole Building Performance Approach

10.3.2 Building Description:
This self-sustaining campus is spread over 70 
acres. The campus is designed to meet the 
sustainability criteria, with energy-efficient 
mechanical and electrical fixtures, rainwater 
harvesting, maximised day lighting and 
passive environmental controls. The campus 
is equipped with state-of-the-art learning 
infrastructure – lecture theatres, a 500-seater 

auditorium, high-definition video 
conferencing, seamless access to digital and 
online library resources, and cashless 
payments through use of smart cards. It 
also features fully serviced apartments for 
students and faculty, cafeterias and cafes, 
sports and recreational facilities, and 
support services such as banking, 
communication, convenience stores, and 
medical facilities.

Windows
Base case Design Case

Window wall ratio 40% maximum 40%

U-value (W/m2.K) 6.927
Non residential 1.80

Residential 6.132

SHGC 0.29
Non residential 0.32

Residential 0.51
VLT (%) N/A 37%

10.3.3 Building Envelope:
U-Value (W/m2.K)

Base Case Design Case

Exterior Wall Steel frames = 0.704
9” thick Fly Ash Brick Block,  

Roof 0.3577
3-inch insulation entirely 
Over deck

Table 10.3.1
Exterior wall 

and roof 
U-Values

Table 10.3.2
Properties of 

window/glazing
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Water Side HVAC System
Base case Design Case

Chiller Water Cooled Screw Water Cooled Screw 
Chillers

No. & Capacity 2 No. Auto sized 2 No. 302 TR
COP 5.5 6.1

Air Side HVAC System

Variable Air Volume (VAV) in 
Administrative and
Academic quad area
Constant Air Volume (CAV) in 
Auditorium, cylinder and common 
area.

10.3.5.2 Energy-Use Comparison for All End-Uses Proposed Case vs Baseline 

10.3.5.3 Energy-Cost Comparison for All End-Uses Proposed Case vs Baseline 

Parameter Base case Design Case

Academic Block 1.2 0.65
Admin 1.0 0.65

Faculty Housing 0.7 0.34
Bachelor Housing 0.7 0.29
Married Housing 0.7 0.33

Executive Education 0.7 0.27
Cylinder 1.0 0.5

Baseline Case Proposed Case
Cooling 1,848.4 1,375.0

Heat RXN 68.5 89.5
Heating 67.5 221.7

Fans 1,353.5 947.1
Pumps 503.7 305.5

Ext. Lighting 145.2 54.4
Equipment 2,652.8 2,652.8

Lighting 1,568.7 811.8
Hot Water 402.4 402.4

Total 8,610.7 6,860.2
Savings in Electricity 1,750.5

Baseline Case Proposed Case
Cooling 92,42,000 68,75,000

Heat RXN 3,42,250 4,47,500
Heating 3,37,500 11,08,500

Fans 67,67,250 47,35,500
Pumps 25,18,625 15,27,500

Ext. Lighting 7,26,000 2,72,000
Equipment 1,32,64,000 1,32,64,000

Lighting 78,43,625 40,59,000
Hot Water 20,12,000 20,12,000

Total INR 4,30,53,250 INR 3,43,01,000
Savings in Electricity INR 87,52,250

10.3.5 Lighting:
10.3.5.1 Interior Lighting Power Density (W/sqft)

10.3.4 HVAC:

Table 10.3.3
Comparision 
b/w base case 
and design 
case HVAC 
parameters

Table 10.3.4
Comparision 
b/w base case 
and design 
case LPD

Table 10.3.5
Comparision 
b/w base case 
and design 
case Energy 
consuption

Table 10.3.6
Comparision 
b/w base case 
and design 
case Energy 
cost
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ACADEMIC SQUARE
• The central academic block, comprising 
separate buildings under a unifying parasol 
roof, is the heart of the campus. 
• The outdoor spaces connecting the separate 
facilities feature formal courtyards protected 
from the sun by trellis and fabric canopies 
and also informal connective gardens.

• The staff is located in two levels of this 
building.
• The atrium is an open space where students 
can relax. The atrium in Mohali connects the 
administration block with the academic 
square.

Figure10.3.1  
Parasol Roof

Figure10.3.2  
Atrium

Figure10.3.3  
The Circle Building

THE CIRCLE BUILDING
The Circle building houses the Café Coffee 
Day outlet and the merchandise store. The 
cylindrical building lend a unique character 
to the campus.

RECREATION CENTRE
The recreation center comprises a gym, 
swimming pool, squash courts, tennis and 
basketball courts and a volleyball court. 

AUDITORIUM
• A 500-seater auditorium

10.3.6 Sustainable Materials
1. 100% usage of fly ash bricks in the project 
has enabled the utilization of by-products of 
thermal power plants, and usage of hollow 
aerated concrete blocks has reduced the use 
of unsustainable building materials. 
2. Thermal roof and under deck insulation 
with a reflective coating on top have curbed 
the electricity consumption.
3. Double glazed units with aluminum 
frames, sealed with rubber gaskets, have 
significantly reduced the heat gain.   
4. The use of low volatile organic compound 
(VOC) paints, adhesives and sealants are 
excellent for human health and the 
environment. 

10.3.7 Water Conservation Measures
1. Zero discharge sewage treatment plant 
(STP) is highly efficient, utilizes the water in 
its entirety, and eliminates wastage. Hence, 
100% of STP water is recycled. 
2. Geothermal supported HVAC systems 
utilize the heat inside the earth’s crust, and 
produce energy for the comfort systems. 
3. Low flow rate plumbing fixtures are 
installed to reduce consumption at the root 
level
4. A centralized launderette and recycling the 
water.
5. Modular Rain Water Harvesting is 
important for creating green credit structures, 
and creates rainwater utility.
6. Drip irrigation creates focal points for 
water delivery and reduces unnecessary 
wastage. Only recycled water is used for 
landscaping. 
7. Horticulture watering post 5 PM in 
summers 
8. Native plants & biodiversity are 
encouraged to reduce excess water demand.
9. Mini forests facilitate water absorption and 
help in replenishing the groundwater table. 
They also reduce the chances of floods.
 
10.3.8 Sustainable Operations
1. The solar power plant has been installed 
with a capacity of 3kW, which ensures a 
regular supply of electricity for the operations 
without generating any carbon footprint.
2. Optimal use of daily light, with 40% of the 
area daylit reduces the need for lighting 
during the day and saves electricity.  
3. Electric car chargers have been installed 
and cab pooling is encouraged to reduce 
transport carbon emissions. 
4. 90% usage of LED light fixtures have 
resulted in an immense reduction in energy 
consumption. 
5. Basement lighting through Solar 
Photovoltaic Panels (1 lac units) saves energy 
costs.

Figure10.3.4 Gym

Figure10.3.5 Swiming Pool

6. Solar and heat pumps for water heating in 
housing also saves energy and keeps the 
electric geysers at bay.
7. Efficient HVAC Systems like an automatic 
building management system (BMS) and 
natural air circulation curbs wastage, and 
reduces the need for air conditioning. 
8. The geothermal system reduces the load on 
HVAC systems 
9. Energy-efficient motors for elevators (20% 
better) reduce energy costs.
10. Awareness campaigns on energy saving 
are an investment for the future betterment of 
natural resource usage. 
11. The automated lighting system creates 
efficiency in usage and increases 
convenience.
 
10.3.9 Miscellaneous Measures Undertaken
1. Power consumption reduced from 0.82 to 
0.63 units per sq. ft. 
2. Per capita, water consumption reduced 
from 260 to 172 lpd.
3. Large bins installed at common areas in 
each building for waste segregation, resulting 
in efficiency in recycling. 
4. Food waste converted into manure with 
waste compost machines, reducing the 
methane emissions in landfills. 
5. Organic farming encourages water-efficient 
and nutrient efficient farming systems, 
producing healthier eco-friendly foods.
6. Continuous technology upgrade has 
progressively improved efficiency. 
7. Cross ventilation improves the quality of 
living. 
8. Solar costs down to around Rs 4 per unit, 
creating incentives to increase investments in 
renewable energy. 
9. Paper and waste recycling has resulted in 
better use of resources.
10. Poly free campus creates an eco-friendly 
environment. 
11. Green jobs are created which results in 
work satisfaction and utility. 

Figure10.3.6  
Auditorium
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ACADEMIC SQUARE
• The central academic block, comprising 
separate buildings under a unifying parasol 
roof, is the heart of the campus. 
• The outdoor spaces connecting the separate 
facilities feature formal courtyards protected 
from the sun by trellis and fabric canopies 
and also informal connective gardens.

• The staff is located in two levels of this 
building.
• The atrium is an open space where students 
can relax. The atrium in Mohali connects the 
administration block with the academic 
square.

THE CIRCLE BUILDING
The Circle building houses the Café Coffee 
Day outlet and the merchandise store. The 
cylindrical building lend a unique character 
to the campus.

RECREATION CENTRE
The recreation center comprises a gym, 
swimming pool, squash courts, tennis and 
basketball courts and a volleyball court. 

AUDITORIUM
• A 500-seater auditorium

10.3.6 Sustainable Materials
1. 100% usage of fly ash bricks in the project 
has enabled the utilization of by-products of 
thermal power plants, and usage of hollow 
aerated concrete blocks has reduced the use 
of unsustainable building materials. 
2. Thermal roof and under deck insulation 
with a reflective coating on top have curbed 
the electricity consumption.
3. Double glazed units with aluminum 
frames, sealed with rubber gaskets, have 
significantly reduced the heat gain.   
4. The use of low volatile organic compound 
(VOC) paints, adhesives and sealants are 
excellent for human health and the 
environment. 

10.3.7 Water Conservation Measures
1. Zero discharge sewage treatment plant 
(STP) is highly efficient, utilizes the water in 
its entirety, and eliminates wastage. Hence, 
100% of STP water is recycled. 
2. Geothermal supported HVAC systems 
utilize the heat inside the earth’s crust, and 
produce energy for the comfort systems. 
3. Low flow rate plumbing fixtures are 
installed to reduce consumption at the root 
level
4. A centralized launderette and recycling the 
water.
5. Modular Rain Water Harvesting is 
important for creating green credit structures, 
and creates rainwater utility.
6. Drip irrigation creates focal points for 
water delivery and reduces unnecessary 
wastage. Only recycled water is used for 
landscaping. 
7. Horticulture watering post 5 PM in 
summers 
8. Native plants & biodiversity are 
encouraged to reduce excess water demand.
9. Mini forests facilitate water absorption and 
help in replenishing the groundwater table. 
They also reduce the chances of floods.
 

10.3.8 Sustainable Operations
1. The solar power plant has been installed 
with a capacity of 3kW, which ensures a 
regular supply of electricity for the operations 
without generating any carbon footprint.
2. Optimal use of daily light, with 40% of the 
area daylit reduces the need for lighting 
during the day and saves electricity.  

3. Electric car chargers have been installed 
and cab pooling is encouraged to reduce 
transport carbon emissions. 

6. Solar and heat pumps for water heating in 
housing also saves energy and keeps the 
electric geysers at bay.
7. Efficient HVAC Systems like an automatic 
building management system (BMS) and 
natural air circulation curbs wastage, and 
reduces the need for air conditioning. 
8. The geothermal system reduces the load on 
HVAC systems 
9. Energy-efficient motors for elevators (20% 
better) reduce energy costs.
10. Awareness campaigns on energy saving 
are an investment for the future betterment of 
natural resource usage. 
11. The automated lighting system creates 
efficiency in usage and increases 
convenience.

 

10.3.9 Miscellaneous Measures Undertaken
1. Power consumption reduced from 0.82 to 
0.63 units per sq. ft. 
2. Per capita, water consumption reduced 
from 260 to 172 lpd.
3. Large bins installed at common areas in 
each building for waste segregation, resulting 
in efficiency in recycling. 
4. Food waste converted into manure with 
waste compost machines, reducing the 
methane emissions in landfills. 
5. Organic farming encourages water-efficient 
and nutrient efficient farming systems, 
producing healthier eco-friendly foods.
6. Continuous technology upgrade has 
progressively improved efficiency. 
7. Cross ventilation improves the quality of 
living. 
8. Solar costs down to around Rs 4 per unit, 
creating incentives to increase investments in 
renewable energy. 
9. Paper and waste recycling has resulted in 
better use of resources.
10. Poly free campus creates an eco-friendly 
environment. 
11. Green jobs are created which results in 
work satisfaction and utility. 

4. 90% usage of LED light fixtures have 
resulted in an immense reduction in energy 
consumption. 
5. Basement lighting through Solar 
Photovoltaic Panels (1 lac units) saves energy 
costs.
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10.4    Case Study 4: Mankind Hospital, Zirakpur, Punjab
10.4.1  General Information

Opaque Assembly Construction Layers Specification

Ext. WALL 
assembly

Assembly layers:
a. Innermost – 12 mm Plaster + 230 

mm Blocks AAC Blocks + 12 mm 
Plaster

U-value, W/m2K: 0.62 
W/m2K

Assembly thickness, 
mm:254

Wall insulation Type: No Insulation
R-value,  K m2/W:

Thickness, mm:

Roof Assembly

Assembly layers: Cement Screed
a. 150mm RCC + 85 mm PUFF 

insulation + 50 mm Cement 
Screed

U-value, W/m2K: 0.24
Assembly thickness, 

mm:
285 mm

Roof insulation Type: PUFF Insulation
R-value, K m2/W: 3.7

Thickness, mm: 85 mm

10.4.2 Building Description:
The project “Mankind Hospital” on Ambala 
Chandigarh Highway  is located in  
Zirakpur, Punjab. The building has 
Basement+Ground+3 Floors. The total built 
up area of the project is coming around 1510 
m².
 

10.4.3 Building Envolope : 
10.4.3.2 Window wall ratio :
The project has designed minimum 
fenestration but enough to get adequate day 
light and proper ventilation. Overall 
Window Wall Ratio is comes out to be 
15.62%. The building has also used 
overhangs over windows in some directions 
and some sections of the building.

Glazing Assembly Specification
Incremental cost

(compared to BAU)

Glazing

Assembly layers:
a. 6mm toughened glass
b. 12 mm air gap
c. 6mm toughened glass
U-value, W/m2K: 1.6
SHGC: 0.23

VLT: 39%

240 Rs/m²

10.4.3.1 Glazing Specifications : 

Table 10.4.1
Wall and Roof 

assembly

Table 10.4.2 
Glazing

Properties

Building Name: Mankind Hospital, Zirakpur Punjab
Building Location: Zirakpur, Punjab 
Built-up area: 1510 m²
Building Type: Hospital  
Occupancy Hours: 24 Hrs
Climate Zone: Composite 
Compliance Approach: Whole Building Simulation Method 
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Piping and ductwork

has been installed  to  record kVA, kWh,

 
 

Electrical Power
Transformers: BEE 3-star rated 
transformers   of   capacity   150   kVA       has
installed.   The   sanctioned  load   of   170 kW 
the oversizing helped to reduce the losses.
Motors: IE 3 rated motors have installed.

 

Power factor correction: APFC relay 
has  integrated  to  maintain  the  power 
factor between 0.99 and unity.

 

Metering and monitoring: Smart meters 

Power  Factor.   Separate  metering   to    
record   energy 
Motors, AHU and lighting.

The piping insulation for less than 60°C 
temperature is  10  mm Nitrile  rubber  insulation

 having  R  value  of 0.35  Sq.m. K/W  or
 

higher.
 For  more  than 60°C  temperature  is

 
10

 
mm

 Nitrile rubber  insulation  having  R  value
 

is
 0.74 Sq. m. K/W or higher.

Equipment Type ECBC recommended
efficiency

System efficiency

VRV System Minimum 3
star

IPLV: - COP: 3.6 (5
Star)

IPLV: -

Ceiling Fans BEE star rating- 3 Star BEE star rating – 5 Star

10.4.4 Building HVAC Design and Systems
The project is providing cooling in the building 
through VRV system. To meet the ECBC 
requirement, the project team has installed 
VRV system with high COP of 3.6. The 
building requires nearly 50 TR of cooling. The 
project team has installed VRV system of 40 
Tones.

Space 
Cooling

Heat 
Rejection

Hot Water Vent. Fans Misc. Equip. Area Lights Total

47.25 0.01 3.09 17.06 49.87 50.15 167.43

Space 
Cooling

Heat 
Rejection

Hot Water Vent. Fans Misc. Equip. Area Lights Total

20.77 0.05 2.95 18.76 49.87 34.51 126.91

Energy Consumption Anyalsis :
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Table 10.4.3
Baseline and 
proposed LPD

Table 10.4.5
Baseline Design 
Energy Consumption

Table 10.4.6
Proposed Design
Energy Consumption

Fig. 10.4.1 Comparision 
b/w baseline and
proposed design
energy consumption

Table 10.4.4 Baseline
 and proposed LPD

Lighting Design :
The project team has installed occupancy sensors in 
areas like toilets, treatment rooms, and confrence 
rooms. Astronomical time switch  is provided for 
exterior lighting. The LED   light used for the entire 
project and LPD is maintained as per table  

Baseline (ECBC) Proposed

LPD 
(W/m2)

For parking 3.2 
W/m

For the rest of the 
building 12.9 W/m2

For parking 3.2 
W/m2

For the rest of 
the building 8.6  

W/m2

2
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10.5   Case Study 5: Mehar Hospital, Zirakpur, Punjab
10.5.1 General Information

• 

• Climate Zone: Composite

• 

• 

 • Building Area: 7060 m²

• 

• Compliance Approach: Whole building performance

10.5.3 Building Envelope:

Opaque Assembly Construction Layers Specification

Ext. WALL 
Assembly  

Assembly layers: 
Innermost – 12 mm Plaster + 230 
mm Blocks AAC Blocks + 12 mm 

Plaster

U-value, W/m2K: 0.62 
W/m2K

Assembly thickness, mm: 

Wall insulation Type: No Insulation
R-value,  K m2/W: 

Thickness, mm:

Roof Assembly
Assembly layers: Cement Screed

100mm RCC + 85 mm PUFF 
insulation + 50 mm Cement Screed

U-value, W/m2K: 0.24
Assembly thickness, mm: 

235 mm

254 mm

Roof insulation Type: PUFF Insulation
R-value, K m2/W: 3.7

    Thickness: 85 mm

10.5.2 Building Description:
Mehar Hospital, Zirakpur is Multi-speciality 
hospital in Singhpura, Zirakpur. The building 
comes under Municipal Council Zirakpur. 
The hospital has Basement + Ground+3 
Floors. The total built up area of the project is 
around 7060 m².

24 Hours

Fig. 10.5.1 Construction phase image

Table 10.5.1 
Roof and 

wall assembly
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10.5.3.1 Window wall ratio 
The project has designed minimum 
fenestration but enough to get adequate day 
light and proper ventilation. Overall Window 
Wall Ratio is comes out to be 6.38%. The 
building has also used overhangs over 
windows in some directions and some sections 
of the building.

Facade AREA, m2 Opaque wall area , m2 Glazed area, m2 WWR
East 676.54 650 26.54 4.08
West 557 530.7 26.35 4.7
North 1032.4 967.1 65.32 6.3
South 1053.7 959.6 94.5 8.96

Glazing Assembly Specification Incremental cost 
(compared to BAU)

Glazing type 1  

Assembly layers: 
6mm toughened glass

12 mm air gap
6mm toughened glass
U-value, W/m2K: 1.6

SHGC: 0.23

VLT: 39%

240 Rs/m²

10.5.3.2 Glazing Design

10.5.4 HVAC Design :
The project team has installed 3 Chillers, 2 
working and 1 standby.The project team has 
installed Fan Coil units in addition to AHU 
systems.

Equipment type Baseline Proposed
Chiller COP: 4.7 IPLV: 5.49 COP: 4.84 IPLV: 9.1

Split AC BEE star rating- 3 Star BEE star rating – 5 Star

10.5.5 Lighting Design :
10.5.5.1 Automatic Controls :
The project team has installed Occupancy 
sensors in areas like corridors, toilets, treatment 
rooms, and conference rooms and Astronomical 
time switch is provided for exterior lighting.

10.5.5.2 Lighting power density
The project team has used LED lights in all 

building. LPD of less than 8.56 W/m² will be 
maintained in the building.

Electrical
Transformer 
BEE 5-star rated transformers will be installed 
to maintain the maximum power losses as per 
table 8.1 at 50% and 100% loading. 

10.5.5.3 Metering and monitoring 
The project will install smart meters that 
can display kVA, kWh, PF, current, voltage, 
THD. The real time readings can be saved 
on cloud server.

10.5.5.4 Power factor correction 
Automatic Power Factor Corrector (APFC) 
will be integrated with the transformer to 
maintain the power factor close to unity.
 
10.5.5.5 Power distribution system 
Project will install cables of adequate size to 
maintain the internal power distribution 
losses at max 1%.

Baseline Energy Proposed Energy 
Consumption (kWh) Energy Savings (%)

Space Cooling 3,67,000 3,67,300 0
Interior Lighting 2,10,000 1,08,320 48.41%

Misc. Equip 2,42,900 24,2,900 0
Fans 2,92,200 2,92,200 0

Pumps 80,000 80,000 0
Heat Rejection 25,300 25,300 0

Hot Water 1,69,900 1,69,900 0
Total 13,87,825 13,31,800 4.03%

Consumption (kWh)

10.5.6 Energy Consumption Analysis

Table 10.5.2
Window to
wall ratio

Table 10.5.3
Glazing 
Properties

Table 10.5.4
HVAC 
parameters

Table 10.5.5
Energy Savings
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Graphical

representation of
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Fig. 10.5.3
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representation of
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10.6   Case study 6: Borlaug Institute for South Asia, Ludhiana

Name of Building Borlaug Institute for South Asia (BISA)
Location
Climate Zone Composite 
Building Type Educational and Research Institute
Built-up Area 5,474 m2 

No. of Floors Two
Occupancy Type Daytime (8 hours), 5 Days
Compliance Approach Whole Building Performance 

10.6.1 General Information

               
               

                 
               

Fig.10.6.1 Operable Windows

10.6.1.1 Building Description:
Borlaug Institute for South Asia is an 
administrative and research building at 
Ladhowal, Ludhiana. The total built-up area 
of the project is around 5,474 m2. The 
building has two floors i.e. G+1. This 
building has used various energy 
conservation measures under Punjab ECBC 
to optimizing the use of electricity.

10.6.2 Passive Cooling Strategies used in 
the Building:
In this building, the project team has used 
majorly two methods to decrease the heat 
gain in the building with the least use of 
electrical and mechanical devices, which are 
as follows:
10.6.2.1 Ventilation & Operable Windows:
The first method is the use of ventilation and 
Operable windows. The building was 
designed to take advantage of natural 
ventilation through operable windows. 

Natural ventilation uses the passive stack 
effect and pressure difference to bring fresh, 
cooling air through a building without 
mechanical systems. This process cools the 
occupants and provides comfort even in a 
humid climate. The design has incorporated 
with operable windows and other means of 
outdoor air intakes.  Other features include 
fresh air inlets located near floor level, use of 
ceiling fans, courtyards, etc. to enhance the 
stack effect. 

10.6.2.2 Courtyard:
The second energy conservation measure is 
the Courtyard. There are 3 courtyards in this 
building. Courtyards enhance air 
circulation through the stack effect (air 
movement driven by buoyancy force). After 
the air  through the interiors, it heats up and 
starts rising, courtyard allows this air to 
escape. Cool air from the ground level flows 
through the openings of rooms surrounding 
a courtyard. At night, the warm roof 
surfaces get cooled. This heat exchange 
reduces roof temperature, condensation of 
atmospheric moisture occurs on the roof, 
which limits further cooling.

10.6.3 Building Envelope: 
10.6.3.1 Proposed Wall:

After comparing the impact of different wall 
sections shown in table 10.7.2, the project 
team has observed that there is no big 
difference in the construction cost of the 
wall but a significant variation is observed 
in the U-Value of the wall. The consumption 
of the building in all three cases is as 
follows:
• Actual Case- 486.52*1000 kWh/year
• ECBC Standard Case- 485*1000 kWh/year

• Conventional Case-526.07*1000 kWh/year

10.6.3.2 Proposed Roof:
After comparing the different roof sections,
as shown in table 10.6.4 project team has 
observed the energy consumption as 
follows:
• Actual Case-486.52*1000 kWh/year
• ECBC Standard Case-488.01*1000  
kWh/year
• Conventional Case-600.75*1000 kWh/year

10.6.3.3 Fenestration Design:
The building has provided with Single 
Glazed Unit (SGU) in the North and East 
façade and Double-Glazed Unit (DGU) in 
the South and West façade. It helped to 
increase the daylight in the building 
without increasing the WWR of the 
building. The building has 23.59% WWR 
that is adequate as per the space usage in the 
building. The properties of SGU and DGU 

are shown in table 10.6.5
The project team has used two different 
glasses in the building. The following 
figures depict the impact of energy 
consumption in the building:
• Actual Case-486.52*1000 kWh/year
• ECBC Case-481.33*1000 kWh/year
• Conventional Case-578.32*1000 kWh/year 
Here, the electrical consumption in the 
ECBC standard case is a bit lower than the 
actual case. The reason behind this is that in 
ECBC standard case, DGU has been used in 
all the 4 directions but in the actual case, 
DGU has been used in only two directions 
i.e. west and south. As observed in the 
above-mentioned figures, this approach has 
significantly reduced the cost of the glass 
used in the building to Rs. 14,84,000 from 
Rs. 18,55,000 without much increase in the 
electrical consumption of the building.

10.6.3.4 Window to wall Ratio:

10.6.4 HVAC Design:
The project team has compared the different 
HVAC systems as mentioned in the 
table10.6.8. Further insights into the annual 
consumption of the building in the above- 
mentioned cases is as follows:
• Actual Case-486.52*1000 kWh/year
• ECBC Case-582.51*1000 kWh/year
• Conventional Case-602.54*1000 kWh/year

These values depict that there is a  
proportional saving in energy consumption  

in the building. As compared to the 
conventional case, we can see that there is a 
considerable impact in the energy 
consumption of the building i.e., 116.02 
*1000 kWh/year by the use of VRF systems.
As we know, about 60% of energy use of any 
commercial building is due to its cooling 
requirements and here we are saving about 
18%-20% in HVAC which is certainly 
impacting the overall energy savings in the 
building.

10.6.5 Lighting Design:

The Project team has installed energy- 
efficient LED fixtures in the whole building. 
The lighting loads in the proposed model 
are input as lighting power density (W/m2) 
in individual space. Values were calculated 
using building area method and lighting 
power density has been taken as 9.7 W/m². 
Project team has compared the impact of 
different LPD mentioned in table 10.6.9.
• Actual case- 486.52*1000 kWh/year
• ECBC case- 507.31*1000 kWh/year
• Conventional case-590.55*1000 kWh/year

The above figures show that there are huge 
savings in the energy consumption of the 
building just by replacing the 
conventionally used CFL fixtures with the 
energy efficient LED fixtures. 

10.6.6 Solar PV Plant
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10.6.1.1 Building Description:
Borlaug Institute for South Asia is an 
administrative and research building at 
Ladhowal, Ludhiana. The total built-up area 
of the project is around 5,474 m2. The 
building has two floors i.e. G+1. This 
building has used various energy 
conservation measures under Punjab ECBC 
to optimizing the use of electricity.

10.6.2 Passive Cooling Strategies used in 
the Building:
In this building, the project team has used 
majorly two methods to decrease the heat 
gain in the building with the least use of 
electrical and mechanical devices, which are 
as follows:
10.6.2.1 Ventilation & Operable Windows:
The first method is the use of ventilation and 
Operable windows. The building was 
designed to take advantage of natural 
ventilation through operable windows. 

Natural ventilation uses the passive stack 
effect and pressure difference to bring fresh, 
cooling air through a building without 
mechanical systems. This process cools the 
occupants and provides comfort even in a 
humid climate. The design has incorporated 
with operable windows and other means of 
outdoor air intakes.  Other features include 
fresh air inlets located near floor level, use of 
ceiling fans, courtyards, etc. to enhance the 
stack effect. 

10.6.2.2 Courtyard:
The second energy conservation measure is 
the Courtyard. There are 3 courtyards in this 
building. Courtyards enhance air 
circulation through the stack effect (air 
movement driven by buoyancy force). After 
the air  through the interiors, it heats up and 
starts rising, courtyard allows this air to 
escape. Cool air from the ground level flows 
through the openings of rooms surrounding 
a courtyard. At night, the warm roof 
surfaces get cooled. This heat exchange 
reduces roof temperature, condensation of 
atmospheric moisture occurs on the roof, 
which limits further cooling.

10.6.3 Building Envelope: 
10.6.3.1 Proposed Wall:

Fig.10.6.2
Courtyard

Fig.10.6.3
Underdeck
Insulation

Table 10.6.1 
Proposed Wall 
Assembly

Table 10.6.2
Comparision b/w 
conventional, 
standard and
proposed wall

Type Layer Name
Thermal 

Conductivity 
(W/m.K)

Layer 
Thickness 

(mm)

R-Value 
(m².K/W)

Reference

Proposed 
Wall

Cement Plaster 0.721 12 0.02 NBC 2016
Perforated Brick 0.631 115 0.18 NBC 2016

Rockwool 
Insulation

0.033 55 1.67
Insulation 
Cut Sheet

Perforated Brick 0.631 115 0.18 NBC 2016
Cement Plaster 0.721 12 0.02 NBC 2016

Total R-
Value

2.06

U-Value (W/m².K) 0.48

After comparing the impact of different wall 
sections shown in table 10.7.2, the project 
team has observed that there is no big 
difference in the construction cost of the 
wall but a significant variation is observed 
in the U-Value of the wall. The consumption 
of the building in all three cases is as 
follows:
• Actual Case- 486.52*1000 kWh/year
• ECBC Standard Case- 485*1000 kWh/year

• Conventional Case-526.07*1000 kWh/year

10.6.3.2 Proposed Roof:
After comparing the different roof sections,
as shown in table 10.6.4 project team has 
observed the energy consumption as 
follows:
• Actual Case-486.52*1000 kWh/year
• ECBC Standard Case-488.01*1000  
kWh/year
• Conventional Case-600.75*1000 kWh/year

10.6.3.3 Fenestration Design:
The building has provided with Single 
Glazed Unit (SGU) in the North and East 
façade and Double-Glazed Unit (DGU) in 
the South and West façade. It helped to 
increase the daylight in the building 
without increasing the WWR of the 
building. The building has 23.59% WWR 
that is adequate as per the space usage in the 
building. The properties of SGU and DGU 

Category Conventional Case
Standard Case 
(ECBC)

Proposed Case 
(Actual)

Wall (W/m2. K)

12mm cement 
plaster+230mm Red 
Brick+12mm Cement 
Plaster

(U value = 3.12)

12mm Cement 
Plaster+115mm Red 
Brick+65mm Rock 
Wool 
Insulation+115mm 
Red Brick+12mm 
Cement Plaster 
(U-Value = 0.44)

12mm Cement 
Plaster + 115mm 
Perforated 
Brick+55mm Rock 
Wool 
Insulation+115mm 
Perforated 
Brick+12mm Cement 
Plaster 
(U-Value = 0.48)

Wall Area (m2) 2,404 2,404 2,404
Cost Per m2 (Rs.) 4,162 4,617 4,398
Total Cost (Rs.) 1,0005,448 1,10,99,268 1,05,72,792

are shown in table 10.6.5
The project team has used two different 
glasses in the building. The following 
figures depict the impact of energy 
consumption in the building:
• Actual Case-486.52*1000 kWh/year
• ECBC Case-481.33*1000 kWh/year
• Conventional Case-578.32*1000 kWh/year 
Here, the electrical consumption in the 
ECBC standard case is a bit lower than the 
actual case. The reason behind this is that in 
ECBC standard case, DGU has been used in 
all the 4 directions but in the actual case, 
DGU has been used in only two directions 
i.e. west and south. As observed in the 
above-mentioned figures, this approach has 
significantly reduced the cost of the glass 
used in the building to Rs. 14,84,000 from 
Rs. 18,55,000 without much increase in the 
electrical consumption of the building.

10.6.3.4 Window to wall Ratio:

10.6.4 HVAC Design:
The project team has compared the different 
HVAC systems as mentioned in the 
table10.6.8. Further insights into the annual 
consumption of the building in the above- 
mentioned cases is as follows:
• Actual Case-486.52*1000 kWh/year
• ECBC Case-582.51*1000 kWh/year
• Conventional Case-602.54*1000 kWh/year

These values depict that there is a  
proportional saving in energy consumption  

in the building. As compared to the 
conventional case, we can see that there is a 
considerable impact in the energy 
consumption of the building i.e., 116.02 
*1000 kWh/year by the use of VRF systems.
As we know, about 60% of energy use of any 
commercial building is due to its cooling 
requirements and here we are saving about 
18%-20% in HVAC which is certainly 
impacting the overall energy savings in the 
building.

10.6.5 Lighting Design:

The Project team has installed energy- 
efficient LED fixtures in the whole building. 
The lighting loads in the proposed model 
are input as lighting power density (W/m2) 
in individual space. Values were calculated 
using building area method and lighting 
power density has been taken as 9.7 W/m². 
Project team has compared the impact of 
different LPD mentioned in table 10.6.9.
• Actual case- 486.52*1000 kWh/year
• ECBC case- 507.31*1000 kWh/year
• Conventional case-590.55*1000 kWh/year

The above figures show that there are huge 
savings in the energy consumption of the 
building just by replacing the 
conventionally used CFL fixtures with the 
energy efficient LED fixtures. 

10.6.6 Solar PV Plant

• Conventional Case-526.07*1000 kWh/year
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10.6.1.1 Building Description:
Borlaug Institute for South Asia is an 
administrative and research building at 
Ladhowal, Ludhiana. The total built-up area 
of the project is around 5,474 m2. The 
building has two floors i.e. G+1. This 
building has used various energy 
conservation measures under Punjab ECBC 
to optimizing the use of electricity.

10.6.2 Passive Cooling Strategies used in 
the Building:
In this building, the project team has used 
majorly two methods to decrease the heat 
gain in the building with the least use of 
electrical and mechanical devices, which are 
as follows:
10.6.2.1 Ventilation & Operable Windows:
The first method is the use of ventilation and 
Operable windows. The building was 
designed to take advantage of natural 
ventilation through operable windows. 

Natural ventilation uses the passive stack 
effect and pressure difference to bring fresh, 
cooling air through a building without 
mechanical systems. This process cools the 
occupants and provides comfort even in a 
humid climate. The design has incorporated 
with operable windows and other means of 
outdoor air intakes.  Other features include 
fresh air inlets located near floor level, use of 
ceiling fans, courtyards, etc. to enhance the 
stack effect. 

10.6.2.2 Courtyard:
The second energy conservation measure is 
the Courtyard. There are 3 courtyards in this 
building. Courtyards enhance air 
circulation through the stack effect (air 
movement driven by buoyancy force). After 
the air  through the interiors, it heats up and 
starts rising, courtyard allows this air to 
escape. Cool air from the ground level flows 
through the openings of rooms surrounding 
a courtyard. At night, the warm roof 
surfaces get cooled. This heat exchange 
reduces roof temperature, condensation of 
atmospheric moisture occurs on the roof, 
which limits further cooling.

10.6.3 Building Envelope: 
10.6.3.1 Proposed Wall:

Table 10.6.4
Comparision b/w

conventional,
standard and
proposed roof

Table 10.6.3
Proposed Roof

Assemly

After comparing the impact of different wall 
sections shown in table 10.7.2, the project 
team has observed that there is no big 
difference in the construction cost of the 
wall but a significant variation is observed 
in the U-Value of the wall. The consumption 
of the building in all three cases is as 
follows:
• Actual Case- 486.52*1000 kWh/year
• ECBC Standard Case- 485*1000 kWh/year

Type Layer Name
Thermal 

Conductivity 
(W/m².K)

Layer Thickness 
(mm)

R-Value 
(m².K/W)

Reference

Proposed Roof

Brick Tile 0.798 38 0.05 NBC 2016
Mud Phuska 0.519 76 0.15 NBC 2016

RCC 1.58 115 0.07 NBC 2016
Rockwool 
Insulation

0.033 70 2.12
Insulation 
Cut Sheet

Uninsulated Gap 
(False ceiling)

1 300 0.30

Gypsum Board 0.253 12.5 0.05
ECBC 

Applicatio
n

Total R-Value 2.74
U-Value (W/m².K) 0.365

Category
Conventional 

Case
Standard Case 

(ECBC)
Proposed Case (Actual)

Roof (W/m2.k)

50 mm brick tile + 
50 mm mud 

Phuska + 115 mm 
RCC + 12 mm 

Cement Plaster

(U-value = 4.03)

50 mm Brick Tile + 50 
mm mud Phuska +

115 mm R.C.C Slab + 
12 mm Cement 
Plaster +75 mm 

Rockwool Insulation

(U-value = 0.409)

38 mm Brick Tile + 76 mm 
Mud Phuska + Water 

Proofing+115 mm RCC 
slab +

70 mm Rockwool 
Insulation + 300 mm 

Uninsulated Gap (False 
ceiling)+ 12.5 mm gypsum

board

(U-value = 0.365)
Roof Area (m2) 3,026 3,026 3,026

Cost per m2 (Rs.) 3,828 4,067 4,286
Total Cost (Rs.) 1,15,83,528 1,23,06,742 1,29,69,436

10.6.3.2 Proposed Roof:
After comparing the different roof sections,
as shown in table 10.6.4 project team has 
observed the energy consumption as 
follows:
• Actual Case-486.52*1000 kWh/year
• ECBC Standard Case-488.01*1000  
kWh/year
• Conventional Case-600.75*1000 kWh/year

10.6.3.3 Fenestration Design:
The building has provided with Single 
Glazed Unit (SGU) in the North and East 
façade and Double-Glazed Unit (DGU) in 
the South and West façade. It helped to 
increase the daylight in the building 
without increasing the WWR of the 
building. The building has 23.59% WWR 
that is adequate as per the space usage in the 
building. The properties of SGU and DGU 

are shown in table 10.6.5
The project team has used two different 
glasses in the building. The following 
figures depict the impact of energy 
consumption in the building:
• Actual Case-486.52*1000 kWh/year
• ECBC Case-481.33*1000 kWh/year
• Conventional Case-578.32*1000 kWh/year 
Here, the electrical consumption in the 
ECBC standard case is a bit lower than the 
actual case. The reason behind this is that in 
ECBC standard case, DGU has been used in 
all the 4 directions but in the actual case, 
DGU has been used in only two directions 
i.e. west and south. As observed in the 
above-mentioned figures, this approach has 
significantly reduced the cost of the glass 
used in the building to Rs. 14,84,000 from 
Rs. 18,55,000 without much increase in the 
electrical consumption of the building.

10.6.3.4 Window to wall Ratio:

10.6.4 HVAC Design:
The project team has compared the different 
HVAC systems as mentioned in the 
table10.6.8. Further insights into the annual 
consumption of the building in the above- 
mentioned cases is as follows:
• Actual Case-486.52*1000 kWh/year
• ECBC Case-582.51*1000 kWh/year
• Conventional Case-602.54*1000 kWh/year

These values depict that there is a  
proportional saving in energy consumption  

in the building. As compared to the 
conventional case, we can see that there is a 
considerable impact in the energy 
consumption of the building i.e., 116.02 
*1000 kWh/year by the use of VRF systems.
As we know, about 60% of energy use of any 
commercial building is due to its cooling 
requirements and here we are saving about 
18%-20% in HVAC which is certainly 
impacting the overall energy savings in the 
building.

10.6.5 Lighting Design:

The Project team has installed energy- 
efficient LED fixtures in the whole building. 
The lighting loads in the proposed model 
are input as lighting power density (W/m2) 
in individual space. Values were calculated 
using building area method and lighting 
power density has been taken as 9.7 W/m². 
Project team has compared the impact of 
different LPD mentioned in table 10.6.9.
• Actual case- 486.52*1000 kWh/year
• ECBC case- 507.31*1000 kWh/year
• Conventional case-590.55*1000 kWh/year

The above figures show that there are huge 
savings in the energy consumption of the 
building just by replacing the 
conventionally used CFL fixtures with the 
energy efficient LED fixtures. 

10.6.6 Solar PV Plant
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10.6.1.1 Building Description:
Borlaug Institute for South Asia is an 
administrative and research building at 
Ladhowal, Ludhiana. The total built-up area 
of the project is around 5,474 m2. The 
building has two floors i.e. G+1. This 
building has used various energy 
conservation measures under Punjab ECBC 
to optimizing the use of electricity.

10.6.2 Passive Cooling Strategies used in 
the Building:
In this building, the project team has used 
majorly two methods to decrease the heat 
gain in the building with the least use of 
electrical and mechanical devices, which are 
as follows:
10.6.2.1 Ventilation & Operable Windows:
The first method is the use of ventilation and 
Operable windows. The building was 
designed to take advantage of natural 
ventilation through operable windows. 

Natural ventilation uses the passive stack 
effect and pressure difference to bring fresh, 
cooling air through a building without 
mechanical systems. This process cools the 
occupants and provides comfort even in a 
humid climate. The design has incorporated 
with operable windows and other means of 
outdoor air intakes.  Other features include 
fresh air inlets located near floor level, use of 
ceiling fans, courtyards, etc. to enhance the 
stack effect. 

10.6.2.2 Courtyard:
The second energy conservation measure is 
the Courtyard. There are 3 courtyards in this 
building. Courtyards enhance air 
circulation through the stack effect (air 
movement driven by buoyancy force). After 
the air  through the interiors, it heats up and 
starts rising, courtyard allows this air to 
escape. Cool air from the ground level flows 
through the openings of rooms surrounding 
a courtyard. At night, the warm roof 
surfaces get cooled. This heat exchange 
reduces roof temperature, condensation of 
atmospheric moisture occurs on the roof, 
which limits further cooling.

10.6.3 Building Envelope: 
10.6.3.1 Proposed Wall:

Table 10.6.5 
Properties of 
SGU and DGU
Glass

Table 10.6.6
Comparision b/w 
conventional, 
standard and
proposed
fenestration

Table 10.6.8
Comparision b/w 
conventional, 
standard and
proposed
HVAC parameters

Table 10.6.7
Window to wall
ratio 

After comparing the impact of different wall 
sections shown in table 10.7.2, the project 
team has observed that there is no big 
difference in the construction cost of the 
wall but a significant variation is observed 
in the U-Value of the wall. The consumption 
of the building in all three cases is as 
follows:
• Actual Case- 486.52*1000 kWh/year
• ECBC Standard Case- 485*1000 kWh/year

• Conventional Case-526.07*1000 kWh/year

10.6.3.2 Proposed Roof:
After comparing the different roof sections,
as shown in table 10.6.4 project team has 
observed the energy consumption as 
follows:
• Actual Case-486.52*1000 kWh/year
• ECBC Standard Case-488.01*1000  
kWh/year
• Conventional Case-600.75*1000 kWh/year

10.6.3.3 Fenestration Design:
The building has provided with Single 
Glazed Unit (SGU) in the North and East 
façade and Double-Glazed Unit (DGU) in 
the South and West façade. It helped to 
increase the daylight in the building 
without increasing the WWR of the 
building. The building has 23.59% WWR 
that is adequate as per the space usage in the 
building. The properties of SGU and DGU 

are shown in table 10.6.5
The project team has used two different 
glasses in the building. The following 
figures depict the impact of energy 
consumption in the building:
• Actual Case-486.52*1000 kWh/year
• ECBC Case-481.33*1000 kWh/year
• Conventional Case-578.32*1000 kWh/year 
Here, the electrical consumption in the 
ECBC standard case is a bit lower than the 
actual case. The reason behind this is that in 
ECBC standard case, DGU has been used in 
all the 4 directions but in the actual case, 
DGU has been used in only two directions 
i.e. west and south. As observed in the 
above-mentioned figures, this approach has 
significantly reduced the cost of the glass 
used in the building to Rs. 14,84,000 from 
Rs. 18,55,000 without much increase in the 
electrical consumption of the building.

Type of 
Glazing

Façade Transmittance
External 

Reflectance
Internal 

Reflectance
SHGC SC

U-Value 
(W/m2.K)

SGU
North 
& East

41% 10% 11% 0.39 0.45 5

DGU
South 
and 

West
25% 29% 15% 0.235 0.27 2

Category Conventional Case
Standard Case 

(ECBC)
Proposed Case (Actual)

Fenestration mm thick) (SHGC = 
0.8)

Double Glazed Glass 
(6mm Glass+12mm 

Air Gap+6mm Glass)

(SHGC = 0.25)

Double Glazed Unit (South 
and West side) (6 mm 

Glass+12mm Air gap+6mm 
Glass)

(SHGC = 0.235)

Single Glazed Unit (North 
and East Side) (SHGC = 

0.39)
Window 
Area (m2)

742 742 742

Cost Per m2

(Rs.)
1,000 2,500

2,000 (Average of DGU and 
SGU)

Total Cost 
(Rs.)

7,42,000 18,55,000 14,84,000

Facade Area, m2 Opaque wall area, 
m2 Glazed area, m2 WWR

East 682 577.2 104.8 15%
West 766 658.8 107.2 14%
North 927.6 639.6 288 31%
South 1011.1 711.9 299.2 30%

Category Conventional Case
Standard Case 

(ECBC)
Proposed Case 

(Actual)

HVAC
Split AC (2 Star, 

EER-2.8)

Packaged Single 
Zone Systems (3 
Star,EER-3.02)

Variable Refrigerant 
Flow Systems (VRF) 

(EER-3.9)
Quantity Tones (TR) 170 170 170

Cost Per Ton (TR) 28,000 34,290 53,010
Total Cost (Rs.) 47,60,000 58,29,300 90,11,700

10.6.3.4 Window to wall Ratio:

10.6.4 HVAC Design:
The project team has compared the different 
HVAC systems as mentioned in the 
table10.6.8. Further insights into the annual 
consumption of the building in the above- 
mentioned cases is as follows:
• Actual Case-486.52*1000 kWh/year
• ECBC Case-582.51*1000 kWh/year
• Conventional Case-602.54*1000 kWh/year
These values depict that there is a  
proportional saving in energy consumption  

in the building. As compared to the 
conventional case, we can see that there is a 
considerable impact in the energy 
consumption of the building i.e., 116.02 
*1000 kWh/year by the use of VRF systems.
As we know, about 60% of energy use of any 
commercial building is due to its cooling 
requirements and here we are saving about 
18%-20% in HVAC which is certainly 
impacting the overall energy savings in the 
building.

10.6.5 Lighting Design:

The Project team has installed energy- 
efficient LED fixtures in the whole building. 
The lighting loads in the proposed model 
are input as lighting power density (W/m2) 
in individual space. Values were calculated 
using building area method and lighting 
power density has been taken as 9.7 W/m². 
Project team has compared the impact of 
different LPD mentioned in table 10.6.9.
• Actual case- 486.52*1000 kWh/year
• ECBC case- 507.31*1000 kWh/year
• Conventional case-590.55*1000 kWh/year

The above figures show that there are huge 
savings in the energy consumption of the 
building just by replacing the 
conventionally used CFL fixtures with the 
energy efficient LED fixtures. 

10.6.6 Solar PV Plant

109
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An expected amount of Rs. 72,00,000 as
the expenditure for this solar rooftop plant. 

Ludhiana city, an amount of Rs. 17,19,727 
is the annual saving after installing this 
solar rooftop plant. Therefore, 4.1 years would 

 be the ROI of the solar rooftop plant of the
 building.  

According to the shade-free area on the 
roof, the project team has installed a 160 
kW solar rooftop plant on the roof surface 
of the building producing 2,26,502 kWh 
per year. Therefore, the building is 
generating a very good amount of solar 
rooftop plant, which is ultimately reducing 
the load of electricity requirement of the 
building. 

7.3

10.6.1.1 Building Description:
Borlaug Institute for South Asia is an 
administrative and research building at 
Ladhowal, Ludhiana. The total built-up area 
of the project is around 5,474 m2. The 
building has two floors i.e. G+1. This 
building has used various energy 
conservation measures under Punjab ECBC 
to optimizing the use of electricity.

10.6.2 Passive Cooling Strategies used in 
the Building:
In this building, the project team has used 
majorly two methods to decrease the heat 
gain in the building with the least use of 
electrical and mechanical devices, which are 
as follows:
10.6.2.1 Ventilation & Operable Windows:
The first method is the use of ventilation and 
Operable windows. The building was 
designed to take advantage of natural 
ventilation through operable windows. 

Natural ventilation uses the passive stack 
effect and pressure difference to bring fresh, 
cooling air through a building without 
mechanical systems. This process cools the 
occupants and provides comfort even in a 
humid climate. The design has incorporated 
with operable windows and other means of 
outdoor air intakes.  Other features include 
fresh air inlets located near floor level, use of 
ceiling fans, courtyards, etc. to enhance the 
stack effect. 

10.6.2.2 Courtyard:
The second energy conservation measure is 
the Courtyard. There are 3 courtyards in this 
building. Courtyards enhance air 
circulation through the stack effect (air 
movement driven by buoyancy force). After 
the air  through the interiors, it heats up and 
starts rising, courtyard allows this air to 
escape. Cool air from the ground level flows 
through the openings of rooms surrounding 
a courtyard. At night, the warm roof 
surfaces get cooled. This heat exchange 
reduces roof temperature, condensation of 
atmospheric moisture occurs on the roof, 
which limits further cooling.

10.6.3 Building Envelope: 
10.6.3.1 Proposed Wall:

Table 10.6.9
Comparision b/w

conventional,
standard and

proposed LPD

Table 10.6.10
Comparision b/w

conventional,
standard and

proposed solar PV

After comparing the impact of different wall 
sections shown in table 10.7.2, the project 
team has observed that there is no big 
difference in the construction cost of the 
wall but a significant variation is observed 
in the U-Value of the wall. The consumption 
of the building in all three cases is as 
follows:
• Actual Case- 486.52*1000 kWh/year
• ECBC Standard Case- 485*1000 kWh/year

• Conventional Case-526.07*1000 kWh/year

10.6.3.2 Proposed Roof:
After comparing the different roof sections,
as shown in table 10.6.4 project team has 
observed the energy consumption as 
follows:
• Actual Case-486.52*1000 kWh/year
• ECBC Standard Case-488.01*1000  
kWh/year
• Conventional Case-600.75*1000 kWh/year

10.6.3.3 Fenestration Design:
The building has provided with Single 
Glazed Unit (SGU) in the North and East 
façade and Double-Glazed Unit (DGU) in 
the South and West façade. It helped to 
increase the daylight in the building 
without increasing the WWR of the 
building. The building has 23.59% WWR 
that is adequate as per the space usage in the 
building. The properties of SGU and DGU 

are shown in table 10.6.5
The project team has used two different 
glasses in the building. The following 
figures depict the impact of energy 
consumption in the building:
• Actual Case-486.52*1000 kWh/year
• ECBC Case-481.33*1000 kWh/year
• Conventional Case-578.32*1000 kWh/year 
Here, the electrical consumption in the 
ECBC standard case is a bit lower than the 
actual case. The reason behind this is that in 
ECBC standard case, DGU has been used in 
all the 4 directions but in the actual case, 
DGU has been used in only two directions 
i.e. west and south. As observed in the 
above-mentioned figures, this approach has 
significantly reduced the cost of the glass 
used in the building to Rs. 14,84,000 from 
Rs. 18,55,000 without much increase in the 
electrical consumption of the building.

10.6.3.4 Window to wall Ratio:

10.6.4 HVAC Design:
The project team has compared the different 
HVAC systems as mentioned in the 
table10.6.8. Further insights into the annual 
consumption of the building in the above- 
mentioned cases is as follows:
• Actual Case-486.52*1000 kWh/year
• ECBC Case-582.51*1000 kWh/year
• Conventional Case-602.54*1000 kWh/year

These values depict that there is a  
proportional saving in energy consumption  

in the building. As compared to the 
conventional case, we can see that there is a 
considerable impact in the energy 
consumption of the building i.e., 116.02 
*1000 kWh/year by the use of VRF systems.
As we know, about 60% of energy use of any 
commercial building is due to its cooling 
requirements and here we are saving about 
18%-20% in HVAC which is certainly 
impacting the overall energy savings in the 
building.

10.6.5 Lighting Design:

The Project team has installed energy- 
efficient LED fixtures in the whole building. 
The lighting loads in the proposed model 
are input as lighting power density (W/m2) 
in individual space. Values were calculated 
using building area method and lighting 
power density has been taken as 9.7 W/m². 
Project team has compared the impact of 
different LPD mentioned in table 10.6.9.
• Actual case- 486.52*1000 kWh/year
• ECBC case- 507.31*1000 kWh/year
• Conventional case-590.55*1000 kWh/year
The above figures show that there are huge 
savings in the energy consumption of the 
building just by replacing the 
conventionally used CFL fixtures with the 
energy efficient LED fixtures. 

10.6.6 Solar PV Plant

Category Conventional Case
Standard Case 

(ECBC)
Proposed Case 

(Actual)

LPD        (W/m 2) CFL lights (LPD 15.1)
LFD Fixtures (LPD 

10.8)
LED Fixture (LPD 

9.7)
No. of Fixture 1,122 1,122 1,122

Average Cost per 
Fixture (Rs.)

180 270 310

Total Cost (Rs.) 2,01,960 3,02,940 3,47,820

Category

Conventional Case

GOP (Dept. of NRE) 
Notification No. 

18/7/2014-PE1/3706

Standard Case

ECBC 2017
Proposed Case 

(Actual)

Capacity (kW) 1
Cost per kW (Rs.) 70,000 65,000

6(Connected load-590 kW)
45,000

160

Total cost (Rs.) 70,000 3,90,000 72,00,000
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10.7 Case Study 7: OPD Building, Satellite Center for Post Graduate Institute of Medical 
Education & Research, Sangrur

10.7.1  General Information

10.7.1.1 Building Description

The  primary  purpose   of   this  study  is  to 
evaluate  the  energy  consumption  of  the 
proposed  OPD  building  of  Satellite  Center 
for  Post  Graduate  Institute  of  Medical 
Education  &  Research  (PGIMER).  The 
whole  building  simulation  has  been  done  to 
analyze  the  performance  of  the  building  and 
to  evaluate  the  energy  consumption  of  the 
building.  

The  building  used  in  this  case  study  is 
an  OPD  Block  building  located  in  a  hospital 

waiting  areas  etc.  
The project building was stimulated with  the
initial    design    data    &     the    building  
was  unable  to  comply  with  ECBC,  thereby 

comply  with  ECBC  few  energy  conservation
measures were recommended.

SATELLITE CENTER FOR POST GRADUATE INSTITUE OF MEDICAL EDUCATION & 

Location
Building Type OPD
No. of Floors G+2
Total Built-Up Area m² 8,089

10 hours/day & 6 days a week
WWR 13%
Weather File

Compliance Approach: Whole Building 
Performance

10.7.2 Baseline Design Case:
The energy consumption for the standard case 
building modeled in accordance with the 
requirements of ECBC 2017, is given below:
10.7.2.1 Baseline Design Case-Wall:
The wall U-Value for the standard design case 
are taken from table 4-8 of this manual. As the 
building is in composite climate thereby the 
U-Value is taken as 0.40 W/m². K. 
10.7.2.2 Baseline Design Case-Roof:
The Roof U-Value for standard design case are 

taken from table 4-4 of this manual. As the 
building is in composite climate thereby the 
U-Value is taken as 0.33 W/m . K.
10.7.2.3 Baseline Design Case-Glass:
The glass U-Value & SHGC has been consid-
ered from the table 4-9 of this manual. For 
composite climate U-Value is 3 W/m². K and 
SHGC is 0.27. 
10.7.2.4 Base Design Case-HVAC: 
The type of mechanical system used in the 
standard design building is taken from table 

9-2 of ECBC 2017, is given below:
This case study building is an OPD building, 
the total conditioned area of the building is 
5018 m². The OPD building has offices, 
consultant rooms, waiting areas but there are 
no patient rooms thus, considering the below 
table (Table 9-2, ECBC-2017) system B must 

be modeled for the standard case.  The 
system modeled in standard design case 
have constant volume fans. As the building 
in actual has electric boiler heating system, a 
heat pump has been modeled as per below 
table. The condenser has also been kept as air 
cooled.
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10.7.2 Baseline Design Case:
The energy consumption for the standard case 
building modeled in accordance with the 
requirements of ECBC 2017, is given below:
10.7.2.1 Baseline Design Case-Wall:
The wall U-Value for the standard design case 
are taken from table 4-8 of this manual. As the 
building is in composite climate thereby the 
U-Value is taken as 0.40 W/m². K. 
10.7.2.2 Baseline Design Case-Roof:
The Roof U-Value for standard design case are 

taken from table 4-4 of this manual. As the 
building is in composite climate thereby the 
U-Value is taken as 0.33 W/m . K.
10.7.2.3 Baseline Design Case-Glass:
The glass U-Value & SHGC has been consid-
ered from the table 4-9 of this manual. For 
composite climate U-Value is 3 W/m². K and 
SHGC is 0.27. 
10.7.2.4 Base Design Case-HVAC: 
The type of mechanical system used in the 
standard design building is taken from table 

9-2 of ECBC 2017, is given below:
This case study building is an OPD building, 
the total conditioned area of the building is 
5018 m². The OPD building has offices, 
consultant rooms, waiting areas but there are 
no patient rooms thus, considering the below 
table (Table 9-2, ECBC-2017) system B must 

Hotel/Motel, Hospital 
Patient Rooms, Hotel 
Guest Rooms, Resorts, 
Villas, Sleeping 
Quarters in Mixed-use 
Buildings, Schools, 
Classrooms/Lecture 
Rooms

Building with less 
than or equal to 
12,500 m2 of 
conditioned area

Buildings 
with More 
than 12,500 m² 
of 
Conditioned 
Area

Data Centre/ 
Server/Computer
Rooms

Name System A System B System C System D
System 
Type

Split AC VRF: Variable 
Refrigerant Flow

VAV: Central 
cooling plant 
with variable 
volume AHU 
for each zone

Computer Room 
air conditioners

Fan 
Control

Constant Volume Constant Volume Variable 
volume

Constant Volume

Cooling 
Type

Direct expansion with 
air cooled condenser

Direct expansion 
with air cooled 
condenser

Chilled Water 
with water 
cooled 
condenser

Direct expansion 
with air cooled 
condenser

Heating 
Type

1. Heat Pump: Where 
no heating system has 
been specified or where 
an electric heating 
system has been 
specified in the 
Proposed Design 2. 
Fossil Fuel Boiler: 
Where a heating system 
exists and a fossil fuel 
hot water boiler has 
been specified in the 
Proposed Design

1. Heat Pump: 
Where no heating 
system has been 
specified or where 
an electric heating 
system has been 
specified in the 
Proposed Design 
2. Fossil Fuel 
Boiler: Where a 
heating system 
exists and a fossil 
fuel hot water 
boiler has been 
specified in the 
Proposed Design

1. Electric 
resistance: 
Where no 
heating system 
has been 
specified or 
where an 
electric heating 
system has 
been specified 
in the 
Proposed 
Design 2. 
Fossil Fuel 
Boiler: Where 
a heating 
system exists 
and a fossil 
fuel hot water 
boiler has been 
specified in the 
Proposed 
Design

NA

be modeled for the standard case.  The 
system modeled in standard design case 
have constant volume fans. As the building 
in actual has electric boiler heating system, a 
heat pump has been modeled as per below 
table. The condenser has also been kept as air 
cooled.

Table 10.7.1
HVAC Systems 
Map for standard 
design ( Source 
Table 9.2 ECBC 2017)
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10.7.2.4 Baseline Design Lighting

Table 10.7.2
Baseline Design 

Energy Consumption

Table 10.7.3
Proposed wall

Assembly-1

Table 10.7.4
Proposed wall

Assembly-2

Fan Power
The fan power for the Standard Design 
case has been calculated from the section 
9.4.2.3 (ECBC 2017). 
For Systems Types A, B and D, 

Pfan 

fan 

= cmh x .51  
Where P   = Standard Design fan power 

rate auto-sized by the simulation software, 

10.7.3 Proposed Case:
10.7.3.1 Building Envelope:
Definitions of walls must include thermal 
mass (specific heat and density) as well as 
resistance to heat flow (U-Value or R-Value).
In this case study, project building has two 
type of walls one is for non-regularly occu-
pied areas such as washrooms where as 
another an efficient wall is for conditioned 
area. The envelope wall and roof details for 
the design phase building is as given in table 
10.7.3

Baseline Case-Energy Consumption kWh*1000
Space 

Cooling
Space 

Heating
HP Supp.

Vent. 
Fans

Misc. 
Equipment

Area 
Lights

Total

357.13 2.34 0.03 68.50 156.99 241.1 826.09

Materials
Thermal 

conductivity 
(W/m.K)

Thickness (m) R-value (m2.K/W)

External Surface 
Resistance

0.05

Cement Plaster 0.018 0.025
AAC Block 0.1839 0.2 1.088

Cement Plaster 0.721 0.012 0.017
150 mm MS tube & 

Clamp Gap
0.05

Sand stone 3.0097 0.03 0.01
Internal Surface 

Resistance
0.128

Total R-Value (m2.K/W) 1.368
U-Value (W/m2. K) 0.730

Materials
Thermal 

conductivity 
(W/m.K)

Thickness 
(m)

R-value (m2.K/W)

External Surface 
Resistance

0.05

Cement Plaster 0.7210 0.018 0.025
Red Bricks 0.8110 0.23 0.284

Cement Plaster 0.7210 0.012 0.017
Internal Surface 

Resistance
0.128

Total R-Value (m2.K/W) 0.503
U-Value (W/m2. K) 1.988

The lighting power  density for the 
Baseline Design case has been considered 
as per table 6-2 of this manual for the 
appropriate building type which is a hospital. 
Thus, the value is 9.7 W/m².

This fan power has been calculated from the 
formulae given above as the system is 
System B and the same has been inserted in 
the model.

10.7.2.5 Baseline Design Energy Consump-
tion:
Table 10.7.2  shows the baseline energy 
consumption in kWh*1000



10.7.3.2 Proposed Glass
The windows and skylights are described 

in terms of the performance of the whole 
assembly including the frame and curb. 

unit) for the building. The details of the glass 
selected are as follows:

10.7.3.3 Proposed Lighting- Design Stage
The actual installed power of the electric 

lighting system must be shown in the 
proposed design simulation model. The 
lighting power should include the power 
consumed by ballasts as well as the lamps. 
Lighting technology has been rapidly 
changing and using the default tables may 
result in an overestimate of connected load. 
In the proposed model the lighting power 
density has been taken as by building area 
method for simplicity. The total lighting 

building which has been then divided by the 

total area of the building. The lighting power 
density for the proposed case was initially 
designed to be 9.7 W/m² The same has been 
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 10.7.3.4 Proposed HVAC-Design Stage
The proposed case building uses 

cooled chillers of 6.3 COP and 500 TR 

kW/CFM. The whole building simulation 
approach allows the energy analyst to create 
occupancy and equipment schedules that 
they feel most closely represent the expected 
use of the building.

System Types (Water Side)- Cooling 2 Chillers +1 Standby with 6.3 COP

System Types (Air Side) 
Fan Control- Design Stage 
Chiller Type 

2 W+1 Standby
Chiller Capacity 500 (TR each)

6.313

Table 10.7.5
Proposed roof
Assembly

Table 10.7.6
Proposed Glazing

Figure 10.7.1 
Proposed Glazing

Table 10.7.7
Proposed HVAC 
Design Parameters 

Materials
Thermal 

conductivity 
(W/m.K)

Thickness (m) R-value (m2.K/W)

External Surface 
Resistance

0.05

Cement Plaster 0.721 0.012 0.0166
Brick Bat Coba 0.811 0.12 0.148

Concrete Screed 1.74 0.05 0.0287
RCC Slab 1.58 0.15 0.0949

Cement Plaster 0.721 0.012 0.0166
Internal Surface 

Resistance
0.128

Total R-Value (m2.K/W) 0.511
U-Value (W/m2. K) 1.955

Glass Details- Saint Gobain- Tropica Green KT-440 (Installed at Site)
VLT (%) SHGC SC U-Value (W/m2 .K)

31 0.22 0.25 1.8
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Table 10.7.9
Proposed Design 

Energy Consumption

Table 10.7.10
Proposed ECM -1

Energy Consumption

Table 10.7.11
Comparision of 

enrgy Consumption
b/w Baseline,

Proposed Design
and ECM 1

Table 10.7.12
Proposed ECM -2

Energy Consumption

Table 10.7.13
Comparision of 

enrgy Consumption
b/w Baseline,

Proposed Design
ECM-2

Table 10.7.8
Comparision of 

energy Consumption
b/w Baseline and 
Proposed Design

Figure 10.7.2
LED Fixture

Figure 10.7.3
Motor with VFD

10.7.3.5 Proposed Design Energy consump-
tion:
Energy consumption for the proposed design 
case building modeled in accordance with 
the actual building is given im table 10.7.9. 
From the above table, energy consumption in 
proposed case is higher than baseline case. 
Thereby the project team has applied energy 
conservation measures to reduce the 
proposed design energy consumption in 
order to comply the building with ECBC.

Proposed Design Case- Energy Consumption kWh*1000
Space 

Cooling
Space 

Heating
Heat 

Rejection
Pumps 
& Aux.

Vent. 
Fans

Misc. 
Equipment

Area 
Lights

Total

237.70 33.75 28.65 61.23 164.94 156.99 241.10 924.36

Energy Consumption kWh*1000
Baseline Design 

Case
Proposed Design 

Case
826.09 924.36

10.7.4 Energy Conservation Measure
10.7.4.1 Proposed ECM-1 Efficient 
Lighting (Reduced LPD):
Project building was designed at baseline 
LPD (9.7 W/m²) hence project team had 
reduced LPD around 8.07 W/m² as the first 
energy conservation measure.
Table 10.7.10 shows the energy consumption 
by using ECM-1, after using the first energy 
conservation measure energy consumption 
has reduced as shown in table 10.7.11. 

ECM-1 LPD Reduction Energy Consumption kWh*1000
Space 

Cooling
Space 

Heating
Heat 

Rejection
Pumps 
& Aux.

Vent. 
Fans

Misc. 
Equipment

Area 
Lights

Total

234.91 33.56 28.31 60.96 164.94 156.99 200.92 882.59

Energy Consumption kWh*1000

Baseline Design Case Proposed Design Case
Proposed ECM-1 Energy 

Consumption
826.09 924.36 882.59

10.7.4.2 Proposed ECM-2 VFD on pumps 
along with ECM-1 (reduced LPD):
Variable frequency drivers (VFDs) directly 
affect the energy costs by reducing the actual 
motor speed, which reduces the amps drawn 
by the motor. 
Table 10.7.12shows the energy consumption 
by using ECM-2, after using the second 
energy conservation measure energy 
consumption has reduced as shown in table 
10.7.13

ECM-1 +ECM 2 (VFD on Pumps) LPD Reduction Energy Consumption kWh*1000
Space 

Cooling
Space 

Heating
Heat 

Rejection
Pumps 
& Aux.

Vent. 
Fans

Misc. Area 
Lights

Total

234.86 36.08 28.24 50.30 164.94 156.99 200.92 872.34

Energy Consumption kWh*1000

Baseline Design Case Proposed Design Case
Proposed ECM-2 Energy 

Consumption
826.09 924.36 872.34

Baseline LPD
9.7 W/m²

Proposed LPD
8.07 W/m²
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10.7.5 Techno- Economic Analysis
Each measure has its own cost and it 

results in increasing the cost of the building. 
As these measures must have to be applied 
on the actual building as well. A graphical 
representation showing us that how the 

above energy conservative measures have 
reduced the building energy consumption 
and how an ECBC building has lower energy 
consumption is as given below: 

the energy consumption of the building in 
the  initial  case  was  9,24,360  kWh/ year, 

energy consumption has reduced to 7,34,790 
kWh/ year which shows us that the building 
has reduced 1,89,570 kWh/year. This is a 

been saved.

Note: All material and ECM costs have been considered as per latest market rates in Punjab. 

buildings with slight improvements in terms 

reduced energy bills and minimum damage 

to environment. The cost added to make 

mitigated in few years in terms of payback. 
The higher energy demands of the buildings 
and increasing energy rates are urging for 

of expenditure spent on monthly energy 
bills could be reduced by one-time energy 

The Table below provides the rates of all 
the components that have been considered 
for the Case study building to calculate the 
investments required in the ECMs those have 
been applied in the Case Study buildings to 
achieve ECBC compliance. 

Energy Consumption (In 
kWh)

Energy Savings due to ECM’s (In 
kWh)

Conventional Building 9,24,360

ECM 1 8,82,590 41,770

-

ECM 2 8,72,340 10,250
ECM 3 7,34,790 1,37,550

Total Energy Savings (In kWh) 1,89,570

Table 10.7.14
Proposed ECM -3
Energy Consumption

Table 10.7.16
EPI ratio 
calculation

Table 10.7.17
Energy savings
due to ECMs

Figure 10.7.4
AHU

10.7.4.3 ECM-3 VFD on air handling units 
along with ECM-1 (reduced LPD) & ECM 
2 (VFD on pumps)
The project team further applied the ECM-3 
which is the combination of ECM-1 (reduced 
LPD), ECM-2 (VFD on pumps) along with 
VFD on air handling units for improving the 
energy savings. Table 10.7.14 shows the 
energy consumption after using ECM-3.

ECM-1 +ECM 2+ECM 3 (VFD on Air Handling Units) Consumption kWh*1000
Space 

Cooling
Space 

Heating
Heat 

Rejection
Pumps 
& Aux.

Vent. 
Fans

Misc. Area 
Lights

Total

228.14 36.41 27.46 49.15 35.73 156.99 200.92 734.79

Energy Consumption kWh*1000

Baseline Design Case Proposed Design Case
Proposed ECM-3 Energy 

Consumption
826.09 924.36 734.79

Energy consumption Analysis- Comparison b/w proposed ECM-3 & Standard design

Energy (kwh)
Area of building 

(m2)
EPI

Baseline 82,6087.5 8,089 102.1
Proposed (ECM-3) 73,4790 8,089 90.8

EPI Ratio proposed/baseline 0.89
Compliance with ECBC YES

Table 10.7.15
Comparision of 
enrgy Consumption
b/w Baseline,
Proposed Design
and ECM 3
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Figure 10.7.5: 
Graphical 

Representation 
of Impact of 

ECM

ECM Component
Conventional Building ECBC+ Compliant Building

Increment 
CostNo. of Units Unit 

Cost
Total 
Cost No. of Units Unit 

Cost
Total 
Cost

ECM 1 Reduced 
LPD 78.3 KW 7,800 6,10,740 65.3 KW 14,500 9,46,850 3,36,110

ECM 2 Pumps 0 Nos. 0 0 5 Nos. 1,00,000 5,00,000 5,00,000

ECM 3
0 Nos. 0 0 6 Nos. 1,00,000 6,00,000 6,00,000

Total Investments on ECBC Compliant Building (In INR) 14,36,110
Total Energy Savings on ECBC Compliant Building (In kWh/year) 1,89,570

Cost Savings Considering INR 7/kWh (In INR) 13,26,990
Return on Investment on ECBC Compliant Building (In Months) 13

The expenditure amounts from the 
cost analysis above add up to give us 
the total incremental is investment  for  the 
ECBC buildings. The ECBC buildings 
give considerable energy savings which 

initially during construction is incurred back 

The   graph   below  is  the  comparison  between 
the EPI reductions vs investment required 
for that energy conservation measure. The 

models and orange line shows the cost input 
of corresponding energy models. Not every 
energy saving intervention is expensive 
and simultaneously not every expensive 
energy saving intervention turns out to be 

based on the feasibility, aesthetics, material 

availability and durability in the long run 
corresponding to our requirements. 
The graph also provides a graphical 
comparison between the cost and energy 
consumption. It is observed that there is 

(blue lines) for only slight increase in the 
investment cost (orange lines). 

10.7.6 Summary

points at the fact that the building on 
investing in the ECMs mentioned in the case 
study analysis will end up saving a lot on the 
electricity charges per year. With inclusion 
of all the ECMs the buildings get ECBC 
compliance. The investments are paid back 
in about 13 months from after which the 
building will only incur savings in electricity 
charges as compared to a conventional 
building. 

Table 10.7.18
ROI(Return on

investment)
of ECMs
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Chapter 11

kW Table 11.1
Area Details
Officce building



11.2  Cost Comparison

1  

20,000 20,000

900 1,150
1,80,00,000 2,30,00,000 50,00,000

2  

18,000 18,000

1,938
3,48,84,000 3,72,60,000 23,76,000

3  

4,000 4,000
1,500 2,100

60,00,000 84,00,000 24,00,000
4  

5,000 5,000

- 90 150

7,50,0004,50,000 3,00,000
5 -

 
 

300 250

38,000 45,000

1,14,00,000 1,12,50,000 150,000
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6

 35,568  

-  100

 35,56,800 35,56,800

 10  
 4,500
 45,000 45,000

8 -  80,000 80,000

9 -
top

 2,50,000 2,50,000

8,45,91,8007,07,34,000 1,41,57,800

11.3  Summary

2

2

-

Note: By using the above wall and roof sections U value can be reduced. U value can 

§ 4.3 of ECBC 2017). 

(kWh/year)

(kWh/year)

t

kWh/m /year

Table 11.2
Cost Comparison 
ECBC building and
conventional building
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Comparison ECBC 2007 Vs ECBC 2017

1. Highlights

2. Buiding Envelope

Sr. No Content ECBC 2007 ECBC 2017

1
Air Leakage for glazed swinging 
doors and revolving doors 
(Mandatory)

Maximum 5 l/s sqm
No Value is specified only it is to 
be ensured that the air leakages 

are eliminated

2
Daylight Compliance 
(Mandatory)

Not Specified

Daylight compliance is 
mandatory to meet in the terms of 

Useful Daylight Illuminance 
(UDI) (simulation or manual 

calculation)

3
U Value for Wall and Roof 
(Prescriptive)

Common U Value 
Threshold for all type 

of Buildings.
U Value is specified 

for 24 hours Building 
and Daytime 

Building

U Values is specified according to 
the type of buildings and level of 

performance 
(ECBC/ECBC+/Super ECBC 

Building).

4
Alternative compliance of U 
Value for Wall and Roof 
Assembly (Prescriptive)

R Value of the 
Material with 

Minimum Value as 
specified.

No Alternative.

5 Clarity on Cool Roof Application 
(Prescriptive)

No Clarity on Non 
Exposed Roof. No 

Vegetation is 
specified

Only exposed roof shall be cool 
roof or vegetated roof (living 

vegetation)

6 Maximum WWR (Prescriptive) 60% 40%

7 Minimum VLT Requirement 
(Prescriptive) As per WWR 27%

8
Alternative Option for 
Complying SHGC of the Glass 
(Prescriptive)

M Factor Adjustment 
Calculation

SEF (Shading Equivalent Factor) 
Calculation

Sr. No Content ECBC 2007 ECBC 2017

1
Category of ECBC 
Compliance based on 
Performance Levels:

ECBC Compliant 
Building

1. ECBC Building
2. ECBC+ Building

3. Super ECBC Building

2
EPI Based Performance 
Verification

No Yes

3
Recommended Conditioned 
Area for the applicability

1000 sqm Not Specified

4 Renewable Energy System Not Specified
Yes. Specified for ECBC / ECBC + / 
Super ECBC Building Separately

5
Classification of Applicable 
Building

No
Yes. As per functional requirements of 

design, construction, and use.

6 Compliance Approach

Option 1: 
Mandatory + 
Prescriptive

Option 2: 
Mandatory + 
Simulation

Mandatory + EPI Ratio Demonstration
(EPI Ratio can be demonstrated by:

i. Prescriptive or
ii. WBP/Simulation

(EPI Ratio = EPI of Proposed 
Building/EPI of Standard Building)

7 Clarification on Core & Shell No Yes

8
List of Software (approved by 
BEE for ECBC Compliance)

No Yes
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3. Comfort Systems & Controls (HVAC+SHWP)

Sr. No Content ECBC 2007 ECBC 2017

1
Mechanical & Mixed Mode 

Ventilation (Mandatory)
Not Specified

Specified and to be followed as 
per NBC 2016

2
Guidelines to follow for Natural 

Ventilation (Mandatory)
NBC 2005 NBC 2016

3
Provision of BEE Star Rating 

(Mandatory)
No Yes (Min 3 Star)

4
CO Sensors in Car Parking Area 

(Mandatory)
Not Specified

CO Sensors Installation for 
Ventilation in Car Park Space 
(for >600 sqm car park area)

5
IPLV Value compliance along with 

COP Compliance (Mandatory)
Not Specified

Both COP and IPLV 
requirements shall be met

6
Specification for VRF Systems 

(Mandatory)
Not Specified Minimum EER is specified

7 Provision of Demand Control 
Ventilation (DCV) (Mandatory) Not Specified

Mechanical systems shall have 
DCV if they provide 

outdoor>1500 lps to a space>50 
sqm, with occupant density > 40 

people per 100 sqm and if 
served by air side economizer 

(Classrooms, Call Centres, 
spaces having major process 

loads and system having ERV 
are exempted)

8 Restriction on air cooled chillers 
application (Mandatory) Not Specified

Air Cooled Chillers are allowed 
in all the building with cooling 
load less than 530 kW. For >530 

kW the number of air cooled 
chiller shall be restricted t 33% 

of the total installed chilled 
water capacity unit.

9 Specification for Computer Room 
Air Conditioners (Mandatory) Not Specified Specified in the terms on 

Minimum SCOP

10 Minimum COP of the equipment 
(Mandatory)

As per equipment class 
(Air cooled/water 

cooled/screw/centrifugal
, etc.) as per ASHRAE 

90.1 2004

As per the capacity of te Chiller. 
ASHRAE Standard reference is 

removed.

11

Time Clock Application for 
Mechanical Heating/cooling in the 
terms of minimum applicable area 

(Mandatory)

No Clarification

Building having minimum 
20000 sqm built-up area shall be 

controlled by time clock. +
Unitary system for all capacities 
are exempted from Time Clock 

Application

12
Occupancy Controls to throttle the 

ventilation/air conditioning 
(Mandatory)

Not Specified

Occupancy are mandatory to 
install to throttle to the 

minimum ventilation and/or air 
conditioning system when there 
are no occupants (applicable for 
Guest room in Hotel, Toilet in 

Star Hotel/Business, Conference 
Room and room>30 sqm in 

educational building)

13 Additional Controls 
Requirements (Mandatory) Not Specified

Specified for ECBC + and 
Super ECBC Building as a 

mandatory requirement (like 
Centralized demand shed 

controls, supply air 
temperature reset, chilled 
water temperature reset, 
variable air volume fan 

control)
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4. Lighting & Controls

Sr. No Content ECBC 2007 ECBC 2017

14 Solar Water Heating Requirement 
(Mandatory)

Minimum 20% (in 
residential, hotels and 

hospitals)
Separate Section.

Minimum 20% hot water 
requirement shall be catered by 

solar water heater (in Hotels, 
hospitals and all buildings in 

cold climate) (for built-up 
area<20000 sqm)

Minimum 40% hot water 
requirement shall be catered by 

solar water heater (in Hotels, 
hospitals and all buildings in 

cold climate) (for built-up 
area>20000 sqm)

15 Minimum efficiency of Motors for 
Fans in AHU (Prescriptive) Not Specified

Minimum efficiency of Motors 
for Fans in AHU is specified in 

the terms of Mechanical 
Efficiency and Category (IE 

2/3/4)

16 Minimum efficiency of Pumps for 
Chiller (Prescriptive) Not Specified

Minimum efficiency of Pumps 
for Chiller is specified in the 

terms of W/kWr and Efficiency

17 Minimum efficiency of Cooling 
Tower (Prescriptive) Not Specified

Minimum efficiency of Cooling 
Tower is specified in the terms 

of kW/kWr and kW/L/s

18 Minimum efficiency of Boilers 
(Prescriptive) Not Specified

Minimum efficiency of Boiler is 
specified in the terms of FUE 

(%)

19 Use of Energy Recovery Equipment 
(Prescriptive) Not Specified

Hospital and Healthcare, with 
system capacity > 2100 lps and 
min OA or >70% shall have air-
to-air heat recovery equipment 
with minimum effectiveness of 

50%.

20
Any other option for the compliance 

other than Prescriptive? 
(Prescriptive)

No

Two more alternative 
compliance options are 

specified other than prescriptive 
option:

1. Total System Efficiency (for 
central chilled water plat 

system) – The total installed 
capacity per kW refrigeration 

load shall be less than  0.26 
kW/kWr)

2. Low Energy Comfort System 
– Evaporative Cooling, 

Desiccant Cooling, Solar AC, 
Waste to Heat, Radiant Cooling, 
Ground Source HP, Adiabatic 

Cooling System)

Sr. No Content ECBC 2007 ECBC 2017

1
Minimum Efficacy of Exterior Lighting 

Fixture (Mandatory)
60 lm/W 80 lm/W

2 LPD (Lighting Power Density) (Prescriptive) -

Maximum allowable LPD for 
Interior Lighting is stringent 

than the specified in the ECBC 
2007

123
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5. Electrical & Renewable Energy Systems
Sr. No Content ECBC 2007 ECBC 2017

1

Renewable Energy System 
Provision (Mandatory)

Not Specified

Minimum 25% of roof area or area required 
for generation of energy equivalent to 1% of 
total peak demand or connected load shall 

be provided with free of obstructions, within 
boundary. + for ECBC + and Super ECBC 

Solar PV Modules are required to be 
installed as per code.

2 Maximum Transformer 
Losses (Mandatory)

Specified
Maximum allowable losses are stringent 

than ECBC 2007.
3 Voltage drop for feeders and 

branch circuit (Mandatory)
Not Specified

Voltage drop for feeders < 2% and branch 
circuit <3% of design load

4
Motor Efficiency (Mandatory) Not Specified

Motors Efficiency is specified in IE 2/3/4 in 
the code.

5 Specification for DG Set 
(Mandatory)

Not Specified Minimum BEE 3 star rated

6 Minimum Power Factor 
(Mandatory) 0.95 0.97

7 Specification of UPS 
(Mandatory) Not Specified Energy efficiency requirement at 100% load 

for UPS is specified
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Solar Reflective index: The Solar Reflective Index (SRI) is a measure of the solar 
reflectance and emissivity of materials that can be used as an indicator of how hot 
they are likely to become when solar radiation is incident on their surface.
Thermal Emissivity: The thermal emissivity of the surface of a material is its 
effectiveness in emitting energy as thermal radiation.

Incandescent: This type of light bulb is called an incandescent bulb because its 
filament is heated until it gives off light.

Seasonal Energy Efficiency Ratio:  It is the ratio of the total annual amount of heat 
that the equipment can remove from the indoor air when operated for cooling in 
active mode to the total annual amount of energy consumed by the equipment during 
the same period.

Energy Efficiency Ratio: A room air conditioner's efficiency is measured by the 
energy efficiency ratio (EER). The EER is the ratio of the cooling capacity (in British 
thermal units (BTUs) per hour to the power input (in watts). The higher the EER 
rating, the more efficient the air conditioner.

Heating seasonal performance factor: Heating seasonal performance factor (HSPF) 
is specifically used to measure the efficiency of air-source heat pumps. HSPF is 
defined as the ratio of heat output (measured in BTUs) over the heating season to 
electricity used (measured in watt-hours). 
                                                                                  
Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.

Out-patient Healthcare (Type of Healthcare): It is any building or a group of 
buildings under a single management, which is used only for treating persons 
requiring treatment or diagnosis of disease but not requiring overnight or longer 
accommodation in the building during treatment or diagnosis.

CHAPTER-3

Energy Performance Index: Energy Performance Index (EPI) is the total energy 
consumed in a building over a year divided by total built-up area in kWh/sq m/year 
and is considered as the simplest and most relevant indicator for qualifying a 
building as energy-efficient or not.

Compliance documents: These are the forms specified in ECBC Rules and 
Regulations to record and check compliance with these rules. These include but are 
not limited to EPI Ratio Compliance Report, Building Envelope Compliance Form, 
Mechanical Systems Compliance Form, and Permit Checklist, Lighting System 
Compliance Form and Permit Checklist and certificates from Certified Energy 
Auditor for existing or proposed buildings.

Cumulative design EPI: It is the Energy Performance Index for a building having two 
or more different functional uses, and is calculated based on the area-weighted 
average (AWA) method.

CHAPTER-4
 
Building or building complex or complex:  A structure wholly or partially enclosed 
within the exterior walls, or within exterior and party walls, and a roof, affording 
shelter to persons, animals, or property. Building complex means a building or group 
of buildings constructed in a contiguous area for business, commercial, institutional, 
healthcare, hospitality purposes or assembly buildings under the single ownership of 
individuals or group of individuals or the name of a co-operative group society or on 
lease and sold as shops or office space or space for other commercial purposes, 
having a connected load of 100 kW or contract demand of 120 kVA and above.

Building, base: It includes building structure, building envelope, common areas, 
circulation areas, parking, basements, services area, plant room and its supporting 
areas, and open project site area.

Building, core, and shell: These are buildings where the developer or owner will 
only provide the base building and its services.

24-hour Business Building: These are business building operated and occupied for 
more than 12 hours on each weekday. The Intensity of occupancy may vary. 
 
Above Grade Area (AGA): AGA is the cumulative floor area of all the floor levels of 
a building that are above the ground-level. Ground level shall be as defined in the 
building site plan. A floor level is above grade if one-third of the total external surface 
area of only the said floor level is above the ground level. 
 
Addition: It is an extension or increase in floor area or height of a building outside of 
the existing building envelope. 

Alteration: It is any change, rearrangement, replacement, or addition to a building or 
its systems and equipment; any modification in construction or building equipment.

Area weighted average (AWA) method: AWA method is based on the concept of 
weighted arithmetic mean where instead of each data point contributing equally to 
the final mean, each data point contributes more “weight” than others based on the 
size of the area the said data point applies to. To calculate the area-weighted average 
mean, a summation of each data point multiplied with its respective area is divided 
with the total area. 
 
Astronomical time switch: It is an automatic time switch that adjusts the length of the 
day as it varies over the year.

Fenestration:  Fenestration refers to the openings in the building envelope, including 
the installation of windows, doors, and skylights. The process of including these 
openings in the building envelope is known as fenestration.

U- Factor: 'U-Factor" or U-Value", also referred to as the K-Value, is the measurement 
of the thermal conductance of a material that reflects the effectiveness of the material 
to allow the flow of heat.

Solar Heat Gain Coefficient (SHGC): It is the ratio of the solar heat gain entering the 
space through the fenestration area to the incident solar radiation. Solar heat gain 
includes directly transmitted solar heat and absorbed solar radiation, which is then 
reradiated, conducted, or convected into space. 

Class of construction: It is the classification that determines the construction 
materials for the building envelope, roof, wall, floor, slab-on-grade floor, opaque 
door, vertical fenestration, and skylight.

Visual light transmission: It is simply the measurable amount of solar visible light 
(daylight) that travels through a glazing system.

Conduction: Conduction is the heat transfer through a solid medium due to the 
temperature difference. 

Convection: Convection is the heat transfer through a fluid medium such as air or 
water. Convection within the envelope assembly will depend on the temperature 
difference across the surfaces and also the airspeed.
 
Radiation: Radiation is heat transfer through electromagnetic radiation. All bodies 
facing an air space or a vacuum emit and absorb radiant energy continuously. Heat 
transfer by radiation will take place from a warmer surface to a cooler one.

Resistance: It is denoted as R, and is the ability of a material to resist heat flow. It is 
the reciprocal of conductance, (Units are m2 K/W). 

Emittance: It is the ability of a material to re-radiate absorbed heat as invisible 
infrared radiation.  It indicates the ability of a material to lose heat, consequently 
reducing the sensible heat content of the object.

R-value (thermal resistance): It is the reciprocal of the time rate of heat flow through 
a unit area induced by a unit temperature difference between two defined surfaces of 
material or construction under steady-state conditions. The units of R-value are m2.K 
/W.  

Recirculating system: It is a domestic or service hot water distribution system that 
includes a closed circulation circuit designed to maintain temperatures in hot water 
pipes near terminal devices (e.g. lavatory faucets and showerheads) to reduce the 
time required to obtain hot water when the terminal device valve is opened. The 
motive force for circulation is either natural (due to water density variations with 
temperature) or mechanical (recirculation pump).

Reflectance: The ability of a material to reflect radiation without changing the 
temperature of the material.  Surfaces with higher reflectance tend to absorb less heat.
Absorptance: The ability of a material to absorb radiation. This is converted into 
sensible heat within the material, thus raising its temperature.

Projection factor, overhang: It is the ratio of the horizontal depth of the external 
shading projection to the sum of the height of the fenestration and the distance from 
the top of the fenestration to the bottom of the farthest point of the external shading 
projection, in consistent units.

Projection factor, side fin:  It is the ratio of the horizontal depth of the external 
shading projection to the distance from the window jamb to the farthest point of the 
external shading projection, in consistent units.
 
Projection Factor, overhang and side fin: It is the average of projection factor for 
overhang only and projection factor of side fin only.  
  
Ultraviolet: Ultraviolet is electromagnetic radiation with a wavelength from 10 nm to 
400 nm, shorter than that of visible light but longer than X-rays.

Wall Window Ratio: It is the ratio of the window area to the gross exterior wall area.
Skylight roof ratio (SRR): It is the ratio of the area of the skylight in comparison to the 
total roof area.

Renewable Energy Generating Zone: It is a contiguous or semi-contiguous area, 
either on the rooftop or elsewhere within the site boundary, dedicated to the 
installation of renewable energy systems.

Cool roof: It is the roof with a top layer of material that has high solar reflectance and 
high thermal emittance properties. Cool roof surfaces are characterized by light 
colors so that heat can be rejected back to the environment. 

Daylight Extension Factor (DEF): It is the factor which manually calculates the 
daylight area on floor plates. It is to be multiplied by the head height of windows. It 
is dependent on orientation and glazing VLT, shading devices adjacent to it and 
building location.  

Daytime Business Building:  It is the business building operated typically only 
during the daytime on weekdays up to 12 hours each day.  

Effective aperture: It is the multiplication of Visible Light Transmittance and the 
window-to-wall ratio. (EA = VLT x WWR)

Water heater: It is the vessel in which water is heated and withdrawn for use external 
to the system.

CHAPTER-5 

HVAC system: This includes the equipment, distribution systems, and terminal 
devices that provide, either collectively or individually, the processes of heating, 
ventilating, or air conditioning to a building or parts of a building.

Coefficient of Performance (COP) – cooling: It is the ratio of the rate of heat removal 
to the rate of energy input, in consistent units, for a complete refrigerating system or 
some specific portion of that system under designated operating conditions.

Coefficient of Performance (COP) – heating: It is the ratio of the rate of heat 
delivered to the rate of energy input, in consistent units, for a complete heat pump 
system, including the compressor and, if applicable, auxiliary heat, under designated 
operating conditions.

Common area: These are the areas within a building that are available for use by all 
tenants in a building (i.e. lobbies, corridors, restrooms, etc.).

 Mechanical cooling: It reduces the temperature of a gas or a liquid by using vapor 
compression, absorption, and desiccant dehumidification combined with evaporative 
cooling or another energy-driven thermodynamic cycle. Indirect or direct 
evaporative cooling alone is not considered mechanical cooling.

Commercial building: It is a building or a part of building or building complex 
which are used or intended to be used for commercial purposes and classified as per 
the time of the day the building is operational and sub-classified, as per the functional 
requirements of its design, construction, and use as per following details:

Group I – 24 hours building covering Type A Hospitality, Type B Health Care and 
Type C Assembly and, 
Group II – Regular building covering Type D Business, Type E Educational, and Type 
F Shopping Complexes.

Dead band:  It is the range of values within which a sensed variable can vary without 
initiating a change in the controlled process. 

Demand: It is the maximum rate of electricity (kW) consumption recorded for a 
building or facility during a selected time frame.  

Demand control ventilation (DCV):  It is the ventilation system capability that 
provides automatic reduction of outdoor air intake below design rates when the 
actual occupancy of spaces served by the system is less than the design occupancy. 
Design capacity: It is the output capacity of a mechanical or electrical system or 
equipment at design conditions. 

Design conditions: These are specified indoor environmental conditions, such as 
temperature, humidity, and light intensity, required for producing and maintaining 
by a system and under which the system must operate. 

Distribution system: It is a network or a system comprising controlling devices or 
equipment and distribution channels (cables, coils, ducts, pipes, etc.) for delivery of 
electrical power or, cooled or heated water or air in buildings.

Door area: It is the total area of the door measured using the rough opening and 
including the door slab and the frame.

Economizer: an economizer is a mechanical device used to reduce energy 
consumption. Economizers recycle energy produced within a system or leverage 
environmental temperature differences to achieve efficiency improvements.

Economizer, air: It is a duct and damper arrangement with automatic controls that 
allow a cooling system to supply outdoor air to reduce or eliminate the need for 
mechanical cooling during mild or cold weather.

Economizer, water: It is a system by which the supply air of a cooling system is 
cooled indirectly with water that is itself cooled by heat or mass transfer to the 
environment without the use of mechanical cooling.

Mixed-mode air-conditioned building: It is the building in which natural ventilation 
is employed as the primary mode of ventilation, and air conditioning is deployed as 
and when required. 
 
Mixed-use development: It is a single building or a group of buildings used for a 
combination of residential, commercial, business, educational, hospitality and 
assembly purposes. 

Air conditioning and condensing units serving computer rooms: It is the air 
conditioning equipment that provides cooling by maintaining space temperature and 
humidity within a narrow range. Its major application is in data centers where 
dissipating heat generated by equipment takes precedence over comfort cooling for 
occupants.

Relative Humidity: Relative humidity is the ratio of the partial pressure of water 
vapor in the air (which is related to the actual amount present) divided by the vapor 
pressure of water at that same temperature (which is related to the maximum amount 
of water vapor that the air can hold at that temperature).

Thermal Comfort: Thermal comfort is a condition of mind/body that expresses 
satisfaction with the thermal environment. Due to its subjectivity, thermal comfort 
may be different for individuals. Thermal comfort is maintained when the heat 
generated by the human metabolism is allowed to dissipate at a rate that maintains 
thermal equilibrium in the body.

Natural Ventilation: It is the ventilation done by pressure difference air always flows 
from high pressure to low pressure.

Mechanical Ventilation: It is a type of ventilation in which we use mechanical 
equipment for creating pressure difference for the flow of air.

Mixed Mode Ventilation: In this type of ventilation both natural and mechanical 
type of ventilation is used. 

Coefficient of performance: It is the ratio of the desired effect to work input in a 
refrigerator or a heat pump.

Chiller: A chiller is a machine that removes heat from a liquid via a 
vapor-compression or absorption refrigeration cycle. 

Variable refrigerant flows: The main compressor which pumps refrigerant around 
can run at various speeds (steeples), thereby continuously increasing (or decreasing) 
flow of refrigerant based on demand during various hours/minutes of usage. This is 
known as variable refrigerant flow, or VRV (variable refrigerant volume).

Air Conditioning: Air conditioning refers to the process of controlling the 
temperature and humidity of the air to suit the needs of the occupants or an industrial 
process.

Unitary air conditioning system:  The working of the window air conditioner is to 
cool only one particular room, commonly known as the "unitary unit”. This type of ac 
is installed in the window of a room. It will cool a room by emitting the warm air out 
the back of it and blowing cool air into it.

Split Air Conditioning System: Central HVAC systems are regularly referred to as a 
“split” system due to the simple fact that some of the components are installed inside 
the home and some of the components are installed outside a home.

Packaged air conditioning System: This type of unit is perfect for cooling multiple 
rooms or a large space in a home or office. All the components, namely the 
compressor, condenser (which can be air-cooled or water-cooled), expansion valve 
and evaporator are housed in a single box.

Cooling capacity: Cooling capacity is the measure of a cooling system's ability to 
remove heat. 

Thermostat: Thermostat is a control that tells the heating and the cooling system when 
to heat or cool or do nothing.

Variable speed drive: It is used for varying the speed of an induction motor by 
changing the motor's input supply frequency and voltage, keeping the flux constant. 
Throttle: Throttle is a device that controls the engine RPM by directly controlling the 
amount of air going in.

Terminal device: It is a device through which heated or cooled air is supplied to a 
space to maintain its temperature. It usually contains dampers and heating and 
cooling coils. In other words, it is a device by which energy from a system is finally 
delivered (e.g. registers, diffusers, lighting fixtures, faucets, etc.). 

Theatre or motion picture hall (Type of Assembly): It is any building primarily 
meant for theatrical or operatic performances and which has a stage, proscenium 
curtain, fixed or portable scenery or scenery loft, lights, mechanical appliances or 
other theatrical accessories and equipment. For example, theatres, motion picture 
houses, auditoria, concert halls, television and radio studios admit an audience, which 
is provided with fixed seats. 

Thermal block: It is a collection of one or more HVAC zones grouped for simulation 
purposes. The spaces need not be contiguous to be combined within a single thermal 
block. 

Thermal comfort conditions: These are the conditions that influence the thermal 
comfort of occupants. Environmental conditions that influence thermal comfort are air 
and radiant temperature, humidity, and airspeed.

Sensible cooling: It is the portion of the cooling process that affects only the 
temperature of the air, without changing the humidity.
 
Dampers: Dampers are devices that regulate the airflow in an air handling system.  
Backdraft Dampers: Backdraft dampers (also known as gravity dampers) are used in 
ventilation systems to allow airflow in one direction, and prevent airflow in the 
opposite direction.

Tinted: It is (as applied to fenestration) bronze, green, or grey coloring that is integral 
with the glazing material. Tinting does not include surface applied films such as 
reflective coatings, applied either in the field or during the manufacturing process.
Insulation: Insulation is defined as the material used to insulate something, especially 
a building. Insulation is material used that reduces heat loss or heat gain by providing 
a barrier between the inside of a home or any building and the significantly different 
temperature outside.

Refrigerant: A refrigerant is a compound or a mixture (usually in a fluid state in room 
temperature) used to pump heat from one system to another.
Register: Register is an air inlet with a balancing damper behind it, so the airflow 
quantity can be adjusted. 

Grille: A grille is just a fancy hole cover over an air inlet with slotted openings for 
airflow but with no balancing capability. 

 Diffuser: It is a device that's used to increase the static pressure of the fluid that passes 
through the system, and also reduces the velocity of the fluid.

Condenser: A condenser is a device or unit which is used to condense a substance 
from its gaseous to its liquid state.

Impeller: It is a rotating part of a machine that transfers energy.

Evaporation: Evaporation involves a liquid changing to a gas.

Passive solar heating: It uses the sun's energy to heat a building. The windows, walls, 
and floors can be designed to collect, store, and distribute solar energy in the form of 
heat in the winter (and also to reject solar heat in the summer). 

Active Solar Heating: Active solar heating systems use solar energy to heat a fluid 
(either liquid or air), and then transfer the solar heat directly to the interior space or a 
storage system for later use. 

Sensor: A sensor is a device that detects and responds to some type of input from the 
physical environment.

Actuators: An actuator is something that converts energy into motion.

Compressor:  A compressor is a mechanical device that increases the pressure of a gas 
by reducing its volume.  

Hydronic Balancing: Hydronic balancing, also called hydraulic balancing, is the 
process of optimizing the distribution of water in a building's hydronic heating or 
cooling system by equalizing the system pressure so it provides the intended indoor 
climate at optimum energy efficiency and minimal operating cost.

Variable flow hydronic system: A common method of regulating the heating or 
cooling output of hydronic air handlers and other types of HVAC terminal units is to 
vary the water flow rate through their coils. This is known as a variable flow hydronic 
system.

 Heat pump: It is a device that transfers heat from a colder area to a hotter area by 
using mechanical energy, as in a refrigerator.

Boiler: A boiler is a closed vessel in which fluid (generally water) is heated.  
Evaporative cooling: Evaporative cooling is a process that uses the effect of 
evaporation to cool the surrounding air.
 
Desiccant cooling system: Desiccant is used for the absorption of moisture. Generally 
activated alumina or some other hygroscopic materials are used in the process.
 
Trigeneration: Cogeneration or combined heat and power (CHP) is the use of a heat 
engine or power station to generate electricity and useful heat at the same time.
 
Radiant Cooling System: Radiant cooling cools a floor or ceiling by absorbing the 
heat from the rest of the room.

Ground source heat pump: A geothermal heat pump (GHP) or ground source heat 
pump (GSHP) is a central heating and/or cooling system that transfers heat to or from 
the ground. 
 
Adiabatic Cooling system: An adiabatic process is the one that occurs on a system 
without the system transferring or receiving any heat energy from the surroundings.
  
Earth air tunnel: Earth air tunnel or earth air heat exchanger is a pre-cooling or 
pre-heating system which consists of a pipe or network of pipes buried at a reasonable 
depth below the ground surface. 

Energy Efficiency Ratio (EER): The ratio of net cooling capacity in kW to the total rate 
of electric input in watts under design operating conditions.

Energy Recovery System: It is the equipment that recovers energy from building or 
space exhaust air and uses it to treat (pre-heat or pre-cool) outdoor air taken inside the 
building or space by ventilation systems.
 
Fan system power: It is the sum of the nominal power demand of motors of all fans 
that are required to operate at design conditions to supply air from the heating or 
cooling source to the conditioned space(s) and return it to the point where it can be 
exhausted to outside the building.

Heat capacity: It is the amount of heat necessary to raise the temperature of a given 
mass by 1°C. Numerically, the heat capacity per unit area of the surface (W/m2.K) is 
the sum of the products of the mass per unit area of each material in the roof, wall, or 
floor surface multiplied by its specific heat.

Infiltration: Uncontrolled inward air leakage through cracks and crevices in external 
surfaces of buildings, around windows and doors due to pressure differences across 
these caused by factors such as wind or indoor and outside temperature differences 
(stack effect), an imbalance between supply and exhaust air systems. 

Variable Air Volume (VAV) system: It is the HVAC system that controls the dry-bulb 
temperature within a space by varying the volumetric flow of heated or cooled air 
supplied to space. 

Vegetative roofs: Also known as green roofs, the vegetative roofs are thin layers of 
living vegetation installed on top of conventional flat or sloping roofs. 

Vision Windows: These are the windows or areas of large windows that are primarily 
for both daylight and exterior views. Typically, their placement in the wall is between 
1 meter and 2.2 meters above the floor level.

Wall area, gross: It is the overall area of a wall including openings such as windows 
and doors measured horizontally from outside surface to outside service and 
measured vertically from the top of the floor to the top of the roof. If roof insulation is 
installed at the ceiling level rather than the roof, then the vertical measurement is 
made to the top of the ceiling. The gross wall area includes the area between the ceiling 
and the floor for multi-story buildings. 
 
Zone, HVAC: It is a space or a group of spaces within a building with heating and 
cooling requirements that are sufficiently similar so that desired conditions (e.g., 
temperature) can be maintained throughout using a single sensor (e.g., thermostat or 
temperature sensor).

CHAPTER-6

Efficacy: It is the lumens produced by a lamp plus ballast system divided by the total 
watts of input power (including the ballast), expressed in lumens per watt

Luminous flux: Luminous flux (Φ) is the quantity of the energy of the light emitted per 
second in all directions. Its unit is lumen (lm).

Luminous intensity: Luminous intensity (I) is the ability to emit light into a given 
direction, or it is the luminous flux that is radiated by the light source in a given 
direction within the unit of the spatial angel.  Its unit is candela.

Illuminance: Illuminance (E) is the total luminous flux incident on a surface, per unit 
area. Its unit is candela /m.

Luminance: Luminance (L) is the luminous intensity emitted by the surface area of 1 
cm² (or 1 m²) of the light source. Its unit is lux (lx).

Labeled: Equipment or materials to which a symbol or other identifying mark has 
been attached by the manufacturer indicating compliance with specified standard or 
performance in a specified manner. This mark is known as a label. 

Lamp: It is a generic term for man-made light sources often called bulb or tube.

Lighted floor area, gross: It is the gross area of lighted floor spaces. 

Lighting, emergency: It is the battery-backed lighting that provides illumination only 
when there is a power outage and general lighting luminaires are unable to function.
  
Lighting, general: It is the lighting that provides a substantially uniform level of 
illumination throughout an area. General lighting shall not include decorative lighting 
or lighting that provides a dissimilar level of illumination to serve a specialized 
application or feature within such area. 

Lighting system: It is a group of luminaires circuited or controlled to perform a 
specific function.

Occupant sensor: It is a device that detects the presence or absence of people within 
an area and causes lighting, equipment, or appliances to be dimmed, or switched on 
or off accordingly.

Lighting power allowance: 
a) Interior lighting power allowance: the maximum lighting power in watts 
allowed for the interior of a building 
b) Exterior lighting power allowance: the maximum lighting power in watts 
allowed for the exterior of a building

Lighting Power Density (LPD): It is the maximum lighting power per unit area of 
space as per its function or building as per its classification.

Low energy comfort systems: These are the space conditioning or ventilation systems 
that are less energy-intensive than vapor compression based space condition systems.
These primarily employ alternate heat transfer methods or materials (adiabatic 
cooling, radiation, desiccant, etc.), or renewable sources of energy (solar energy, 
geo-thermal) so that minimal electrical energy input is required to deliver heating or 
cooling to spaces.

Luminaires: It is a complete lighting unit consisting of a lamp or lamps together with 
the housing designed to distribute the light, position and protect the lamps, and 
connect the lamps to the power supply.

Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.
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Connected load: It is the sum of the rated wattage of all equipment, appliances, and 
devices to be installed in the building or part of building or building complexes, in 
terms of kilowatt (kW) that will be allocated to all applicants for electric power 
consumption in respect of the proposed building or building complexes on their 
completion.

Contract Demand: It is the maximum demand in kilowatt (kW) or kilo Volt Ampere 
(kVA) (within a consumer’s sanctioned load) agreed to be supplied by the electricity 
provider or utility in the agreement executed between the users and the utility or 
electricity provider.

Mean temperature: It is the average of the minimum daily temperature and 
maximum daily temperature. 

Metering: It is the practice of installing meters in buildings to acquire data for energy 
consumption and other operational characteristics of individual equipments or 
several types of equipment grouped on basis of their function (lighting, appliances, 
chillers, etc.). Metering is done in buildings to monitor their energy performance.

Transformer: Transformer is a device used to transform high voltage to low voltage, 
and vice versa. 

Manufacturing processes: These are the processes through which raw material is 
converted into finished goods for commercial sale using machines, labor, chemical or 
biological processes, etc.

Manual (non-automatic): It requires personal intervention for control. Non-automatic 
does not necessarily imply a manual controller, only that personal intervention is 
necessary. 

Alternating Current: This means that the direction of current flowing in a circuit is 
constantly being reversed back and forth. 
 
Direct Current (DC): It is the flow of electrical charge in the same direction. 
Conductor: It is a substance in which electrical charge carriers, usually electrons, move 
easily from atom to atom with the application of voltage. 

Full load: A full load current is the largest current that a motor or other device is 
designed to carry under particular conditions.

Dry-type transformer: A dry-type transformer is a type of transformer that never uses 
any insulating liquid where its winding or core is immersed in liquid. 
  
Oil type transformer: It is a transformer where the magnetic circuit and windings are 
immersed in oil.

Three-phase induction motor: Three-phase induction motor does not require an 
additional starting device. These types of motors are also known as self-starting 
induction motors.

Stress: Stress is the internal forces per unit area developed in an object subjected to an 
external force.

Peak Load: Peak load is the time of high demand.

Power Factor: The power factor is the ratio between real power and Apparent Power. 
Inductive Current: It resists changes in current and lags the voltage while measuring 
current. 

Reactive power: Reactive power occurs in an AC circuit when the voltage and current 
are not in phase.
 
Overcurrent: It is any current over the rated current of the equipment of the capacity 
of the conductor. It may result from overload, short circuit, or ground fault.

Fossil fuels: Fossil fuels are hydrocarbons, primarily coal, fuel oil or natural gas, 
formed from the remains of dead plants and animals.

Greenhouse gases: Greenhouse gases are those gases that trap the infrared rays of the 
sun from entering the atmosphere and in turn, they raise the temperature of the 
atmosphere which leads to global warming. 

Hydroelectric energy: Hydroelectric energy means electric energy coming from 
sources that convert energy (potential or kinetic) of water to electrical energy.

Bioenergy: Bioenergy is the renewable energy created by living organisms. Biomass is 
an organic material which has stored sunlight in the form of chemical energy.

Geothermal energy: Geothermal energy is an energy source derived from the heat of 
the earth. The heat must be near the surface so it can be extracted. 
 
Total harmonic distortion: The total harmonic distortion is the ratio of voltage in the 
harmonic frequencies to the principle frequency. 

Photovoltaic: Photovoltaic means 'voltage from light' and refers to a solid-state 
semiconductor device, aka solar cell that produces a potential difference (voltage) and 
current of electrons (electricity) when exposed to light.

Kilovolt-ampere (kVA): It is the product of the line current (amperes) times the 
nominal system voltage (kilovolts) times 1.732 for three-phase currents. For 
single-phase applications, kVA is the product of the line current (amperes) times the 
nominal system voltage (kilovolts). 

Kilowatt (kW): It is the basic unit of electric power, equal to 1000 W.

Party wall: It is a firewall on an interior lot line used or adapted for joint service 
between two buildings. 

Permanently installed: It is the equipment that is fixed in place and is not portable or 
movable. 

Plenum: It is a compartment or chamber to which one or more ducts are connected, 
which forms a part of the air distribution system, and that is not used for occupancy 
or storage.  

Plug loads: It is the energy used by products that are powered using an AC plug. This 
term excludes building energy that is attributed to major end uses like HVAC, 
lighting, water heating, etc. 

Pool: It is any structure, basin, or tank containing an artificial body of water for 
swimming, diving, or recreational bathing. The term includes, but is not limited to, 
swimming pool, whirlpool, spa, hot tub.

Process load: It is the building loads resulting from the consumption or release of 
energy due to industrial processes or processes other than those for providing space 
conditioning, lighting, ventilation, or service hot water heating.

Transformer losses: These are electrical losses in a transformer that reduces its 
efficiency.  

Transport Buildings (Assembly): It is any building or structure used for 
transportation and transit like airports, railway stations, bus stations, and 
underground and elevated mass rapid transit system example, underground or 
elevated railways.

CHAPTER-8  

Window Wall ratio: The window-to-wall ratio is the measure of the percentage area 
determined by dividing the building's total glazed area by its exterior envelope wall 
area.
 
Skylight Roof ratio: The skylight roof ratio (SRR) is the ratio of the area of the skylight 
in comparison to the total roof area. 
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Acid Rain: It is made up of water droplets that are unusually acidic because of 
atmospheric pollution, most notably the excessive amounts of sulfur and nitrogen 
released by cars and industrial processes.

Retrofitting: Retrofitting is a method of modifying existing structures with new 
components to resist the earthquake load or any other loads. 
Sustainability: Sustainability means meeting one’s own needs without compromising 
the ability of future gener.

ABREVIATIONS

1. TOE  Tons of Oil Equivalent
2. MOP  Ministry of Power 
3. CAGR  Compound Annual Growth Rate 
4. TEDDY TERI Energy & Environment Data Diary and Yearbook
5. GW  Giga Watt
6. MW  Mega Watt
7. KWh  Kilowatt Hour 
8. EBP  Ethanol Blending Petrol 
9. HPCL  Hindustan Petroleum Corporation Limited   
10. MTPA  Million Tons Per Annum 
11. ECBC  Energy Conservation Building Code 
12. BEE  Bureau of Energy Efficiency
13. USAID  United States Agency for International Development
14. PEDA  Punjab Energy Development Agency 
15. SDA  State Designated Agency 
16. EPI  Energy Performance Index
17. GHG  Greenhouse Gas
18. HVAC  Heating, Ventilation and Air Conditioning
19. IAQ  Indoor Air Quality
20. AAC  Autoclave Aerated Concrete
21. XPS  Extruded Polystyrene Insulation 
22. EPS  Expanded Polystyrene Insulation    
23. NBC  National Building Code
24. UPVC  Unplasticised Polyvinyl Chloride
25. PVC  Polyvinyl Chloride
26. SRI  Solar Reflective Index
27. SEER  Seasonal Energy Efficiency Ratio
28. BTU  British Thermal Units 
29. EER  Energy Efficiency Ratio 
30. HSPF  Heating Seasonal Performance Factor 
31. VFD  Variable Frequency Drive
32. WBP  Whole Building Performance Method
33. AGA  Above Grade Area 
34. NMEEE National Mission for Enhanced Energy Efficiency 
35. NAPCC National Action Plan on Climate Change 
36. PAT  Plan, Achieve and Trade Scheme 
37. MTEE  Market Transformation for Energy Efficiency 
38. EEFP  Energy Efficiency Financing Program
39. FEEED  Framework for Energy Efficiency Economic Development 
40. DSM  Demand Side Management 
41. ULB  Urban Local Bodies 
42. SMEs  Small and Medium Size Enterprises 
43. MSMEs Ministry of Micro, Small and Medium Enterprises. 
44. EC ACT Energy Conservation Act 

45. LED  Light Emitting Diode 
46. PWD  Public Work Department
47. ISO  International Organization of Standardization. 
48. SHGC  Solar Heat Gain Coefficient
49. SC  Shading Coefficient 
50. UDI  Useful Daylight Illumination 
51. VLT  Visual Light Transmission 
52. IST  India Standard Time
53. DEF  Daylight Extent Factors. 
54. ASTM  American Society for Testing and Materials
55. EPDM  Ethylene Propylene Diane Monomer 
56. WWR  Wall – Window Ratio 
57. EPF  Envelope Performance Factor 
58. VOC  Volatile Organic Compound 
59. DCV  Demand Control Ventilation 
60. COP  Coefficient of Performance 
61. IPLV  Integrated Part Load Value 
62. VRF  Variable Refrigerant Flow 
63. ANSI  American National Standards Institute
64. AHRI  Air Conditioning, Heating and Refrigeration Institute. 
65. IEER  Integrated Energy Efficiency Ratio 
66. PLC  Programmable Logic Control 
67. VAV  Variable Air Volume 
68. AC  Alternating Current 
69. DC   Direct Current 
70. CT  Current Transformer
71. PT  Potential Transformer 
72. DG  Diesel Generators
73. SFC  Specific Fuel Consumption 
74. THD  Total Harmonic Distortion 
75. UPS  Uninterruptible Power Supply 
76. REGZ  Renewable Energy Generating Zone 
77. WBP  Whole Building performance 
78. LEED  Leadership in Energy and Environmental Design 
79. GRIHA Green Rating Integrated Habitat Assessment 
80. APFC  Automatic Power Factor Controller 
81. PV  Photovoltaic Devices 
82. GHG  Greenhouse Gases 
83. USGBC U.S. Green Building Council
84. HID  High intensity Discharge 
85. BUA  Built-Up Area 
86. CFL  Compact Fluorescent Light
87. Wh  Watthour
88. W  Watt
89. TR  Tons of refrigeration  
90. Pa  Pascal  

DEFINITIONS AND ABBREVIATIONS
Certain terms, abbreviations, and acronyms are defined in this section for this code. 
These definitions apply to all sections of this code. Terms that are not defined shall 
have their ordinarily accepted meanings within the context in which they are used.

CHAPTER-1

Biomass: Biomass is any mass, even waste/ refuses from plant or animal origin. 
Bagasse: Bagasse is a sugarcane fibre pulp left after the juice has been extracted from 
the sugarcane stable. It is estimated that bagasse contributes to 33.3% residue of the 
total cane crushed.

Façade: Façade  is  the  principal  front  of  a  building  that  faces  on  to  a  street  or  open 
space.

CHAPTER-2

Net  Zero  Building: A  zero  net  energy  building  is  designed  to  ensure  zero  net 
consumption,  which  means  the  total  amount  of  energy  consumed  by  the  building 
annually should equal the amount of renewable energy created on-site.
Building envelope: It is a physical separator comprised of a series of components and 
systems that protect the interior space of a building from the effects of the external 
environment, like precipitation, wind, temperature, humidity, ultraviolet radiation, 
etc.

Dehumidification: Dehumidification is a process of removal of moisture from the air 
in a conditioned room.

Humidity: Humidity is the percentage of water vapor in the air.

Fly Ash: Fly ash, also known as pulverized fuel ash, is a by-product obtained from 
coal-fired electric power plants.

Thermal Conductivity: Thermal conductivity is the ability of a material to conduct 
heat through it.

Ventilation: Ventilation is the process of replacing air to provide maximum indoor 
air  quality  to  control  temperature,  remove  odors,  replenish  oxygen,  and  remove 
moisture,  smoke,  heat,  dust,  carbon  dioxide  and  airborne  bacteria  from  the  indoor 
space.

Durability: A durable material is not easily destroyed by use and lasts for a relatively 
long duration.

Efflorescence: Efflorescence is a crystalline deposit on surfaces of masonry, stucco or 
concrete.

Urban Heat Island Effect: The heat island effect is named for an urban area that is 
considerably  warmer  than  the  surrounding,  natural  and  rural  lands.  This  effect 
happens  because  of  the  materials  used  in  construction  for  building,  together  with 
energy emissions from transportation (cars) and industry.



Certain terms, abbreviations, and acronyms are defined in this section for this code. 
These definitions apply to all sections of this code. Terms that are not defined shall 
have their ordinarily accepted meanings within the context in which they are used.

Technical Manual on ECBC 2017 for the state of Punjab 126

CHAPTER-1
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Net Zero Building: A zero net energy building is designed to ensure zero net 
consumption, which means the total amount of energy consumed by the building 
annually should equal the amount of renewable energy created on-site.
Building envelope: It is a physical separator comprised of a series of components and 
systems that protect the interior space of a building from the effects of the external 
environment, like precipitation, wind, temperature, humidity, ultraviolet radiation, 
etc. 

Dehumidification: Dehumidification is a process of removal of moisture from the air 
in a conditioned room.

Humidity:  Humidity is the percentage of water vapor in the air. 
Fly Ash: Fly ash, also known as pulverized fuel ash, is a by-product obtained from 
coal-fired electric power plants.

Thermal Conductivity: Thermal conductivity is the ability of a material to conduct 
heat through it.

Ventilation: Ventilation is the process of replacing air to provide maximum indoor 
air quality to control temperature, remove odors, replenish oxygen, and remove 
moisture, smoke, heat, dust, carbon dioxide and airborne bacteria from the indoor 
space.

Durability: A durable material is not easily destroyed by use and lasts for a relatively 
long duration. 
 
Efflorescence: Efflorescence is a crystalline deposit on surfaces of masonry, stucco or 
concrete.
 
Urban Heat Island Effect: The heat island effect is named for an urban area that is 
considerably warmer than the surrounding, natural and rural lands. This effect 
happens because of the materials used in construction for building, together with 
energy emissions from transportation (cars) and industry.
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Building or building complex or complex:  A structure wholly or partially enclosed 
within the exterior walls, or within exterior and party walls, and a roof, affording 
shelter to persons, animals, or property. Building complex means a building or group 
of buildings constructed in a contiguous area for business, commercial, institutional, 
healthcare, hospitality purposes or assembly buildings under the single ownership of 
individuals or group of individuals or the name of a co-operative group society or on 
lease and sold as shops or office space or space for other commercial purposes, 
having a connected load of 100 kW or contract demand of 120 kVA and above.

Building, base: It includes building structure, building envelope, common areas, 
circulation areas, parking, basements, services area, plant room and its supporting 
areas, and open project site area.

Building, core, and shell: These are buildings where the developer or owner will 
only provide the base building and its services.

24-hour Business Building: These are business building operated and occupied for 
more than 12 hours on each weekday. The Intensity of occupancy may vary. 
 
Above Grade Area (AGA): AGA is the cumulative floor area of all the floor levels of 
a building that are above the ground-level. Ground level shall be as defined in the 
building site plan. A floor level is above grade if one-third of the total external surface 
area of only the said floor level is above the ground level. 
 
Addition: It is an extension or increase in floor area or height of a building outside of 
the existing building envelope. 

Alteration: It is any change, rearrangement, replacement, or addition to a building or 
its systems and equipment; any modification in construction or building equipment.

Area weighted average (AWA) method: AWA method is based on the concept of 
weighted arithmetic mean where instead of each data point contributing equally to 
the final mean, each data point contributes more “weight” than others based on the 
size of the area the said data point applies to. To calculate the area-weighted average 
mean, a summation of each data point multiplied with its respective area is divided 
with the total area. 
 
Astronomical time switch: It is an automatic time switch that adjusts the length of the 
day as it varies over the year.

Fenestration:  Fenestration refers to the openings in the building envelope, including 
the installation of windows, doors, and skylights. The process of including these 
openings in the building envelope is known as fenestration.

U- Factor: 'U-Factor" or U-Value", also referred to as the K-Value, is the measurement 
of the thermal conductance of a material that reflects the effectiveness of the material 
to allow the flow of heat.

Solar Heat Gain Coefficient (SHGC): It is the ratio of the solar heat gain entering the 
space through the fenestration area to the incident solar radiation. Solar heat gain 
includes directly transmitted solar heat and absorbed solar radiation, which is then 
reradiated, conducted, or convected into space. 

Class of construction: It is the classification that determines the construction 
materials for the building envelope, roof, wall, floor, slab-on-grade floor, opaque 
door, vertical fenestration, and skylight.

Visual light transmission: It is simply the measurable amount of solar visible light 
(daylight) that travels through a glazing system.

Conduction: Conduction is the heat transfer through a solid medium due to the 
temperature difference. 

Convection: Convection is the heat transfer through a fluid medium such as air or 
water. Convection within the envelope assembly will depend on the temperature 
difference across the surfaces and also the airspeed.
 
Radiation: Radiation is heat transfer through electromagnetic radiation. All bodies 
facing an air space or a vacuum emit and absorb radiant energy continuously. Heat 
transfer by radiation will take place from a warmer surface to a cooler one.

Resistance: It is denoted as R, and is the ability of a material to resist heat flow. It is 
the reciprocal of conductance, (Units are m2 K/W). 

Emittance: It is the ability of a material to re-radiate absorbed heat as invisible 
infrared radiation.  It indicates the ability of a material to lose heat, consequently 
reducing the sensible heat content of the object.

R-value (thermal resistance): It is the reciprocal of the time rate of heat flow through 
a unit area induced by a unit temperature difference between two defined surfaces of 
material or construction under steady-state conditions. The units of R-value are m2.K 
/W.  

Recirculating system: It is a domestic or service hot water distribution system that 
includes a closed circulation circuit designed to maintain temperatures in hot water 
pipes near terminal devices (e.g. lavatory faucets and showerheads) to reduce the 
time required to obtain hot water when the terminal device valve is opened. The 
motive force for circulation is either natural (due to water density variations with 
temperature) or mechanical (recirculation pump).

Reflectance: The ability of a material to reflect radiation without changing the 
temperature of the material.  Surfaces with higher reflectance tend to absorb less heat.
Absorptance: The ability of a material to absorb radiation. This is converted into 
sensible heat within the material, thus raising its temperature.

Projection factor, overhang: It is the ratio of the horizontal depth of the external 
shading projection to the sum of the height of the fenestration and the distance from 
the top of the fenestration to the bottom of the farthest point of the external shading 
projection, in consistent units.

Projection factor, side fin:  It is the ratio of the horizontal depth of the external 
shading projection to the distance from the window jamb to the farthest point of the 
external shading projection, in consistent units.
 
Projection Factor, overhang and side fin: It is the average of projection factor for 
overhang only and projection factor of side fin only.  
  
Ultraviolet: Ultraviolet is electromagnetic radiation with a wavelength from 10 nm to 
400 nm, shorter than that of visible light but longer than X-rays.

Wall Window Ratio: It is the ratio of the window area to the gross exterior wall area.
Skylight roof ratio (SRR): It is the ratio of the area of the skylight in comparison to the 
total roof area.

Renewable Energy Generating Zone: It is a contiguous or semi-contiguous area, 
either on the rooftop or elsewhere within the site boundary, dedicated to the 
installation of renewable energy systems.

Cool roof: It is the roof with a top layer of material that has high solar reflectance and 
high thermal emittance properties. Cool roof surfaces are characterized by light 
colors so that heat can be rejected back to the environment. 

Daylight Extension Factor (DEF): It is the factor which manually calculates the 
daylight area on floor plates. It is to be multiplied by the head height of windows. It 
is dependent on orientation and glazing VLT, shading devices adjacent to it and 
building location.  

Daytime Business Building:  It is the business building operated typically only 
during the daytime on weekdays up to 12 hours each day.  

Effective aperture: It is the multiplication of Visible Light Transmittance and the 
window-to-wall ratio. (EA = VLT x WWR)

Water heater: It is the vessel in which water is heated and withdrawn for use external 
to the system.
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HVAC system: This includes the equipment, distribution systems, and terminal 
devices that provide, either collectively or individually, the processes of heating, 
ventilating, or air conditioning to a building or parts of a building.

Coefficient of Performance (COP) – cooling: It is the ratio of the rate of heat removal 
to the rate of energy input, in consistent units, for a complete refrigerating system or 
some specific portion of that system under designated operating conditions.

Coefficient of Performance (COP) – heating: It is the ratio of the rate of heat 
delivered to the rate of energy input, in consistent units, for a complete heat pump 
system, including the compressor and, if applicable, auxiliary heat, under designated 
operating conditions.

Common area: These are the areas within a building that are available for use by all 
tenants in a building (i.e. lobbies, corridors, restrooms, etc.).

 Mechanical cooling: It reduces the temperature of a gas or a liquid by using vapor 
compression, absorption, and desiccant dehumidification combined with evaporative 
cooling or another energy-driven thermodynamic cycle. Indirect or direct 
evaporative cooling alone is not considered mechanical cooling.

Commercial building: It is a building or a part of building or building complex 
which are used or intended to be used for commercial purposes and classified as per 
the time of the day the building is operational and sub-classified, as per the functional 
requirements of its design, construction, and use as per following details:

Group I – 24 hours building covering Type A Hospitality, Type B Health Care and 
Type C Assembly and, 
Group II – Regular building covering Type D Business, Type E Educational, and Type 
F Shopping Complexes.

Dead band:  It is the range of values within which a sensed variable can vary without 
initiating a change in the controlled process. 

Demand: It is the maximum rate of electricity (kW) consumption recorded for a 
building or facility during a selected time frame.  

Demand control ventilation (DCV):  It is the ventilation system capability that 
provides automatic reduction of outdoor air intake below design rates when the 
actual occupancy of spaces served by the system is less than the design occupancy. 
Design capacity: It is the output capacity of a mechanical or electrical system or 
equipment at design conditions. 

Design conditions: These are specified indoor environmental conditions, such as 
temperature, humidity, and light intensity, required for producing and maintaining 
by a system and under which the system must operate. 

Distribution system: It is a network or a system comprising controlling devices or 
equipment and distribution channels (cables, coils, ducts, pipes, etc.) for delivery of 
electrical power or, cooled or heated water or air in buildings.

Door area: It is the total area of the door measured using the rough opening and 
including the door slab and the frame.

Economizer: an economizer is a mechanical device used to reduce energy 
consumption. Economizers recycle energy produced within a system or leverage 
environmental temperature differences to achieve efficiency improvements.

Economizer, air: It is a duct and damper arrangement with automatic controls that 
allow a cooling system to supply outdoor air to reduce or eliminate the need for 
mechanical cooling during mild or cold weather.

Economizer, water: It is a system by which the supply air of a cooling system is 
cooled indirectly with water that is itself cooled by heat or mass transfer to the 
environment without the use of mechanical cooling.

Mixed-mode air-conditioned building: It is the building in which natural ventilation 
is employed as the primary mode of ventilation, and air conditioning is deployed as 
and when required. 
 
Mixed-use development: It is a single building or a group of buildings used for a 
combination of residential, commercial, business, educational, hospitality and 
assembly purposes. 

Air conditioning and condensing units serving computer rooms: It is the air 
conditioning equipment that provides cooling by maintaining space temperature and 
humidity within a narrow range. Its major application is in data centers where 
dissipating heat generated by equipment takes precedence over comfort cooling for 
occupants.

Relative Humidity: Relative humidity is the ratio of the partial pressure of water 
vapor in the air (which is related to the actual amount present) divided by the vapor 
pressure of water at that same temperature (which is related to the maximum amount 
of water vapor that the air can hold at that temperature).

Thermal Comfort: Thermal comfort is a condition of mind/body that expresses 
satisfaction with the thermal environment. Due to its subjectivity, thermal comfort 
may be different for individuals. Thermal comfort is maintained when the heat 
generated by the human metabolism is allowed to dissipate at a rate that maintains 
thermal equilibrium in the body.

Natural Ventilation: It is the ventilation done by pressure difference air always flows 
from high pressure to low pressure.

Mechanical Ventilation: It is a type of ventilation in which we use mechanical 
equipment for creating pressure difference for the flow of air.

Mixed Mode Ventilation: In this type of ventilation both natural and mechanical 
type of ventilation is used. 

Coefficient of performance: It is the ratio of the desired effect to work input in a 
refrigerator or a heat pump.

Chiller: A chiller is a machine that removes heat from a liquid via a 
vapor-compression or absorption refrigeration cycle. 

Variable refrigerant flows: The main compressor which pumps refrigerant around 
can run at various speeds (steeples), thereby continuously increasing (or decreasing) 
flow of refrigerant based on demand during various hours/minutes of usage. This is 
known as variable refrigerant flow, or VRV (variable refrigerant volume).

Air Conditioning: Air conditioning refers to the process of controlling the 
temperature and humidity of the air to suit the needs of the occupants or an industrial 
process.

Unitary air conditioning system:  The working of the window air conditioner is to 
cool only one particular room, commonly known as the "unitary unit”. This type of ac 
is installed in the window of a room. It will cool a room by emitting the warm air out 
the back of it and blowing cool air into it.

Split Air Conditioning System: Central HVAC systems are regularly referred to as a 
“split” system due to the simple fact that some of the components are installed inside 
the home and some of the components are installed outside a home.

Packaged air conditioning System: This type of unit is perfect for cooling multiple 
rooms or a large space in a home or office. All the components, namely the 
compressor, condenser (which can be air-cooled or water-cooled), expansion valve 
and evaporator are housed in a single box.

Cooling capacity: Cooling capacity is the measure of a cooling system's ability to 
remove heat. 

Thermostat: Thermostat is a control that tells the heating and the cooling system when 
to heat or cool or do nothing.

Variable speed drive: It is used for varying the speed of an induction motor by 
changing the motor's input supply frequency and voltage, keeping the flux constant. 
Throttle: Throttle is a device that controls the engine RPM by directly controlling the 
amount of air going in.

Terminal device: It is a device through which heated or cooled air is supplied to a 
space to maintain its temperature. It usually contains dampers and heating and 
cooling coils. In other words, it is a device by which energy from a system is finally 
delivered (e.g. registers, diffusers, lighting fixtures, faucets, etc.). 

Theatre or motion picture hall (Type of Assembly): It is any building primarily 
meant for theatrical or operatic performances and which has a stage, proscenium 
curtain, fixed or portable scenery or scenery loft, lights, mechanical appliances or 
other theatrical accessories and equipment. For example, theatres, motion picture 
houses, auditoria, concert halls, television and radio studios admit an audience, which 
is provided with fixed seats. 

Thermal block: It is a collection of one or more HVAC zones grouped for simulation 
purposes. The spaces need not be contiguous to be combined within a single thermal 
block. 

Thermal comfort conditions: These are the conditions that influence the thermal 
comfort of occupants. Environmental conditions that influence thermal comfort are air 
and radiant temperature, humidity, and airspeed.

Sensible cooling: It is the portion of the cooling process that affects only the 
temperature of the air, without changing the humidity.
 
Dampers: Dampers are devices that regulate the airflow in an air handling system.  
Backdraft Dampers: Backdraft dampers (also known as gravity dampers) are used in 
ventilation systems to allow airflow in one direction, and prevent airflow in the 
opposite direction.

Tinted: It is (as applied to fenestration) bronze, green, or grey coloring that is integral 
with the glazing material. Tinting does not include surface applied films such as 
reflective coatings, applied either in the field or during the manufacturing process.
Insulation: Insulation is defined as the material used to insulate something, especially 
a building. Insulation is material used that reduces heat loss or heat gain by providing 
a barrier between the inside of a home or any building and the significantly different 
temperature outside.

Refrigerant: A refrigerant is a compound or a mixture (usually in a fluid state in room 
temperature) used to pump heat from one system to another.
Register: Register is an air inlet with a balancing damper behind it, so the airflow 
quantity can be adjusted. 

Grille: A grille is just a fancy hole cover over an air inlet with slotted openings for 
airflow but with no balancing capability. 

 Diffuser: It is a device that's used to increase the static pressure of the fluid that passes 
through the system, and also reduces the velocity of the fluid.

Condenser: A condenser is a device or unit which is used to condense a substance 
from its gaseous to its liquid state.

Impeller: It is a rotating part of a machine that transfers energy.

Evaporation: Evaporation involves a liquid changing to a gas.

Passive solar heating: It uses the sun's energy to heat a building. The windows, walls, 
and floors can be designed to collect, store, and distribute solar energy in the form of 
heat in the winter (and also to reject solar heat in the summer). 

Active Solar Heating: Active solar heating systems use solar energy to heat a fluid 
(either liquid or air), and then transfer the solar heat directly to the interior space or a 
storage system for later use. 

Sensor: A sensor is a device that detects and responds to some type of input from the 
physical environment.

Actuators: An actuator is something that converts energy into motion.

Compressor:  A compressor is a mechanical device that increases the pressure of a gas 
by reducing its volume.  

Hydronic Balancing: Hydronic balancing, also called hydraulic balancing, is the 
process of optimizing the distribution of water in a building's hydronic heating or 
cooling system by equalizing the system pressure so it provides the intended indoor 
climate at optimum energy efficiency and minimal operating cost.

Variable flow hydronic system: A common method of regulating the heating or 
cooling output of hydronic air handlers and other types of HVAC terminal units is to 
vary the water flow rate through their coils. This is known as a variable flow hydronic 
system.

 Heat pump: It is a device that transfers heat from a colder area to a hotter area by 
using mechanical energy, as in a refrigerator.

Boiler: A boiler is a closed vessel in which fluid (generally water) is heated.  
Evaporative cooling: Evaporative cooling is a process that uses the effect of 
evaporation to cool the surrounding air.
 
Desiccant cooling system: Desiccant is used for the absorption of moisture. Generally 
activated alumina or some other hygroscopic materials are used in the process.
 
Trigeneration: Cogeneration or combined heat and power (CHP) is the use of a heat 
engine or power station to generate electricity and useful heat at the same time.
 
Radiant Cooling System: Radiant cooling cools a floor or ceiling by absorbing the 
heat from the rest of the room.

Ground source heat pump: A geothermal heat pump (GHP) or ground source heat 
pump (GSHP) is a central heating and/or cooling system that transfers heat to or from 
the ground. 
 
Adiabatic Cooling system: An adiabatic process is the one that occurs on a system 
without the system transferring or receiving any heat energy from the surroundings.
  
Earth air tunnel: Earth air tunnel or earth air heat exchanger is a pre-cooling or 
pre-heating system which consists of a pipe or network of pipes buried at a reasonable 
depth below the ground surface. 

Energy Efficiency Ratio (EER): The ratio of net cooling capacity in kW to the total rate 
of electric input in watts under design operating conditions.

Energy Recovery System: It is the equipment that recovers energy from building or 
space exhaust air and uses it to treat (pre-heat or pre-cool) outdoor air taken inside the 
building or space by ventilation systems.
 
Fan system power: It is the sum of the nominal power demand of motors of all fans 
that are required to operate at design conditions to supply air from the heating or 
cooling source to the conditioned space(s) and return it to the point where it can be 
exhausted to outside the building.

Heat capacity: It is the amount of heat necessary to raise the temperature of a given 
mass by 1°C. Numerically, the heat capacity per unit area of the surface (W/m2.K) is 
the sum of the products of the mass per unit area of each material in the roof, wall, or 
floor surface multiplied by its specific heat.

Infiltration: Uncontrolled inward air leakage through cracks and crevices in external 
surfaces of buildings, around windows and doors due to pressure differences across 
these caused by factors such as wind or indoor and outside temperature differences 
(stack effect), an imbalance between supply and exhaust air systems. 

Variable Air Volume (VAV) system: It is the HVAC system that controls the dry-bulb 
temperature within a space by varying the volumetric flow of heated or cooled air 
supplied to space. 

Vegetative roofs: Also known as green roofs, the vegetative roofs are thin layers of 
living vegetation installed on top of conventional flat or sloping roofs. 

Vision Windows: These are the windows or areas of large windows that are primarily 
for both daylight and exterior views. Typically, their placement in the wall is between 
1 meter and 2.2 meters above the floor level.

Wall area, gross: It is the overall area of a wall including openings such as windows 
and doors measured horizontally from outside surface to outside service and 
measured vertically from the top of the floor to the top of the roof. If roof insulation is 
installed at the ceiling level rather than the roof, then the vertical measurement is 
made to the top of the ceiling. The gross wall area includes the area between the ceiling 
and the floor for multi-story buildings. 
 
Zone, HVAC: It is a space or a group of spaces within a building with heating and 
cooling requirements that are sufficiently similar so that desired conditions (e.g., 
temperature) can be maintained throughout using a single sensor (e.g., thermostat or 
temperature sensor).
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Efficacy: It is the lumens produced by a lamp plus ballast system divided by the total 
watts of input power (including the ballast), expressed in lumens per watt

Luminous flux: Luminous flux (Φ) is the quantity of the energy of the light emitted per 
second in all directions. Its unit is lumen (lm).

Luminous intensity: Luminous intensity (I) is the ability to emit light into a given 
direction, or it is the luminous flux that is radiated by the light source in a given 
direction within the unit of the spatial angel.  Its unit is candela.

Illuminance: Illuminance (E) is the total luminous flux incident on a surface, per unit 
area. Its unit is candela /m.

Luminance: Luminance (L) is the luminous intensity emitted by the surface area of 1 
cm² (or 1 m²) of the light source. Its unit is lux (lx).

Labeled: Equipment or materials to which a symbol or other identifying mark has 
been attached by the manufacturer indicating compliance with specified standard or 
performance in a specified manner. This mark is known as a label. 

Lamp: It is a generic term for man-made light sources often called bulb or tube.

Lighted floor area, gross: It is the gross area of lighted floor spaces. 

Lighting, emergency: It is the battery-backed lighting that provides illumination only 
when there is a power outage and general lighting luminaires are unable to function.
  
Lighting, general: It is the lighting that provides a substantially uniform level of 
illumination throughout an area. General lighting shall not include decorative lighting 
or lighting that provides a dissimilar level of illumination to serve a specialized 
application or feature within such area. 

Lighting system: It is a group of luminaires circuited or controlled to perform a 
specific function.

Occupant sensor: It is a device that detects the presence or absence of people within 
an area and causes lighting, equipment, or appliances to be dimmed, or switched on 
or off accordingly.

Lighting power allowance: 
a) Interior lighting power allowance: the maximum lighting power in watts 
allowed for the interior of a building 
b) Exterior lighting power allowance: the maximum lighting power in watts 
allowed for the exterior of a building

Lighting Power Density (LPD): It is the maximum lighting power per unit area of 
space as per its function or building as per its classification.

Low energy comfort systems: These are the space conditioning or ventilation systems 
that are less energy-intensive than vapor compression based space condition systems.
These primarily employ alternate heat transfer methods or materials (adiabatic 
cooling, radiation, desiccant, etc.), or renewable sources of energy (solar energy, 
geo-thermal) so that minimal electrical energy input is required to deliver heating or 
cooling to spaces.

Luminaires: It is a complete lighting unit consisting of a lamp or lamps together with 
the housing designed to distribute the light, position and protect the lamps, and 
connect the lamps to the power supply.

Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.

CHAPTER-7
 
Connected load: It is the sum of the rated wattage of all equipment, appliances, and 
devices to be installed in the building or part of building or building complexes, in 
terms of kilowatt (kW) that will be allocated to all applicants for electric power 
consumption in respect of the proposed building or building complexes on their 
completion.

Contract Demand: It is the maximum demand in kilowatt (kW) or kilo Volt Ampere 
(kVA) (within a consumer’s sanctioned load) agreed to be supplied by the electricity 
provider or utility in the agreement executed between the users and the utility or 
electricity provider.

Mean temperature: It is the average of the minimum daily temperature and 
maximum daily temperature. 

Metering: It is the practice of installing meters in buildings to acquire data for energy 
consumption and other operational characteristics of individual equipments or 
several types of equipment grouped on basis of their function (lighting, appliances, 
chillers, etc.). Metering is done in buildings to monitor their energy performance.

Transformer: Transformer is a device used to transform high voltage to low voltage, 
and vice versa. 

Manufacturing processes: These are the processes through which raw material is 
converted into finished goods for commercial sale using machines, labor, chemical or 
biological processes, etc.

Manual (non-automatic): It requires personal intervention for control. Non-automatic 
does not necessarily imply a manual controller, only that personal intervention is 
necessary. 

Alternating Current: This means that the direction of current flowing in a circuit is 
constantly being reversed back and forth. 
 
Direct Current (DC): It is the flow of electrical charge in the same direction. 
Conductor: It is a substance in which electrical charge carriers, usually electrons, move 
easily from atom to atom with the application of voltage. 

Full load: A full load current is the largest current that a motor or other device is 
designed to carry under particular conditions.

Dry-type transformer: A dry-type transformer is a type of transformer that never uses 
any insulating liquid where its winding or core is immersed in liquid. 
  
Oil type transformer: It is a transformer where the magnetic circuit and windings are 
immersed in oil.

Three-phase induction motor: Three-phase induction motor does not require an 
additional starting device. These types of motors are also known as self-starting 
induction motors.

Stress: Stress is the internal forces per unit area developed in an object subjected to an 
external force.

Peak Load: Peak load is the time of high demand.

Power Factor: The power factor is the ratio between real power and Apparent Power. 
Inductive Current: It resists changes in current and lags the voltage while measuring 
current. 

Reactive power: Reactive power occurs in an AC circuit when the voltage and current 
are not in phase.
 
Overcurrent: It is any current over the rated current of the equipment of the capacity 
of the conductor. It may result from overload, short circuit, or ground fault.

Fossil fuels: Fossil fuels are hydrocarbons, primarily coal, fuel oil or natural gas, 
formed from the remains of dead plants and animals.

Greenhouse gases: Greenhouse gases are those gases that trap the infrared rays of the 
sun from entering the atmosphere and in turn, they raise the temperature of the 
atmosphere which leads to global warming. 

Hydroelectric energy: Hydroelectric energy means electric energy coming from 
sources that convert energy (potential or kinetic) of water to electrical energy.

Bioenergy: Bioenergy is the renewable energy created by living organisms. Biomass is 
an organic material which has stored sunlight in the form of chemical energy.

Geothermal energy: Geothermal energy is an energy source derived from the heat of 
the earth. The heat must be near the surface so it can be extracted. 
 
Total harmonic distortion: The total harmonic distortion is the ratio of voltage in the 
harmonic frequencies to the principle frequency. 

Photovoltaic: Photovoltaic means 'voltage from light' and refers to a solid-state 
semiconductor device, aka solar cell that produces a potential difference (voltage) and 
current of electrons (electricity) when exposed to light.

Kilovolt-ampere (kVA): It is the product of the line current (amperes) times the 
nominal system voltage (kilovolts) times 1.732 for three-phase currents. For 
single-phase applications, kVA is the product of the line current (amperes) times the 
nominal system voltage (kilovolts). 

Kilowatt (kW): It is the basic unit of electric power, equal to 1000 W.

Party wall: It is a firewall on an interior lot line used or adapted for joint service 
between two buildings. 

Permanently installed: It is the equipment that is fixed in place and is not portable or 
movable. 

Plenum: It is a compartment or chamber to which one or more ducts are connected, 
which forms a part of the air distribution system, and that is not used for occupancy 
or storage.  

Plug loads: It is the energy used by products that are powered using an AC plug. This 
term excludes building energy that is attributed to major end uses like HVAC, 
lighting, water heating, etc. 

Pool: It is any structure, basin, or tank containing an artificial body of water for 
swimming, diving, or recreational bathing. The term includes, but is not limited to, 
swimming pool, whirlpool, spa, hot tub.

Process load: It is the building loads resulting from the consumption or release of 
energy due to industrial processes or processes other than those for providing space 
conditioning, lighting, ventilation, or service hot water heating.

Transformer losses: These are electrical losses in a transformer that reduces its 
efficiency.  

Transport Buildings (Assembly): It is any building or structure used for 
transportation and transit like airports, railway stations, bus stations, and 
underground and elevated mass rapid transit system example, underground or 
elevated railways.
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Window Wall ratio: The window-to-wall ratio is the measure of the percentage area 
determined by dividing the building's total glazed area by its exterior envelope wall 
area.
 
Skylight Roof ratio: The skylight roof ratio (SRR) is the ratio of the area of the skylight 
in comparison to the total roof area. 
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Acid Rain: It is made up of water droplets that are unusually acidic because of 
atmospheric pollution, most notably the excessive amounts of sulfur and nitrogen 
released by cars and industrial processes.

Retrofitting: Retrofitting is a method of modifying existing structures with new 
components to resist the earthquake load or any other loads. 
Sustainability: Sustainability means meeting one’s own needs without compromising 
the ability of future gener.

ABREVIATIONS

1. TOE  Tons of Oil Equivalent
2. MOP  Ministry of Power 
3. CAGR  Compound Annual Growth Rate 
4. TEDDY TERI Energy & Environment Data Diary and Yearbook
5. GW  Giga Watt
6. MW  Mega Watt
7. KWh  Kilowatt Hour 
8. EBP  Ethanol Blending Petrol 
9. HPCL  Hindustan Petroleum Corporation Limited   
10. MTPA  Million Tons Per Annum 
11. ECBC  Energy Conservation Building Code 
12. BEE  Bureau of Energy Efficiency
13. USAID  United States Agency for International Development
14. PEDA  Punjab Energy Development Agency 
15. SDA  State Designated Agency 
16. EPI  Energy Performance Index
17. GHG  Greenhouse Gas
18. HVAC  Heating, Ventilation and Air Conditioning
19. IAQ  Indoor Air Quality
20. AAC  Autoclave Aerated Concrete
21. XPS  Extruded Polystyrene Insulation 
22. EPS  Expanded Polystyrene Insulation    
23. NBC  National Building Code
24. UPVC  Unplasticised Polyvinyl Chloride
25. PVC  Polyvinyl Chloride
26. SRI  Solar Reflective Index
27. SEER  Seasonal Energy Efficiency Ratio
28. BTU  British Thermal Units 
29. EER  Energy Efficiency Ratio 
30. HSPF  Heating Seasonal Performance Factor 
31. VFD  Variable Frequency Drive
32. WBP  Whole Building Performance Method
33. AGA  Above Grade Area 
34. NMEEE National Mission for Enhanced Energy Efficiency 
35. NAPCC National Action Plan on Climate Change 
36. PAT  Plan, Achieve and Trade Scheme 
37. MTEE  Market Transformation for Energy Efficiency 
38. EEFP  Energy Efficiency Financing Program
39. FEEED  Framework for Energy Efficiency Economic Development 
40. DSM  Demand Side Management 
41. ULB  Urban Local Bodies 
42. SMEs  Small and Medium Size Enterprises 
43. MSMEs Ministry of Micro, Small and Medium Enterprises. 
44. EC ACT Energy Conservation Act 

45. LED  Light Emitting Diode 
46. PWD  Public Work Department
47. ISO  International Organization of Standardization. 
48. SHGC  Solar Heat Gain Coefficient
49. SC  Shading Coefficient 
50. UDI  Useful Daylight Illumination 
51. VLT  Visual Light Transmission 
52. IST  India Standard Time
53. DEF  Daylight Extent Factors. 
54. ASTM  American Society for Testing and Materials
55. EPDM  Ethylene Propylene Diane Monomer 
56. WWR  Wall – Window Ratio 
57. EPF  Envelope Performance Factor 
58. VOC  Volatile Organic Compound 
59. DCV  Demand Control Ventilation 
60. COP  Coefficient of Performance 
61. IPLV  Integrated Part Load Value 
62. VRF  Variable Refrigerant Flow 
63. ANSI  American National Standards Institute
64. AHRI  Air Conditioning, Heating and Refrigeration Institute. 
65. IEER  Integrated Energy Efficiency Ratio 
66. PLC  Programmable Logic Control 
67. VAV  Variable Air Volume 
68. AC  Alternating Current 
69. DC   Direct Current 
70. CT  Current Transformer
71. PT  Potential Transformer 
72. DG  Diesel Generators
73. SFC  Specific Fuel Consumption 
74. THD  Total Harmonic Distortion 
75. UPS  Uninterruptible Power Supply 
76. REGZ  Renewable Energy Generating Zone 
77. WBP  Whole Building performance 
78. LEED  Leadership in Energy and Environmental Design 
79. GRIHA Green Rating Integrated Habitat Assessment 
80. APFC  Automatic Power Factor Controller 
81. PV  Photovoltaic Devices 
82. GHG  Greenhouse Gases 
83. USGBC U.S. Green Building Council
84. HID  High intensity Discharge 
85. BUA  Built-Up Area 
86. CFL  Compact Fluorescent Light
87. Wh  Watthour
88. W  Watt
89. TR  Tons of refrigeration  
90. Pa  Pascal  

Solar  Reflective  index: The  Solar  Reflective  Index  (SRI)  is  a  measure  of  the  solar 
reflectance and emissivity of materials that can be used as an indicator of how hot 
they are likely to become when solar radiation is incident on their surface.

Thermal  Emissivity:  The  thermal  emissivity  of  the  surface  of  a  material  is  its 
effectiveness in emitting energy as thermal radiation.

Incandescent: This  type  of  light  bulb  is  called  an  incandescent  bulb  because  its 
filament is heated until it gives off light.

Seasonal Energy Efficiency Ratio: It is the ratio of the total annual amount of heat 
that  the  equipment  can  remove  from  the  indoor  air  when  operated  for  cooling  in 
active mode to the total annual amount of energy consumed by the equipment during 
the same period.

Energy  Efficiency  Ratio: A  room  air  conditioner's  efficiency  is  measured  by  the 
energy efficiency ratio (EER). The EER is the ratio of the cooling capacity (in British 
thermal  units  (BTUs)  per  hour  to  the  power  input  (in  watts).  The  higher  the  EER 
rating, the more efficient the air conditioner.

Heating seasonal performance factor: Heating seasonal performance factor (HSPF)
is  specifically  used  to  measure  the  efficiency  of  air-source  heat  pumps.  HSPF  is 
defined  as  the  ratio  of  heat  output  (measured  in  BTUs)  over  the  heating  season  to 
electricity used (measured in watt-hours).

Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills. 
Out-patient  Healthcare  (Type  of  Healthcare): It  is  any  building  or  a  group  of 
buildings  under  a  single  management,  which  is  used  only  for  treating  persons 
requiring  treatment  or  diagnosis  of  disease  but  not  requiring  overnight  or  longer 
accommodation in the building during treatment or diagnosis.

CHAPTER-3

Energy  Performance  Index: Energy  Performance  Index  (EPI)  is  the  total  energy 
consumed in a building over a year divided by total built-up area in kWh/sq m/year 
and  is  considered  as  the  simplest  and  most  relevant  indicator  for  qualifying  a 
building as energy-efficient or not.

Compliance  documents: These  are  the  forms  specified  in  ECBC  Rules  and 
Regulations to record and check compliance with these rules. These include but are 
not  limited  to  EPI  Ratio  Compliance  Report,  Building  Envelope  Compliance  Form, 
Mechanical  Systems  Compliance  Form,  and  Permit  Checklist,  Lighting  System 
Compliance  Form  and  Permit  Checklist  and  certificates  from  Certified  Energy 
Auditor for existing or proposed buildings.

Cumulative design EPI: It is the Energy Performance Index for a building having two 
or  more  different  functional  uses,  and  is  calculated  based  on  the  area-weighted 
average (AWA) method.



Certain terms, abbreviations, and acronyms are defined in this section for this code. 
These definitions apply to all sections of this code. Terms that are not defined shall 
have their ordinarily accepted meanings within the context in which they are used.
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CHAPTER-1
 
Biomass: Biomass is any mass, even waste/ refuses from plant or animal origin.
Bagasse: Bagasse is a sugarcane fibre pulp left after the juice has been extracted from 
the sugarcane stable. It is estimated that bagasse contributes to 33.3% residue of the 
total cane crushed.
 
Façade: Façade is the principal front of a building that faces on to a street or open 
space.

CHAPTER-2

Net Zero Building: A zero net energy building is designed to ensure zero net 
consumption, which means the total amount of energy consumed by the building 
annually should equal the amount of renewable energy created on-site.
Building envelope: It is a physical separator comprised of a series of components and 
systems that protect the interior space of a building from the effects of the external 
environment, like precipitation, wind, temperature, humidity, ultraviolet radiation, 
etc. 

Dehumidification: Dehumidification is a process of removal of moisture from the air 
in a conditioned room.

Humidity:  Humidity is the percentage of water vapor in the air. 
Fly Ash: Fly ash, also known as pulverized fuel ash, is a by-product obtained from 
coal-fired electric power plants.

Thermal Conductivity: Thermal conductivity is the ability of a material to conduct 
heat through it.

Ventilation: Ventilation is the process of replacing air to provide maximum indoor 
air quality to control temperature, remove odors, replenish oxygen, and remove 
moisture, smoke, heat, dust, carbon dioxide and airborne bacteria from the indoor 
space.

Durability: A durable material is not easily destroyed by use and lasts for a relatively 
long duration. 
 
Efflorescence: Efflorescence is a crystalline deposit on surfaces of masonry, stucco or 
concrete.
 
Urban Heat Island Effect: The heat island effect is named for an urban area that is 
considerably warmer than the surrounding, natural and rural lands. This effect 
happens because of the materials used in construction for building, together with 
energy emissions from transportation (cars) and industry.

Solar Reflective index: The Solar Reflective Index (SRI) is a measure of the solar 
reflectance and emissivity of materials that can be used as an indicator of how hot 
they are likely to become when solar radiation is incident on their surface.
Thermal Emissivity: The thermal emissivity of the surface of a material is its 
effectiveness in emitting energy as thermal radiation.

Incandescent: This type of light bulb is called an incandescent bulb because its 
filament is heated until it gives off light.

Seasonal Energy Efficiency Ratio:  It is the ratio of the total annual amount of heat 
that the equipment can remove from the indoor air when operated for cooling in 
active mode to the total annual amount of energy consumed by the equipment during 
the same period.

Energy Efficiency Ratio: A room air conditioner's efficiency is measured by the 
energy efficiency ratio (EER). The EER is the ratio of the cooling capacity (in British 
thermal units (BTUs) per hour to the power input (in watts). The higher the EER 
rating, the more efficient the air conditioner.

Heating seasonal performance factor: Heating seasonal performance factor (HSPF) 
is specifically used to measure the efficiency of air-source heat pumps. HSPF is 
defined as the ratio of heat output (measured in BTUs) over the heating season to 
electricity used (measured in watt-hours). 
                                                                                  
Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.

Out-patient Healthcare (Type of Healthcare): It is any building or a group of 
buildings under a single management, which is used only for treating persons 
requiring treatment or diagnosis of disease but not requiring overnight or longer 
accommodation in the building during treatment or diagnosis.

CHAPTER-3

Energy Performance Index: Energy Performance Index (EPI) is the total energy 
consumed in a building over a year divided by total built-up area in kWh/sq m/year 
and is considered as the simplest and most relevant indicator for qualifying a 
building as energy-efficient or not.

Compliance documents: These are the forms specified in ECBC Rules and 
Regulations to record and check compliance with these rules. These include but are 
not limited to EPI Ratio Compliance Report, Building Envelope Compliance Form, 
Mechanical Systems Compliance Form, and Permit Checklist, Lighting System 
Compliance Form and Permit Checklist and certificates from Certified Energy 
Auditor for existing or proposed buildings.

Cumulative design EPI: It is the Energy Performance Index for a building having two 
or more different functional uses, and is calculated based on the area-weighted 
average (AWA) method.

CHAPTER-4
 
Building or building complex or complex:  A structure wholly or partially enclosed 
within the exterior walls, or within exterior and party walls, and a roof, affording 
shelter to persons, animals, or property. Building complex means a building or group 
of buildings constructed in a contiguous area for business, commercial, institutional, 
healthcare, hospitality purposes or assembly buildings under the single ownership of 
individuals or group of individuals or the name of a co-operative group society or on 
lease and sold as shops or office space or space for other commercial purposes, 
having a connected load of 100 kW or contract demand of 120 kVA and above.

Building, base: It includes building structure, building envelope, common areas, 
circulation areas, parking, basements, services area, plant room and its supporting 
areas, and open project site area.

Building, core, and shell: These are buildings where the developer or owner will 
only provide the base building and its services.

24-hour Business Building: These are business building operated and occupied for 
more than 12 hours on each weekday. The Intensity of occupancy may vary. 
 
Above Grade Area (AGA): AGA is the cumulative floor area of all the floor levels of 
a building that are above the ground-level. Ground level shall be as defined in the 
building site plan. A floor level is above grade if one-third of the total external surface 
area of only the said floor level is above the ground level. 
 
Addition: It is an extension or increase in floor area or height of a building outside of 
the existing building envelope. 

Alteration: It is any change, rearrangement, replacement, or addition to a building or 
its systems and equipment; any modification in construction or building equipment.

Area weighted average (AWA) method: AWA method is based on the concept of 
weighted arithmetic mean where instead of each data point contributing equally to 
the final mean, each data point contributes more “weight” than others based on the 
size of the area the said data point applies to. To calculate the area-weighted average 
mean, a summation of each data point multiplied with its respective area is divided 
with the total area. 
 
Astronomical time switch: It is an automatic time switch that adjusts the length of the 
day as it varies over the year.

Fenestration:  Fenestration refers to the openings in the building envelope, including 
the installation of windows, doors, and skylights. The process of including these 
openings in the building envelope is known as fenestration.

U- Factor: 'U-Factor" or U-Value", also referred to as the K-Value, is the measurement 
of the thermal conductance of a material that reflects the effectiveness of the material 
to allow the flow of heat.

Solar Heat Gain Coefficient (SHGC): It is the ratio of the solar heat gain entering the 
space through the fenestration area to the incident solar radiation. Solar heat gain 
includes directly transmitted solar heat and absorbed solar radiation, which is then 
reradiated, conducted, or convected into space. 

Class of construction: It is the classification that determines the construction 
materials for the building envelope, roof, wall, floor, slab-on-grade floor, opaque 
door, vertical fenestration, and skylight.

Visual light transmission: It is simply the measurable amount of solar visible light 
(daylight) that travels through a glazing system.

Conduction: Conduction is the heat transfer through a solid medium due to the 
temperature difference. 

Convection: Convection is the heat transfer through a fluid medium such as air or 
water. Convection within the envelope assembly will depend on the temperature 
difference across the surfaces and also the airspeed.
 
Radiation: Radiation is heat transfer through electromagnetic radiation. All bodies 
facing an air space or a vacuum emit and absorb radiant energy continuously. Heat 
transfer by radiation will take place from a warmer surface to a cooler one.

Resistance: It is denoted as R, and is the ability of a material to resist heat flow. It is 
the reciprocal of conductance, (Units are m2 K/W). 

Emittance: It is the ability of a material to re-radiate absorbed heat as invisible 
infrared radiation.  It indicates the ability of a material to lose heat, consequently 
reducing the sensible heat content of the object.

R-value (thermal resistance): It is the reciprocal of the time rate of heat flow through 
a unit area induced by a unit temperature difference between two defined surfaces of 
material or construction under steady-state conditions. The units of R-value are m2.K 
/W.  

Recirculating system: It is a domestic or service hot water distribution system that 
includes a closed circulation circuit designed to maintain temperatures in hot water 
pipes near terminal devices (e.g. lavatory faucets and showerheads) to reduce the 
time required to obtain hot water when the terminal device valve is opened. The 
motive force for circulation is either natural (due to water density variations with 
temperature) or mechanical (recirculation pump).

Reflectance: The ability of a material to reflect radiation without changing the 
temperature of the material.  Surfaces with higher reflectance tend to absorb less heat.
Absorptance: The ability of a material to absorb radiation. This is converted into 
sensible heat within the material, thus raising its temperature.

Projection factor, overhang: It is the ratio of the horizontal depth of the external 
shading projection to the sum of the height of the fenestration and the distance from 
the top of the fenestration to the bottom of the farthest point of the external shading 
projection, in consistent units.

Projection factor, side fin:  It is the ratio of the horizontal depth of the external 
shading projection to the distance from the window jamb to the farthest point of the 
external shading projection, in consistent units.
 
Projection Factor, overhang and side fin: It is the average of projection factor for 
overhang only and projection factor of side fin only.  
  
Ultraviolet: Ultraviolet is electromagnetic radiation with a wavelength from 10 nm to 
400 nm, shorter than that of visible light but longer than X-rays.

Wall Window Ratio: It is the ratio of the window area to the gross exterior wall area.
Skylight roof ratio (SRR): It is the ratio of the area of the skylight in comparison to the 
total roof area.

Renewable Energy Generating Zone: It is a contiguous or semi-contiguous area, 
either on the rooftop or elsewhere within the site boundary, dedicated to the 
installation of renewable energy systems.

Cool roof: It is the roof with a top layer of material that has high solar reflectance and 
high thermal emittance properties. Cool roof surfaces are characterized by light 
colors so that heat can be rejected back to the environment. 

Daylight Extension Factor (DEF): It is the factor which manually calculates the 
daylight area on floor plates. It is to be multiplied by the head height of windows. It 
is dependent on orientation and glazing VLT, shading devices adjacent to it and 
building location.  

Daytime Business Building:  It is the business building operated typically only 
during the daytime on weekdays up to 12 hours each day.  

Effective aperture: It is the multiplication of Visible Light Transmittance and the 
window-to-wall ratio. (EA = VLT x WWR)

Water heater: It is the vessel in which water is heated and withdrawn for use external 
to the system.

CHAPTER-5 

HVAC system: This includes the equipment, distribution systems, and terminal 
devices that provide, either collectively or individually, the processes of heating, 
ventilating, or air conditioning to a building or parts of a building.

Coefficient of Performance (COP) – cooling: It is the ratio of the rate of heat removal 
to the rate of energy input, in consistent units, for a complete refrigerating system or 
some specific portion of that system under designated operating conditions.

Coefficient of Performance (COP) – heating: It is the ratio of the rate of heat 
delivered to the rate of energy input, in consistent units, for a complete heat pump 
system, including the compressor and, if applicable, auxiliary heat, under designated 
operating conditions.

Common area: These are the areas within a building that are available for use by all 
tenants in a building (i.e. lobbies, corridors, restrooms, etc.).

 Mechanical cooling: It reduces the temperature of a gas or a liquid by using vapor 
compression, absorption, and desiccant dehumidification combined with evaporative 
cooling or another energy-driven thermodynamic cycle. Indirect or direct 
evaporative cooling alone is not considered mechanical cooling.

Commercial building: It is a building or a part of building or building complex 
which are used or intended to be used for commercial purposes and classified as per 
the time of the day the building is operational and sub-classified, as per the functional 
requirements of its design, construction, and use as per following details:

Group I – 24 hours building covering Type A Hospitality, Type B Health Care and 
Type C Assembly and, 
Group II – Regular building covering Type D Business, Type E Educational, and Type 
F Shopping Complexes.

Dead band:  It is the range of values within which a sensed variable can vary without 
initiating a change in the controlled process. 

Demand: It is the maximum rate of electricity (kW) consumption recorded for a 
building or facility during a selected time frame.  

Demand control ventilation (DCV):  It is the ventilation system capability that 
provides automatic reduction of outdoor air intake below design rates when the 
actual occupancy of spaces served by the system is less than the design occupancy. 
Design capacity: It is the output capacity of a mechanical or electrical system or 
equipment at design conditions. 

Design conditions: These are specified indoor environmental conditions, such as 
temperature, humidity, and light intensity, required for producing and maintaining 
by a system and under which the system must operate. 

Distribution system: It is a network or a system comprising controlling devices or 
equipment and distribution channels (cables, coils, ducts, pipes, etc.) for delivery of 
electrical power or, cooled or heated water or air in buildings.

Door area: It is the total area of the door measured using the rough opening and 
including the door slab and the frame.

Economizer: an economizer is a mechanical device used to reduce energy 
consumption. Economizers recycle energy produced within a system or leverage 
environmental temperature differences to achieve efficiency improvements.

Economizer, air: It is a duct and damper arrangement with automatic controls that 
allow a cooling system to supply outdoor air to reduce or eliminate the need for 
mechanical cooling during mild or cold weather.

Economizer, water: It is a system by which the supply air of a cooling system is 
cooled indirectly with water that is itself cooled by heat or mass transfer to the 
environment without the use of mechanical cooling.

Mixed-mode air-conditioned building: It is the building in which natural ventilation 
is employed as the primary mode of ventilation, and air conditioning is deployed as 
and when required. 
 
Mixed-use development: It is a single building or a group of buildings used for a 
combination of residential, commercial, business, educational, hospitality and 
assembly purposes. 

Air conditioning and condensing units serving computer rooms: It is the air 
conditioning equipment that provides cooling by maintaining space temperature and 
humidity within a narrow range. Its major application is in data centers where 
dissipating heat generated by equipment takes precedence over comfort cooling for 
occupants.

Relative Humidity: Relative humidity is the ratio of the partial pressure of water 
vapor in the air (which is related to the actual amount present) divided by the vapor 
pressure of water at that same temperature (which is related to the maximum amount 
of water vapor that the air can hold at that temperature).

Thermal Comfort: Thermal comfort is a condition of mind/body that expresses 
satisfaction with the thermal environment. Due to its subjectivity, thermal comfort 
may be different for individuals. Thermal comfort is maintained when the heat 
generated by the human metabolism is allowed to dissipate at a rate that maintains 
thermal equilibrium in the body.

Natural Ventilation: It is the ventilation done by pressure difference air always flows 
from high pressure to low pressure.

Mechanical Ventilation: It is a type of ventilation in which we use mechanical 
equipment for creating pressure difference for the flow of air.

Mixed Mode Ventilation: In this type of ventilation both natural and mechanical 
type of ventilation is used. 

Coefficient of performance: It is the ratio of the desired effect to work input in a 
refrigerator or a heat pump.

Chiller: A chiller is a machine that removes heat from a liquid via a 
vapor-compression or absorption refrigeration cycle. 

Variable refrigerant flows: The main compressor which pumps refrigerant around 
can run at various speeds (steeples), thereby continuously increasing (or decreasing) 
flow of refrigerant based on demand during various hours/minutes of usage. This is 
known as variable refrigerant flow, or VRV (variable refrigerant volume).

Air Conditioning: Air conditioning refers to the process of controlling the 
temperature and humidity of the air to suit the needs of the occupants or an industrial 
process.

Unitary air conditioning system:  The working of the window air conditioner is to 
cool only one particular room, commonly known as the "unitary unit”. This type of ac 
is installed in the window of a room. It will cool a room by emitting the warm air out 
the back of it and blowing cool air into it.

Split Air Conditioning System: Central HVAC systems are regularly referred to as a 
“split” system due to the simple fact that some of the components are installed inside 
the home and some of the components are installed outside a home.

Packaged air conditioning System: This type of unit is perfect for cooling multiple 
rooms or a large space in a home or office. All the components, namely the 
compressor, condenser (which can be air-cooled or water-cooled), expansion valve 
and evaporator are housed in a single box.

Cooling capacity: Cooling capacity is the measure of a cooling system's ability to 
remove heat. 

Thermostat: Thermostat is a control that tells the heating and the cooling system when 
to heat or cool or do nothing.

Variable speed drive: It is used for varying the speed of an induction motor by 
changing the motor's input supply frequency and voltage, keeping the flux constant. 
Throttle: Throttle is a device that controls the engine RPM by directly controlling the 
amount of air going in.

Terminal device: It is a device through which heated or cooled air is supplied to a 
space to maintain its temperature. It usually contains dampers and heating and 
cooling coils. In other words, it is a device by which energy from a system is finally 
delivered (e.g. registers, diffusers, lighting fixtures, faucets, etc.). 

Theatre or motion picture hall (Type of Assembly): It is any building primarily 
meant for theatrical or operatic performances and which has a stage, proscenium 
curtain, fixed or portable scenery or scenery loft, lights, mechanical appliances or 
other theatrical accessories and equipment. For example, theatres, motion picture 
houses, auditoria, concert halls, television and radio studios admit an audience, which 
is provided with fixed seats. 

Thermal block: It is a collection of one or more HVAC zones grouped for simulation 
purposes. The spaces need not be contiguous to be combined within a single thermal 
block. 

Thermal comfort conditions: These are the conditions that influence the thermal 
comfort of occupants. Environmental conditions that influence thermal comfort are air 
and radiant temperature, humidity, and airspeed.

Sensible cooling: It is the portion of the cooling process that affects only the 
temperature of the air, without changing the humidity.
 
Dampers: Dampers are devices that regulate the airflow in an air handling system.  
Backdraft Dampers: Backdraft dampers (also known as gravity dampers) are used in 
ventilation systems to allow airflow in one direction, and prevent airflow in the 
opposite direction.

Tinted: It is (as applied to fenestration) bronze, green, or grey coloring that is integral 
with the glazing material. Tinting does not include surface applied films such as 
reflective coatings, applied either in the field or during the manufacturing process.
Insulation: Insulation is defined as the material used to insulate something, especially 
a building. Insulation is material used that reduces heat loss or heat gain by providing 
a barrier between the inside of a home or any building and the significantly different 
temperature outside.

Refrigerant: A refrigerant is a compound or a mixture (usually in a fluid state in room 
temperature) used to pump heat from one system to another.
Register: Register is an air inlet with a balancing damper behind it, so the airflow 
quantity can be adjusted. 

Grille: A grille is just a fancy hole cover over an air inlet with slotted openings for 
airflow but with no balancing capability. 

 Diffuser: It is a device that's used to increase the static pressure of the fluid that passes 
through the system, and also reduces the velocity of the fluid.

Condenser: A condenser is a device or unit which is used to condense a substance 
from its gaseous to its liquid state.

Impeller: It is a rotating part of a machine that transfers energy.

Evaporation: Evaporation involves a liquid changing to a gas.

Passive solar heating: It uses the sun's energy to heat a building. The windows, walls, 
and floors can be designed to collect, store, and distribute solar energy in the form of 
heat in the winter (and also to reject solar heat in the summer). 

Active Solar Heating: Active solar heating systems use solar energy to heat a fluid 
(either liquid or air), and then transfer the solar heat directly to the interior space or a 
storage system for later use. 

Sensor: A sensor is a device that detects and responds to some type of input from the 
physical environment.

Actuators: An actuator is something that converts energy into motion.

Compressor:  A compressor is a mechanical device that increases the pressure of a gas 
by reducing its volume.  

Hydronic Balancing: Hydronic balancing, also called hydraulic balancing, is the 
process of optimizing the distribution of water in a building's hydronic heating or 
cooling system by equalizing the system pressure so it provides the intended indoor 
climate at optimum energy efficiency and minimal operating cost.

Variable flow hydronic system: A common method of regulating the heating or 
cooling output of hydronic air handlers and other types of HVAC terminal units is to 
vary the water flow rate through their coils. This is known as a variable flow hydronic 
system.

 Heat pump: It is a device that transfers heat from a colder area to a hotter area by 
using mechanical energy, as in a refrigerator.

Boiler: A boiler is a closed vessel in which fluid (generally water) is heated.  
Evaporative cooling: Evaporative cooling is a process that uses the effect of 
evaporation to cool the surrounding air.
 
Desiccant cooling system: Desiccant is used for the absorption of moisture. Generally 
activated alumina or some other hygroscopic materials are used in the process.
 
Trigeneration: Cogeneration or combined heat and power (CHP) is the use of a heat 
engine or power station to generate electricity and useful heat at the same time.
 
Radiant Cooling System: Radiant cooling cools a floor or ceiling by absorbing the 
heat from the rest of the room.

Ground source heat pump: A geothermal heat pump (GHP) or ground source heat 
pump (GSHP) is a central heating and/or cooling system that transfers heat to or from 
the ground. 
 
Adiabatic Cooling system: An adiabatic process is the one that occurs on a system 
without the system transferring or receiving any heat energy from the surroundings.
  
Earth air tunnel: Earth air tunnel or earth air heat exchanger is a pre-cooling or 
pre-heating system which consists of a pipe or network of pipes buried at a reasonable 
depth below the ground surface. 

Energy Efficiency Ratio (EER): The ratio of net cooling capacity in kW to the total rate 
of electric input in watts under design operating conditions.

Energy Recovery System: It is the equipment that recovers energy from building or 
space exhaust air and uses it to treat (pre-heat or pre-cool) outdoor air taken inside the 
building or space by ventilation systems.
 
Fan system power: It is the sum of the nominal power demand of motors of all fans 
that are required to operate at design conditions to supply air from the heating or 
cooling source to the conditioned space(s) and return it to the point where it can be 
exhausted to outside the building.

Heat capacity: It is the amount of heat necessary to raise the temperature of a given 
mass by 1°C. Numerically, the heat capacity per unit area of the surface (W/m2.K) is 
the sum of the products of the mass per unit area of each material in the roof, wall, or 
floor surface multiplied by its specific heat.

Infiltration: Uncontrolled inward air leakage through cracks and crevices in external 
surfaces of buildings, around windows and doors due to pressure differences across 
these caused by factors such as wind or indoor and outside temperature differences 
(stack effect), an imbalance between supply and exhaust air systems. 

Variable Air Volume (VAV) system: It is the HVAC system that controls the dry-bulb 
temperature within a space by varying the volumetric flow of heated or cooled air 
supplied to space. 

Vegetative roofs: Also known as green roofs, the vegetative roofs are thin layers of 
living vegetation installed on top of conventional flat or sloping roofs. 

Vision Windows: These are the windows or areas of large windows that are primarily 
for both daylight and exterior views. Typically, their placement in the wall is between 
1 meter and 2.2 meters above the floor level.

Wall area, gross: It is the overall area of a wall including openings such as windows 
and doors measured horizontally from outside surface to outside service and 
measured vertically from the top of the floor to the top of the roof. If roof insulation is 
installed at the ceiling level rather than the roof, then the vertical measurement is 
made to the top of the ceiling. The gross wall area includes the area between the ceiling 
and the floor for multi-story buildings. 
 
Zone, HVAC: It is a space or a group of spaces within a building with heating and 
cooling requirements that are sufficiently similar so that desired conditions (e.g., 
temperature) can be maintained throughout using a single sensor (e.g., thermostat or 
temperature sensor).

CHAPTER-6

Efficacy: It is the lumens produced by a lamp plus ballast system divided by the total 
watts of input power (including the ballast), expressed in lumens per watt

Luminous flux: Luminous flux (Φ) is the quantity of the energy of the light emitted per 
second in all directions. Its unit is lumen (lm).

Luminous intensity: Luminous intensity (I) is the ability to emit light into a given 
direction, or it is the luminous flux that is radiated by the light source in a given 
direction within the unit of the spatial angel.  Its unit is candela.

Illuminance: Illuminance (E) is the total luminous flux incident on a surface, per unit 
area. Its unit is candela /m.

Luminance: Luminance (L) is the luminous intensity emitted by the surface area of 1 
cm² (or 1 m²) of the light source. Its unit is lux (lx).

Labeled: Equipment or materials to which a symbol or other identifying mark has 
been attached by the manufacturer indicating compliance with specified standard or 
performance in a specified manner. This mark is known as a label. 

Lamp: It is a generic term for man-made light sources often called bulb or tube.

Lighted floor area, gross: It is the gross area of lighted floor spaces. 

Lighting, emergency: It is the battery-backed lighting that provides illumination only 
when there is a power outage and general lighting luminaires are unable to function.
  
Lighting, general: It is the lighting that provides a substantially uniform level of 
illumination throughout an area. General lighting shall not include decorative lighting 
or lighting that provides a dissimilar level of illumination to serve a specialized 
application or feature within such area. 

Lighting system: It is a group of luminaires circuited or controlled to perform a 
specific function.

Occupant sensor: It is a device that detects the presence or absence of people within 
an area and causes lighting, equipment, or appliances to be dimmed, or switched on 
or off accordingly.

Lighting power allowance: 
a) Interior lighting power allowance: the maximum lighting power in watts 
allowed for the interior of a building 
b) Exterior lighting power allowance: the maximum lighting power in watts 
allowed for the exterior of a building

Lighting Power Density (LPD): It is the maximum lighting power per unit area of 
space as per its function or building as per its classification.

Low energy comfort systems: These are the space conditioning or ventilation systems 
that are less energy-intensive than vapor compression based space condition systems.
These primarily employ alternate heat transfer methods or materials (adiabatic 
cooling, radiation, desiccant, etc.), or renewable sources of energy (solar energy, 
geo-thermal) so that minimal electrical energy input is required to deliver heating or 
cooling to spaces.

Luminaires: It is a complete lighting unit consisting of a lamp or lamps together with 
the housing designed to distribute the light, position and protect the lamps, and 
connect the lamps to the power supply.

Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.
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Connected load: It is the sum of the rated wattage of all equipment, appliances, and 
devices to be installed in the building or part of building or building complexes, in 
terms of kilowatt (kW) that will be allocated to all applicants for electric power 
consumption in respect of the proposed building or building complexes on their 
completion.

Contract Demand: It is the maximum demand in kilowatt (kW) or kilo Volt Ampere 
(kVA) (within a consumer’s sanctioned load) agreed to be supplied by the electricity 
provider or utility in the agreement executed between the users and the utility or 
electricity provider.

Mean temperature: It is the average of the minimum daily temperature and 
maximum daily temperature. 

Metering: It is the practice of installing meters in buildings to acquire data for energy 
consumption and other operational characteristics of individual equipments or 
several types of equipment grouped on basis of their function (lighting, appliances, 
chillers, etc.). Metering is done in buildings to monitor their energy performance.

Transformer: Transformer is a device used to transform high voltage to low voltage, 
and vice versa. 

Manufacturing processes: These are the processes through which raw material is 
converted into finished goods for commercial sale using machines, labor, chemical or 
biological processes, etc.

Manual (non-automatic): It requires personal intervention for control. Non-automatic 
does not necessarily imply a manual controller, only that personal intervention is 
necessary. 

Alternating Current: This means that the direction of current flowing in a circuit is 
constantly being reversed back and forth. 
 
Direct Current (DC): It is the flow of electrical charge in the same direction. 
Conductor: It is a substance in which electrical charge carriers, usually electrons, move 
easily from atom to atom with the application of voltage. 

Full load: A full load current is the largest current that a motor or other device is 
designed to carry under particular conditions.

Dry-type transformer: A dry-type transformer is a type of transformer that never uses 
any insulating liquid where its winding or core is immersed in liquid. 
  
Oil type transformer: It is a transformer where the magnetic circuit and windings are 
immersed in oil.

Three-phase induction motor: Three-phase induction motor does not require an 
additional starting device. These types of motors are also known as self-starting 
induction motors.

Stress: Stress is the internal forces per unit area developed in an object subjected to an 
external force.

Peak Load: Peak load is the time of high demand.

Power Factor: The power factor is the ratio between real power and Apparent Power. 
Inductive Current: It resists changes in current and lags the voltage while measuring 
current. 

Reactive power: Reactive power occurs in an AC circuit when the voltage and current 
are not in phase.
 
Overcurrent: It is any current over the rated current of the equipment of the capacity 
of the conductor. It may result from overload, short circuit, or ground fault.

Fossil fuels: Fossil fuels are hydrocarbons, primarily coal, fuel oil or natural gas, 
formed from the remains of dead plants and animals.

Greenhouse gases: Greenhouse gases are those gases that trap the infrared rays of the 
sun from entering the atmosphere and in turn, they raise the temperature of the 
atmosphere which leads to global warming. 

Hydroelectric energy: Hydroelectric energy means electric energy coming from 
sources that convert energy (potential or kinetic) of water to electrical energy.

Bioenergy: Bioenergy is the renewable energy created by living organisms. Biomass is 
an organic material which has stored sunlight in the form of chemical energy.

Geothermal energy: Geothermal energy is an energy source derived from the heat of 
the earth. The heat must be near the surface so it can be extracted. 
 
Total harmonic distortion: The total harmonic distortion is the ratio of voltage in the 
harmonic frequencies to the principle frequency. 

Photovoltaic: Photovoltaic means 'voltage from light' and refers to a solid-state 
semiconductor device, aka solar cell that produces a potential difference (voltage) and 
current of electrons (electricity) when exposed to light.

Kilovolt-ampere (kVA): It is the product of the line current (amperes) times the 
nominal system voltage (kilovolts) times 1.732 for three-phase currents. For 
single-phase applications, kVA is the product of the line current (amperes) times the 
nominal system voltage (kilovolts). 

Kilowatt (kW): It is the basic unit of electric power, equal to 1000 W.

Party wall: It is a firewall on an interior lot line used or adapted for joint service 
between two buildings. 

Permanently installed: It is the equipment that is fixed in place and is not portable or 
movable. 

Plenum: It is a compartment or chamber to which one or more ducts are connected, 
which forms a part of the air distribution system, and that is not used for occupancy 
or storage.  

Plug loads: It is the energy used by products that are powered using an AC plug. This 
term excludes building energy that is attributed to major end uses like HVAC, 
lighting, water heating, etc. 

Pool: It is any structure, basin, or tank containing an artificial body of water for 
swimming, diving, or recreational bathing. The term includes, but is not limited to, 
swimming pool, whirlpool, spa, hot tub.

Process load: It is the building loads resulting from the consumption or release of 
energy due to industrial processes or processes other than those for providing space 
conditioning, lighting, ventilation, or service hot water heating.

Transformer losses: These are electrical losses in a transformer that reduces its 
efficiency.  

Transport Buildings (Assembly): It is any building or structure used for 
transportation and transit like airports, railway stations, bus stations, and 
underground and elevated mass rapid transit system example, underground or 
elevated railways.
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Window Wall ratio: The window-to-wall ratio is the measure of the percentage area 
determined by dividing the building's total glazed area by its exterior envelope wall 
area.
 
Skylight Roof ratio: The skylight roof ratio (SRR) is the ratio of the area of the skylight 
in comparison to the total roof area. 
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Acid Rain: It is made up of water droplets that are unusually acidic because of 
atmospheric pollution, most notably the excessive amounts of sulfur and nitrogen 
released by cars and industrial processes.

Retrofitting: Retrofitting is a method of modifying existing structures with new 
components to resist the earthquake load or any other loads. 
Sustainability: Sustainability means meeting one’s own needs without compromising 
the ability of future gener.

ABREVIATIONS

1. TOE  Tons of Oil Equivalent
2. MOP  Ministry of Power 
3. CAGR  Compound Annual Growth Rate 
4. TEDDY TERI Energy & Environment Data Diary and Yearbook
5. GW  Giga Watt
6. MW  Mega Watt
7. KWh  Kilowatt Hour 
8. EBP  Ethanol Blending Petrol 
9. HPCL  Hindustan Petroleum Corporation Limited   
10. MTPA  Million Tons Per Annum 
11. ECBC  Energy Conservation Building Code 
12. BEE  Bureau of Energy Efficiency
13. USAID  United States Agency for International Development
14. PEDA  Punjab Energy Development Agency 
15. SDA  State Designated Agency 
16. EPI  Energy Performance Index
17. GHG  Greenhouse Gas
18. HVAC  Heating, Ventilation and Air Conditioning
19. IAQ  Indoor Air Quality
20. AAC  Autoclave Aerated Concrete
21. XPS  Extruded Polystyrene Insulation 
22. EPS  Expanded Polystyrene Insulation    
23. NBC  National Building Code
24. UPVC  Unplasticised Polyvinyl Chloride
25. PVC  Polyvinyl Chloride
26. SRI  Solar Reflective Index
27. SEER  Seasonal Energy Efficiency Ratio
28. BTU  British Thermal Units 
29. EER  Energy Efficiency Ratio 
30. HSPF  Heating Seasonal Performance Factor 
31. VFD  Variable Frequency Drive
32. WBP  Whole Building Performance Method
33. AGA  Above Grade Area 
34. NMEEE National Mission for Enhanced Energy Efficiency 
35. NAPCC National Action Plan on Climate Change 
36. PAT  Plan, Achieve and Trade Scheme 
37. MTEE  Market Transformation for Energy Efficiency 
38. EEFP  Energy Efficiency Financing Program
39. FEEED  Framework for Energy Efficiency Economic Development 
40. DSM  Demand Side Management 
41. ULB  Urban Local Bodies 
42. SMEs  Small and Medium Size Enterprises 
43. MSMEs Ministry of Micro, Small and Medium Enterprises. 
44. EC ACT Energy Conservation Act 

45. LED  Light Emitting Diode 
46. PWD  Public Work Department
47. ISO  International Organization of Standardization. 
48. SHGC  Solar Heat Gain Coefficient
49. SC  Shading Coefficient 
50. UDI  Useful Daylight Illumination 
51. VLT  Visual Light Transmission 
52. IST  India Standard Time
53. DEF  Daylight Extent Factors. 
54. ASTM  American Society for Testing and Materials
55. EPDM  Ethylene Propylene Diane Monomer 
56. WWR  Wall – Window Ratio 
57. EPF  Envelope Performance Factor 
58. VOC  Volatile Organic Compound 
59. DCV  Demand Control Ventilation 
60. COP  Coefficient of Performance 
61. IPLV  Integrated Part Load Value 
62. VRF  Variable Refrigerant Flow 
63. ANSI  American National Standards Institute
64. AHRI  Air Conditioning, Heating and Refrigeration Institute. 
65. IEER  Integrated Energy Efficiency Ratio 
66. PLC  Programmable Logic Control 
67. VAV  Variable Air Volume 
68. AC  Alternating Current 
69. DC   Direct Current 
70. CT  Current Transformer
71. PT  Potential Transformer 
72. DG  Diesel Generators
73. SFC  Specific Fuel Consumption 
74. THD  Total Harmonic Distortion 
75. UPS  Uninterruptible Power Supply 
76. REGZ  Renewable Energy Generating Zone 
77. WBP  Whole Building performance 
78. LEED  Leadership in Energy and Environmental Design 
79. GRIHA Green Rating Integrated Habitat Assessment 
80. APFC  Automatic Power Factor Controller 
81. PV  Photovoltaic Devices 
82. GHG  Greenhouse Gases 
83. USGBC U.S. Green Building Council
84. HID  High intensity Discharge 
85. BUA  Built-Up Area 
86. CFL  Compact Fluorescent Light
87. Wh  Watthour
88. W  Watt
89. TR  Tons of refrigeration  
90. Pa  Pascal  



Certain terms, abbreviations, and acronyms are defined in this section for this code. 
These definitions apply to all sections of this code. Terms that are not defined shall 
have their ordinarily accepted meanings within the context in which they are used.
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Biomass: Biomass is any mass, even waste/ refuses from plant or animal origin.
Bagasse: Bagasse is a sugarcane fibre pulp left after the juice has been extracted from 
the sugarcane stable. It is estimated that bagasse contributes to 33.3% residue of the 
total cane crushed.
 
Façade: Façade is the principal front of a building that faces on to a street or open 
space.

CHAPTER-2

Net Zero Building: A zero net energy building is designed to ensure zero net 
consumption, which means the total amount of energy consumed by the building 
annually should equal the amount of renewable energy created on-site.
Building envelope: It is a physical separator comprised of a series of components and 
systems that protect the interior space of a building from the effects of the external 
environment, like precipitation, wind, temperature, humidity, ultraviolet radiation, 
etc. 

Dehumidification: Dehumidification is a process of removal of moisture from the air 
in a conditioned room.

Humidity:  Humidity is the percentage of water vapor in the air. 
Fly Ash: Fly ash, also known as pulverized fuel ash, is a by-product obtained from 
coal-fired electric power plants.

Thermal Conductivity: Thermal conductivity is the ability of a material to conduct 
heat through it.

Ventilation: Ventilation is the process of replacing air to provide maximum indoor 
air quality to control temperature, remove odors, replenish oxygen, and remove 
moisture, smoke, heat, dust, carbon dioxide and airborne bacteria from the indoor 
space.

Durability: A durable material is not easily destroyed by use and lasts for a relatively 
long duration. 
 
Efflorescence: Efflorescence is a crystalline deposit on surfaces of masonry, stucco or 
concrete.
 
Urban Heat Island Effect: The heat island effect is named for an urban area that is 
considerably warmer than the surrounding, natural and rural lands. This effect 
happens because of the materials used in construction for building, together with 
energy emissions from transportation (cars) and industry.

Solar Reflective index: The Solar Reflective Index (SRI) is a measure of the solar 
reflectance and emissivity of materials that can be used as an indicator of how hot 
they are likely to become when solar radiation is incident on their surface.
Thermal Emissivity: The thermal emissivity of the surface of a material is its 
effectiveness in emitting energy as thermal radiation.

Incandescent: This type of light bulb is called an incandescent bulb because its 
filament is heated until it gives off light.

Seasonal Energy Efficiency Ratio:  It is the ratio of the total annual amount of heat 
that the equipment can remove from the indoor air when operated for cooling in 
active mode to the total annual amount of energy consumed by the equipment during 
the same period.

Energy Efficiency Ratio: A room air conditioner's efficiency is measured by the 
energy efficiency ratio (EER). The EER is the ratio of the cooling capacity (in British 
thermal units (BTUs) per hour to the power input (in watts). The higher the EER 
rating, the more efficient the air conditioner.

Heating seasonal performance factor: Heating seasonal performance factor (HSPF) 
is specifically used to measure the efficiency of air-source heat pumps. HSPF is 
defined as the ratio of heat output (measured in BTUs) over the heating season to 
electricity used (measured in watt-hours). 
                                                                                  
Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.

Out-patient Healthcare (Type of Healthcare): It is any building or a group of 
buildings under a single management, which is used only for treating persons 
requiring treatment or diagnosis of disease but not requiring overnight or longer 
accommodation in the building during treatment or diagnosis.
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Energy Performance Index: Energy Performance Index (EPI) is the total energy 
consumed in a building over a year divided by total built-up area in kWh/sq m/year 
and is considered as the simplest and most relevant indicator for qualifying a 
building as energy-efficient or not.

Compliance documents: These are the forms specified in ECBC Rules and 
Regulations to record and check compliance with these rules. These include but are 
not limited to EPI Ratio Compliance Report, Building Envelope Compliance Form, 
Mechanical Systems Compliance Form, and Permit Checklist, Lighting System 
Compliance Form and Permit Checklist and certificates from Certified Energy 
Auditor for existing or proposed buildings.

Cumulative design EPI: It is the Energy Performance Index for a building having two 
or more different functional uses, and is calculated based on the area-weighted 
average (AWA) method.
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Building or building complex or complex:  A structure wholly or partially enclosed 
within the exterior walls, or within exterior and party walls, and a roof, affording 
shelter to persons, animals, or property. Building complex means a building or group 
of buildings constructed in a contiguous area for business, commercial, institutional, 
healthcare, hospitality purposes or assembly buildings under the single ownership of 
individuals or group of individuals or the name of a co-operative group society or on 
lease and sold as shops or office space or space for other commercial purposes, 
having a connected load of 100 kW or contract demand of 120 kVA and above.

Building, base: It includes building structure, building envelope, common areas, 
circulation areas, parking, basements, services area, plant room and its supporting 
areas, and open project site area.

Building, core, and shell: These are buildings where the developer or owner will 
only provide the base building and its services.

24-hour Business Building: These are business building operated and occupied for 
more than 12 hours on each weekday. The Intensity of occupancy may vary. 
 
Above Grade Area (AGA): AGA is the cumulative floor area of all the floor levels of 
a building that are above the ground-level. Ground level shall be as defined in the 
building site plan. A floor level is above grade if one-third of the total external surface 
area of only the said floor level is above the ground level. 
 
Addition: It is an extension or increase in floor area or height of a building outside of 
the existing building envelope. 

Alteration: It is any change, rearrangement, replacement, or addition to a building or 
its systems and equipment; any modification in construction or building equipment.

Area weighted average (AWA) method: AWA method is based on the concept of 
weighted arithmetic mean where instead of each data point contributing equally to 
the final mean, each data point contributes more “weight” than others based on the 
size of the area the said data point applies to. To calculate the area-weighted average 
mean, a summation of each data point multiplied with its respective area is divided 
with the total area. 
 
Astronomical time switch: It is an automatic time switch that adjusts the length of the 
day as it varies over the year.

Fenestration:  Fenestration refers to the openings in the building envelope, including 
the installation of windows, doors, and skylights. The process of including these 
openings in the building envelope is known as fenestration.

U- Factor: 'U-Factor" or U-Value", also referred to as the K-Value, is the measurement 
of the thermal conductance of a material that reflects the effectiveness of the material 
to allow the flow of heat.

Solar Heat Gain Coefficient (SHGC): It is the ratio of the solar heat gain entering the 
space through the fenestration area to the incident solar radiation. Solar heat gain 
includes directly transmitted solar heat and absorbed solar radiation, which is then 
reradiated, conducted, or convected into space. 

Class of construction: It is the classification that determines the construction 
materials for the building envelope, roof, wall, floor, slab-on-grade floor, opaque 
door, vertical fenestration, and skylight.

Visual light transmission: It is simply the measurable amount of solar visible light 
(daylight) that travels through a glazing system.

Conduction: Conduction is the heat transfer through a solid medium due to the 
temperature difference. 

Convection: Convection is the heat transfer through a fluid medium such as air or 
water. Convection within the envelope assembly will depend on the temperature 
difference across the surfaces and also the airspeed.
 
Radiation: Radiation is heat transfer through electromagnetic radiation. All bodies 
facing an air space or a vacuum emit and absorb radiant energy continuously. Heat 
transfer by radiation will take place from a warmer surface to a cooler one.

Resistance: It is denoted as R, and is the ability of a material to resist heat flow. It is 
the reciprocal of conductance, (Units are m2 K/W). 

Emittance: It is the ability of a material to re-radiate absorbed heat as invisible 
infrared radiation.  It indicates the ability of a material to lose heat, consequently 
reducing the sensible heat content of the object.

R-value (thermal resistance): It is the reciprocal of the time rate of heat flow through 
a unit area induced by a unit temperature difference between two defined surfaces of 
material or construction under steady-state conditions. The units of R-value are m2.K 
/W.  

Recirculating system: It is a domestic or service hot water distribution system that 
includes a closed circulation circuit designed to maintain temperatures in hot water 
pipes near terminal devices (e.g. lavatory faucets and showerheads) to reduce the 
time required to obtain hot water when the terminal device valve is opened. The 
motive force for circulation is either natural (due to water density variations with 
temperature) or mechanical (recirculation pump).

Reflectance: The ability of a material to reflect radiation without changing the 
temperature of the material.  Surfaces with higher reflectance tend to absorb less heat.
Absorptance: The ability of a material to absorb radiation. This is converted into 
sensible heat within the material, thus raising its temperature.

Projection factor, overhang: It is the ratio of the horizontal depth of the external 
shading projection to the sum of the height of the fenestration and the distance from 
the top of the fenestration to the bottom of the farthest point of the external shading 
projection, in consistent units.

Projection factor, side fin:  It is the ratio of the horizontal depth of the external 
shading projection to the distance from the window jamb to the farthest point of the 
external shading projection, in consistent units.
 
Projection Factor, overhang and side fin: It is the average of projection factor for 
overhang only and projection factor of side fin only.  
  
Ultraviolet: Ultraviolet is electromagnetic radiation with a wavelength from 10 nm to 
400 nm, shorter than that of visible light but longer than X-rays.

Wall Window Ratio: It is the ratio of the window area to the gross exterior wall area.
Skylight roof ratio (SRR): It is the ratio of the area of the skylight in comparison to the 
total roof area.

Renewable Energy Generating Zone: It is a contiguous or semi-contiguous area, 
either on the rooftop or elsewhere within the site boundary, dedicated to the 
installation of renewable energy systems.

Cool roof: It is the roof with a top layer of material that has high solar reflectance and 
high thermal emittance properties. Cool roof surfaces are characterized by light 
colors so that heat can be rejected back to the environment. 

Daylight Extension Factor (DEF): It is the factor which manually calculates the 
daylight area on floor plates. It is to be multiplied by the head height of windows. It 
is dependent on orientation and glazing VLT, shading devices adjacent to it and 
building location.  

Daytime Business Building:  It is the business building operated typically only 
during the daytime on weekdays up to 12 hours each day.  

Effective aperture: It is the multiplication of Visible Light Transmittance and the 
window-to-wall ratio. (EA = VLT x WWR)

Water heater: It is the vessel in which water is heated and withdrawn for use external 
to the system.
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HVAC system: This includes the equipment, distribution systems, and terminal 
devices that provide, either collectively or individually, the processes of heating, 
ventilating, or air conditioning to a building or parts of a building.

Coefficient of Performance (COP) – cooling: It is the ratio of the rate of heat removal 
to the rate of energy input, in consistent units, for a complete refrigerating system or 
some specific portion of that system under designated operating conditions.

Coefficient of Performance (COP) – heating: It is the ratio of the rate of heat 
delivered to the rate of energy input, in consistent units, for a complete heat pump 
system, including the compressor and, if applicable, auxiliary heat, under designated 
operating conditions.

Common area: These are the areas within a building that are available for use by all 
tenants in a building (i.e. lobbies, corridors, restrooms, etc.).

 Mechanical cooling: It reduces the temperature of a gas or a liquid by using vapor 
compression, absorption, and desiccant dehumidification combined with evaporative 
cooling or another energy-driven thermodynamic cycle. Indirect or direct 
evaporative cooling alone is not considered mechanical cooling.

Commercial building: It is a building or a part of building or building complex 
which are used or intended to be used for commercial purposes and classified as per 
the time of the day the building is operational and sub-classified, as per the functional 
requirements of its design, construction, and use as per following details:

Group I – 24 hours building covering Type A Hospitality, Type B Health Care and 
Type C Assembly and, 
Group II – Regular building covering Type D Business, Type E Educational, and Type 
F Shopping Complexes.

Dead band:  It is the range of values within which a sensed variable can vary without 
initiating a change in the controlled process. 

Demand: It is the maximum rate of electricity (kW) consumption recorded for a 
building or facility during a selected time frame.  

Demand control ventilation (DCV):  It is the ventilation system capability that 
provides automatic reduction of outdoor air intake below design rates when the 
actual occupancy of spaces served by the system is less than the design occupancy. 
Design capacity: It is the output capacity of a mechanical or electrical system or 
equipment at design conditions. 

Design conditions: These are specified indoor environmental conditions, such as 
temperature, humidity, and light intensity, required for producing and maintaining 
by a system and under which the system must operate. 

Distribution system: It is a network or a system comprising controlling devices or 
equipment and distribution channels (cables, coils, ducts, pipes, etc.) for delivery of 
electrical power or, cooled or heated water or air in buildings.

Door area: It is the total area of the door measured using the rough opening and 
including the door slab and the frame.

Economizer: an economizer is a mechanical device used to reduce energy 
consumption. Economizers recycle energy produced within a system or leverage 
environmental temperature differences to achieve efficiency improvements.

Economizer, air: It is a duct and damper arrangement with automatic controls that 
allow a cooling system to supply outdoor air to reduce or eliminate the need for 
mechanical cooling during mild or cold weather.

Economizer, water: It is a system by which the supply air of a cooling system is 
cooled indirectly with water that is itself cooled by heat or mass transfer to the 
environment without the use of mechanical cooling.

Mixed-mode air-conditioned building: It is the building in which natural ventilation 
is employed as the primary mode of ventilation, and air conditioning is deployed as 
and when required. 
 
Mixed-use development: It is a single building or a group of buildings used for a 
combination of residential, commercial, business, educational, hospitality and 
assembly purposes. 

Air conditioning and condensing units serving computer rooms: It is the air 
conditioning equipment that provides cooling by maintaining space temperature and 
humidity within a narrow range. Its major application is in data centers where 
dissipating heat generated by equipment takes precedence over comfort cooling for 
occupants.

Relative Humidity: Relative humidity is the ratio of the partial pressure of water 
vapor in the air (which is related to the actual amount present) divided by the vapor 
pressure of water at that same temperature (which is related to the maximum amount 
of water vapor that the air can hold at that temperature).

Thermal Comfort: Thermal comfort is a condition of mind/body that expresses 
satisfaction with the thermal environment. Due to its subjectivity, thermal comfort 
may be different for individuals. Thermal comfort is maintained when the heat 
generated by the human metabolism is allowed to dissipate at a rate that maintains 
thermal equilibrium in the body.

Natural Ventilation: It is the ventilation done by pressure difference air always flows 
from high pressure to low pressure.

Mechanical Ventilation: It is a type of ventilation in which we use mechanical 
equipment for creating pressure difference for the flow of air.

Mixed Mode Ventilation: In this type of ventilation both natural and mechanical 
type of ventilation is used. 

Coefficient of performance: It is the ratio of the desired effect to work input in a 
refrigerator or a heat pump.

Chiller: A chiller is a machine that removes heat from a liquid via a 
vapor-compression or absorption refrigeration cycle. 

Variable refrigerant flows: The main compressor which pumps refrigerant around 
can run at various speeds (steeples), thereby continuously increasing (or decreasing) 
flow of refrigerant based on demand during various hours/minutes of usage. This is 
known as variable refrigerant flow, or VRV (variable refrigerant volume).

Air Conditioning: Air conditioning refers to the process of controlling the 
temperature and humidity of the air to suit the needs of the occupants or an industrial 
process.

Unitary air conditioning system:  The working of the window air conditioner is to 
cool only one particular room, commonly known as the "unitary unit”. This type of ac 
is installed in the window of a room. It will cool a room by emitting the warm air out 
the back of it and blowing cool air into it.

Split Air Conditioning System: Central HVAC systems are regularly referred to as a 
“split” system due to the simple fact that some of the components are installed inside 
the home and some of the components are installed outside a home.

Packaged air conditioning System: This type of unit is perfect for cooling multiple 
rooms or a large space in a home or office. All the components, namely the 
compressor, condenser (which can be air-cooled or water-cooled), expansion valve 
and evaporator are housed in a single box.

Cooling capacity: Cooling capacity is the measure of a cooling system's ability to 
remove heat. 

Thermostat: Thermostat is a control that tells the heating and the cooling system when 
to heat or cool or do nothing.

Variable speed drive: It is used for varying the speed of an induction motor by 
changing the motor's input supply frequency and voltage, keeping the flux constant. 
Throttle: Throttle is a device that controls the engine RPM by directly controlling the 
amount of air going in.

Terminal device: It is a device through which heated or cooled air is supplied to a 
space to maintain its temperature. It usually contains dampers and heating and 
cooling coils. In other words, it is a device by which energy from a system is finally 
delivered (e.g. registers, diffusers, lighting fixtures, faucets, etc.). 

Theatre or motion picture hall (Type of Assembly): It is any building primarily 
meant for theatrical or operatic performances and which has a stage, proscenium 
curtain, fixed or portable scenery or scenery loft, lights, mechanical appliances or 
other theatrical accessories and equipment. For example, theatres, motion picture 
houses, auditoria, concert halls, television and radio studios admit an audience, which 
is provided with fixed seats. 

Thermal block: It is a collection of one or more HVAC zones grouped for simulation 
purposes. The spaces need not be contiguous to be combined within a single thermal 
block. 

Thermal comfort conditions: These are the conditions that influence the thermal 
comfort of occupants. Environmental conditions that influence thermal comfort are air 
and radiant temperature, humidity, and airspeed.

Sensible cooling: It is the portion of the cooling process that affects only the 
temperature of the air, without changing the humidity.
 
Dampers: Dampers are devices that regulate the airflow in an air handling system.  
Backdraft Dampers: Backdraft dampers (also known as gravity dampers) are used in 
ventilation systems to allow airflow in one direction, and prevent airflow in the 
opposite direction.

Tinted: It is (as applied to fenestration) bronze, green, or grey coloring that is integral 
with the glazing material. Tinting does not include surface applied films such as 
reflective coatings, applied either in the field or during the manufacturing process.
Insulation: Insulation is defined as the material used to insulate something, especially 
a building. Insulation is material used that reduces heat loss or heat gain by providing 
a barrier between the inside of a home or any building and the significantly different 
temperature outside.

Refrigerant: A refrigerant is a compound or a mixture (usually in a fluid state in room 
temperature) used to pump heat from one system to another.
Register: Register is an air inlet with a balancing damper behind it, so the airflow 
quantity can be adjusted. 

Grille: A grille is just a fancy hole cover over an air inlet with slotted openings for 
airflow but with no balancing capability. 

 Diffuser: It is a device that's used to increase the static pressure of the fluid that passes 
through the system, and also reduces the velocity of the fluid.

Condenser: A condenser is a device or unit which is used to condense a substance 
from its gaseous to its liquid state.

Impeller: It is a rotating part of a machine that transfers energy.

Evaporation: Evaporation involves a liquid changing to a gas.

Passive solar heating: It uses the sun's energy to heat a building. The windows, walls, 
and floors can be designed to collect, store, and distribute solar energy in the form of 
heat in the winter (and also to reject solar heat in the summer). 

Active Solar Heating: Active solar heating systems use solar energy to heat a fluid 
(either liquid or air), and then transfer the solar heat directly to the interior space or a 
storage system for later use. 

Sensor: A sensor is a device that detects and responds to some type of input from the 
physical environment.

Actuators: An actuator is something that converts energy into motion.

Compressor:  A compressor is a mechanical device that increases the pressure of a gas 
by reducing its volume.  

Hydronic Balancing: Hydronic balancing, also called hydraulic balancing, is the 
process of optimizing the distribution of water in a building's hydronic heating or 
cooling system by equalizing the system pressure so it provides the intended indoor 
climate at optimum energy efficiency and minimal operating cost.

Variable flow hydronic system: A common method of regulating the heating or 
cooling output of hydronic air handlers and other types of HVAC terminal units is to 
vary the water flow rate through their coils. This is known as a variable flow hydronic 
system.

 Heat pump: It is a device that transfers heat from a colder area to a hotter area by 
using mechanical energy, as in a refrigerator.

Boiler: A boiler is a closed vessel in which fluid (generally water) is heated.  
Evaporative cooling: Evaporative cooling is a process that uses the effect of 
evaporation to cool the surrounding air.
 
Desiccant cooling system: Desiccant is used for the absorption of moisture. Generally 
activated alumina or some other hygroscopic materials are used in the process.
 
Trigeneration: Cogeneration or combined heat and power (CHP) is the use of a heat 
engine or power station to generate electricity and useful heat at the same time.
 
Radiant Cooling System: Radiant cooling cools a floor or ceiling by absorbing the 
heat from the rest of the room.

Ground source heat pump: A geothermal heat pump (GHP) or ground source heat 
pump (GSHP) is a central heating and/or cooling system that transfers heat to or from 
the ground. 
 
Adiabatic Cooling system: An adiabatic process is the one that occurs on a system 
without the system transferring or receiving any heat energy from the surroundings.
  
Earth air tunnel: Earth air tunnel or earth air heat exchanger is a pre-cooling or 
pre-heating system which consists of a pipe or network of pipes buried at a reasonable 
depth below the ground surface. 

Energy Efficiency Ratio (EER): The ratio of net cooling capacity in kW to the total rate 
of electric input in watts under design operating conditions.

Energy Recovery System: It is the equipment that recovers energy from building or 
space exhaust air and uses it to treat (pre-heat or pre-cool) outdoor air taken inside the 
building or space by ventilation systems.
 
Fan system power: It is the sum of the nominal power demand of motors of all fans 
that are required to operate at design conditions to supply air from the heating or 
cooling source to the conditioned space(s) and return it to the point where it can be 
exhausted to outside the building.

Heat capacity: It is the amount of heat necessary to raise the temperature of a given 
mass by 1°C. Numerically, the heat capacity per unit area of the surface (W/m2.K) is 
the sum of the products of the mass per unit area of each material in the roof, wall, or 
floor surface multiplied by its specific heat.

Infiltration: Uncontrolled inward air leakage through cracks and crevices in external 
surfaces of buildings, around windows and doors due to pressure differences across 
these caused by factors such as wind or indoor and outside temperature differences 
(stack effect), an imbalance between supply and exhaust air systems. 

Variable Air Volume (VAV) system: It is the HVAC system that controls the dry-bulb 
temperature within a space by varying the volumetric flow of heated or cooled air 
supplied to space. 

Vegetative roofs: Also known as green roofs, the vegetative roofs are thin layers of 
living vegetation installed on top of conventional flat or sloping roofs. 

Vision Windows: These are the windows or areas of large windows that are primarily 
for both daylight and exterior views. Typically, their placement in the wall is between 
1 meter and 2.2 meters above the floor level.

Wall area, gross: It is the overall area of a wall including openings such as windows 
and doors measured horizontally from outside surface to outside service and 
measured vertically from the top of the floor to the top of the roof. If roof insulation is 
installed at the ceiling level rather than the roof, then the vertical measurement is 
made to the top of the ceiling. The gross wall area includes the area between the ceiling 
and the floor for multi-story buildings. 
 
Zone, HVAC: It is a space or a group of spaces within a building with heating and 
cooling requirements that are sufficiently similar so that desired conditions (e.g., 
temperature) can be maintained throughout using a single sensor (e.g., thermostat or 
temperature sensor).
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Efficacy: It is the lumens produced by a lamp plus ballast system divided by the total 
watts of input power (including the ballast), expressed in lumens per watt

Luminous flux: Luminous flux (Φ) is the quantity of the energy of the light emitted per 
second in all directions. Its unit is lumen (lm).

Luminous intensity: Luminous intensity (I) is the ability to emit light into a given 
direction, or it is the luminous flux that is radiated by the light source in a given 
direction within the unit of the spatial angel.  Its unit is candela.

Illuminance: Illuminance (E) is the total luminous flux incident on a surface, per unit 
area. Its unit is candela /m.

Luminance: Luminance (L) is the luminous intensity emitted by the surface area of 1 
cm² (or 1 m²) of the light source. Its unit is lux (lx).

Labeled: Equipment or materials to which a symbol or other identifying mark has 
been attached by the manufacturer indicating compliance with specified standard or 
performance in a specified manner. This mark is known as a label. 

Lamp: It is a generic term for man-made light sources often called bulb or tube.

Lighted floor area, gross: It is the gross area of lighted floor spaces. 

Lighting, emergency: It is the battery-backed lighting that provides illumination only 
when there is a power outage and general lighting luminaires are unable to function.
  
Lighting, general: It is the lighting that provides a substantially uniform level of 
illumination throughout an area. General lighting shall not include decorative lighting 
or lighting that provides a dissimilar level of illumination to serve a specialized 
application or feature within such area. 

Lighting system: It is a group of luminaires circuited or controlled to perform a 
specific function.

Occupant sensor: It is a device that detects the presence or absence of people within 
an area and causes lighting, equipment, or appliances to be dimmed, or switched on 
or off accordingly.

Lighting power allowance: 
a) Interior lighting power allowance: the maximum lighting power in watts 
allowed for the interior of a building 
b) Exterior lighting power allowance: the maximum lighting power in watts 
allowed for the exterior of a building

Lighting Power Density (LPD): It is the maximum lighting power per unit area of 
space as per its function or building as per its classification.

Low energy comfort systems: These are the space conditioning or ventilation systems 
that are less energy-intensive than vapor compression based space condition systems.
These primarily employ alternate heat transfer methods or materials (adiabatic 
cooling, radiation, desiccant, etc.), or renewable sources of energy (solar energy, 
geo-thermal) so that minimal electrical energy input is required to deliver heating or 
cooling to spaces.

Luminaires: It is a complete lighting unit consisting of a lamp or lamps together with 
the housing designed to distribute the light, position and protect the lamps, and 
connect the lamps to the power supply.

Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.
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Connected load: It is the sum of the rated wattage of all equipment, appliances, and 
devices to be installed in the building or part of building or building complexes, in 
terms of kilowatt (kW) that will be allocated to all applicants for electric power 
consumption in respect of the proposed building or building complexes on their 
completion.

Contract Demand: It is the maximum demand in kilowatt (kW) or kilo Volt Ampere 
(kVA) (within a consumer’s sanctioned load) agreed to be supplied by the electricity 
provider or utility in the agreement executed between the users and the utility or 
electricity provider.

Mean temperature: It is the average of the minimum daily temperature and 
maximum daily temperature. 

Metering: It is the practice of installing meters in buildings to acquire data for energy 
consumption and other operational characteristics of individual equipments or 
several types of equipment grouped on basis of their function (lighting, appliances, 
chillers, etc.). Metering is done in buildings to monitor their energy performance.

Transformer: Transformer is a device used to transform high voltage to low voltage, 
and vice versa. 

Manufacturing processes: These are the processes through which raw material is 
converted into finished goods for commercial sale using machines, labor, chemical or 
biological processes, etc.

Manual (non-automatic): It requires personal intervention for control. Non-automatic 
does not necessarily imply a manual controller, only that personal intervention is 
necessary. 

Alternating Current: This means that the direction of current flowing in a circuit is 
constantly being reversed back and forth. 
 
Direct Current (DC): It is the flow of electrical charge in the same direction. 
Conductor: It is a substance in which electrical charge carriers, usually electrons, move 
easily from atom to atom with the application of voltage. 

Full load: A full load current is the largest current that a motor or other device is 
designed to carry under particular conditions.

Dry-type transformer: A dry-type transformer is a type of transformer that never uses 
any insulating liquid where its winding or core is immersed in liquid. 
  
Oil type transformer: It is a transformer where the magnetic circuit and windings are 
immersed in oil.

Three-phase induction motor: Three-phase induction motor does not require an 
additional starting device. These types of motors are also known as self-starting 
induction motors.

Stress: Stress is the internal forces per unit area developed in an object subjected to an 
external force.

Peak Load: Peak load is the time of high demand.

Power Factor: The power factor is the ratio between real power and Apparent Power. 
Inductive Current: It resists changes in current and lags the voltage while measuring 
current. 

Reactive power: Reactive power occurs in an AC circuit when the voltage and current 
are not in phase.
 
Overcurrent: It is any current over the rated current of the equipment of the capacity 
of the conductor. It may result from overload, short circuit, or ground fault.

Fossil fuels: Fossil fuels are hydrocarbons, primarily coal, fuel oil or natural gas, 
formed from the remains of dead plants and animals.

Greenhouse gases: Greenhouse gases are those gases that trap the infrared rays of the 
sun from entering the atmosphere and in turn, they raise the temperature of the 
atmosphere which leads to global warming. 

Hydroelectric energy: Hydroelectric energy means electric energy coming from 
sources that convert energy (potential or kinetic) of water to electrical energy.

Bioenergy: Bioenergy is the renewable energy created by living organisms. Biomass is 
an organic material which has stored sunlight in the form of chemical energy.

Geothermal energy: Geothermal energy is an energy source derived from the heat of 
the earth. The heat must be near the surface so it can be extracted. 
 
Total harmonic distortion: The total harmonic distortion is the ratio of voltage in the 
harmonic frequencies to the principle frequency. 

Photovoltaic: Photovoltaic means 'voltage from light' and refers to a solid-state 
semiconductor device, aka solar cell that produces a potential difference (voltage) and 
current of electrons (electricity) when exposed to light.

Kilovolt-ampere (kVA): It is the product of the line current (amperes) times the 
nominal system voltage (kilovolts) times 1.732 for three-phase currents. For 
single-phase applications, kVA is the product of the line current (amperes) times the 
nominal system voltage (kilovolts). 

Kilowatt (kW): It is the basic unit of electric power, equal to 1000 W.

Party wall: It is a firewall on an interior lot line used or adapted for joint service 
between two buildings. 

Permanently installed: It is the equipment that is fixed in place and is not portable or 
movable. 

Plenum: It is a compartment or chamber to which one or more ducts are connected, 
which forms a part of the air distribution system, and that is not used for occupancy 
or storage.  

Plug loads: It is the energy used by products that are powered using an AC plug. This 
term excludes building energy that is attributed to major end uses like HVAC, 
lighting, water heating, etc. 

Pool: It is any structure, basin, or tank containing an artificial body of water for 
swimming, diving, or recreational bathing. The term includes, but is not limited to, 
swimming pool, whirlpool, spa, hot tub.

Process load: It is the building loads resulting from the consumption or release of 
energy due to industrial processes or processes other than those for providing space 
conditioning, lighting, ventilation, or service hot water heating.

Transformer losses: These are electrical losses in a transformer that reduces its 
efficiency.  

Transport Buildings (Assembly): It is any building or structure used for 
transportation and transit like airports, railway stations, bus stations, and 
underground and elevated mass rapid transit system example, underground or 
elevated railways.
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Window Wall ratio: The window-to-wall ratio is the measure of the percentage area 
determined by dividing the building's total glazed area by its exterior envelope wall 
area.
 
Skylight Roof ratio: The skylight roof ratio (SRR) is the ratio of the area of the skylight 
in comparison to the total roof area. 
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Acid Rain: It is made up of water droplets that are unusually acidic because of 
atmospheric pollution, most notably the excessive amounts of sulfur and nitrogen 
released by cars and industrial processes.

Retrofitting: Retrofitting is a method of modifying existing structures with new 
components to resist the earthquake load or any other loads. 
Sustainability: Sustainability means meeting one’s own needs without compromising 
the ability of future gener.

ABREVIATIONS

1. TOE  Tons of Oil Equivalent
2. MOP  Ministry of Power 
3. CAGR  Compound Annual Growth Rate 
4. TEDDY TERI Energy & Environment Data Diary and Yearbook
5. GW  Giga Watt
6. MW  Mega Watt
7. KWh  Kilowatt Hour 
8. EBP  Ethanol Blending Petrol 
9. HPCL  Hindustan Petroleum Corporation Limited   
10. MTPA  Million Tons Per Annum 
11. ECBC  Energy Conservation Building Code 
12. BEE  Bureau of Energy Efficiency
13. USAID  United States Agency for International Development
14. PEDA  Punjab Energy Development Agency 
15. SDA  State Designated Agency 
16. EPI  Energy Performance Index
17. GHG  Greenhouse Gas
18. HVAC  Heating, Ventilation and Air Conditioning
19. IAQ  Indoor Air Quality
20. AAC  Autoclave Aerated Concrete
21. XPS  Extruded Polystyrene Insulation 
22. EPS  Expanded Polystyrene Insulation    
23. NBC  National Building Code
24. UPVC  Unplasticised Polyvinyl Chloride
25. PVC  Polyvinyl Chloride
26. SRI  Solar Reflective Index
27. SEER  Seasonal Energy Efficiency Ratio
28. BTU  British Thermal Units 
29. EER  Energy Efficiency Ratio 
30. HSPF  Heating Seasonal Performance Factor 
31. VFD  Variable Frequency Drive
32. WBP  Whole Building Performance Method
33. AGA  Above Grade Area 
34. NMEEE National Mission for Enhanced Energy Efficiency 
35. NAPCC National Action Plan on Climate Change 
36. PAT  Plan, Achieve and Trade Scheme 
37. MTEE  Market Transformation for Energy Efficiency 
38. EEFP  Energy Efficiency Financing Program
39. FEEED  Framework for Energy Efficiency Economic Development 
40. DSM  Demand Side Management 
41. ULB  Urban Local Bodies 
42. SMEs  Small and Medium Size Enterprises 
43. MSMEs Ministry of Micro, Small and Medium Enterprises. 
44. EC ACT Energy Conservation Act 

45. LED  Light Emitting Diode 
46. PWD  Public Work Department
47. ISO  International Organization of Standardization. 
48. SHGC  Solar Heat Gain Coefficient
49. SC  Shading Coefficient 
50. UDI  Useful Daylight Illumination 
51. VLT  Visual Light Transmission 
52. IST  India Standard Time
53. DEF  Daylight Extent Factors. 
54. ASTM  American Society for Testing and Materials
55. EPDM  Ethylene Propylene Diane Monomer 
56. WWR  Wall – Window Ratio 
57. EPF  Envelope Performance Factor 
58. VOC  Volatile Organic Compound 
59. DCV  Demand Control Ventilation 
60. COP  Coefficient of Performance 
61. IPLV  Integrated Part Load Value 
62. VRF  Variable Refrigerant Flow 
63. ANSI  American National Standards Institute
64. AHRI  Air Conditioning, Heating and Refrigeration Institute. 
65. IEER  Integrated Energy Efficiency Ratio 
66. PLC  Programmable Logic Control 
67. VAV  Variable Air Volume 
68. AC  Alternating Current 
69. DC   Direct Current 
70. CT  Current Transformer
71. PT  Potential Transformer 
72. DG  Diesel Generators
73. SFC  Specific Fuel Consumption 
74. THD  Total Harmonic Distortion 
75. UPS  Uninterruptible Power Supply 
76. REGZ  Renewable Energy Generating Zone 
77. WBP  Whole Building performance 
78. LEED  Leadership in Energy and Environmental Design 
79. GRIHA Green Rating Integrated Habitat Assessment 
80. APFC  Automatic Power Factor Controller 
81. PV  Photovoltaic Devices 
82. GHG  Greenhouse Gases 
83. USGBC U.S. Green Building Council
84. HID  High intensity Discharge 
85. BUA  Built-Up Area 
86. CFL  Compact Fluorescent Light
87. Wh  Watthour
88. W  Watt
89. TR  Tons of refrigeration  
90. Pa  Pascal  



Certain terms, abbreviations, and acronyms are defined in this section for this code. 
These definitions apply to all sections of this code. Terms that are not defined shall 
have their ordinarily accepted meanings within the context in which they are used.
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Biomass: Biomass is any mass, even waste/ refuses from plant or animal origin.
Bagasse: Bagasse is a sugarcane fibre pulp left after the juice has been extracted from 
the sugarcane stable. It is estimated that bagasse contributes to 33.3% residue of the 
total cane crushed.
 
Façade: Façade is the principal front of a building that faces on to a street or open 
space.
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Net Zero Building: A zero net energy building is designed to ensure zero net 
consumption, which means the total amount of energy consumed by the building 
annually should equal the amount of renewable energy created on-site.
Building envelope: It is a physical separator comprised of a series of components and 
systems that protect the interior space of a building from the effects of the external 
environment, like precipitation, wind, temperature, humidity, ultraviolet radiation, 
etc. 

Dehumidification: Dehumidification is a process of removal of moisture from the air 
in a conditioned room.

Humidity:  Humidity is the percentage of water vapor in the air. 
Fly Ash: Fly ash, also known as pulverized fuel ash, is a by-product obtained from 
coal-fired electric power plants.

Thermal Conductivity: Thermal conductivity is the ability of a material to conduct 
heat through it.

Ventilation: Ventilation is the process of replacing air to provide maximum indoor 
air quality to control temperature, remove odors, replenish oxygen, and remove 
moisture, smoke, heat, dust, carbon dioxide and airborne bacteria from the indoor 
space.

Durability: A durable material is not easily destroyed by use and lasts for a relatively 
long duration. 
 
Efflorescence: Efflorescence is a crystalline deposit on surfaces of masonry, stucco or 
concrete.
 
Urban Heat Island Effect: The heat island effect is named for an urban area that is 
considerably warmer than the surrounding, natural and rural lands. This effect 
happens because of the materials used in construction for building, together with 
energy emissions from transportation (cars) and industry.

Solar Reflective index: The Solar Reflective Index (SRI) is a measure of the solar 
reflectance and emissivity of materials that can be used as an indicator of how hot 
they are likely to become when solar radiation is incident on their surface.
Thermal Emissivity: The thermal emissivity of the surface of a material is its 
effectiveness in emitting energy as thermal radiation.

Incandescent: This type of light bulb is called an incandescent bulb because its 
filament is heated until it gives off light.

Seasonal Energy Efficiency Ratio:  It is the ratio of the total annual amount of heat 
that the equipment can remove from the indoor air when operated for cooling in 
active mode to the total annual amount of energy consumed by the equipment during 
the same period.

Energy Efficiency Ratio: A room air conditioner's efficiency is measured by the 
energy efficiency ratio (EER). The EER is the ratio of the cooling capacity (in British 
thermal units (BTUs) per hour to the power input (in watts). The higher the EER 
rating, the more efficient the air conditioner.

Heating seasonal performance factor: Heating seasonal performance factor (HSPF) 
is specifically used to measure the efficiency of air-source heat pumps. HSPF is 
defined as the ratio of heat output (measured in BTUs) over the heating season to 
electricity used (measured in watt-hours). 
                                                                                  
Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.

Out-patient Healthcare (Type of Healthcare): It is any building or a group of 
buildings under a single management, which is used only for treating persons 
requiring treatment or diagnosis of disease but not requiring overnight or longer 
accommodation in the building during treatment or diagnosis.

CHAPTER-3

Energy Performance Index: Energy Performance Index (EPI) is the total energy 
consumed in a building over a year divided by total built-up area in kWh/sq m/year 
and is considered as the simplest and most relevant indicator for qualifying a 
building as energy-efficient or not.

Compliance documents: These are the forms specified in ECBC Rules and 
Regulations to record and check compliance with these rules. These include but are 
not limited to EPI Ratio Compliance Report, Building Envelope Compliance Form, 
Mechanical Systems Compliance Form, and Permit Checklist, Lighting System 
Compliance Form and Permit Checklist and certificates from Certified Energy 
Auditor for existing or proposed buildings.

Cumulative design EPI: It is the Energy Performance Index for a building having two 
or more different functional uses, and is calculated based on the area-weighted 
average (AWA) method.
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Building or building complex or complex:  A structure wholly or partially enclosed 
within the exterior walls, or within exterior and party walls, and a roof, affording 
shelter to persons, animals, or property. Building complex means a building or group 
of buildings constructed in a contiguous area for business, commercial, institutional, 
healthcare, hospitality purposes or assembly buildings under the single ownership of 
individuals or group of individuals or the name of a co-operative group society or on 
lease and sold as shops or office space or space for other commercial purposes, 
having a connected load of 100 kW or contract demand of 120 kVA and above.

Building, base: It includes building structure, building envelope, common areas, 
circulation areas, parking, basements, services area, plant room and its supporting 
areas, and open project site area.

Building, core, and shell: These are buildings where the developer or owner will 
only provide the base building and its services.

24-hour Business Building: These are business building operated and occupied for 
more than 12 hours on each weekday. The Intensity of occupancy may vary. 
 
Above Grade Area (AGA): AGA is the cumulative floor area of all the floor levels of 
a building that are above the ground-level. Ground level shall be as defined in the 
building site plan. A floor level is above grade if one-third of the total external surface 
area of only the said floor level is above the ground level. 
 
Addition: It is an extension or increase in floor area or height of a building outside of 
the existing building envelope. 

Alteration: It is any change, rearrangement, replacement, or addition to a building or 
its systems and equipment; any modification in construction or building equipment.

Area weighted average (AWA) method: AWA method is based on the concept of 
weighted arithmetic mean where instead of each data point contributing equally to 
the final mean, each data point contributes more “weight” than others based on the 
size of the area the said data point applies to. To calculate the area-weighted average 
mean, a summation of each data point multiplied with its respective area is divided 
with the total area. 
 
Astronomical time switch: It is an automatic time switch that adjusts the length of the 
day as it varies over the year.

Fenestration:  Fenestration refers to the openings in the building envelope, including 
the installation of windows, doors, and skylights. The process of including these 
openings in the building envelope is known as fenestration.

U- Factor: 'U-Factor" or U-Value", also referred to as the K-Value, is the measurement 
of the thermal conductance of a material that reflects the effectiveness of the material 
to allow the flow of heat.

Solar Heat Gain Coefficient (SHGC): It is the ratio of the solar heat gain entering the 
space through the fenestration area to the incident solar radiation. Solar heat gain 
includes directly transmitted solar heat and absorbed solar radiation, which is then 
reradiated, conducted, or convected into space. 

Class of construction: It is the classification that determines the construction 
materials for the building envelope, roof, wall, floor, slab-on-grade floor, opaque 
door, vertical fenestration, and skylight.

Visual light transmission: It is simply the measurable amount of solar visible light 
(daylight) that travels through a glazing system.

Conduction: Conduction is the heat transfer through a solid medium due to the 
temperature difference. 

Convection: Convection is the heat transfer through a fluid medium such as air or 
water. Convection within the envelope assembly will depend on the temperature 
difference across the surfaces and also the airspeed.
 
Radiation: Radiation is heat transfer through electromagnetic radiation. All bodies 
facing an air space or a vacuum emit and absorb radiant energy continuously. Heat 
transfer by radiation will take place from a warmer surface to a cooler one.

Resistance: It is denoted as R, and is the ability of a material to resist heat flow. It is 
the reciprocal of conductance, (Units are m2 K/W). 

Emittance: It is the ability of a material to re-radiate absorbed heat as invisible 
infrared radiation.  It indicates the ability of a material to lose heat, consequently 
reducing the sensible heat content of the object.

R-value (thermal resistance): It is the reciprocal of the time rate of heat flow through 
a unit area induced by a unit temperature difference between two defined surfaces of 
material or construction under steady-state conditions. The units of R-value are m2.K 
/W.  

Recirculating system: It is a domestic or service hot water distribution system that 
includes a closed circulation circuit designed to maintain temperatures in hot water 
pipes near terminal devices (e.g. lavatory faucets and showerheads) to reduce the 
time required to obtain hot water when the terminal device valve is opened. The 
motive force for circulation is either natural (due to water density variations with 
temperature) or mechanical (recirculation pump).

Reflectance: The ability of a material to reflect radiation without changing the 
temperature of the material.  Surfaces with higher reflectance tend to absorb less heat.
Absorptance: The ability of a material to absorb radiation. This is converted into 
sensible heat within the material, thus raising its temperature.

Projection factor, overhang: It is the ratio of the horizontal depth of the external 
shading projection to the sum of the height of the fenestration and the distance from 
the top of the fenestration to the bottom of the farthest point of the external shading 
projection, in consistent units.

Projection factor, side fin:  It is the ratio of the horizontal depth of the external 
shading projection to the distance from the window jamb to the farthest point of the 
external shading projection, in consistent units.
 
Projection Factor, overhang and side fin: It is the average of projection factor for 
overhang only and projection factor of side fin only.  
  
Ultraviolet: Ultraviolet is electromagnetic radiation with a wavelength from 10 nm to 
400 nm, shorter than that of visible light but longer than X-rays.

Wall Window Ratio: It is the ratio of the window area to the gross exterior wall area.
Skylight roof ratio (SRR): It is the ratio of the area of the skylight in comparison to the 
total roof area.

Renewable Energy Generating Zone: It is a contiguous or semi-contiguous area, 
either on the rooftop or elsewhere within the site boundary, dedicated to the 
installation of renewable energy systems.

Cool roof: It is the roof with a top layer of material that has high solar reflectance and 
high thermal emittance properties. Cool roof surfaces are characterized by light 
colors so that heat can be rejected back to the environment. 

Daylight Extension Factor (DEF): It is the factor which manually calculates the 
daylight area on floor plates. It is to be multiplied by the head height of windows. It 
is dependent on orientation and glazing VLT, shading devices adjacent to it and 
building location.  

Daytime Business Building:  It is the business building operated typically only 
during the daytime on weekdays up to 12 hours each day.  

Effective aperture: It is the multiplication of Visible Light Transmittance and the 
window-to-wall ratio. (EA = VLT x WWR)

Water heater: It is the vessel in which water is heated and withdrawn for use external 
to the system.
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HVAC system: This includes the equipment, distribution systems, and terminal 
devices that provide, either collectively or individually, the processes of heating, 
ventilating, or air conditioning to a building or parts of a building.

Coefficient of Performance (COP) – cooling: It is the ratio of the rate of heat removal 
to the rate of energy input, in consistent units, for a complete refrigerating system or 
some specific portion of that system under designated operating conditions.

Coefficient of Performance (COP) – heating: It is the ratio of the rate of heat 
delivered to the rate of energy input, in consistent units, for a complete heat pump 
system, including the compressor and, if applicable, auxiliary heat, under designated 
operating conditions.

Common area: These are the areas within a building that are available for use by all 
tenants in a building (i.e. lobbies, corridors, restrooms, etc.).

 Mechanical cooling: It reduces the temperature of a gas or a liquid by using vapor 
compression, absorption, and desiccant dehumidification combined with evaporative 
cooling or another energy-driven thermodynamic cycle. Indirect or direct 
evaporative cooling alone is not considered mechanical cooling.

Commercial building: It is a building or a part of building or building complex 
which are used or intended to be used for commercial purposes and classified as per 
the time of the day the building is operational and sub-classified, as per the functional 
requirements of its design, construction, and use as per following details:

Group I – 24 hours building covering Type A Hospitality, Type B Health Care and 
Type C Assembly and, 
Group II – Regular building covering Type D Business, Type E Educational, and Type 
F Shopping Complexes.

Dead band:  It is the range of values within which a sensed variable can vary without 
initiating a change in the controlled process. 

Demand: It is the maximum rate of electricity (kW) consumption recorded for a 
building or facility during a selected time frame.  

Demand control ventilation (DCV):  It is the ventilation system capability that 
provides automatic reduction of outdoor air intake below design rates when the 
actual occupancy of spaces served by the system is less than the design occupancy. 
Design capacity: It is the output capacity of a mechanical or electrical system or 
equipment at design conditions. 

Design conditions: These are specified indoor environmental conditions, such as 
temperature, humidity, and light intensity, required for producing and maintaining 
by a system and under which the system must operate. 

Distribution system: It is a network or a system comprising controlling devices or 
equipment and distribution channels (cables, coils, ducts, pipes, etc.) for delivery of 
electrical power or, cooled or heated water or air in buildings.

Door area: It is the total area of the door measured using the rough opening and 
including the door slab and the frame.

Economizer: an economizer is a mechanical device used to reduce energy 
consumption. Economizers recycle energy produced within a system or leverage 
environmental temperature differences to achieve efficiency improvements.

Economizer, air: It is a duct and damper arrangement with automatic controls that 
allow a cooling system to supply outdoor air to reduce or eliminate the need for 
mechanical cooling during mild or cold weather.

Economizer, water: It is a system by which the supply air of a cooling system is 
cooled indirectly with water that is itself cooled by heat or mass transfer to the 
environment without the use of mechanical cooling.

Mixed-mode air-conditioned building: It is the building in which natural ventilation 
is employed as the primary mode of ventilation, and air conditioning is deployed as 
and when required. 
 
Mixed-use development: It is a single building or a group of buildings used for a 
combination of residential, commercial, business, educational, hospitality and 
assembly purposes. 

Air conditioning and condensing units serving computer rooms: It is the air 
conditioning equipment that provides cooling by maintaining space temperature and 
humidity within a narrow range. Its major application is in data centers where 
dissipating heat generated by equipment takes precedence over comfort cooling for 
occupants.

Relative Humidity: Relative humidity is the ratio of the partial pressure of water 
vapor in the air (which is related to the actual amount present) divided by the vapor 
pressure of water at that same temperature (which is related to the maximum amount 
of water vapor that the air can hold at that temperature).

Thermal Comfort: Thermal comfort is a condition of mind/body that expresses 
satisfaction with the thermal environment. Due to its subjectivity, thermal comfort 
may be different for individuals. Thermal comfort is maintained when the heat 
generated by the human metabolism is allowed to dissipate at a rate that maintains 
thermal equilibrium in the body.

Natural Ventilation: It is the ventilation done by pressure difference air always flows 
from high pressure to low pressure.

Mechanical Ventilation: It is a type of ventilation in which we use mechanical 
equipment for creating pressure difference for the flow of air.

Mixed Mode Ventilation: In this type of ventilation both natural and mechanical 
type of ventilation is used. 

Coefficient of performance: It is the ratio of the desired effect to work input in a 
refrigerator or a heat pump.

Chiller: A chiller is a machine that removes heat from a liquid via a 
vapor-compression or absorption refrigeration cycle. 

Variable refrigerant flows: The main compressor which pumps refrigerant around 
can run at various speeds (steeples), thereby continuously increasing (or decreasing) 
flow of refrigerant based on demand during various hours/minutes of usage. This is 
known as variable refrigerant flow, or VRV (variable refrigerant volume).

Air Conditioning: Air conditioning refers to the process of controlling the 
temperature and humidity of the air to suit the needs of the occupants or an industrial 
process.

Unitary air conditioning system:  The working of the window air conditioner is to 
cool only one particular room, commonly known as the "unitary unit”. This type of ac 
is installed in the window of a room. It will cool a room by emitting the warm air out 
the back of it and blowing cool air into it.

Split Air Conditioning System: Central HVAC systems are regularly referred to as a 
“split” system due to the simple fact that some of the components are installed inside 
the home and some of the components are installed outside a home.

Packaged air conditioning System: This type of unit is perfect for cooling multiple 
rooms or a large space in a home or office. All the components, namely the 
compressor, condenser (which can be air-cooled or water-cooled), expansion valve 
and evaporator are housed in a single box.

Cooling capacity: Cooling capacity is the measure of a cooling system's ability to 
remove heat. 

Thermostat: Thermostat is a control that tells the heating and the cooling system when 
to heat or cool or do nothing.

Variable speed drive: It is used for varying the speed of an induction motor by 
changing the motor's input supply frequency and voltage, keeping the flux constant. 
Throttle: Throttle is a device that controls the engine RPM by directly controlling the 
amount of air going in.

Terminal device: It is a device through which heated or cooled air is supplied to a 
space to maintain its temperature. It usually contains dampers and heating and 
cooling coils. In other words, it is a device by which energy from a system is finally 
delivered (e.g. registers, diffusers, lighting fixtures, faucets, etc.). 

Theatre or motion picture hall (Type of Assembly): It is any building primarily 
meant for theatrical or operatic performances and which has a stage, proscenium 
curtain, fixed or portable scenery or scenery loft, lights, mechanical appliances or 
other theatrical accessories and equipment. For example, theatres, motion picture 
houses, auditoria, concert halls, television and radio studios admit an audience, which 
is provided with fixed seats. 

Thermal block: It is a collection of one or more HVAC zones grouped for simulation 
purposes. The spaces need not be contiguous to be combined within a single thermal 
block. 

Thermal comfort conditions: These are the conditions that influence the thermal 
comfort of occupants. Environmental conditions that influence thermal comfort are air 
and radiant temperature, humidity, and airspeed.

Sensible cooling: It is the portion of the cooling process that affects only the 
temperature of the air, without changing the humidity.
 
Dampers: Dampers are devices that regulate the airflow in an air handling system.  
Backdraft Dampers: Backdraft dampers (also known as gravity dampers) are used in 
ventilation systems to allow airflow in one direction, and prevent airflow in the 
opposite direction.

Tinted: It is (as applied to fenestration) bronze, green, or grey coloring that is integral 
with the glazing material. Tinting does not include surface applied films such as 
reflective coatings, applied either in the field or during the manufacturing process.
Insulation: Insulation is defined as the material used to insulate something, especially 
a building. Insulation is material used that reduces heat loss or heat gain by providing 
a barrier between the inside of a home or any building and the significantly different 
temperature outside.

Refrigerant: A refrigerant is a compound or a mixture (usually in a fluid state in room 
temperature) used to pump heat from one system to another.
Register: Register is an air inlet with a balancing damper behind it, so the airflow 
quantity can be adjusted. 

Grille: A grille is just a fancy hole cover over an air inlet with slotted openings for 
airflow but with no balancing capability. 

 Diffuser: It is a device that's used to increase the static pressure of the fluid that passes 
through the system, and also reduces the velocity of the fluid.

Condenser: A condenser is a device or unit which is used to condense a substance 
from its gaseous to its liquid state.

Impeller: It is a rotating part of a machine that transfers energy.

Evaporation: Evaporation involves a liquid changing to a gas.

Passive solar heating: It uses the sun's energy to heat a building. The windows, walls, 
and floors can be designed to collect, store, and distribute solar energy in the form of 
heat in the winter (and also to reject solar heat in the summer). 

Active Solar Heating: Active solar heating systems use solar energy to heat a fluid 
(either liquid or air), and then transfer the solar heat directly to the interior space or a 
storage system for later use. 

Sensor: A sensor is a device that detects and responds to some type of input from the 
physical environment.

Actuators: An actuator is something that converts energy into motion.

Compressor:  A compressor is a mechanical device that increases the pressure of a gas 
by reducing its volume.  

Hydronic Balancing: Hydronic balancing, also called hydraulic balancing, is the 
process of optimizing the distribution of water in a building's hydronic heating or 
cooling system by equalizing the system pressure so it provides the intended indoor 
climate at optimum energy efficiency and minimal operating cost.

Variable flow hydronic system: A common method of regulating the heating or 
cooling output of hydronic air handlers and other types of HVAC terminal units is to 
vary the water flow rate through their coils. This is known as a variable flow hydronic 
system.

 Heat pump: It is a device that transfers heat from a colder area to a hotter area by 
using mechanical energy, as in a refrigerator.

Boiler: A boiler is a closed vessel in which fluid (generally water) is heated.  
Evaporative cooling: Evaporative cooling is a process that uses the effect of 
evaporation to cool the surrounding air.
 
Desiccant cooling system: Desiccant is used for the absorption of moisture. Generally 
activated alumina or some other hygroscopic materials are used in the process.
 
Trigeneration: Cogeneration or combined heat and power (CHP) is the use of a heat 
engine or power station to generate electricity and useful heat at the same time.
 
Radiant Cooling System: Radiant cooling cools a floor or ceiling by absorbing the 
heat from the rest of the room.

Ground source heat pump: A geothermal heat pump (GHP) or ground source heat 
pump (GSHP) is a central heating and/or cooling system that transfers heat to or from 
the ground. 
 
Adiabatic Cooling system: An adiabatic process is the one that occurs on a system 
without the system transferring or receiving any heat energy from the surroundings.
  
Earth air tunnel: Earth air tunnel or earth air heat exchanger is a pre-cooling or 
pre-heating system which consists of a pipe or network of pipes buried at a reasonable 
depth below the ground surface. 

Energy Efficiency Ratio (EER): The ratio of net cooling capacity in kW to the total rate 
of electric input in watts under design operating conditions.

Energy Recovery System: It is the equipment that recovers energy from building or 
space exhaust air and uses it to treat (pre-heat or pre-cool) outdoor air taken inside the 
building or space by ventilation systems.
 
Fan system power: It is the sum of the nominal power demand of motors of all fans 
that are required to operate at design conditions to supply air from the heating or 
cooling source to the conditioned space(s) and return it to the point where it can be 
exhausted to outside the building.

Heat capacity: It is the amount of heat necessary to raise the temperature of a given 
mass by 1°C. Numerically, the heat capacity per unit area of the surface (W/m2.K) is 
the sum of the products of the mass per unit area of each material in the roof, wall, or 
floor surface multiplied by its specific heat.

Infiltration: Uncontrolled inward air leakage through cracks and crevices in external 
surfaces of buildings, around windows and doors due to pressure differences across 
these caused by factors such as wind or indoor and outside temperature differences 
(stack effect), an imbalance between supply and exhaust air systems. 

Variable Air Volume (VAV) system: It is the HVAC system that controls the dry-bulb 
temperature within a space by varying the volumetric flow of heated or cooled air 
supplied to space. 

Vegetative roofs: Also known as green roofs, the vegetative roofs are thin layers of 
living vegetation installed on top of conventional flat or sloping roofs. 

Vision Windows: These are the windows or areas of large windows that are primarily 
for both daylight and exterior views. Typically, their placement in the wall is between 
1 meter and 2.2 meters above the floor level.

Wall area, gross: It is the overall area of a wall including openings such as windows 
and doors measured horizontally from outside surface to outside service and 
measured vertically from the top of the floor to the top of the roof. If roof insulation is 
installed at the ceiling level rather than the roof, then the vertical measurement is 
made to the top of the ceiling. The gross wall area includes the area between the ceiling 
and the floor for multi-story buildings. 
 
Zone, HVAC: It is a space or a group of spaces within a building with heating and 
cooling requirements that are sufficiently similar so that desired conditions (e.g., 
temperature) can be maintained throughout using a single sensor (e.g., thermostat or 
temperature sensor).
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Efficacy: It is the lumens produced by a lamp plus ballast system divided by the total 
watts of input power (including the ballast), expressed in lumens per watt

Luminous flux: Luminous flux (Φ) is the quantity of the energy of the light emitted per 
second in all directions. Its unit is lumen (lm).

Luminous intensity: Luminous intensity (I) is the ability to emit light into a given 
direction, or it is the luminous flux that is radiated by the light source in a given 
direction within the unit of the spatial angel.  Its unit is candela.

Illuminance: Illuminance (E) is the total luminous flux incident on a surface, per unit 
area. Its unit is candela /m.

Luminance: Luminance (L) is the luminous intensity emitted by the surface area of 1 
cm² (or 1 m²) of the light source. Its unit is lux (lx).

Labeled: Equipment or materials to which a symbol or other identifying mark has 
been attached by the manufacturer indicating compliance with specified standard or 
performance in a specified manner. This mark is known as a label. 

Lamp: It is a generic term for man-made light sources often called bulb or tube.

Lighted floor area, gross: It is the gross area of lighted floor spaces. 

Lighting, emergency: It is the battery-backed lighting that provides illumination only 
when there is a power outage and general lighting luminaires are unable to function.
  
Lighting, general: It is the lighting that provides a substantially uniform level of 
illumination throughout an area. General lighting shall not include decorative lighting 
or lighting that provides a dissimilar level of illumination to serve a specialized 
application or feature within such area. 

Lighting system: It is a group of luminaires circuited or controlled to perform a 
specific function.

Occupant sensor: It is a device that detects the presence or absence of people within 
an area and causes lighting, equipment, or appliances to be dimmed, or switched on 
or off accordingly.

Lighting power allowance: 
a) Interior lighting power allowance: the maximum lighting power in watts 
allowed for the interior of a building 
b) Exterior lighting power allowance: the maximum lighting power in watts 
allowed for the exterior of a building

Lighting Power Density (LPD): It is the maximum lighting power per unit area of 
space as per its function or building as per its classification.

Low energy comfort systems: These are the space conditioning or ventilation systems 
that are less energy-intensive than vapor compression based space condition systems.
These primarily employ alternate heat transfer methods or materials (adiabatic 
cooling, radiation, desiccant, etc.), or renewable sources of energy (solar energy, 
geo-thermal) so that minimal electrical energy input is required to deliver heating or 
cooling to spaces.

Luminaires: It is a complete lighting unit consisting of a lamp or lamps together with 
the housing designed to distribute the light, position and protect the lamps, and 
connect the lamps to the power supply.

Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.
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Connected load: It is the sum of the rated wattage of all equipment, appliances, and 
devices to be installed in the building or part of building or building complexes, in 
terms of kilowatt (kW) that will be allocated to all applicants for electric power 
consumption in respect of the proposed building or building complexes on their 
completion.

Contract Demand: It is the maximum demand in kilowatt (kW) or kilo Volt Ampere 
(kVA) (within a consumer’s sanctioned load) agreed to be supplied by the electricity 
provider or utility in the agreement executed between the users and the utility or 
electricity provider.

Mean temperature: It is the average of the minimum daily temperature and 
maximum daily temperature. 

Metering: It is the practice of installing meters in buildings to acquire data for energy 
consumption and other operational characteristics of individual equipments or 
several types of equipment grouped on basis of their function (lighting, appliances, 
chillers, etc.). Metering is done in buildings to monitor their energy performance.

Transformer: Transformer is a device used to transform high voltage to low voltage, 
and vice versa. 

Manufacturing processes: These are the processes through which raw material is 
converted into finished goods for commercial sale using machines, labor, chemical or 
biological processes, etc.

Manual (non-automatic): It requires personal intervention for control. Non-automatic 
does not necessarily imply a manual controller, only that personal intervention is 
necessary. 

Alternating Current: This means that the direction of current flowing in a circuit is 
constantly being reversed back and forth. 
 
Direct Current (DC): It is the flow of electrical charge in the same direction. 
Conductor: It is a substance in which electrical charge carriers, usually electrons, move 
easily from atom to atom with the application of voltage. 

Full load: A full load current is the largest current that a motor or other device is 
designed to carry under particular conditions.

Dry-type transformer: A dry-type transformer is a type of transformer that never uses 
any insulating liquid where its winding or core is immersed in liquid. 
  
Oil type transformer: It is a transformer where the magnetic circuit and windings are 
immersed in oil.

Three-phase induction motor: Three-phase induction motor does not require an 
additional starting device. These types of motors are also known as self-starting 
induction motors.

Stress: Stress is the internal forces per unit area developed in an object subjected to an 
external force.

Peak Load: Peak load is the time of high demand.

Power Factor: The power factor is the ratio between real power and Apparent Power. 
Inductive Current: It resists changes in current and lags the voltage while measuring 
current. 

Reactive power: Reactive power occurs in an AC circuit when the voltage and current 
are not in phase.
 
Overcurrent: It is any current over the rated current of the equipment of the capacity 
of the conductor. It may result from overload, short circuit, or ground fault.

Fossil fuels: Fossil fuels are hydrocarbons, primarily coal, fuel oil or natural gas, 
formed from the remains of dead plants and animals.

Greenhouse gases: Greenhouse gases are those gases that trap the infrared rays of the 
sun from entering the atmosphere and in turn, they raise the temperature of the 
atmosphere which leads to global warming. 

Hydroelectric energy: Hydroelectric energy means electric energy coming from 
sources that convert energy (potential or kinetic) of water to electrical energy.

Bioenergy: Bioenergy is the renewable energy created by living organisms. Biomass is 
an organic material which has stored sunlight in the form of chemical energy.

Geothermal energy: Geothermal energy is an energy source derived from the heat of 
the earth. The heat must be near the surface so it can be extracted. 
 
Total harmonic distortion: The total harmonic distortion is the ratio of voltage in the 
harmonic frequencies to the principle frequency. 

Photovoltaic: Photovoltaic means 'voltage from light' and refers to a solid-state 
semiconductor device, aka solar cell that produces a potential difference (voltage) and 
current of electrons (electricity) when exposed to light.

Kilovolt-ampere (kVA): It is the product of the line current (amperes) times the 
nominal system voltage (kilovolts) times 1.732 for three-phase currents. For 
single-phase applications, kVA is the product of the line current (amperes) times the 
nominal system voltage (kilovolts). 

Kilowatt (kW): It is the basic unit of electric power, equal to 1000 W.

Party wall: It is a firewall on an interior lot line used or adapted for joint service 
between two buildings. 

Permanently installed: It is the equipment that is fixed in place and is not portable or 
movable. 

Plenum: It is a compartment or chamber to which one or more ducts are connected, 
which forms a part of the air distribution system, and that is not used for occupancy 
or storage.  

Plug loads: It is the energy used by products that are powered using an AC plug. This 
term excludes building energy that is attributed to major end uses like HVAC, 
lighting, water heating, etc. 

Pool: It is any structure, basin, or tank containing an artificial body of water for 
swimming, diving, or recreational bathing. The term includes, but is not limited to, 
swimming pool, whirlpool, spa, hot tub.

Process load: It is the building loads resulting from the consumption or release of 
energy due to industrial processes or processes other than those for providing space 
conditioning, lighting, ventilation, or service hot water heating.

Transformer losses: These are electrical losses in a transformer that reduces its 
efficiency.  

Transport Buildings (Assembly): It is any building or structure used for 
transportation and transit like airports, railway stations, bus stations, and 
underground and elevated mass rapid transit system example, underground or 
elevated railways.
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Window Wall ratio: The window-to-wall ratio is the measure of the percentage area 
determined by dividing the building's total glazed area by its exterior envelope wall 
area.
 
Skylight Roof ratio: The skylight roof ratio (SRR) is the ratio of the area of the skylight 
in comparison to the total roof area. 
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Acid Rain: It is made up of water droplets that are unusually acidic because of 
atmospheric pollution, most notably the excessive amounts of sulfur and nitrogen 
released by cars and industrial processes.

Retrofitting: Retrofitting is a method of modifying existing structures with new 
components to resist the earthquake load or any other loads. 
Sustainability: Sustainability means meeting one’s own needs without compromising 
the ability of future gener.

ABREVIATIONS

1. TOE  Tons of Oil Equivalent
2. MOP  Ministry of Power 
3. CAGR  Compound Annual Growth Rate 
4. TEDDY TERI Energy & Environment Data Diary and Yearbook
5. GW  Giga Watt
6. MW  Mega Watt
7. KWh  Kilowatt Hour 
8. EBP  Ethanol Blending Petrol 
9. HPCL  Hindustan Petroleum Corporation Limited   
10. MTPA  Million Tons Per Annum 
11. ECBC  Energy Conservation Building Code 
12. BEE  Bureau of Energy Efficiency
13. USAID  United States Agency for International Development
14. PEDA  Punjab Energy Development Agency 
15. SDA  State Designated Agency 
16. EPI  Energy Performance Index
17. GHG  Greenhouse Gas
18. HVAC  Heating, Ventilation and Air Conditioning
19. IAQ  Indoor Air Quality
20. AAC  Autoclave Aerated Concrete
21. XPS  Extruded Polystyrene Insulation 
22. EPS  Expanded Polystyrene Insulation    
23. NBC  National Building Code
24. UPVC  Unplasticised Polyvinyl Chloride
25. PVC  Polyvinyl Chloride
26. SRI  Solar Reflective Index
27. SEER  Seasonal Energy Efficiency Ratio
28. BTU  British Thermal Units 
29. EER  Energy Efficiency Ratio 
30. HSPF  Heating Seasonal Performance Factor 
31. VFD  Variable Frequency Drive
32. WBP  Whole Building Performance Method
33. AGA  Above Grade Area 
34. NMEEE National Mission for Enhanced Energy Efficiency 
35. NAPCC National Action Plan on Climate Change 
36. PAT  Plan, Achieve and Trade Scheme 
37. MTEE  Market Transformation for Energy Efficiency 
38. EEFP  Energy Efficiency Financing Program
39. FEEED  Framework for Energy Efficiency Economic Development 
40. DSM  Demand Side Management 
41. ULB  Urban Local Bodies 
42. SMEs  Small and Medium Size Enterprises 
43. MSMEs Ministry of Micro, Small and Medium Enterprises. 
44. EC ACT Energy Conservation Act 

45. LED  Light Emitting Diode 
46. PWD  Public Work Department
47. ISO  International Organization of Standardization. 
48. SHGC  Solar Heat Gain Coefficient
49. SC  Shading Coefficient 
50. UDI  Useful Daylight Illumination 
51. VLT  Visual Light Transmission 
52. IST  India Standard Time
53. DEF  Daylight Extent Factors. 
54. ASTM  American Society for Testing and Materials
55. EPDM  Ethylene Propylene Diane Monomer 
56. WWR  Wall – Window Ratio 
57. EPF  Envelope Performance Factor 
58. VOC  Volatile Organic Compound 
59. DCV  Demand Control Ventilation 
60. COP  Coefficient of Performance 
61. IPLV  Integrated Part Load Value 
62. VRF  Variable Refrigerant Flow 
63. ANSI  American National Standards Institute
64. AHRI  Air Conditioning, Heating and Refrigeration Institute. 
65. IEER  Integrated Energy Efficiency Ratio 
66. PLC  Programmable Logic Control 
67. VAV  Variable Air Volume 
68. AC  Alternating Current 
69. DC   Direct Current 
70. CT  Current Transformer
71. PT  Potential Transformer 
72. DG  Diesel Generators
73. SFC  Specific Fuel Consumption 
74. THD  Total Harmonic Distortion 
75. UPS  Uninterruptible Power Supply 
76. REGZ  Renewable Energy Generating Zone 
77. WBP  Whole Building performance 
78. LEED  Leadership in Energy and Environmental Design 
79. GRIHA Green Rating Integrated Habitat Assessment 
80. APFC  Automatic Power Factor Controller 
81. PV  Photovoltaic Devices 
82. GHG  Greenhouse Gases 
83. USGBC U.S. Green Building Council
84. HID  High intensity Discharge 
85. BUA  Built-Up Area 
86. CFL  Compact Fluorescent Light
87. Wh  Watthour
88. W  Watt
89. TR  Tons of refrigeration  
90. Pa  Pascal  



Certain terms, abbreviations, and acronyms are defined in this section for this code. 
These definitions apply to all sections of this code. Terms that are not defined shall 
have their ordinarily accepted meanings within the context in which they are used.

CHAPTER-1
 
Biomass: Biomass is any mass, even waste/ refuses from plant or animal origin.
Bagasse: Bagasse is a sugarcane fibre pulp left after the juice has been extracted from 
the sugarcane stable. It is estimated that bagasse contributes to 33.3% residue of the 
total cane crushed.
 
Façade: Façade is the principal front of a building that faces on to a street or open 
space.
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Net Zero Building: A zero net energy building is designed to ensure zero net 
consumption, which means the total amount of energy consumed by the building 
annually should equal the amount of renewable energy created on-site.
Building envelope: It is a physical separator comprised of a series of components and 
systems that protect the interior space of a building from the effects of the external 
environment, like precipitation, wind, temperature, humidity, ultraviolet radiation, 
etc. 

Dehumidification: Dehumidification is a process of removal of moisture from the air 
in a conditioned room.

Humidity:  Humidity is the percentage of water vapor in the air. 
Fly Ash: Fly ash, also known as pulverized fuel ash, is a by-product obtained from 
coal-fired electric power plants.

Thermal Conductivity: Thermal conductivity is the ability of a material to conduct 
heat through it.

Ventilation: Ventilation is the process of replacing air to provide maximum indoor 
air quality to control temperature, remove odors, replenish oxygen, and remove 
moisture, smoke, heat, dust, carbon dioxide and airborne bacteria from the indoor 
space.

Durability: A durable material is not easily destroyed by use and lasts for a relatively 
long duration. 
 
Efflorescence: Efflorescence is a crystalline deposit on surfaces of masonry, stucco or 
concrete.
 
Urban Heat Island Effect: The heat island effect is named for an urban area that is 
considerably warmer than the surrounding, natural and rural lands. This effect 
happens because of the materials used in construction for building, together with 
energy emissions from transportation (cars) and industry.

Solar Reflective index: The Solar Reflective Index (SRI) is a measure of the solar 
reflectance and emissivity of materials that can be used as an indicator of how hot 
they are likely to become when solar radiation is incident on their surface.
Thermal Emissivity: The thermal emissivity of the surface of a material is its 
effectiveness in emitting energy as thermal radiation.

Incandescent: This type of light bulb is called an incandescent bulb because its 
filament is heated until it gives off light.

Seasonal Energy Efficiency Ratio:  It is the ratio of the total annual amount of heat 
that the equipment can remove from the indoor air when operated for cooling in 
active mode to the total annual amount of energy consumed by the equipment during 
the same period.

Energy Efficiency Ratio: A room air conditioner's efficiency is measured by the 
energy efficiency ratio (EER). The EER is the ratio of the cooling capacity (in British 
thermal units (BTUs) per hour to the power input (in watts). The higher the EER 
rating, the more efficient the air conditioner.

Heating seasonal performance factor: Heating seasonal performance factor (HSPF) 
is specifically used to measure the efficiency of air-source heat pumps. HSPF is 
defined as the ratio of heat output (measured in BTUs) over the heating season to 
electricity used (measured in watt-hours). 
                                                                                  
Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.

Out-patient Healthcare (Type of Healthcare): It is any building or a group of 
buildings under a single management, which is used only for treating persons 
requiring treatment or diagnosis of disease but not requiring overnight or longer 
accommodation in the building during treatment or diagnosis.
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Energy Performance Index: Energy Performance Index (EPI) is the total energy 
consumed in a building over a year divided by total built-up area in kWh/sq m/year 
and is considered as the simplest and most relevant indicator for qualifying a 
building as energy-efficient or not.

Compliance documents: These are the forms specified in ECBC Rules and 
Regulations to record and check compliance with these rules. These include but are 
not limited to EPI Ratio Compliance Report, Building Envelope Compliance Form, 
Mechanical Systems Compliance Form, and Permit Checklist, Lighting System 
Compliance Form and Permit Checklist and certificates from Certified Energy 
Auditor for existing or proposed buildings.

Cumulative design EPI: It is the Energy Performance Index for a building having two 
or more different functional uses, and is calculated based on the area-weighted 
average (AWA) method.

CHAPTER-4
 
Building or building complex or complex:  A structure wholly or partially enclosed 
within the exterior walls, or within exterior and party walls, and a roof, affording 
shelter to persons, animals, or property. Building complex means a building or group 
of buildings constructed in a contiguous area for business, commercial, institutional, 
healthcare, hospitality purposes or assembly buildings under the single ownership of 
individuals or group of individuals or the name of a co-operative group society or on 
lease and sold as shops or office space or space for other commercial purposes, 
having a connected load of 100 kW or contract demand of 120 kVA and above.

Building, base: It includes building structure, building envelope, common areas, 
circulation areas, parking, basements, services area, plant room and its supporting 
areas, and open project site area.

Building, core, and shell: These are buildings where the developer or owner will 
only provide the base building and its services.

24-hour Business Building: These are business building operated and occupied for 
more than 12 hours on each weekday. The Intensity of occupancy may vary. 
 
Above Grade Area (AGA): AGA is the cumulative floor area of all the floor levels of 
a building that are above the ground-level. Ground level shall be as defined in the 
building site plan. A floor level is above grade if one-third of the total external surface 
area of only the said floor level is above the ground level. 
 
Addition: It is an extension or increase in floor area or height of a building outside of 
the existing building envelope. 

Alteration: It is any change, rearrangement, replacement, or addition to a building or 
its systems and equipment; any modification in construction or building equipment.

Area weighted average (AWA) method: AWA method is based on the concept of 
weighted arithmetic mean where instead of each data point contributing equally to 
the final mean, each data point contributes more “weight” than others based on the 
size of the area the said data point applies to. To calculate the area-weighted average 
mean, a summation of each data point multiplied with its respective area is divided 
with the total area. 
 
Astronomical time switch: It is an automatic time switch that adjusts the length of the 
day as it varies over the year.

Fenestration:  Fenestration refers to the openings in the building envelope, including 
the installation of windows, doors, and skylights. The process of including these 
openings in the building envelope is known as fenestration.

U- Factor: 'U-Factor" or U-Value", also referred to as the K-Value, is the measurement 
of the thermal conductance of a material that reflects the effectiveness of the material 
to allow the flow of heat.

Solar Heat Gain Coefficient (SHGC): It is the ratio of the solar heat gain entering the 
space through the fenestration area to the incident solar radiation. Solar heat gain 
includes directly transmitted solar heat and absorbed solar radiation, which is then 
reradiated, conducted, or convected into space. 

Class of construction: It is the classification that determines the construction 
materials for the building envelope, roof, wall, floor, slab-on-grade floor, opaque 
door, vertical fenestration, and skylight.

Visual light transmission: It is simply the measurable amount of solar visible light 
(daylight) that travels through a glazing system.

Conduction: Conduction is the heat transfer through a solid medium due to the 
temperature difference. 

Convection: Convection is the heat transfer through a fluid medium such as air or 
water. Convection within the envelope assembly will depend on the temperature 
difference across the surfaces and also the airspeed.
 
Radiation: Radiation is heat transfer through electromagnetic radiation. All bodies 
facing an air space or a vacuum emit and absorb radiant energy continuously. Heat 
transfer by radiation will take place from a warmer surface to a cooler one.

Resistance: It is denoted as R, and is the ability of a material to resist heat flow. It is 
the reciprocal of conductance, (Units are m2 K/W). 

Emittance: It is the ability of a material to re-radiate absorbed heat as invisible 
infrared radiation.  It indicates the ability of a material to lose heat, consequently 
reducing the sensible heat content of the object.

R-value (thermal resistance): It is the reciprocal of the time rate of heat flow through 
a unit area induced by a unit temperature difference between two defined surfaces of 
material or construction under steady-state conditions. The units of R-value are m2.K 
/W.  

Recirculating system: It is a domestic or service hot water distribution system that 
includes a closed circulation circuit designed to maintain temperatures in hot water 
pipes near terminal devices (e.g. lavatory faucets and showerheads) to reduce the 
time required to obtain hot water when the terminal device valve is opened. The 
motive force for circulation is either natural (due to water density variations with 
temperature) or mechanical (recirculation pump).

Reflectance: The ability of a material to reflect radiation without changing the 
temperature of the material.  Surfaces with higher reflectance tend to absorb less heat.
Absorptance: The ability of a material to absorb radiation. This is converted into 
sensible heat within the material, thus raising its temperature.

Projection factor, overhang: It is the ratio of the horizontal depth of the external 
shading projection to the sum of the height of the fenestration and the distance from 
the top of the fenestration to the bottom of the farthest point of the external shading 
projection, in consistent units.

Projection factor, side fin:  It is the ratio of the horizontal depth of the external 
shading projection to the distance from the window jamb to the farthest point of the 
external shading projection, in consistent units.
 
Projection Factor, overhang and side fin: It is the average of projection factor for 
overhang only and projection factor of side fin only.  
  
Ultraviolet: Ultraviolet is electromagnetic radiation with a wavelength from 10 nm to 
400 nm, shorter than that of visible light but longer than X-rays.

Wall Window Ratio: It is the ratio of the window area to the gross exterior wall area.
Skylight roof ratio (SRR): It is the ratio of the area of the skylight in comparison to the 
total roof area.

Renewable Energy Generating Zone: It is a contiguous or semi-contiguous area, 
either on the rooftop or elsewhere within the site boundary, dedicated to the 
installation of renewable energy systems.

Cool roof: It is the roof with a top layer of material that has high solar reflectance and 
high thermal emittance properties. Cool roof surfaces are characterized by light 
colors so that heat can be rejected back to the environment. 

Daylight Extension Factor (DEF): It is the factor which manually calculates the 
daylight area on floor plates. It is to be multiplied by the head height of windows. It 
is dependent on orientation and glazing VLT, shading devices adjacent to it and 
building location.  

Daytime Business Building:  It is the business building operated typically only 
during the daytime on weekdays up to 12 hours each day.  

Effective aperture: It is the multiplication of Visible Light Transmittance and the 
window-to-wall ratio. (EA = VLT x WWR)

Water heater: It is the vessel in which water is heated and withdrawn for use external 
to the system.

CHAPTER-5 

HVAC system: This includes the equipment, distribution systems, and terminal 
devices that provide, either collectively or individually, the processes of heating, 
ventilating, or air conditioning to a building or parts of a building.

Coefficient of Performance (COP) – cooling: It is the ratio of the rate of heat removal 
to the rate of energy input, in consistent units, for a complete refrigerating system or 
some specific portion of that system under designated operating conditions.

Coefficient of Performance (COP) – heating: It is the ratio of the rate of heat 
delivered to the rate of energy input, in consistent units, for a complete heat pump 
system, including the compressor and, if applicable, auxiliary heat, under designated 
operating conditions.

Common area: These are the areas within a building that are available for use by all 
tenants in a building (i.e. lobbies, corridors, restrooms, etc.).

 Mechanical cooling: It reduces the temperature of a gas or a liquid by using vapor 
compression, absorption, and desiccant dehumidification combined with evaporative 
cooling or another energy-driven thermodynamic cycle. Indirect or direct 
evaporative cooling alone is not considered mechanical cooling.

Commercial building: It is a building or a part of building or building complex 
which are used or intended to be used for commercial purposes and classified as per 
the time of the day the building is operational and sub-classified, as per the functional 
requirements of its design, construction, and use as per following details:

Group I – 24 hours building covering Type A Hospitality, Type B Health Care and 
Type C Assembly and, 
Group II – Regular building covering Type D Business, Type E Educational, and Type 
F Shopping Complexes.

Dead band:  It is the range of values within which a sensed variable can vary without 
initiating a change in the controlled process. 

Demand: It is the maximum rate of electricity (kW) consumption recorded for a 
building or facility during a selected time frame.  

Demand control ventilation (DCV):  It is the ventilation system capability that 
provides automatic reduction of outdoor air intake below design rates when the 
actual occupancy of spaces served by the system is less than the design occupancy. 
Design capacity: It is the output capacity of a mechanical or electrical system or 
equipment at design conditions. 

Design conditions: These are specified indoor environmental conditions, such as 
temperature, humidity, and light intensity, required for producing and maintaining 
by a system and under which the system must operate. 

Distribution system: It is a network or a system comprising controlling devices or 
equipment and distribution channels (cables, coils, ducts, pipes, etc.) for delivery of 
electrical power or, cooled or heated water or air in buildings.

Door area: It is the total area of the door measured using the rough opening and 
including the door slab and the frame.

Economizer: an economizer is a mechanical device used to reduce energy 
consumption. Economizers recycle energy produced within a system or leverage 
environmental temperature differences to achieve efficiency improvements.

Economizer, air: It is a duct and damper arrangement with automatic controls that 
allow a cooling system to supply outdoor air to reduce or eliminate the need for 
mechanical cooling during mild or cold weather.

Economizer, water: It is a system by which the supply air of a cooling system is 
cooled indirectly with water that is itself cooled by heat or mass transfer to the 
environment without the use of mechanical cooling.

Mixed-mode air-conditioned building: It is the building in which natural ventilation 
is employed as the primary mode of ventilation, and air conditioning is deployed as 
and when required. 
 
Mixed-use development: It is a single building or a group of buildings used for a 
combination of residential, commercial, business, educational, hospitality and 
assembly purposes. 

Air conditioning and condensing units serving computer rooms: It is the air 
conditioning equipment that provides cooling by maintaining space temperature and 
humidity within a narrow range. Its major application is in data centers where 
dissipating heat generated by equipment takes precedence over comfort cooling for 
occupants.

Relative Humidity: Relative humidity is the ratio of the partial pressure of water 
vapor in the air (which is related to the actual amount present) divided by the vapor 
pressure of water at that same temperature (which is related to the maximum amount 
of water vapor that the air can hold at that temperature).

Thermal Comfort: Thermal comfort is a condition of mind/body that expresses 
satisfaction with the thermal environment. Due to its subjectivity, thermal comfort 
may be different for individuals. Thermal comfort is maintained when the heat 
generated by the human metabolism is allowed to dissipate at a rate that maintains 
thermal equilibrium in the body.

Natural Ventilation: It is the ventilation done by pressure difference air always flows 
from high pressure to low pressure.

Mechanical Ventilation: It is a type of ventilation in which we use mechanical 
equipment for creating pressure difference for the flow of air.

Mixed Mode Ventilation: In this type of ventilation both natural and mechanical 
type of ventilation is used. 

Coefficient of performance: It is the ratio of the desired effect to work input in a 
refrigerator or a heat pump.

Chiller: A chiller is a machine that removes heat from a liquid via a 
vapor-compression or absorption refrigeration cycle. 

Variable refrigerant flows: The main compressor which pumps refrigerant around 
can run at various speeds (steeples), thereby continuously increasing (or decreasing) 
flow of refrigerant based on demand during various hours/minutes of usage. This is 
known as variable refrigerant flow, or VRV (variable refrigerant volume).

Air Conditioning: Air conditioning refers to the process of controlling the 
temperature and humidity of the air to suit the needs of the occupants or an industrial 
process.

Unitary air conditioning system:  The working of the window air conditioner is to 
cool only one particular room, commonly known as the "unitary unit”. This type of ac 
is installed in the window of a room. It will cool a room by emitting the warm air out 
the back of it and blowing cool air into it.

Split Air Conditioning System: Central HVAC systems are regularly referred to as a 
“split” system due to the simple fact that some of the components are installed inside 
the home and some of the components are installed outside a home.

Packaged air conditioning System: This type of unit is perfect for cooling multiple 
rooms or a large space in a home or office. All the components, namely the 
compressor, condenser (which can be air-cooled or water-cooled), expansion valve 
and evaporator are housed in a single box.

Cooling capacity: Cooling capacity is the measure of a cooling system's ability to 
remove heat. 

Thermostat: Thermostat is a control that tells the heating and the cooling system when 
to heat or cool or do nothing.

Variable speed drive: It is used for varying the speed of an induction motor by 
changing the motor's input supply frequency and voltage, keeping the flux constant. 
Throttle: Throttle is a device that controls the engine RPM by directly controlling the 
amount of air going in.

Terminal device: It is a device through which heated or cooled air is supplied to a 
space to maintain its temperature. It usually contains dampers and heating and 
cooling coils. In other words, it is a device by which energy from a system is finally 
delivered (e.g. registers, diffusers, lighting fixtures, faucets, etc.). 

Theatre or motion picture hall (Type of Assembly): It is any building primarily 
meant for theatrical or operatic performances and which has a stage, proscenium 
curtain, fixed or portable scenery or scenery loft, lights, mechanical appliances or 
other theatrical accessories and equipment. For example, theatres, motion picture 
houses, auditoria, concert halls, television and radio studios admit an audience, which 
is provided with fixed seats. 

Thermal block: It is a collection of one or more HVAC zones grouped for simulation 
purposes. The spaces need not be contiguous to be combined within a single thermal 
block. 

Thermal comfort conditions: These are the conditions that influence the thermal 
comfort of occupants. Environmental conditions that influence thermal comfort are air 
and radiant temperature, humidity, and airspeed.

Sensible cooling: It is the portion of the cooling process that affects only the 
temperature of the air, without changing the humidity.
 
Dampers: Dampers are devices that regulate the airflow in an air handling system.  
Backdraft Dampers: Backdraft dampers (also known as gravity dampers) are used in 
ventilation systems to allow airflow in one direction, and prevent airflow in the 
opposite direction.

Tinted: It is (as applied to fenestration) bronze, green, or grey coloring that is integral 
with the glazing material. Tinting does not include surface applied films such as 
reflective coatings, applied either in the field or during the manufacturing process.
Insulation: Insulation is defined as the material used to insulate something, especially 
a building. Insulation is material used that reduces heat loss or heat gain by providing 
a barrier between the inside of a home or any building and the significantly different 
temperature outside.

Refrigerant: A refrigerant is a compound or a mixture (usually in a fluid state in room 
temperature) used to pump heat from one system to another.
Register: Register is an air inlet with a balancing damper behind it, so the airflow 
quantity can be adjusted. 

Grille: A grille is just a fancy hole cover over an air inlet with slotted openings for 
airflow but with no balancing capability. 

 Diffuser: It is a device that's used to increase the static pressure of the fluid that passes 
through the system, and also reduces the velocity of the fluid.

Condenser: A condenser is a device or unit which is used to condense a substance 
from its gaseous to its liquid state.

Impeller: It is a rotating part of a machine that transfers energy.

Evaporation: Evaporation involves a liquid changing to a gas.

Passive solar heating: It uses the sun's energy to heat a building. The windows, walls, 
and floors can be designed to collect, store, and distribute solar energy in the form of 
heat in the winter (and also to reject solar heat in the summer). 

Active Solar Heating: Active solar heating systems use solar energy to heat a fluid 
(either liquid or air), and then transfer the solar heat directly to the interior space or a 
storage system for later use. 

Sensor: A sensor is a device that detects and responds to some type of input from the 
physical environment.

Actuators: An actuator is something that converts energy into motion.

Compressor:  A compressor is a mechanical device that increases the pressure of a gas 
by reducing its volume.  

Hydronic Balancing: Hydronic balancing, also called hydraulic balancing, is the 
process of optimizing the distribution of water in a building's hydronic heating or 
cooling system by equalizing the system pressure so it provides the intended indoor 
climate at optimum energy efficiency and minimal operating cost.

Variable flow hydronic system: A common method of regulating the heating or 
cooling output of hydronic air handlers and other types of HVAC terminal units is to 
vary the water flow rate through their coils. This is known as a variable flow hydronic 
system.

 Heat pump: It is a device that transfers heat from a colder area to a hotter area by 
using mechanical energy, as in a refrigerator.

Boiler: A boiler is a closed vessel in which fluid (generally water) is heated.  
Evaporative cooling: Evaporative cooling is a process that uses the effect of 
evaporation to cool the surrounding air.
 
Desiccant cooling system: Desiccant is used for the absorption of moisture. Generally 
activated alumina or some other hygroscopic materials are used in the process.
 
Trigeneration: Cogeneration or combined heat and power (CHP) is the use of a heat 
engine or power station to generate electricity and useful heat at the same time.
 
Radiant Cooling System: Radiant cooling cools a floor or ceiling by absorbing the 
heat from the rest of the room.

Ground source heat pump: A geothermal heat pump (GHP) or ground source heat 
pump (GSHP) is a central heating and/or cooling system that transfers heat to or from 
the ground. 
 
Adiabatic Cooling system: An adiabatic process is the one that occurs on a system 
without the system transferring or receiving any heat energy from the surroundings.
  
Earth air tunnel: Earth air tunnel or earth air heat exchanger is a pre-cooling or 
pre-heating system which consists of a pipe or network of pipes buried at a reasonable 
depth below the ground surface. 

Energy Efficiency Ratio (EER): The ratio of net cooling capacity in kW to the total rate 
of electric input in watts under design operating conditions.

Energy Recovery System: It is the equipment that recovers energy from building or 
space exhaust air and uses it to treat (pre-heat or pre-cool) outdoor air taken inside the 
building or space by ventilation systems.
 
Fan system power: It is the sum of the nominal power demand of motors of all fans 
that are required to operate at design conditions to supply air from the heating or 
cooling source to the conditioned space(s) and return it to the point where it can be 
exhausted to outside the building.

Heat capacity: It is the amount of heat necessary to raise the temperature of a given 
mass by 1°C. Numerically, the heat capacity per unit area of the surface (W/m2.K) is 
the sum of the products of the mass per unit area of each material in the roof, wall, or 
floor surface multiplied by its specific heat.

Infiltration: Uncontrolled inward air leakage through cracks and crevices in external 
surfaces of buildings, around windows and doors due to pressure differences across 
these caused by factors such as wind or indoor and outside temperature differences 
(stack effect), an imbalance between supply and exhaust air systems. 

Variable Air Volume (VAV) system: It is the HVAC system that controls the dry-bulb 
temperature within a space by varying the volumetric flow of heated or cooled air 
supplied to space. 

Vegetative roofs: Also known as green roofs, the vegetative roofs are thin layers of 
living vegetation installed on top of conventional flat or sloping roofs. 

Vision Windows: These are the windows or areas of large windows that are primarily 
for both daylight and exterior views. Typically, their placement in the wall is between 
1 meter and 2.2 meters above the floor level.

Wall area, gross: It is the overall area of a wall including openings such as windows 
and doors measured horizontally from outside surface to outside service and 
measured vertically from the top of the floor to the top of the roof. If roof insulation is 
installed at the ceiling level rather than the roof, then the vertical measurement is 
made to the top of the ceiling. The gross wall area includes the area between the ceiling 
and the floor for multi-story buildings. 
 
Zone, HVAC: It is a space or a group of spaces within a building with heating and 
cooling requirements that are sufficiently similar so that desired conditions (e.g., 
temperature) can be maintained throughout using a single sensor (e.g., thermostat or 
temperature sensor).

CHAPTER-6

Efficacy: It is the lumens produced by a lamp plus ballast system divided by the total 
watts of input power (including the ballast), expressed in lumens per watt

Luminous flux: Luminous flux (Φ) is the quantity of the energy of the light emitted per 
second in all directions. Its unit is lumen (lm).

Luminous intensity: Luminous intensity (I) is the ability to emit light into a given 
direction, or it is the luminous flux that is radiated by the light source in a given 
direction within the unit of the spatial angel.  Its unit is candela.

Illuminance: Illuminance (E) is the total luminous flux incident on a surface, per unit 
area. Its unit is candela /m.

Luminance: Luminance (L) is the luminous intensity emitted by the surface area of 1 
cm² (or 1 m²) of the light source. Its unit is lux (lx).

Labeled: Equipment or materials to which a symbol or other identifying mark has 
been attached by the manufacturer indicating compliance with specified standard or 
performance in a specified manner. This mark is known as a label. 

Lamp: It is a generic term for man-made light sources often called bulb or tube.

Lighted floor area, gross: It is the gross area of lighted floor spaces. 

Lighting, emergency: It is the battery-backed lighting that provides illumination only 
when there is a power outage and general lighting luminaires are unable to function.
  
Lighting, general: It is the lighting that provides a substantially uniform level of 
illumination throughout an area. General lighting shall not include decorative lighting 
or lighting that provides a dissimilar level of illumination to serve a specialized 
application or feature within such area. 

Lighting system: It is a group of luminaires circuited or controlled to perform a 
specific function.

Occupant sensor: It is a device that detects the presence or absence of people within 
an area and causes lighting, equipment, or appliances to be dimmed, or switched on 
or off accordingly.

Lighting power allowance: 
a) Interior lighting power allowance: the maximum lighting power in watts 
allowed for the interior of a building 
b) Exterior lighting power allowance: the maximum lighting power in watts 
allowed for the exterior of a building

Lighting Power Density (LPD): It is the maximum lighting power per unit area of 
space as per its function or building as per its classification.

Low energy comfort systems: These are the space conditioning or ventilation systems 
that are less energy-intensive than vapor compression based space condition systems.
These primarily employ alternate heat transfer methods or materials (adiabatic 
cooling, radiation, desiccant, etc.), or renewable sources of energy (solar energy, 
geo-thermal) so that minimal electrical energy input is required to deliver heating or 
cooling to spaces.

Luminaires: It is a complete lighting unit consisting of a lamp or lamps together with 
the housing designed to distribute the light, position and protect the lamps, and 
connect the lamps to the power supply.

Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.

CHAPTER-7
 
Connected load: It is the sum of the rated wattage of all equipment, appliances, and 
devices to be installed in the building or part of building or building complexes, in 
terms of kilowatt (kW) that will be allocated to all applicants for electric power 
consumption in respect of the proposed building or building complexes on their 
completion.

Contract Demand: It is the maximum demand in kilowatt (kW) or kilo Volt Ampere 
(kVA) (within a consumer’s sanctioned load) agreed to be supplied by the electricity 
provider or utility in the agreement executed between the users and the utility or 
electricity provider.

Mean temperature: It is the average of the minimum daily temperature and 
maximum daily temperature. 

Metering: It is the practice of installing meters in buildings to acquire data for energy 
consumption and other operational characteristics of individual equipments or 
several types of equipment grouped on basis of their function (lighting, appliances, 
chillers, etc.). Metering is done in buildings to monitor their energy performance.

Transformer: Transformer is a device used to transform high voltage to low voltage, 
and vice versa. 

Manufacturing processes: These are the processes through which raw material is 
converted into finished goods for commercial sale using machines, labor, chemical or 
biological processes, etc.

Manual (non-automatic): It requires personal intervention for control. Non-automatic 
does not necessarily imply a manual controller, only that personal intervention is 
necessary. 

Alternating Current: This means that the direction of current flowing in a circuit is 
constantly being reversed back and forth. 
 
Direct Current (DC): It is the flow of electrical charge in the same direction. 
Conductor: It is a substance in which electrical charge carriers, usually electrons, move 
easily from atom to atom with the application of voltage. 

Full load: A full load current is the largest current that a motor or other device is 
designed to carry under particular conditions.

Dry-type transformer: A dry-type transformer is a type of transformer that never uses 
any insulating liquid where its winding or core is immersed in liquid. 
  
Oil type transformer: It is a transformer where the magnetic circuit and windings are 
immersed in oil.

Three-phase induction motor: Three-phase induction motor does not require an 
additional starting device. These types of motors are also known as self-starting 
induction motors.

Stress: Stress is the internal forces per unit area developed in an object subjected to an 
external force.

Peak Load: Peak load is the time of high demand.

Power Factor: The power factor is the ratio between real power and Apparent Power. 
Inductive Current: It resists changes in current and lags the voltage while measuring 
current. 

Reactive power: Reactive power occurs in an AC circuit when the voltage and current 
are not in phase.
 
Overcurrent: It is any current over the rated current of the equipment of the capacity 
of the conductor. It may result from overload, short circuit, or ground fault.

Fossil fuels: Fossil fuels are hydrocarbons, primarily coal, fuel oil or natural gas, 
formed from the remains of dead plants and animals.

Greenhouse gases: Greenhouse gases are those gases that trap the infrared rays of the 
sun from entering the atmosphere and in turn, they raise the temperature of the 
atmosphere which leads to global warming. 

Hydroelectric energy: Hydroelectric energy means electric energy coming from 
sources that convert energy (potential or kinetic) of water to electrical energy.

Bioenergy: Bioenergy is the renewable energy created by living organisms. Biomass is 
an organic material which has stored sunlight in the form of chemical energy.

Geothermal energy: Geothermal energy is an energy source derived from the heat of 
the earth. The heat must be near the surface so it can be extracted. 
 
Total harmonic distortion: The total harmonic distortion is the ratio of voltage in the 
harmonic frequencies to the principle frequency. 

Photovoltaic: Photovoltaic means 'voltage from light' and refers to a solid-state 
semiconductor device, aka solar cell that produces a potential difference (voltage) and 
current of electrons (electricity) when exposed to light.

Kilovolt-ampere (kVA): It is the product of the line current (amperes) times the 
nominal system voltage (kilovolts) times 1.732 for three-phase currents. For 
single-phase applications, kVA is the product of the line current (amperes) times the 
nominal system voltage (kilovolts). 

Kilowatt (kW): It is the basic unit of electric power, equal to 1000 W.

Party wall: It is a firewall on an interior lot line used or adapted for joint service 
between two buildings. 

Permanently installed: It is the equipment that is fixed in place and is not portable or 
movable. 

Plenum: It is a compartment or chamber to which one or more ducts are connected, 
which forms a part of the air distribution system, and that is not used for occupancy 
or storage.  

Plug loads: It is the energy used by products that are powered using an AC plug. This 
term excludes building energy that is attributed to major end uses like HVAC, 
lighting, water heating, etc. 

Pool: It is any structure, basin, or tank containing an artificial body of water for 
swimming, diving, or recreational bathing. The term includes, but is not limited to, 
swimming pool, whirlpool, spa, hot tub.

Process load: It is the building loads resulting from the consumption or release of 
energy due to industrial processes or processes other than those for providing space 
conditioning, lighting, ventilation, or service hot water heating.

Transformer losses: These are electrical losses in a transformer that reduces its 
efficiency.  

Transport Buildings (Assembly): It is any building or structure used for 
transportation and transit like airports, railway stations, bus stations, and 
underground and elevated mass rapid transit system example, underground or 
elevated railways.

CHAPTER-8  

Window Wall ratio: The window-to-wall ratio is the measure of the percentage area 
determined by dividing the building's total glazed area by its exterior envelope wall 
area.
 
Skylight Roof ratio: The skylight roof ratio (SRR) is the ratio of the area of the skylight 
in comparison to the total roof area. 
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Acid Rain: It is made up of water droplets that are unusually acidic because of 
atmospheric pollution, most notably the excessive amounts of sulfur and nitrogen 
released by cars and industrial processes.

Retrofitting: Retrofitting is a method of modifying existing structures with new 
components to resist the earthquake load or any other loads. 
Sustainability: Sustainability means meeting one’s own needs without compromising 
the ability of future gener.

ABREVIATIONS

1. TOE  Tons of Oil Equivalent
2. MOP  Ministry of Power 
3. CAGR  Compound Annual Growth Rate 
4. TEDDY TERI Energy & Environment Data Diary and Yearbook
5. GW  Giga Watt
6. MW  Mega Watt
7. KWh  Kilowatt Hour 
8. EBP  Ethanol Blending Petrol 
9. HPCL  Hindustan Petroleum Corporation Limited   
10. MTPA  Million Tons Per Annum 
11. ECBC  Energy Conservation Building Code 
12. BEE  Bureau of Energy Efficiency
13. USAID  United States Agency for International Development
14. PEDA  Punjab Energy Development Agency 
15. SDA  State Designated Agency 
16. EPI  Energy Performance Index
17. GHG  Greenhouse Gas
18. HVAC  Heating, Ventilation and Air Conditioning
19. IAQ  Indoor Air Quality
20. AAC  Autoclave Aerated Concrete
21. XPS  Extruded Polystyrene Insulation 
22. EPS  Expanded Polystyrene Insulation    
23. NBC  National Building Code
24. UPVC  Unplasticised Polyvinyl Chloride
25. PVC  Polyvinyl Chloride
26. SRI  Solar Reflective Index
27. SEER  Seasonal Energy Efficiency Ratio
28. BTU  British Thermal Units 
29. EER  Energy Efficiency Ratio 
30. HSPF  Heating Seasonal Performance Factor 
31. VFD  Variable Frequency Drive
32. WBP  Whole Building Performance Method
33. AGA  Above Grade Area 
34. NMEEE National Mission for Enhanced Energy Efficiency 
35. NAPCC National Action Plan on Climate Change 
36. PAT  Plan, Achieve and Trade Scheme 
37. MTEE  Market Transformation for Energy Efficiency 
38. EEFP  Energy Efficiency Financing Program
39. FEEED  Framework for Energy Efficiency Economic Development 
40. DSM  Demand Side Management 
41. ULB  Urban Local Bodies 
42. SMEs  Small and Medium Size Enterprises 
43. MSMEs Ministry of Micro, Small and Medium Enterprises. 
44. EC ACT Energy Conservation Act 

45. LED  Light Emitting Diode 
46. PWD  Public Work Department
47. ISO  International Organization of Standardization. 
48. SHGC  Solar Heat Gain Coefficient
49. SC  Shading Coefficient 
50. UDI  Useful Daylight Illumination 
51. VLT  Visual Light Transmission 
52. IST  India Standard Time
53. DEF  Daylight Extent Factors. 
54. ASTM  American Society for Testing and Materials
55. EPDM  Ethylene Propylene Diane Monomer 
56. WWR  Wall – Window Ratio 
57. EPF  Envelope Performance Factor 
58. VOC  Volatile Organic Compound 
59. DCV  Demand Control Ventilation 
60. COP  Coefficient of Performance 
61. IPLV  Integrated Part Load Value 
62. VRF  Variable Refrigerant Flow 
63. ANSI  American National Standards Institute
64. AHRI  Air Conditioning, Heating and Refrigeration Institute. 
65. IEER  Integrated Energy Efficiency Ratio 
66. PLC  Programmable Logic Control 
67. VAV  Variable Air Volume 
68. AC  Alternating Current 
69. DC   Direct Current 
70. CT  Current Transformer
71. PT  Potential Transformer 
72. DG  Diesel Generators
73. SFC  Specific Fuel Consumption 
74. THD  Total Harmonic Distortion 
75. UPS  Uninterruptible Power Supply 
76. REGZ  Renewable Energy Generating Zone 
77. WBP  Whole Building performance 
78. LEED  Leadership in Energy and Environmental Design 
79. GRIHA Green Rating Integrated Habitat Assessment 
80. APFC  Automatic Power Factor Controller 
81. PV  Photovoltaic Devices 
82. GHG  Greenhouse Gases 
83. USGBC U.S. Green Building Council
84. HID  High intensity Discharge 
85. BUA  Built-Up Area 
86. CFL  Compact Fluorescent Light
87. Wh  Watthour
88. W  Watt
89. TR  Tons of refrigeration  
90. Pa  Pascal  
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Certain terms, abbreviations, and acronyms are defined in this section for this code. 
These definitions apply to all sections of this code. Terms that are not defined shall 
have their ordinarily accepted meanings within the context in which they are used.
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CHAPTER-1
 
Biomass: Biomass is any mass, even waste/ refuses from plant or animal origin.
Bagasse: Bagasse is a sugarcane fibre pulp left after the juice has been extracted from 
the sugarcane stable. It is estimated that bagasse contributes to 33.3% residue of the 
total cane crushed.
 
Façade: Façade is the principal front of a building that faces on to a street or open 
space.

CHAPTER-2

Net Zero Building: A zero net energy building is designed to ensure zero net 
consumption, which means the total amount of energy consumed by the building 
annually should equal the amount of renewable energy created on-site.
Building envelope: It is a physical separator comprised of a series of components and 
systems that protect the interior space of a building from the effects of the external 
environment, like precipitation, wind, temperature, humidity, ultraviolet radiation, 
etc. 

Dehumidification: Dehumidification is a process of removal of moisture from the air 
in a conditioned room.

Humidity:  Humidity is the percentage of water vapor in the air. 
Fly Ash: Fly ash, also known as pulverized fuel ash, is a by-product obtained from 
coal-fired electric power plants.

Thermal Conductivity: Thermal conductivity is the ability of a material to conduct 
heat through it.

Ventilation: Ventilation is the process of replacing air to provide maximum indoor 
air quality to control temperature, remove odors, replenish oxygen, and remove 
moisture, smoke, heat, dust, carbon dioxide and airborne bacteria from the indoor 
space.

Durability: A durable material is not easily destroyed by use and lasts for a relatively 
long duration. 
 
Efflorescence: Efflorescence is a crystalline deposit on surfaces of masonry, stucco or 
concrete.
 
Urban Heat Island Effect: The heat island effect is named for an urban area that is 
considerably warmer than the surrounding, natural and rural lands. This effect 
happens because of the materials used in construction for building, together with 
energy emissions from transportation (cars) and industry.

Solar Reflective index: The Solar Reflective Index (SRI) is a measure of the solar 
reflectance and emissivity of materials that can be used as an indicator of how hot 
they are likely to become when solar radiation is incident on their surface.
Thermal Emissivity: The thermal emissivity of the surface of a material is its 
effectiveness in emitting energy as thermal radiation.

Incandescent: This type of light bulb is called an incandescent bulb because its 
filament is heated until it gives off light.

Seasonal Energy Efficiency Ratio:  It is the ratio of the total annual amount of heat 
that the equipment can remove from the indoor air when operated for cooling in 
active mode to the total annual amount of energy consumed by the equipment during 
the same period.

Energy Efficiency Ratio: A room air conditioner's efficiency is measured by the 
energy efficiency ratio (EER). The EER is the ratio of the cooling capacity (in British 
thermal units (BTUs) per hour to the power input (in watts). The higher the EER 
rating, the more efficient the air conditioner.

Heating seasonal performance factor: Heating seasonal performance factor (HSPF) 
is specifically used to measure the efficiency of air-source heat pumps. HSPF is 
defined as the ratio of heat output (measured in BTUs) over the heating season to 
electricity used (measured in watt-hours). 
                                                                                  
Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.

Out-patient Healthcare (Type of Healthcare): It is any building or a group of 
buildings under a single management, which is used only for treating persons 
requiring treatment or diagnosis of disease but not requiring overnight or longer 
accommodation in the building during treatment or diagnosis.

CHAPTER-3

Energy Performance Index: Energy Performance Index (EPI) is the total energy 
consumed in a building over a year divided by total built-up area in kWh/sq m/year 
and is considered as the simplest and most relevant indicator for qualifying a 
building as energy-efficient or not.

Compliance documents: These are the forms specified in ECBC Rules and 
Regulations to record and check compliance with these rules. These include but are 
not limited to EPI Ratio Compliance Report, Building Envelope Compliance Form, 
Mechanical Systems Compliance Form, and Permit Checklist, Lighting System 
Compliance Form and Permit Checklist and certificates from Certified Energy 
Auditor for existing or proposed buildings.

Cumulative design EPI: It is the Energy Performance Index for a building having two 
or more different functional uses, and is calculated based on the area-weighted 
average (AWA) method.

CHAPTER-4
 
Building or building complex or complex:  A structure wholly or partially enclosed 
within the exterior walls, or within exterior and party walls, and a roof, affording 
shelter to persons, animals, or property. Building complex means a building or group 
of buildings constructed in a contiguous area for business, commercial, institutional, 
healthcare, hospitality purposes or assembly buildings under the single ownership of 
individuals or group of individuals or the name of a co-operative group society or on 
lease and sold as shops or office space or space for other commercial purposes, 
having a connected load of 100 kW or contract demand of 120 kVA and above.

Building, base: It includes building structure, building envelope, common areas, 
circulation areas, parking, basements, services area, plant room and its supporting 
areas, and open project site area.

Building, core, and shell: These are buildings where the developer or owner will 
only provide the base building and its services.

24-hour Business Building: These are business building operated and occupied for 
more than 12 hours on each weekday. The Intensity of occupancy may vary. 
 
Above Grade Area (AGA): AGA is the cumulative floor area of all the floor levels of 
a building that are above the ground-level. Ground level shall be as defined in the 
building site plan. A floor level is above grade if one-third of the total external surface 
area of only the said floor level is above the ground level. 
 
Addition: It is an extension or increase in floor area or height of a building outside of 
the existing building envelope. 

Alteration: It is any change, rearrangement, replacement, or addition to a building or 
its systems and equipment; any modification in construction or building equipment.

Area weighted average (AWA) method: AWA method is based on the concept of 
weighted arithmetic mean where instead of each data point contributing equally to 
the final mean, each data point contributes more “weight” than others based on the 
size of the area the said data point applies to. To calculate the area-weighted average 
mean, a summation of each data point multiplied with its respective area is divided 
with the total area. 
 
Astronomical time switch: It is an automatic time switch that adjusts the length of the 
day as it varies over the year.

Fenestration:  Fenestration refers to the openings in the building envelope, including 
the installation of windows, doors, and skylights. The process of including these 
openings in the building envelope is known as fenestration.

U- Factor: 'U-Factor" or U-Value", also referred to as the K-Value, is the measurement 
of the thermal conductance of a material that reflects the effectiveness of the material 
to allow the flow of heat.

Solar Heat Gain Coefficient (SHGC): It is the ratio of the solar heat gain entering the 
space through the fenestration area to the incident solar radiation. Solar heat gain 
includes directly transmitted solar heat and absorbed solar radiation, which is then 
reradiated, conducted, or convected into space. 

Class of construction: It is the classification that determines the construction 
materials for the building envelope, roof, wall, floor, slab-on-grade floor, opaque 
door, vertical fenestration, and skylight.

Visual light transmission: It is simply the measurable amount of solar visible light 
(daylight) that travels through a glazing system.

Conduction: Conduction is the heat transfer through a solid medium due to the 
temperature difference. 

Convection: Convection is the heat transfer through a fluid medium such as air or 
water. Convection within the envelope assembly will depend on the temperature 
difference across the surfaces and also the airspeed.
 
Radiation: Radiation is heat transfer through electromagnetic radiation. All bodies 
facing an air space or a vacuum emit and absorb radiant energy continuously. Heat 
transfer by radiation will take place from a warmer surface to a cooler one.

Resistance: It is denoted as R, and is the ability of a material to resist heat flow. It is 
the reciprocal of conductance, (Units are m2 K/W). 

Emittance: It is the ability of a material to re-radiate absorbed heat as invisible 
infrared radiation.  It indicates the ability of a material to lose heat, consequently 
reducing the sensible heat content of the object.

R-value (thermal resistance): It is the reciprocal of the time rate of heat flow through 
a unit area induced by a unit temperature difference between two defined surfaces of 
material or construction under steady-state conditions. The units of R-value are m2.K 
/W.  

Recirculating system: It is a domestic or service hot water distribution system that 
includes a closed circulation circuit designed to maintain temperatures in hot water 
pipes near terminal devices (e.g. lavatory faucets and showerheads) to reduce the 
time required to obtain hot water when the terminal device valve is opened. The 
motive force for circulation is either natural (due to water density variations with 
temperature) or mechanical (recirculation pump).

Reflectance: The ability of a material to reflect radiation without changing the 
temperature of the material.  Surfaces with higher reflectance tend to absorb less heat.
Absorptance: The ability of a material to absorb radiation. This is converted into 
sensible heat within the material, thus raising its temperature.

Projection factor, overhang: It is the ratio of the horizontal depth of the external 
shading projection to the sum of the height of the fenestration and the distance from 
the top of the fenestration to the bottom of the farthest point of the external shading 
projection, in consistent units.

Projection factor, side fin:  It is the ratio of the horizontal depth of the external 
shading projection to the distance from the window jamb to the farthest point of the 
external shading projection, in consistent units.
 
Projection Factor, overhang and side fin: It is the average of projection factor for 
overhang only and projection factor of side fin only.  
  
Ultraviolet: Ultraviolet is electromagnetic radiation with a wavelength from 10 nm to 
400 nm, shorter than that of visible light but longer than X-rays.

Wall Window Ratio: It is the ratio of the window area to the gross exterior wall area.
Skylight roof ratio (SRR): It is the ratio of the area of the skylight in comparison to the 
total roof area.

Renewable Energy Generating Zone: It is a contiguous or semi-contiguous area, 
either on the rooftop or elsewhere within the site boundary, dedicated to the 
installation of renewable energy systems.

Cool roof: It is the roof with a top layer of material that has high solar reflectance and 
high thermal emittance properties. Cool roof surfaces are characterized by light 
colors so that heat can be rejected back to the environment. 

Daylight Extension Factor (DEF): It is the factor which manually calculates the 
daylight area on floor plates. It is to be multiplied by the head height of windows. It 
is dependent on orientation and glazing VLT, shading devices adjacent to it and 
building location.  

Daytime Business Building:  It is the business building operated typically only 
during the daytime on weekdays up to 12 hours each day.  

Effective aperture: It is the multiplication of Visible Light Transmittance and the 
window-to-wall ratio. (EA = VLT x WWR)

Water heater: It is the vessel in which water is heated and withdrawn for use external 
to the system.

CHAPTER-5 

HVAC system: This includes the equipment, distribution systems, and terminal 
devices that provide, either collectively or individually, the processes of heating, 
ventilating, or air conditioning to a building or parts of a building.

Coefficient of Performance (COP) – cooling: It is the ratio of the rate of heat removal 
to the rate of energy input, in consistent units, for a complete refrigerating system or 
some specific portion of that system under designated operating conditions.

Coefficient of Performance (COP) – heating: It is the ratio of the rate of heat 
delivered to the rate of energy input, in consistent units, for a complete heat pump 
system, including the compressor and, if applicable, auxiliary heat, under designated 
operating conditions.

Common area: These are the areas within a building that are available for use by all 
tenants in a building (i.e. lobbies, corridors, restrooms, etc.).

 Mechanical cooling: It reduces the temperature of a gas or a liquid by using vapor 
compression, absorption, and desiccant dehumidification combined with evaporative 
cooling or another energy-driven thermodynamic cycle. Indirect or direct 
evaporative cooling alone is not considered mechanical cooling.

Commercial building: It is a building or a part of building or building complex 
which are used or intended to be used for commercial purposes and classified as per 
the time of the day the building is operational and sub-classified, as per the functional 
requirements of its design, construction, and use as per following details:

Group I – 24 hours building covering Type A Hospitality, Type B Health Care and 
Type C Assembly and, 
Group II – Regular building covering Type D Business, Type E Educational, and Type 
F Shopping Complexes.

Dead band:  It is the range of values within which a sensed variable can vary without 
initiating a change in the controlled process. 

Demand: It is the maximum rate of electricity (kW) consumption recorded for a 
building or facility during a selected time frame.  

Demand control ventilation (DCV):  It is the ventilation system capability that 
provides automatic reduction of outdoor air intake below design rates when the 
actual occupancy of spaces served by the system is less than the design occupancy. 
Design capacity: It is the output capacity of a mechanical or electrical system or 
equipment at design conditions. 

Design conditions: These are specified indoor environmental conditions, such as 
temperature, humidity, and light intensity, required for producing and maintaining 
by a system and under which the system must operate. 

Distribution system: It is a network or a system comprising controlling devices or 
equipment and distribution channels (cables, coils, ducts, pipes, etc.) for delivery of 
electrical power or, cooled or heated water or air in buildings.

Door area: It is the total area of the door measured using the rough opening and 
including the door slab and the frame.

Economizer: an economizer is a mechanical device used to reduce energy 
consumption. Economizers recycle energy produced within a system or leverage 
environmental temperature differences to achieve efficiency improvements.

Economizer, air: It is a duct and damper arrangement with automatic controls that 
allow a cooling system to supply outdoor air to reduce or eliminate the need for 
mechanical cooling during mild or cold weather.

Economizer, water: It is a system by which the supply air of a cooling system is 
cooled indirectly with water that is itself cooled by heat or mass transfer to the 
environment without the use of mechanical cooling.

Mixed-mode air-conditioned building: It is the building in which natural ventilation 
is employed as the primary mode of ventilation, and air conditioning is deployed as 
and when required. 

 
Mixed-use development: It is a single building or a group of buildings used for a 
combination of residential, commercial, business, educational, hospitality and 
assembly purposes. 

Air conditioning and condensing units serving computer rooms: It is the air 
conditioning equipment that provides cooling by maintaining space temperature and 
humidity within a narrow range. Its major application is in data centers where 
dissipating heat generated by equipment takes precedence over comfort cooling for 
occupants.

Relative Humidity: Relative humidity is the ratio of the partial pressure of water 
vapor in the air (which is related to the actual amount present) divided by the vapor 
pressure of water at that same temperature (which is related to the maximum amount 
of water vapor that the air can hold at that temperature).

Thermal Comfort: Thermal comfort is a condition of mind/body that expresses 
satisfaction with the thermal environment. Due to its subjectivity, thermal comfort 
may be different for individuals. Thermal comfort is maintained when the heat 
generated by the human metabolism is allowed to dissipate at a rate that maintains 
thermal equilibrium in the body.

Natural Ventilation: It is the ventilation done by pressure difference air always flows 
from high pressure to low pressure.

Mechanical Ventilation: It is a type of ventilation in which we use mechanical 
equipment for creating pressure difference for the flow of air.

Mixed Mode Ventilation: In this type of ventilation both natural and mechanical 
type of ventilation is used. 

Coefficient of performance: It is the ratio of the desired effect to work input in a 
refrigerator or a heat pump.

Chiller: A chiller is a machine that removes heat from a liquid via a 
vapor-compression or absorption refrigeration cycle. 

Variable refrigerant flows: The main compressor which pumps refrigerant around 
can run at various speeds (steeples), thereby continuously increasing (or decreasing) 
flow of refrigerant based on demand during various hours/minutes of usage. This is 
known as variable refrigerant flow, or VRV (variable refrigerant volume).

Air Conditioning: Air conditioning refers to the process of controlling the 
temperature and humidity of the air to suit the needs of the occupants or an industrial 
process.

Unitary air conditioning system:  The working of the window air conditioner is to 
cool only one particular room, commonly known as the "unitary unit”. This type of ac 
is installed in the window of a room. It will cool a room by emitting the warm air out 
the back of it and blowing cool air into it.

Split Air Conditioning System: Central HVAC systems are regularly referred to as a 
“split” system due to the simple fact that some of the components are installed inside 
the home and some of the components are installed outside a home.

Packaged air conditioning System: This type of unit is perfect for cooling multiple 
rooms or a large space in a home or office. All the components, namely the 
compressor, condenser (which can be air-cooled or water-cooled), expansion valve 
and evaporator are housed in a single box.

Cooling capacity: Cooling capacity is the measure of a cooling system's ability to 
remove heat. 

Thermostat: Thermostat is a control that tells the heating and the cooling system when 
to heat or cool or do nothing.

Variable speed drive: It is used for varying the speed of an induction motor by 
changing the motor's input supply frequency and voltage, keeping the flux constant. 
Throttle: Throttle is a device that controls the engine RPM by directly controlling the 
amount of air going in.

Terminal device: It is a device through which heated or cooled air is supplied to a 
space to maintain its temperature. It usually contains dampers and heating and 
cooling coils. In other words, it is a device by which energy from a system is finally 
delivered (e.g. registers, diffusers, lighting fixtures, faucets, etc.). 

Theatre or motion picture hall (Type of Assembly): It is any building primarily 
meant for theatrical or operatic performances and which has a stage, proscenium 
curtain, fixed or portable scenery or scenery loft, lights, mechanical appliances or 
other theatrical accessories and equipment. For example, theatres, motion picture 
houses, auditoria, concert halls, television and radio studios admit an audience, which 
is provided with fixed seats. 

Thermal block: It is a collection of one or more HVAC zones grouped for simulation 
purposes. The spaces need not be contiguous to be combined within a single thermal 
block. 

Thermal comfort conditions: These are the conditions that influence the thermal 
comfort of occupants. Environmental conditions that influence thermal comfort are air 
and radiant temperature, humidity, and airspeed.

Sensible cooling: It is the portion of the cooling process that affects only the 
temperature of the air, without changing the humidity.
 
Dampers: Dampers are devices that regulate the airflow in an air handling system.  
Backdraft Dampers: Backdraft dampers (also known as gravity dampers) are used in 
ventilation systems to allow airflow in one direction, and prevent airflow in the 
opposite direction.

Tinted: It is (as applied to fenestration) bronze, green, or grey coloring that is integral 
with the glazing material. Tinting does not include surface applied films such as 
reflective coatings, applied either in the field or during the manufacturing process.
Insulation: Insulation is defined as the material used to insulate something, especially 
a building. Insulation is material used that reduces heat loss or heat gain by providing 
a barrier between the inside of a home or any building and the significantly different 
temperature outside.

Refrigerant: A refrigerant is a compound or a mixture (usually in a fluid state in room 
temperature) used to pump heat from one system to another.
Register: Register is an air inlet with a balancing damper behind it, so the airflow 
quantity can be adjusted. 

Grille: A grille is just a fancy hole cover over an air inlet with slotted openings for 
airflow but with no balancing capability. 

 Diffuser: It is a device that's used to increase the static pressure of the fluid that passes 
through the system, and also reduces the velocity of the fluid.

Condenser: A condenser is a device or unit which is used to condense a substance 
from its gaseous to its liquid state.

Impeller: It is a rotating part of a machine that transfers energy.

Evaporation: Evaporation involves a liquid changing to a gas.

Passive solar heating: It uses the sun's energy to heat a building. The windows, walls, 
and floors can be designed to collect, store, and distribute solar energy in the form of 
heat in the winter (and also to reject solar heat in the summer). 

Active Solar Heating: Active solar heating systems use solar energy to heat a fluid 
(either liquid or air), and then transfer the solar heat directly to the interior space or a 
storage system for later use. 

Sensor: A sensor is a device that detects and responds to some type of input from the 
physical environment.

Actuators: An actuator is something that converts energy into motion.

Compressor:  A compressor is a mechanical device that increases the pressure of a gas 
by reducing its volume.  

Hydronic Balancing: Hydronic balancing, also called hydraulic balancing, is the 
process of optimizing the distribution of water in a building's hydronic heating or 
cooling system by equalizing the system pressure so it provides the intended indoor 
climate at optimum energy efficiency and minimal operating cost.

Variable flow hydronic system: A common method of regulating the heating or 
cooling output of hydronic air handlers and other types of HVAC terminal units is to 
vary the water flow rate through their coils. This is known as a variable flow hydronic 
system.

 Heat pump: It is a device that transfers heat from a colder area to a hotter area by 
using mechanical energy, as in a refrigerator.

Boiler: A boiler is a closed vessel in which fluid (generally water) is heated.  
Evaporative cooling: Evaporative cooling is a process that uses the effect of 
evaporation to cool the surrounding air.
 
Desiccant cooling system: Desiccant is used for the absorption of moisture. Generally 
activated alumina or some other hygroscopic materials are used in the process.
 
Trigeneration: Cogeneration or combined heat and power (CHP) is the use of a heat 
engine or power station to generate electricity and useful heat at the same time.
 
Radiant Cooling System: Radiant cooling cools a floor or ceiling by absorbing the 
heat from the rest of the room.

Ground source heat pump: A geothermal heat pump (GHP) or ground source heat 
pump (GSHP) is a central heating and/or cooling system that transfers heat to or from 
the ground. 
 
Adiabatic Cooling system: An adiabatic process is the one that occurs on a system 
without the system transferring or receiving any heat energy from the surroundings.
  
Earth air tunnel: Earth air tunnel or earth air heat exchanger is a pre-cooling or 
pre-heating system which consists of a pipe or network of pipes buried at a reasonable 
depth below the ground surface. 

Energy Efficiency Ratio (EER): The ratio of net cooling capacity in kW to the total rate 
of electric input in watts under design operating conditions.

Energy Recovery System: It is the equipment that recovers energy from building or 
space exhaust air and uses it to treat (pre-heat or pre-cool) outdoor air taken inside the 
building or space by ventilation systems.
 
Fan system power: It is the sum of the nominal power demand of motors of all fans 
that are required to operate at design conditions to supply air from the heating or 
cooling source to the conditioned space(s) and return it to the point where it can be 
exhausted to outside the building.

Heat capacity: It is the amount of heat necessary to raise the temperature of a given 
mass by 1°C. Numerically, the heat capacity per unit area of the surface (W/m2.K) is 
the sum of the products of the mass per unit area of each material in the roof, wall, or 
floor surface multiplied by its specific heat.

Infiltration: Uncontrolled inward air leakage through cracks and crevices in external 
surfaces of buildings, around windows and doors due to pressure differences across 
these caused by factors such as wind or indoor and outside temperature differences 
(stack effect), an imbalance between supply and exhaust air systems. 

Variable Air Volume (VAV) system: It is the HVAC system that controls the dry-bulb 
temperature within a space by varying the volumetric flow of heated or cooled air 
supplied to space. 

Vegetative roofs: Also known as green roofs, the vegetative roofs are thin layers of 
living vegetation installed on top of conventional flat or sloping roofs. 

Vision Windows: These are the windows or areas of large windows that are primarily 
for both daylight and exterior views. Typically, their placement in the wall is between 
1 meter and 2.2 meters above the floor level.

Wall area, gross: It is the overall area of a wall including openings such as windows 
and doors measured horizontally from outside surface to outside service and 
measured vertically from the top of the floor to the top of the roof. If roof insulation is 
installed at the ceiling level rather than the roof, then the vertical measurement is 
made to the top of the ceiling. The gross wall area includes the area between the ceiling 
and the floor for multi-story buildings. 
 
Zone, HVAC: It is a space or a group of spaces within a building with heating and 
cooling requirements that are sufficiently similar so that desired conditions (e.g., 
temperature) can be maintained throughout using a single sensor (e.g., thermostat or 
temperature sensor).

CHAPTER-6

Efficacy: It is the lumens produced by a lamp plus ballast system divided by the total 
watts of input power (including the ballast), expressed in lumens per watt

Luminous flux: Luminous flux (Φ) is the quantity of the energy of the light emitted per 
second in all directions. Its unit is lumen (lm).

Luminous intensity: Luminous intensity (I) is the ability to emit light into a given 
direction, or it is the luminous flux that is radiated by the light source in a given 
direction within the unit of the spatial angel.  Its unit is candela.

Illuminance: Illuminance (E) is the total luminous flux incident on a surface, per unit 
area. Its unit is candela /m.

Luminance: Luminance (L) is the luminous intensity emitted by the surface area of 1 
cm² (or 1 m²) of the light source. Its unit is lux (lx).

Labeled: Equipment or materials to which a symbol or other identifying mark has 
been attached by the manufacturer indicating compliance with specified standard or 
performance in a specified manner. This mark is known as a label. 

Lamp: It is a generic term for man-made light sources often called bulb or tube.

Lighted floor area, gross: It is the gross area of lighted floor spaces. 

Lighting, emergency: It is the battery-backed lighting that provides illumination only 
when there is a power outage and general lighting luminaires are unable to function.
  
Lighting, general: It is the lighting that provides a substantially uniform level of 
illumination throughout an area. General lighting shall not include decorative lighting 
or lighting that provides a dissimilar level of illumination to serve a specialized 
application or feature within such area. 

Lighting system: It is a group of luminaires circuited or controlled to perform a 
specific function.

Occupant sensor: It is a device that detects the presence or absence of people within 
an area and causes lighting, equipment, or appliances to be dimmed, or switched on 
or off accordingly.

Lighting power allowance: 
a) Interior lighting power allowance: the maximum lighting power in watts 
allowed for the interior of a building 
b) Exterior lighting power allowance: the maximum lighting power in watts 
allowed for the exterior of a building

Lighting Power Density (LPD): It is the maximum lighting power per unit area of 
space as per its function or building as per its classification.

Low energy comfort systems: These are the space conditioning or ventilation systems 
that are less energy-intensive than vapor compression based space condition systems.
These primarily employ alternate heat transfer methods or materials (adiabatic 
cooling, radiation, desiccant, etc.), or renewable sources of energy (solar energy, 
geo-thermal) so that minimal electrical energy input is required to deliver heating or 
cooling to spaces.

Luminaires: It is a complete lighting unit consisting of a lamp or lamps together with 
the housing designed to distribute the light, position and protect the lamps, and 
connect the lamps to the power supply.

Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.
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Connected load: It is the sum of the rated wattage of all equipment, appliances, and 
devices to be installed in the building or part of building or building complexes, in 
terms of kilowatt (kW) that will be allocated to all applicants for electric power 
consumption in respect of the proposed building or building complexes on their 
completion.

Contract Demand: It is the maximum demand in kilowatt (kW) or kilo Volt Ampere 
(kVA) (within a consumer’s sanctioned load) agreed to be supplied by the electricity 
provider or utility in the agreement executed between the users and the utility or 
electricity provider.

Mean temperature: It is the average of the minimum daily temperature and 
maximum daily temperature. 

Metering: It is the practice of installing meters in buildings to acquire data for energy 
consumption and other operational characteristics of individual equipments or 
several types of equipment grouped on basis of their function (lighting, appliances, 
chillers, etc.). Metering is done in buildings to monitor their energy performance.

Transformer: Transformer is a device used to transform high voltage to low voltage, 
and vice versa. 

Manufacturing processes: These are the processes through which raw material is 
converted into finished goods for commercial sale using machines, labor, chemical or 
biological processes, etc.

Manual (non-automatic): It requires personal intervention for control. Non-automatic 
does not necessarily imply a manual controller, only that personal intervention is 
necessary. 

Alternating Current: This means that the direction of current flowing in a circuit is 
constantly being reversed back and forth. 
 
Direct Current (DC): It is the flow of electrical charge in the same direction. 
Conductor: It is a substance in which electrical charge carriers, usually electrons, move 
easily from atom to atom with the application of voltage. 

Full load: A full load current is the largest current that a motor or other device is 
designed to carry under particular conditions.

Dry-type transformer: A dry-type transformer is a type of transformer that never uses 
any insulating liquid where its winding or core is immersed in liquid. 
  
Oil type transformer: It is a transformer where the magnetic circuit and windings are 
immersed in oil.

Three-phase induction motor: Three-phase induction motor does not require an 
additional starting device. These types of motors are also known as self-starting 
induction motors.

Stress: Stress is the internal forces per unit area developed in an object subjected to an 
external force.

Peak Load: Peak load is the time of high demand.

Power Factor: The power factor is the ratio between real power and Apparent Power. 
Inductive Current: It resists changes in current and lags the voltage while measuring 
current. 

Reactive power: Reactive power occurs in an AC circuit when the voltage and current 
are not in phase.
 
Overcurrent: It is any current over the rated current of the equipment of the capacity 
of the conductor. It may result from overload, short circuit, or ground fault.

Fossil fuels: Fossil fuels are hydrocarbons, primarily coal, fuel oil or natural gas, 
formed from the remains of dead plants and animals.

Greenhouse gases: Greenhouse gases are those gases that trap the infrared rays of the 
sun from entering the atmosphere and in turn, they raise the temperature of the 
atmosphere which leads to global warming. 

Hydroelectric energy: Hydroelectric energy means electric energy coming from 
sources that convert energy (potential or kinetic) of water to electrical energy.

Bioenergy: Bioenergy is the renewable energy created by living organisms. Biomass is 
an organic material which has stored sunlight in the form of chemical energy.

Geothermal energy: Geothermal energy is an energy source derived from the heat of 
the earth. The heat must be near the surface so it can be extracted. 
 
Total harmonic distortion: The total harmonic distortion is the ratio of voltage in the 
harmonic frequencies to the principle frequency. 

Photovoltaic: Photovoltaic means 'voltage from light' and refers to a solid-state 
semiconductor device, aka solar cell that produces a potential difference (voltage) and 
current of electrons (electricity) when exposed to light.

Kilovolt-ampere (kVA): It is the product of the line current (amperes) times the 
nominal system voltage (kilovolts) times 1.732 for three-phase currents. For 
single-phase applications, kVA is the product of the line current (amperes) times the 
nominal system voltage (kilovolts). 

Kilowatt (kW): It is the basic unit of electric power, equal to 1000 W.

Party wall: It is a firewall on an interior lot line used or adapted for joint service 
between two buildings. 

Permanently installed: It is the equipment that is fixed in place and is not portable or 
movable. 

Plenum: It is a compartment or chamber to which one or more ducts are connected, 
which forms a part of the air distribution system, and that is not used for occupancy 
or storage.  

Plug loads: It is the energy used by products that are powered using an AC plug. This 
term excludes building energy that is attributed to major end uses like HVAC, 
lighting, water heating, etc. 

Pool: It is any structure, basin, or tank containing an artificial body of water for 
swimming, diving, or recreational bathing. The term includes, but is not limited to, 
swimming pool, whirlpool, spa, hot tub.

Process load: It is the building loads resulting from the consumption or release of 
energy due to industrial processes or processes other than those for providing space 
conditioning, lighting, ventilation, or service hot water heating.

Transformer losses: These are electrical losses in a transformer that reduces its 
efficiency.  

Transport Buildings (Assembly): It is any building or structure used for 
transportation and transit like airports, railway stations, bus stations, and 
underground and elevated mass rapid transit system example, underground or 
elevated railways.
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Window Wall ratio: The window-to-wall ratio is the measure of the percentage area 
determined by dividing the building's total glazed area by its exterior envelope wall 
area.
 
Skylight Roof ratio: The skylight roof ratio (SRR) is the ratio of the area of the skylight 
in comparison to the total roof area. 
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Acid Rain: It is made up of water droplets that are unusually acidic because of 
atmospheric pollution, most notably the excessive amounts of sulfur and nitrogen 
released by cars and industrial processes.

Retrofitting: Retrofitting is a method of modifying existing structures with new 
components to resist the earthquake load or any other loads. 
Sustainability: Sustainability means meeting one’s own needs without compromising 
the ability of future gener.

ABREVIATIONS

1. TOE  Tons of Oil Equivalent
2. MOP  Ministry of Power 
3. CAGR  Compound Annual Growth Rate 
4. TEDDY TERI Energy & Environment Data Diary and Yearbook
5. GW  Giga Watt
6. MW  Mega Watt
7. KWh  Kilowatt Hour 
8. EBP  Ethanol Blending Petrol 
9. HPCL  Hindustan Petroleum Corporation Limited   
10. MTPA  Million Tons Per Annum 
11. ECBC  Energy Conservation Building Code 
12. BEE  Bureau of Energy Efficiency
13. USAID  United States Agency for International Development
14. PEDA  Punjab Energy Development Agency 
15. SDA  State Designated Agency 
16. EPI  Energy Performance Index
17. GHG  Greenhouse Gas
18. HVAC  Heating, Ventilation and Air Conditioning
19. IAQ  Indoor Air Quality
20. AAC  Autoclave Aerated Concrete
21. XPS  Extruded Polystyrene Insulation 
22. EPS  Expanded Polystyrene Insulation    
23. NBC  National Building Code
24. UPVC  Unplasticised Polyvinyl Chloride
25. PVC  Polyvinyl Chloride
26. SRI  Solar Reflective Index
27. SEER  Seasonal Energy Efficiency Ratio
28. BTU  British Thermal Units 
29. EER  Energy Efficiency Ratio 
30. HSPF  Heating Seasonal Performance Factor 
31. VFD  Variable Frequency Drive
32. WBP  Whole Building Performance Method
33. AGA  Above Grade Area 
34. NMEEE National Mission for Enhanced Energy Efficiency 
35. NAPCC National Action Plan on Climate Change 
36. PAT  Plan, Achieve and Trade Scheme 
37. MTEE  Market Transformation for Energy Efficiency 
38. EEFP  Energy Efficiency Financing Program
39. FEEED  Framework for Energy Efficiency Economic Development 
40. DSM  Demand Side Management 
41. ULB  Urban Local Bodies 
42. SMEs  Small and Medium Size Enterprises 
43. MSMEs Ministry of Micro, Small and Medium Enterprises. 
44. EC ACT Energy Conservation Act 

45. LED  Light Emitting Diode 
46. PWD  Public Work Department
47. ISO  International Organization of Standardization. 
48. SHGC  Solar Heat Gain Coefficient
49. SC  Shading Coefficient 
50. UDI  Useful Daylight Illumination 
51. VLT  Visual Light Transmission 
52. IST  India Standard Time
53. DEF  Daylight Extent Factors. 
54. ASTM  American Society for Testing and Materials
55. EPDM  Ethylene Propylene Diane Monomer 
56. WWR  Wall – Window Ratio 
57. EPF  Envelope Performance Factor 
58. VOC  Volatile Organic Compound 
59. DCV  Demand Control Ventilation 
60. COP  Coefficient of Performance 
61. IPLV  Integrated Part Load Value 
62. VRF  Variable Refrigerant Flow 
63. ANSI  American National Standards Institute
64. AHRI  Air Conditioning, Heating and Refrigeration Institute. 
65. IEER  Integrated Energy Efficiency Ratio 
66. PLC  Programmable Logic Control 
67. VAV  Variable Air Volume 
68. AC  Alternating Current 
69. DC   Direct Current 
70. CT  Current Transformer
71. PT  Potential Transformer 
72. DG  Diesel Generators
73. SFC  Specific Fuel Consumption 
74. THD  Total Harmonic Distortion 
75. UPS  Uninterruptible Power Supply 
76. REGZ  Renewable Energy Generating Zone 
77. WBP  Whole Building performance 
78. LEED  Leadership in Energy and Environmental Design 
79. GRIHA Green Rating Integrated Habitat Assessment 
80. APFC  Automatic Power Factor Controller 
81. PV  Photovoltaic Devices 
82. GHG  Greenhouse Gases 
83. USGBC U.S. Green Building Council
84. HID  High intensity Discharge 
85. BUA  Built-Up Area 
86. CFL  Compact Fluorescent Light
87. Wh  Watthour
88. W  Watt
89. TR  Tons of refrigeration  
90. Pa  Pascal  



Certain terms, abbreviations, and acronyms are defined in this section for this code. 
These definitions apply to all sections of this code. Terms that are not defined shall 
have their ordinarily accepted meanings within the context in which they are used.
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Biomass: Biomass is any mass, even waste/ refuses from plant or animal origin.
Bagasse: Bagasse is a sugarcane fibre pulp left after the juice has been extracted from 
the sugarcane stable. It is estimated that bagasse contributes to 33.3% residue of the 
total cane crushed.
 
Façade: Façade is the principal front of a building that faces on to a street or open 
space.
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Net Zero Building: A zero net energy building is designed to ensure zero net 
consumption, which means the total amount of energy consumed by the building 
annually should equal the amount of renewable energy created on-site.
Building envelope: It is a physical separator comprised of a series of components and 
systems that protect the interior space of a building from the effects of the external 
environment, like precipitation, wind, temperature, humidity, ultraviolet radiation, 
etc. 

Dehumidification: Dehumidification is a process of removal of moisture from the air 
in a conditioned room.

Humidity:  Humidity is the percentage of water vapor in the air. 
Fly Ash: Fly ash, also known as pulverized fuel ash, is a by-product obtained from 
coal-fired electric power plants.

Thermal Conductivity: Thermal conductivity is the ability of a material to conduct 
heat through it.

Ventilation: Ventilation is the process of replacing air to provide maximum indoor 
air quality to control temperature, remove odors, replenish oxygen, and remove 
moisture, smoke, heat, dust, carbon dioxide and airborne bacteria from the indoor 
space.

Durability: A durable material is not easily destroyed by use and lasts for a relatively 
long duration. 
 
Efflorescence: Efflorescence is a crystalline deposit on surfaces of masonry, stucco or 
concrete.
 
Urban Heat Island Effect: The heat island effect is named for an urban area that is 
considerably warmer than the surrounding, natural and rural lands. This effect 
happens because of the materials used in construction for building, together with 
energy emissions from transportation (cars) and industry.

Solar Reflective index: The Solar Reflective Index (SRI) is a measure of the solar 
reflectance and emissivity of materials that can be used as an indicator of how hot 
they are likely to become when solar radiation is incident on their surface.
Thermal Emissivity: The thermal emissivity of the surface of a material is its 
effectiveness in emitting energy as thermal radiation.

Incandescent: This type of light bulb is called an incandescent bulb because its 
filament is heated until it gives off light.

Seasonal Energy Efficiency Ratio:  It is the ratio of the total annual amount of heat 
that the equipment can remove from the indoor air when operated for cooling in 
active mode to the total annual amount of energy consumed by the equipment during 
the same period.

Energy Efficiency Ratio: A room air conditioner's efficiency is measured by the 
energy efficiency ratio (EER). The EER is the ratio of the cooling capacity (in British 
thermal units (BTUs) per hour to the power input (in watts). The higher the EER 
rating, the more efficient the air conditioner.

Heating seasonal performance factor: Heating seasonal performance factor (HSPF) 
is specifically used to measure the efficiency of air-source heat pumps. HSPF is 
defined as the ratio of heat output (measured in BTUs) over the heating season to 
electricity used (measured in watt-hours). 
                                                                                  
Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.

Out-patient Healthcare (Type of Healthcare): It is any building or a group of 
buildings under a single management, which is used only for treating persons 
requiring treatment or diagnosis of disease but not requiring overnight or longer 
accommodation in the building during treatment or diagnosis.

CHAPTER-3

Energy Performance Index: Energy Performance Index (EPI) is the total energy 
consumed in a building over a year divided by total built-up area in kWh/sq m/year 
and is considered as the simplest and most relevant indicator for qualifying a 
building as energy-efficient or not.

Compliance documents: These are the forms specified in ECBC Rules and 
Regulations to record and check compliance with these rules. These include but are 
not limited to EPI Ratio Compliance Report, Building Envelope Compliance Form, 
Mechanical Systems Compliance Form, and Permit Checklist, Lighting System 
Compliance Form and Permit Checklist and certificates from Certified Energy 
Auditor for existing or proposed buildings.

Cumulative design EPI: It is the Energy Performance Index for a building having two 
or more different functional uses, and is calculated based on the area-weighted 
average (AWA) method.
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Building or building complex or complex:  A structure wholly or partially enclosed 
within the exterior walls, or within exterior and party walls, and a roof, affording 
shelter to persons, animals, or property. Building complex means a building or group 
of buildings constructed in a contiguous area for business, commercial, institutional, 
healthcare, hospitality purposes or assembly buildings under the single ownership of 
individuals or group of individuals or the name of a co-operative group society or on 
lease and sold as shops or office space or space for other commercial purposes, 
having a connected load of 100 kW or contract demand of 120 kVA and above.

Building, base: It includes building structure, building envelope, common areas, 
circulation areas, parking, basements, services area, plant room and its supporting 
areas, and open project site area.

Building, core, and shell: These are buildings where the developer or owner will 
only provide the base building and its services.

24-hour Business Building: These are business building operated and occupied for 
more than 12 hours on each weekday. The Intensity of occupancy may vary. 
 
Above Grade Area (AGA): AGA is the cumulative floor area of all the floor levels of 
a building that are above the ground-level. Ground level shall be as defined in the 
building site plan. A floor level is above grade if one-third of the total external surface 
area of only the said floor level is above the ground level. 
 
Addition: It is an extension or increase in floor area or height of a building outside of 
the existing building envelope. 

Alteration: It is any change, rearrangement, replacement, or addition to a building or 
its systems and equipment; any modification in construction or building equipment.

Area weighted average (AWA) method: AWA method is based on the concept of 
weighted arithmetic mean where instead of each data point contributing equally to 
the final mean, each data point contributes more “weight” than others based on the 
size of the area the said data point applies to. To calculate the area-weighted average 
mean, a summation of each data point multiplied with its respective area is divided 
with the total area. 
 
Astronomical time switch: It is an automatic time switch that adjusts the length of the 
day as it varies over the year.

Fenestration:  Fenestration refers to the openings in the building envelope, including 
the installation of windows, doors, and skylights. The process of including these 
openings in the building envelope is known as fenestration.

U- Factor: 'U-Factor" or U-Value", also referred to as the K-Value, is the measurement 
of the thermal conductance of a material that reflects the effectiveness of the material 
to allow the flow of heat.

Solar Heat Gain Coefficient (SHGC): It is the ratio of the solar heat gain entering the 
space through the fenestration area to the incident solar radiation. Solar heat gain 
includes directly transmitted solar heat and absorbed solar radiation, which is then 
reradiated, conducted, or convected into space. 

Class of construction: It is the classification that determines the construction 
materials for the building envelope, roof, wall, floor, slab-on-grade floor, opaque 
door, vertical fenestration, and skylight.

Visual light transmission: It is simply the measurable amount of solar visible light 
(daylight) that travels through a glazing system.

Conduction: Conduction is the heat transfer through a solid medium due to the 
temperature difference. 

Convection: Convection is the heat transfer through a fluid medium such as air or 
water. Convection within the envelope assembly will depend on the temperature 
difference across the surfaces and also the airspeed.
 
Radiation: Radiation is heat transfer through electromagnetic radiation. All bodies 
facing an air space or a vacuum emit and absorb radiant energy continuously. Heat 
transfer by radiation will take place from a warmer surface to a cooler one.

Resistance: It is denoted as R, and is the ability of a material to resist heat flow. It is 
the reciprocal of conductance, (Units are m2 K/W). 

Emittance: It is the ability of a material to re-radiate absorbed heat as invisible 
infrared radiation.  It indicates the ability of a material to lose heat, consequently 
reducing the sensible heat content of the object.

R-value (thermal resistance): It is the reciprocal of the time rate of heat flow through 
a unit area induced by a unit temperature difference between two defined surfaces of 
material or construction under steady-state conditions. The units of R-value are m2.K 
/W.  

Recirculating system: It is a domestic or service hot water distribution system that 
includes a closed circulation circuit designed to maintain temperatures in hot water 
pipes near terminal devices (e.g. lavatory faucets and showerheads) to reduce the 
time required to obtain hot water when the terminal device valve is opened. The 
motive force for circulation is either natural (due to water density variations with 
temperature) or mechanical (recirculation pump).

Reflectance: The ability of a material to reflect radiation without changing the 
temperature of the material.  Surfaces with higher reflectance tend to absorb less heat.
Absorptance: The ability of a material to absorb radiation. This is converted into 
sensible heat within the material, thus raising its temperature.

Projection factor, overhang: It is the ratio of the horizontal depth of the external 
shading projection to the sum of the height of the fenestration and the distance from 
the top of the fenestration to the bottom of the farthest point of the external shading 
projection, in consistent units.

Projection factor, side fin:  It is the ratio of the horizontal depth of the external 
shading projection to the distance from the window jamb to the farthest point of the 
external shading projection, in consistent units.
 
Projection Factor, overhang and side fin: It is the average of projection factor for 
overhang only and projection factor of side fin only.  
  
Ultraviolet: Ultraviolet is electromagnetic radiation with a wavelength from 10 nm to 
400 nm, shorter than that of visible light but longer than X-rays.

Wall Window Ratio: It is the ratio of the window area to the gross exterior wall area.
Skylight roof ratio (SRR): It is the ratio of the area of the skylight in comparison to the 
total roof area.

Renewable Energy Generating Zone: It is a contiguous or semi-contiguous area, 
either on the rooftop or elsewhere within the site boundary, dedicated to the 
installation of renewable energy systems.

Cool roof: It is the roof with a top layer of material that has high solar reflectance and 
high thermal emittance properties. Cool roof surfaces are characterized by light 
colors so that heat can be rejected back to the environment. 

Daylight Extension Factor (DEF): It is the factor which manually calculates the 
daylight area on floor plates. It is to be multiplied by the head height of windows. It 
is dependent on orientation and glazing VLT, shading devices adjacent to it and 
building location.  

Daytime Business Building:  It is the business building operated typically only 
during the daytime on weekdays up to 12 hours each day.  

Effective aperture: It is the multiplication of Visible Light Transmittance and the 
window-to-wall ratio. (EA = VLT x WWR)

Water heater: It is the vessel in which water is heated and withdrawn for use external 
to the system.
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HVAC system: This includes the equipment, distribution systems, and terminal 
devices that provide, either collectively or individually, the processes of heating, 
ventilating, or air conditioning to a building or parts of a building.

Coefficient of Performance (COP) – cooling: It is the ratio of the rate of heat removal 
to the rate of energy input, in consistent units, for a complete refrigerating system or 
some specific portion of that system under designated operating conditions.

Coefficient of Performance (COP) – heating: It is the ratio of the rate of heat 
delivered to the rate of energy input, in consistent units, for a complete heat pump 
system, including the compressor and, if applicable, auxiliary heat, under designated 
operating conditions.

Common area: These are the areas within a building that are available for use by all 
tenants in a building (i.e. lobbies, corridors, restrooms, etc.).

 Mechanical cooling: It reduces the temperature of a gas or a liquid by using vapor 
compression, absorption, and desiccant dehumidification combined with evaporative 
cooling or another energy-driven thermodynamic cycle. Indirect or direct 
evaporative cooling alone is not considered mechanical cooling.

Commercial building: It is a building or a part of building or building complex 
which are used or intended to be used for commercial purposes and classified as per 
the time of the day the building is operational and sub-classified, as per the functional 
requirements of its design, construction, and use as per following details:

Group I – 24 hours building covering Type A Hospitality, Type B Health Care and 
Type C Assembly and, 
Group II – Regular building covering Type D Business, Type E Educational, and Type 
F Shopping Complexes.

Dead band:  It is the range of values within which a sensed variable can vary without 
initiating a change in the controlled process. 

Demand: It is the maximum rate of electricity (kW) consumption recorded for a 
building or facility during a selected time frame.  

Demand control ventilation (DCV):  It is the ventilation system capability that 
provides automatic reduction of outdoor air intake below design rates when the 
actual occupancy of spaces served by the system is less than the design occupancy. 
Design capacity: It is the output capacity of a mechanical or electrical system or 
equipment at design conditions. 

Design conditions: These are specified indoor environmental conditions, such as 
temperature, humidity, and light intensity, required for producing and maintaining 
by a system and under which the system must operate. 

Distribution system: It is a network or a system comprising controlling devices or 
equipment and distribution channels (cables, coils, ducts, pipes, etc.) for delivery of 
electrical power or, cooled or heated water or air in buildings.

Door area: It is the total area of the door measured using the rough opening and 
including the door slab and the frame.

Economizer: an economizer is a mechanical device used to reduce energy 
consumption. Economizers recycle energy produced within a system or leverage 
environmental temperature differences to achieve efficiency improvements.

Economizer, air: It is a duct and damper arrangement with automatic controls that 
allow a cooling system to supply outdoor air to reduce or eliminate the need for 
mechanical cooling during mild or cold weather.

Economizer, water: It is a system by which the supply air of a cooling system is 
cooled indirectly with water that is itself cooled by heat or mass transfer to the 
environment without the use of mechanical cooling.

Mixed-mode air-conditioned building: It is the building in which natural ventilation 
is employed as the primary mode of ventilation, and air conditioning is deployed as 
and when required. 
 
Mixed-use development: It is a single building or a group of buildings used for a 
combination of residential, commercial, business, educational, hospitality and 
assembly purposes. 

Air conditioning and condensing units serving computer rooms: It is the air 
conditioning equipment that provides cooling by maintaining space temperature and 
humidity within a narrow range. Its major application is in data centers where 
dissipating heat generated by equipment takes precedence over comfort cooling for 
occupants.

Relative Humidity: Relative humidity is the ratio of the partial pressure of water 
vapor in the air (which is related to the actual amount present) divided by the vapor 
pressure of water at that same temperature (which is related to the maximum amount 
of water vapor that the air can hold at that temperature).

Thermal Comfort: Thermal comfort is a condition of mind/body that expresses 
satisfaction with the thermal environment. Due to its subjectivity, thermal comfort 
may be different for individuals. Thermal comfort is maintained when the heat 
generated by the human metabolism is allowed to dissipate at a rate that maintains 
thermal equilibrium in the body.

Natural Ventilation: It is the ventilation done by pressure difference air always flows 
from high pressure to low pressure.

Mechanical Ventilation: It is a type of ventilation in which we use mechanical 
equipment for creating pressure difference for the flow of air.

Mixed Mode Ventilation: In this type of ventilation both natural and mechanical 
type of ventilation is used. 

Coefficient of performance: It is the ratio of the desired effect to work input in a 
refrigerator or a heat pump.

Chiller: A chiller is a machine that removes heat from a liquid via a 
vapor-compression or absorption refrigeration cycle. 

Variable refrigerant flows: The main compressor which pumps refrigerant around 
can run at various speeds (steeples), thereby continuously increasing (or decreasing) 
flow of refrigerant based on demand during various hours/minutes of usage. This is 
known as variable refrigerant flow, or VRV (variable refrigerant volume).

Air Conditioning: Air conditioning refers to the process of controlling the 
temperature and humidity of the air to suit the needs of the occupants or an industrial 
process.

Unitary air conditioning system:  The working of the window air conditioner is to 
cool only one particular room, commonly known as the "unitary unit”. This type of ac 
is installed in the window of a room. It will cool a room by emitting the warm air out 
the back of it and blowing cool air into it.

Split Air Conditioning System: Central HVAC systems are regularly referred to as a 
“split” system due to the simple fact that some of the components are installed inside 
the home and some of the components are installed outside a home.

Packaged air conditioning System: This type of unit is perfect for cooling multiple 
rooms or a large space in a home or office. All the components, namely the 
compressor, condenser (which can be air-cooled or water-cooled), expansion valve 
and evaporator are housed in a single box.

Cooling capacity: Cooling capacity is the measure of a cooling system's ability to 
remove heat. 

Thermostat: Thermostat is a control that tells the heating and the cooling system when 
to heat or cool or do nothing.

Variable speed drive: It is used for varying the speed of an induction motor by 
changing the motor's input supply frequency and voltage, keeping the flux constant. 
Throttle: Throttle is a device that controls the engine RPM by directly controlling the 
amount of air going in.

Terminal device: It is a device through which heated or cooled air is supplied to a 
space to maintain its temperature. It usually contains dampers and heating and 
cooling coils. In other words, it is a device by which energy from a system is finally 
delivered (e.g. registers, diffusers, lighting fixtures, faucets, etc.). 

Theatre or motion picture hall (Type of Assembly): It is any building primarily 
meant for theatrical or operatic performances and which has a stage, proscenium 
curtain, fixed or portable scenery or scenery loft, lights, mechanical appliances or 
other theatrical accessories and equipment. For example, theatres, motion picture 
houses, auditoria, concert halls, television and radio studios admit an audience, which 
is provided with fixed seats. 

Thermal block: It is a collection of one or more HVAC zones grouped for simulation 
purposes. The spaces need not be contiguous to be combined within a single thermal 
block. 

Thermal comfort conditions: These are the conditions that influence the thermal 
comfort of occupants. Environmental conditions that influence thermal comfort are air 
and radiant temperature, humidity, and airspeed.

Sensible cooling: It is the portion of the cooling process that affects only the 
temperature of the air, without changing the humidity.

 
Dampers: Dampers are devices that regulate the airflow in an air handling system.  
Backdraft Dampers: Backdraft dampers (also known as gravity dampers) are used in 
ventilation systems to allow airflow in one direction, and prevent airflow in the 
opposite direction.

Tinted: It is (as applied to fenestration) bronze, green, or grey coloring that is integral 
with the glazing material. Tinting does not include surface applied films such as 
reflective coatings, applied either in the field or during the manufacturing process.
Insulation: Insulation is defined as the material used to insulate something, especially 
a building. Insulation is material used that reduces heat loss or heat gain by providing 
a barrier between the inside of a home or any building and the significantly different 
temperature outside.

Refrigerant: A refrigerant is a compound or a mixture (usually in a fluid state in room 
temperature) used to pump heat from one system to another.
Register: Register is an air inlet with a balancing damper behind it, so the airflow 
quantity can be adjusted. 

Grille: A grille is just a fancy hole cover over an air inlet with slotted openings for 
airflow but with no balancing capability. 

 Diffuser: It is a device that's used to increase the static pressure of the fluid that passes 
through the system, and also reduces the velocity of the fluid.

Condenser: A condenser is a device or unit which is used to condense a substance 
from its gaseous to its liquid state.

Impeller: It is a rotating part of a machine that transfers energy.

Evaporation: Evaporation involves a liquid changing to a gas.

Passive solar heating: It uses the sun's energy to heat a building. The windows, walls, 
and floors can be designed to collect, store, and distribute solar energy in the form of 
heat in the winter (and also to reject solar heat in the summer). 

Active Solar Heating: Active solar heating systems use solar energy to heat a fluid 
(either liquid or air), and then transfer the solar heat directly to the interior space or a 
storage system for later use. 

Sensor: A sensor is a device that detects and responds to some type of input from the 
physical environment.

Actuators: An actuator is something that converts energy into motion.

Compressor:  A compressor is a mechanical device that increases the pressure of a gas 
by reducing its volume.  

Hydronic Balancing: Hydronic balancing, also called hydraulic balancing, is the 
process of optimizing the distribution of water in a building's hydronic heating or 
cooling system by equalizing the system pressure so it provides the intended indoor 
climate at optimum energy efficiency and minimal operating cost.

Variable flow hydronic system: A common method of regulating the heating or 
cooling output of hydronic air handlers and other types of HVAC terminal units is to 
vary the water flow rate through their coils. This is known as a variable flow hydronic 
system.

 Heat pump: It is a device that transfers heat from a colder area to a hotter area by 
using mechanical energy, as in a refrigerator.

Boiler: A boiler is a closed vessel in which fluid (generally water) is heated.  
Evaporative cooling: Evaporative cooling is a process that uses the effect of 
evaporation to cool the surrounding air.
 
Desiccant cooling system: Desiccant is used for the absorption of moisture. Generally 
activated alumina or some other hygroscopic materials are used in the process.
 
Trigeneration: Cogeneration or combined heat and power (CHP) is the use of a heat 
engine or power station to generate electricity and useful heat at the same time.
 
Radiant Cooling System: Radiant cooling cools a floor or ceiling by absorbing the 
heat from the rest of the room.

Ground source heat pump: A geothermal heat pump (GHP) or ground source heat 
pump (GSHP) is a central heating and/or cooling system that transfers heat to or from 
the ground. 
 
Adiabatic Cooling system: An adiabatic process is the one that occurs on a system 
without the system transferring or receiving any heat energy from the surroundings.
  
Earth air tunnel: Earth air tunnel or earth air heat exchanger is a pre-cooling or 
pre-heating system which consists of a pipe or network of pipes buried at a reasonable 
depth below the ground surface. 

Energy Efficiency Ratio (EER): The ratio of net cooling capacity in kW to the total rate 
of electric input in watts under design operating conditions.

Energy Recovery System: It is the equipment that recovers energy from building or 
space exhaust air and uses it to treat (pre-heat or pre-cool) outdoor air taken inside the 
building or space by ventilation systems.
 
Fan system power: It is the sum of the nominal power demand of motors of all fans 
that are required to operate at design conditions to supply air from the heating or 
cooling source to the conditioned space(s) and return it to the point where it can be 
exhausted to outside the building.

Heat capacity: It is the amount of heat necessary to raise the temperature of a given 
mass by 1°C. Numerically, the heat capacity per unit area of the surface (W/m2.K) is 
the sum of the products of the mass per unit area of each material in the roof, wall, or 
floor surface multiplied by its specific heat.

Infiltration: Uncontrolled inward air leakage through cracks and crevices in external 
surfaces of buildings, around windows and doors due to pressure differences across 
these caused by factors such as wind or indoor and outside temperature differences 
(stack effect), an imbalance between supply and exhaust air systems. 

Variable Air Volume (VAV) system: It is the HVAC system that controls the dry-bulb 
temperature within a space by varying the volumetric flow of heated or cooled air 
supplied to space. 

Vegetative roofs: Also known as green roofs, the vegetative roofs are thin layers of 
living vegetation installed on top of conventional flat or sloping roofs. 

Vision Windows: These are the windows or areas of large windows that are primarily 
for both daylight and exterior views. Typically, their placement in the wall is between 
1 meter and 2.2 meters above the floor level.

Wall area, gross: It is the overall area of a wall including openings such as windows 
and doors measured horizontally from outside surface to outside service and 
measured vertically from the top of the floor to the top of the roof. If roof insulation is 
installed at the ceiling level rather than the roof, then the vertical measurement is 
made to the top of the ceiling. The gross wall area includes the area between the ceiling 
and the floor for multi-story buildings. 
 
Zone, HVAC: It is a space or a group of spaces within a building with heating and 
cooling requirements that are sufficiently similar so that desired conditions (e.g., 
temperature) can be maintained throughout using a single sensor (e.g., thermostat or 
temperature sensor).
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Efficacy: It is the lumens produced by a lamp plus ballast system divided by the total 
watts of input power (including the ballast), expressed in lumens per watt

Luminous flux: Luminous flux (Φ) is the quantity of the energy of the light emitted per 
second in all directions. Its unit is lumen (lm).

Luminous intensity: Luminous intensity (I) is the ability to emit light into a given 
direction, or it is the luminous flux that is radiated by the light source in a given 
direction within the unit of the spatial angel.  Its unit is candela.

Illuminance: Illuminance (E) is the total luminous flux incident on a surface, per unit 
area. Its unit is candela /m.

Luminance: Luminance (L) is the luminous intensity emitted by the surface area of 1 
cm² (or 1 m²) of the light source. Its unit is lux (lx).

Labeled: Equipment or materials to which a symbol or other identifying mark has 
been attached by the manufacturer indicating compliance with specified standard or 
performance in a specified manner. This mark is known as a label. 

Lamp: It is a generic term for man-made light sources often called bulb or tube.

Lighted floor area, gross: It is the gross area of lighted floor spaces. 

Lighting, emergency: It is the battery-backed lighting that provides illumination only 
when there is a power outage and general lighting luminaires are unable to function.
  
Lighting, general: It is the lighting that provides a substantially uniform level of 
illumination throughout an area. General lighting shall not include decorative lighting 
or lighting that provides a dissimilar level of illumination to serve a specialized 
application or feature within such area. 

Lighting system: It is a group of luminaires circuited or controlled to perform a 
specific function.

Occupant sensor: It is a device that detects the presence or absence of people within 
an area and causes lighting, equipment, or appliances to be dimmed, or switched on 
or off accordingly.

Lighting power allowance: 
a) Interior lighting power allowance: the maximum lighting power in watts 
allowed for the interior of a building 
b) Exterior lighting power allowance: the maximum lighting power in watts 
allowed for the exterior of a building

Lighting Power Density (LPD): It is the maximum lighting power per unit area of 
space as per its function or building as per its classification.

Low energy comfort systems: These are the space conditioning or ventilation systems 
that are less energy-intensive than vapor compression based space condition systems.
These primarily employ alternate heat transfer methods or materials (adiabatic 
cooling, radiation, desiccant, etc.), or renewable sources of energy (solar energy, 
geo-thermal) so that minimal electrical energy input is required to deliver heating or 
cooling to spaces.

Luminaires: It is a complete lighting unit consisting of a lamp or lamps together with 
the housing designed to distribute the light, position and protect the lamps, and 
connect the lamps to the power supply.

Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.
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Connected load: It is the sum of the rated wattage of all equipment, appliances, and 
devices to be installed in the building or part of building or building complexes, in 
terms of kilowatt (kW) that will be allocated to all applicants for electric power 
consumption in respect of the proposed building or building complexes on their 
completion.

Contract Demand: It is the maximum demand in kilowatt (kW) or kilo Volt Ampere 
(kVA) (within a consumer’s sanctioned load) agreed to be supplied by the electricity 
provider or utility in the agreement executed between the users and the utility or 
electricity provider.

Mean temperature: It is the average of the minimum daily temperature and 
maximum daily temperature. 

Metering: It is the practice of installing meters in buildings to acquire data for energy 
consumption and other operational characteristics of individual equipments or 
several types of equipment grouped on basis of their function (lighting, appliances, 
chillers, etc.). Metering is done in buildings to monitor their energy performance.

Transformer: Transformer is a device used to transform high voltage to low voltage, 
and vice versa. 

Manufacturing processes: These are the processes through which raw material is 
converted into finished goods for commercial sale using machines, labor, chemical or 
biological processes, etc.

Manual (non-automatic): It requires personal intervention for control. Non-automatic 
does not necessarily imply a manual controller, only that personal intervention is 
necessary. 

Alternating Current: This means that the direction of current flowing in a circuit is 
constantly being reversed back and forth. 
 
Direct Current (DC): It is the flow of electrical charge in the same direction. 
Conductor: It is a substance in which electrical charge carriers, usually electrons, move 
easily from atom to atom with the application of voltage. 

Full load: A full load current is the largest current that a motor or other device is 
designed to carry under particular conditions.

Dry-type transformer: A dry-type transformer is a type of transformer that never uses 
any insulating liquid where its winding or core is immersed in liquid. 
  
Oil type transformer: It is a transformer where the magnetic circuit and windings are 
immersed in oil.

Three-phase induction motor: Three-phase induction motor does not require an 
additional starting device. These types of motors are also known as self-starting 
induction motors.

Stress: Stress is the internal forces per unit area developed in an object subjected to an 
external force.

Peak Load: Peak load is the time of high demand.

Power Factor: The power factor is the ratio between real power and Apparent Power. 
Inductive Current: It resists changes in current and lags the voltage while measuring 
current. 

Reactive power: Reactive power occurs in an AC circuit when the voltage and current 
are not in phase.
 
Overcurrent: It is any current over the rated current of the equipment of the capacity 
of the conductor. It may result from overload, short circuit, or ground fault.

Fossil fuels: Fossil fuels are hydrocarbons, primarily coal, fuel oil or natural gas, 
formed from the remains of dead plants and animals.

Greenhouse gases: Greenhouse gases are those gases that trap the infrared rays of the 
sun from entering the atmosphere and in turn, they raise the temperature of the 
atmosphere which leads to global warming. 

Hydroelectric energy: Hydroelectric energy means electric energy coming from 
sources that convert energy (potential or kinetic) of water to electrical energy.

Bioenergy: Bioenergy is the renewable energy created by living organisms. Biomass is 
an organic material which has stored sunlight in the form of chemical energy.

Geothermal energy: Geothermal energy is an energy source derived from the heat of 
the earth. The heat must be near the surface so it can be extracted. 
 
Total harmonic distortion: The total harmonic distortion is the ratio of voltage in the 
harmonic frequencies to the principle frequency. 

Photovoltaic: Photovoltaic means 'voltage from light' and refers to a solid-state 
semiconductor device, aka solar cell that produces a potential difference (voltage) and 
current of electrons (electricity) when exposed to light.

Kilovolt-ampere (kVA): It is the product of the line current (amperes) times the 
nominal system voltage (kilovolts) times 1.732 for three-phase currents. For 
single-phase applications, kVA is the product of the line current (amperes) times the 
nominal system voltage (kilovolts). 

Kilowatt (kW): It is the basic unit of electric power, equal to 1000 W.

Party wall: It is a firewall on an interior lot line used or adapted for joint service 
between two buildings. 

Permanently installed: It is the equipment that is fixed in place and is not portable or 
movable. 

Plenum: It is a compartment or chamber to which one or more ducts are connected, 
which forms a part of the air distribution system, and that is not used for occupancy 
or storage.  

Plug loads: It is the energy used by products that are powered using an AC plug. This 
term excludes building energy that is attributed to major end uses like HVAC, 
lighting, water heating, etc. 

Pool: It is any structure, basin, or tank containing an artificial body of water for 
swimming, diving, or recreational bathing. The term includes, but is not limited to, 
swimming pool, whirlpool, spa, hot tub.

Process load: It is the building loads resulting from the consumption or release of 
energy due to industrial processes or processes other than those for providing space 
conditioning, lighting, ventilation, or service hot water heating.

Transformer losses: These are electrical losses in a transformer that reduces its 
efficiency.  

Transport Buildings (Assembly): It is any building or structure used for 
transportation and transit like airports, railway stations, bus stations, and 
underground and elevated mass rapid transit system example, underground or 
elevated railways.
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Window Wall ratio: The window-to-wall ratio is the measure of the percentage area 
determined by dividing the building's total glazed area by its exterior envelope wall 
area.
 
Skylight Roof ratio: The skylight roof ratio (SRR) is the ratio of the area of the skylight 
in comparison to the total roof area. 

CHAPTER-9
 
Acid Rain: It is made up of water droplets that are unusually acidic because of 
atmospheric pollution, most notably the excessive amounts of sulfur and nitrogen 
released by cars and industrial processes.

Retrofitting: Retrofitting is a method of modifying existing structures with new 
components to resist the earthquake load or any other loads. 
Sustainability: Sustainability means meeting one’s own needs without compromising 
the ability of future gener.

ABREVIATIONS

1. TOE  Tons of Oil Equivalent
2. MOP  Ministry of Power 
3. CAGR  Compound Annual Growth Rate 
4. TEDDY TERI Energy & Environment Data Diary and Yearbook
5. GW  Giga Watt
6. MW  Mega Watt
7. KWh  Kilowatt Hour 
8. EBP  Ethanol Blending Petrol 
9. HPCL  Hindustan Petroleum Corporation Limited   
10. MTPA  Million Tons Per Annum 
11. ECBC  Energy Conservation Building Code 
12. BEE  Bureau of Energy Efficiency
13. USAID  United States Agency for International Development
14. PEDA  Punjab Energy Development Agency 
15. SDA  State Designated Agency 
16. EPI  Energy Performance Index
17. GHG  Greenhouse Gas
18. HVAC  Heating, Ventilation and Air Conditioning
19. IAQ  Indoor Air Quality
20. AAC  Autoclave Aerated Concrete
21. XPS  Extruded Polystyrene Insulation 
22. EPS  Expanded Polystyrene Insulation    
23. NBC  National Building Code
24. UPVC  Unplasticised Polyvinyl Chloride
25. PVC  Polyvinyl Chloride
26. SRI  Solar Reflective Index
27. SEER  Seasonal Energy Efficiency Ratio
28. BTU  British Thermal Units 
29. EER  Energy Efficiency Ratio 
30. HSPF  Heating Seasonal Performance Factor 
31. VFD  Variable Frequency Drive
32. WBP  Whole Building Performance Method
33. AGA  Above Grade Area 
34. NMEEE National Mission for Enhanced Energy Efficiency 
35. NAPCC National Action Plan on Climate Change 
36. PAT  Plan, Achieve and Trade Scheme 
37. MTEE  Market Transformation for Energy Efficiency 
38. EEFP  Energy Efficiency Financing Program
39. FEEED  Framework for Energy Efficiency Economic Development 
40. DSM  Demand Side Management 
41. ULB  Urban Local Bodies 
42. SMEs  Small and Medium Size Enterprises 
43. MSMEs Ministry of Micro, Small and Medium Enterprises. 
44. EC ACT Energy Conservation Act 

45. LED  Light Emitting Diode 
46. PWD  Public Work Department
47. ISO  International Organization of Standardization. 
48. SHGC  Solar Heat Gain Coefficient
49. SC  Shading Coefficient 
50. UDI  Useful Daylight Illumination 
51. VLT  Visual Light Transmission 
52. IST  India Standard Time
53. DEF  Daylight Extent Factors. 
54. ASTM  American Society for Testing and Materials
55. EPDM  Ethylene Propylene Diane Monomer 
56. WWR  Wall – Window Ratio 
57. EPF  Envelope Performance Factor 
58. VOC  Volatile Organic Compound 
59. DCV  Demand Control Ventilation 
60. COP  Coefficient of Performance 
61. IPLV  Integrated Part Load Value 
62. VRF  Variable Refrigerant Flow 
63. ANSI  American National Standards Institute
64. AHRI  Air Conditioning, Heating and Refrigeration Institute. 
65. IEER  Integrated Energy Efficiency Ratio 
66. PLC  Programmable Logic Control 
67. VAV  Variable Air Volume 
68. AC  Alternating Current 
69. DC   Direct Current 
70. CT  Current Transformer
71. PT  Potential Transformer 
72. DG  Diesel Generators
73. SFC  Specific Fuel Consumption 
74. THD  Total Harmonic Distortion 
75. UPS  Uninterruptible Power Supply 
76. REGZ  Renewable Energy Generating Zone 
77. WBP  Whole Building performance 
78. LEED  Leadership in Energy and Environmental Design 
79. GRIHA Green Rating Integrated Habitat Assessment 
80. APFC  Automatic Power Factor Controller 
81. PV  Photovoltaic Devices 
82. GHG  Greenhouse Gases 
83. USGBC U.S. Green Building Council
84. HID  High intensity Discharge 
85. BUA  Built-Up Area 
86. CFL  Compact Fluorescent Light
87. Wh  Watthour
88. W  Watt
89. TR  Tons of refrigeration  
90. Pa  Pascal  



Certain terms, abbreviations, and acronyms are defined in this section for this code. 
These definitions apply to all sections of this code. Terms that are not defined shall 
have their ordinarily accepted meanings within the context in which they are used.
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Biomass: Biomass is any mass, even waste/ refuses from plant or animal origin.
Bagasse: Bagasse is a sugarcane fibre pulp left after the juice has been extracted from 
the sugarcane stable. It is estimated that bagasse contributes to 33.3% residue of the 
total cane crushed.
 
Façade: Façade is the principal front of a building that faces on to a street or open 
space.
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Net Zero Building: A zero net energy building is designed to ensure zero net 
consumption, which means the total amount of energy consumed by the building 
annually should equal the amount of renewable energy created on-site.
Building envelope: It is a physical separator comprised of a series of components and 
systems that protect the interior space of a building from the effects of the external 
environment, like precipitation, wind, temperature, humidity, ultraviolet radiation, 
etc. 

Dehumidification: Dehumidification is a process of removal of moisture from the air 
in a conditioned room.

Humidity:  Humidity is the percentage of water vapor in the air. 
Fly Ash: Fly ash, also known as pulverized fuel ash, is a by-product obtained from 
coal-fired electric power plants.

Thermal Conductivity: Thermal conductivity is the ability of a material to conduct 
heat through it.

Ventilation: Ventilation is the process of replacing air to provide maximum indoor 
air quality to control temperature, remove odors, replenish oxygen, and remove 
moisture, smoke, heat, dust, carbon dioxide and airborne bacteria from the indoor 
space.

Durability: A durable material is not easily destroyed by use and lasts for a relatively 
long duration. 
 
Efflorescence: Efflorescence is a crystalline deposit on surfaces of masonry, stucco or 
concrete.
 
Urban Heat Island Effect: The heat island effect is named for an urban area that is 
considerably warmer than the surrounding, natural and rural lands. This effect 
happens because of the materials used in construction for building, together with 
energy emissions from transportation (cars) and industry.

Solar Reflective index: The Solar Reflective Index (SRI) is a measure of the solar 
reflectance and emissivity of materials that can be used as an indicator of how hot 
they are likely to become when solar radiation is incident on their surface.
Thermal Emissivity: The thermal emissivity of the surface of a material is its 
effectiveness in emitting energy as thermal radiation.

Incandescent: This type of light bulb is called an incandescent bulb because its 
filament is heated until it gives off light.

Seasonal Energy Efficiency Ratio:  It is the ratio of the total annual amount of heat 
that the equipment can remove from the indoor air when operated for cooling in 
active mode to the total annual amount of energy consumed by the equipment during 
the same period.

Energy Efficiency Ratio: A room air conditioner's efficiency is measured by the 
energy efficiency ratio (EER). The EER is the ratio of the cooling capacity (in British 
thermal units (BTUs) per hour to the power input (in watts). The higher the EER 
rating, the more efficient the air conditioner.

Heating seasonal performance factor: Heating seasonal performance factor (HSPF) 
is specifically used to measure the efficiency of air-source heat pumps. HSPF is 
defined as the ratio of heat output (measured in BTUs) over the heating season to 
electricity used (measured in watt-hours). 
                                                                                  
Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.

Out-patient Healthcare (Type of Healthcare): It is any building or a group of 
buildings under a single management, which is used only for treating persons 
requiring treatment or diagnosis of disease but not requiring overnight or longer 
accommodation in the building during treatment or diagnosis.
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Energy Performance Index: Energy Performance Index (EPI) is the total energy 
consumed in a building over a year divided by total built-up area in kWh/sq m/year 
and is considered as the simplest and most relevant indicator for qualifying a 
building as energy-efficient or not.

Compliance documents: These are the forms specified in ECBC Rules and 
Regulations to record and check compliance with these rules. These include but are 
not limited to EPI Ratio Compliance Report, Building Envelope Compliance Form, 
Mechanical Systems Compliance Form, and Permit Checklist, Lighting System 
Compliance Form and Permit Checklist and certificates from Certified Energy 
Auditor for existing or proposed buildings.

Cumulative design EPI: It is the Energy Performance Index for a building having two 
or more different functional uses, and is calculated based on the area-weighted 
average (AWA) method.

CHAPTER-4
 
Building or building complex or complex:  A structure wholly or partially enclosed 
within the exterior walls, or within exterior and party walls, and a roof, affording 
shelter to persons, animals, or property. Building complex means a building or group 
of buildings constructed in a contiguous area for business, commercial, institutional, 
healthcare, hospitality purposes or assembly buildings under the single ownership of 
individuals or group of individuals or the name of a co-operative group society or on 
lease and sold as shops or office space or space for other commercial purposes, 
having a connected load of 100 kW or contract demand of 120 kVA and above.

Building, base: It includes building structure, building envelope, common areas, 
circulation areas, parking, basements, services area, plant room and its supporting 
areas, and open project site area.

Building, core, and shell: These are buildings where the developer or owner will 
only provide the base building and its services.

24-hour Business Building: These are business building operated and occupied for 
more than 12 hours on each weekday. The Intensity of occupancy may vary. 
 
Above Grade Area (AGA): AGA is the cumulative floor area of all the floor levels of 
a building that are above the ground-level. Ground level shall be as defined in the 
building site plan. A floor level is above grade if one-third of the total external surface 
area of only the said floor level is above the ground level. 
 
Addition: It is an extension or increase in floor area or height of a building outside of 
the existing building envelope. 

Alteration: It is any change, rearrangement, replacement, or addition to a building or 
its systems and equipment; any modification in construction or building equipment.

Area weighted average (AWA) method: AWA method is based on the concept of 
weighted arithmetic mean where instead of each data point contributing equally to 
the final mean, each data point contributes more “weight” than others based on the 
size of the area the said data point applies to. To calculate the area-weighted average 
mean, a summation of each data point multiplied with its respective area is divided 
with the total area. 
 
Astronomical time switch: It is an automatic time switch that adjusts the length of the 
day as it varies over the year.

Fenestration:  Fenestration refers to the openings in the building envelope, including 
the installation of windows, doors, and skylights. The process of including these 
openings in the building envelope is known as fenestration.

U- Factor: 'U-Factor" or U-Value", also referred to as the K-Value, is the measurement 
of the thermal conductance of a material that reflects the effectiveness of the material 
to allow the flow of heat.

Solar Heat Gain Coefficient (SHGC): It is the ratio of the solar heat gain entering the 
space through the fenestration area to the incident solar radiation. Solar heat gain 
includes directly transmitted solar heat and absorbed solar radiation, which is then 
reradiated, conducted, or convected into space. 

Class of construction: It is the classification that determines the construction 
materials for the building envelope, roof, wall, floor, slab-on-grade floor, opaque 
door, vertical fenestration, and skylight.

Visual light transmission: It is simply the measurable amount of solar visible light 
(daylight) that travels through a glazing system.

Conduction: Conduction is the heat transfer through a solid medium due to the 
temperature difference. 

Convection: Convection is the heat transfer through a fluid medium such as air or 
water. Convection within the envelope assembly will depend on the temperature 
difference across the surfaces and also the airspeed.
 
Radiation: Radiation is heat transfer through electromagnetic radiation. All bodies 
facing an air space or a vacuum emit and absorb radiant energy continuously. Heat 
transfer by radiation will take place from a warmer surface to a cooler one.

Resistance: It is denoted as R, and is the ability of a material to resist heat flow. It is 
the reciprocal of conductance, (Units are m2 K/W). 

Emittance: It is the ability of a material to re-radiate absorbed heat as invisible 
infrared radiation.  It indicates the ability of a material to lose heat, consequently 
reducing the sensible heat content of the object.

R-value (thermal resistance): It is the reciprocal of the time rate of heat flow through 
a unit area induced by a unit temperature difference between two defined surfaces of 
material or construction under steady-state conditions. The units of R-value are m2.K 
/W.  

Recirculating system: It is a domestic or service hot water distribution system that 
includes a closed circulation circuit designed to maintain temperatures in hot water 
pipes near terminal devices (e.g. lavatory faucets and showerheads) to reduce the 
time required to obtain hot water when the terminal device valve is opened. The 
motive force for circulation is either natural (due to water density variations with 
temperature) or mechanical (recirculation pump).

Reflectance: The ability of a material to reflect radiation without changing the 
temperature of the material.  Surfaces with higher reflectance tend to absorb less heat.
Absorptance: The ability of a material to absorb radiation. This is converted into 
sensible heat within the material, thus raising its temperature.

Projection factor, overhang: It is the ratio of the horizontal depth of the external 
shading projection to the sum of the height of the fenestration and the distance from 
the top of the fenestration to the bottom of the farthest point of the external shading 
projection, in consistent units.

Projection factor, side fin:  It is the ratio of the horizontal depth of the external 
shading projection to the distance from the window jamb to the farthest point of the 
external shading projection, in consistent units.
 
Projection Factor, overhang and side fin: It is the average of projection factor for 
overhang only and projection factor of side fin only.  
  
Ultraviolet: Ultraviolet is electromagnetic radiation with a wavelength from 10 nm to 
400 nm, shorter than that of visible light but longer than X-rays.

Wall Window Ratio: It is the ratio of the window area to the gross exterior wall area.
Skylight roof ratio (SRR): It is the ratio of the area of the skylight in comparison to the 
total roof area.

Renewable Energy Generating Zone: It is a contiguous or semi-contiguous area, 
either on the rooftop or elsewhere within the site boundary, dedicated to the 
installation of renewable energy systems.

Cool roof: It is the roof with a top layer of material that has high solar reflectance and 
high thermal emittance properties. Cool roof surfaces are characterized by light 
colors so that heat can be rejected back to the environment. 

Daylight Extension Factor (DEF): It is the factor which manually calculates the 
daylight area on floor plates. It is to be multiplied by the head height of windows. It 
is dependent on orientation and glazing VLT, shading devices adjacent to it and 
building location.  

Daytime Business Building:  It is the business building operated typically only 
during the daytime on weekdays up to 12 hours each day.  

Effective aperture: It is the multiplication of Visible Light Transmittance and the 
window-to-wall ratio. (EA = VLT x WWR)

Water heater: It is the vessel in which water is heated and withdrawn for use external 
to the system.
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HVAC system: This includes the equipment, distribution systems, and terminal 
devices that provide, either collectively or individually, the processes of heating, 
ventilating, or air conditioning to a building or parts of a building.

Coefficient of Performance (COP) – cooling: It is the ratio of the rate of heat removal 
to the rate of energy input, in consistent units, for a complete refrigerating system or 
some specific portion of that system under designated operating conditions.

Coefficient of Performance (COP) – heating: It is the ratio of the rate of heat 
delivered to the rate of energy input, in consistent units, for a complete heat pump 
system, including the compressor and, if applicable, auxiliary heat, under designated 
operating conditions.

Common area: These are the areas within a building that are available for use by all 
tenants in a building (i.e. lobbies, corridors, restrooms, etc.).

 Mechanical cooling: It reduces the temperature of a gas or a liquid by using vapor 
compression, absorption, and desiccant dehumidification combined with evaporative 
cooling or another energy-driven thermodynamic cycle. Indirect or direct 
evaporative cooling alone is not considered mechanical cooling.

Commercial building: It is a building or a part of building or building complex 
which are used or intended to be used for commercial purposes and classified as per 
the time of the day the building is operational and sub-classified, as per the functional 
requirements of its design, construction, and use as per following details:

Group I – 24 hours building covering Type A Hospitality, Type B Health Care and 
Type C Assembly and, 
Group II – Regular building covering Type D Business, Type E Educational, and Type 
F Shopping Complexes.

Dead band:  It is the range of values within which a sensed variable can vary without 
initiating a change in the controlled process. 

Demand: It is the maximum rate of electricity (kW) consumption recorded for a 
building or facility during a selected time frame.  

Demand control ventilation (DCV):  It is the ventilation system capability that 
provides automatic reduction of outdoor air intake below design rates when the 
actual occupancy of spaces served by the system is less than the design occupancy. 
Design capacity: It is the output capacity of a mechanical or electrical system or 
equipment at design conditions. 

Design conditions: These are specified indoor environmental conditions, such as 
temperature, humidity, and light intensity, required for producing and maintaining 
by a system and under which the system must operate. 

Distribution system: It is a network or a system comprising controlling devices or 
equipment and distribution channels (cables, coils, ducts, pipes, etc.) for delivery of 
electrical power or, cooled or heated water or air in buildings.

Door area: It is the total area of the door measured using the rough opening and 
including the door slab and the frame.

Economizer: an economizer is a mechanical device used to reduce energy 
consumption. Economizers recycle energy produced within a system or leverage 
environmental temperature differences to achieve efficiency improvements.

Economizer, air: It is a duct and damper arrangement with automatic controls that 
allow a cooling system to supply outdoor air to reduce or eliminate the need for 
mechanical cooling during mild or cold weather.

Economizer, water: It is a system by which the supply air of a cooling system is 
cooled indirectly with water that is itself cooled by heat or mass transfer to the 
environment without the use of mechanical cooling.

Mixed-mode air-conditioned building: It is the building in which natural ventilation 
is employed as the primary mode of ventilation, and air conditioning is deployed as 
and when required. 
 
Mixed-use development: It is a single building or a group of buildings used for a 
combination of residential, commercial, business, educational, hospitality and 
assembly purposes. 

Air conditioning and condensing units serving computer rooms: It is the air 
conditioning equipment that provides cooling by maintaining space temperature and 
humidity within a narrow range. Its major application is in data centers where 
dissipating heat generated by equipment takes precedence over comfort cooling for 
occupants.

Relative Humidity: Relative humidity is the ratio of the partial pressure of water 
vapor in the air (which is related to the actual amount present) divided by the vapor 
pressure of water at that same temperature (which is related to the maximum amount 
of water vapor that the air can hold at that temperature).

Thermal Comfort: Thermal comfort is a condition of mind/body that expresses 
satisfaction with the thermal environment. Due to its subjectivity, thermal comfort 
may be different for individuals. Thermal comfort is maintained when the heat 
generated by the human metabolism is allowed to dissipate at a rate that maintains 
thermal equilibrium in the body.

Natural Ventilation: It is the ventilation done by pressure difference air always flows 
from high pressure to low pressure.

Mechanical Ventilation: It is a type of ventilation in which we use mechanical 
equipment for creating pressure difference for the flow of air.

Mixed Mode Ventilation: In this type of ventilation both natural and mechanical 
type of ventilation is used. 

Coefficient of performance: It is the ratio of the desired effect to work input in a 
refrigerator or a heat pump.

Chiller: A chiller is a machine that removes heat from a liquid via a 
vapor-compression or absorption refrigeration cycle. 

Variable refrigerant flows: The main compressor which pumps refrigerant around 
can run at various speeds (steeples), thereby continuously increasing (or decreasing) 
flow of refrigerant based on demand during various hours/minutes of usage. This is 
known as variable refrigerant flow, or VRV (variable refrigerant volume).

Air Conditioning: Air conditioning refers to the process of controlling the 
temperature and humidity of the air to suit the needs of the occupants or an industrial 
process.

Unitary air conditioning system:  The working of the window air conditioner is to 
cool only one particular room, commonly known as the "unitary unit”. This type of ac 
is installed in the window of a room. It will cool a room by emitting the warm air out 
the back of it and blowing cool air into it.

Split Air Conditioning System: Central HVAC systems are regularly referred to as a 
“split” system due to the simple fact that some of the components are installed inside 
the home and some of the components are installed outside a home.

Packaged air conditioning System: This type of unit is perfect for cooling multiple 
rooms or a large space in a home or office. All the components, namely the 
compressor, condenser (which can be air-cooled or water-cooled), expansion valve 
and evaporator are housed in a single box.

Cooling capacity: Cooling capacity is the measure of a cooling system's ability to 
remove heat. 

Thermostat: Thermostat is a control that tells the heating and the cooling system when 
to heat or cool or do nothing.

Variable speed drive: It is used for varying the speed of an induction motor by 
changing the motor's input supply frequency and voltage, keeping the flux constant. 
Throttle: Throttle is a device that controls the engine RPM by directly controlling the 
amount of air going in.

Terminal device: It is a device through which heated or cooled air is supplied to a 
space to maintain its temperature. It usually contains dampers and heating and 
cooling coils. In other words, it is a device by which energy from a system is finally 
delivered (e.g. registers, diffusers, lighting fixtures, faucets, etc.). 

Theatre or motion picture hall (Type of Assembly): It is any building primarily 
meant for theatrical or operatic performances and which has a stage, proscenium 
curtain, fixed or portable scenery or scenery loft, lights, mechanical appliances or 
other theatrical accessories and equipment. For example, theatres, motion picture 
houses, auditoria, concert halls, television and radio studios admit an audience, which 
is provided with fixed seats. 

Thermal block: It is a collection of one or more HVAC zones grouped for simulation 
purposes. The spaces need not be contiguous to be combined within a single thermal 
block. 

Thermal comfort conditions: These are the conditions that influence the thermal 
comfort of occupants. Environmental conditions that influence thermal comfort are air 
and radiant temperature, humidity, and airspeed.

Sensible cooling: It is the portion of the cooling process that affects only the 
temperature of the air, without changing the humidity.
 
Dampers: Dampers are devices that regulate the airflow in an air handling system.  
Backdraft Dampers: Backdraft dampers (also known as gravity dampers) are used in 
ventilation systems to allow airflow in one direction, and prevent airflow in the 
opposite direction.

 

 Heat pump: It is a device that transfers heat from a colder area to a hotter area by 
using mechanical energy, as in a refrigerator.

Boiler: A boiler is a closed vessel in which fluid (generally water) is heated.  
Evaporative cooling: Evaporative cooling is a process that uses the effect of 
evaporation to cool the surrounding air.
 
Desiccant cooling system: Desiccant is used for the absorption of moisture. Generally 
activated alumina or some other hygroscopic materials are used in the process.
 
Trigeneration: Cogeneration or combined heat and power (CHP) is the use of a heat 
engine or power station to generate electricity and useful heat at the same time.
 
Radiant Cooling System: Radiant cooling cools a floor or ceiling by absorbing the 
heat from the rest of the room.

Ground source heat pump: A geothermal heat pump (GHP) or ground source heat 
pump (GSHP) is a central heating and/or cooling system that transfers heat to or from 
the ground. 
 
Adiabatic Cooling system: An adiabatic process is the one that occurs on a system 
without the system transferring or receiving any heat energy from the surroundings.
  
Earth air tunnel: Earth air tunnel or earth air heat exchanger is a pre-cooling or 
pre-heating system which consists of a pipe or network of pipes buried at a reasonable 
depth below the ground surface. 

Energy Efficiency Ratio (EER): The ratio of net cooling capacity in kW to the total rate 
of electric input in watts under design operating conditions.

Energy Recovery System: It is the equipment that recovers energy from building or 
space exhaust air and uses it to treat (pre-heat or pre-cool) outdoor air taken inside the 
building or space by ventilation systems.
 
Fan system power: It is the sum of the nominal power demand of motors of all fans 
that are required to operate at design conditions to supply air from the heating or 
cooling source to the conditioned space(s) and return it to the point where it can be 
exhausted to outside the building.

Heat capacity: It is the amount of heat necessary to raise the temperature of a given 
mass by 1°C. Numerically, the heat capacity per unit area of the surface (W/m2.K) is 
the sum of the products of the mass per unit area of each material in the roof, wall, or 
floor surface multiplied by its specific heat.

Infiltration: Uncontrolled inward air leakage through cracks and crevices in external 
surfaces of buildings, around windows and doors due to pressure differences across 
these caused by factors such as wind or indoor and outside temperature differences 
(stack effect), an imbalance between supply and exhaust air systems. 

Variable Air Volume (VAV) system: It is the HVAC system that controls the dry-bulb 
temperature within a space by varying the volumetric flow of heated or cooled air 
supplied to space. 

Vegetative roofs: Also known as green roofs, the vegetative roofs are thin layers of 
living vegetation installed on top of conventional flat or sloping roofs. 

Vision Windows: These are the windows or areas of large windows that are primarily 
for both daylight and exterior views. Typically, their placement in the wall is between 
1 meter and 2.2 meters above the floor level.

Wall area, gross: It is the overall area of a wall including openings such as windows 
and doors measured horizontally from outside surface to outside service and 
measured vertically from the top of the floor to the top of the roof. If roof insulation is 
installed at the ceiling level rather than the roof, then the vertical measurement is 
made to the top of the ceiling. The gross wall area includes the area between the ceiling 
and the floor for multi-story buildings. 
 
Zone, HVAC: It is a space or a group of spaces within a building with heating and 
cooling requirements that are sufficiently similar so that desired conditions (e.g., 
temperature) can be maintained throughout using a single sensor (e.g., thermostat or 
temperature sensor).

CHAPTER-6

Efficacy: It is the lumens produced by a lamp plus ballast system divided by the total 
watts of input power (including the ballast), expressed in lumens per watt

Luminous flux: Luminous flux (Φ) is the quantity of the energy of the light emitted per 
second in all directions. Its unit is lumen (lm).

Luminous intensity: Luminous intensity (I) is the ability to emit light into a given 
direction, or it is the luminous flux that is radiated by the light source in a given 
direction within the unit of the spatial angel.  Its unit is candela.

Illuminance: Illuminance (E) is the total luminous flux incident on a surface, per unit 
area. Its unit is candela /m.

Luminance: Luminance (L) is the luminous intensity emitted by the surface area of 1 
cm² (or 1 m²) of the light source. Its unit is lux (lx).

Labeled: Equipment or materials to which a symbol or other identifying mark has 
been attached by the manufacturer indicating compliance with specified standard or 
performance in a specified manner. This mark is known as a label. 

Lamp: It is a generic term for man-made light sources often called bulb or tube.

Lighted floor area, gross: It is the gross area of lighted floor spaces. 

Lighting, emergency: It is the battery-backed lighting that provides illumination only 
when there is a power outage and general lighting luminaires are unable to function.
  
Lighting, general: It is the lighting that provides a substantially uniform level of 
illumination throughout an area. General lighting shall not include decorative lighting 
or lighting that provides a dissimilar level of illumination to serve a specialized 
application or feature within such area. 

Lighting system: It is a group of luminaires circuited or controlled to perform a 
specific function.

Occupant sensor: It is a device that detects the presence or absence of people within 
an area and causes lighting, equipment, or appliances to be dimmed, or switched on 
or off accordingly.

Lighting power allowance: 
a) Interior lighting power allowance: the maximum lighting power in watts 
allowed for the interior of a building 
b) Exterior lighting power allowance: the maximum lighting power in watts 
allowed for the exterior of a building

Lighting Power Density (LPD): It is the maximum lighting power per unit area of 
space as per its function or building as per its classification.

Low energy comfort systems: These are the space conditioning or ventilation systems 
that are less energy-intensive than vapor compression based space condition systems.
These primarily employ alternate heat transfer methods or materials (adiabatic 
cooling, radiation, desiccant, etc.), or renewable sources of energy (solar energy, 
geo-thermal) so that minimal electrical energy input is required to deliver heating or 
cooling to spaces.

Luminaires: It is a complete lighting unit consisting of a lamp or lamps together with 
the housing designed to distribute the light, position and protect the lamps, and 
connect the lamps to the power supply.

Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.
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Connected load: It is the sum of the rated wattage of all equipment, appliances, and 
devices to be installed in the building or part of building or building complexes, in 
terms of kilowatt (kW) that will be allocated to all applicants for electric power 
consumption in respect of the proposed building or building complexes on their 
completion.

Contract Demand: It is the maximum demand in kilowatt (kW) or kilo Volt Ampere 
(kVA) (within a consumer’s sanctioned load) agreed to be supplied by the electricity 
provider or utility in the agreement executed between the users and the utility or 
electricity provider.

Mean temperature: It is the average of the minimum daily temperature and 
maximum daily temperature. 

Metering: It is the practice of installing meters in buildings to acquire data for energy 
consumption and other operational characteristics of individual equipments or 
several types of equipment grouped on basis of their function (lighting, appliances, 
chillers, etc.). Metering is done in buildings to monitor their energy performance.

Transformer: Transformer is a device used to transform high voltage to low voltage, 
and vice versa. 

Manufacturing processes: These are the processes through which raw material is 
converted into finished goods for commercial sale using machines, labor, chemical or 
biological processes, etc.

Manual (non-automatic): It requires personal intervention for control. Non-automatic 
does not necessarily imply a manual controller, only that personal intervention is 
necessary. 

Alternating Current: This means that the direction of current flowing in a circuit is 
constantly being reversed back and forth. 
 
Direct Current (DC): It is the flow of electrical charge in the same direction. 
Conductor: It is a substance in which electrical charge carriers, usually electrons, move 
easily from atom to atom with the application of voltage. 

Full load: A full load current is the largest current that a motor or other device is 
designed to carry under particular conditions.

Dry-type transformer: A dry-type transformer is a type of transformer that never uses 
any insulating liquid where its winding or core is immersed in liquid. 
  
Oil type transformer: It is a transformer where the magnetic circuit and windings are 
immersed in oil.

Three-phase induction motor: Three-phase induction motor does not require an 
additional starting device. These types of motors are also known as self-starting 
induction motors.

Stress: Stress is the internal forces per unit area developed in an object subjected to an 
external force.

Peak Load: Peak load is the time of high demand.

Power Factor: The power factor is the ratio between real power and Apparent Power. 
Inductive Current: It resists changes in current and lags the voltage while measuring 
current. 

Reactive power: Reactive power occurs in an AC circuit when the voltage and current 
are not in phase.
 
Overcurrent: It is any current over the rated current of the equipment of the capacity 
of the conductor. It may result from overload, short circuit, or ground fault.

Fossil fuels: Fossil fuels are hydrocarbons, primarily coal, fuel oil or natural gas, 
formed from the remains of dead plants and animals.

Greenhouse gases: Greenhouse gases are those gases that trap the infrared rays of the 
sun from entering the atmosphere and in turn, they raise the temperature of the 
atmosphere which leads to global warming. 

Hydroelectric energy: Hydroelectric energy means electric energy coming from 
sources that convert energy (potential or kinetic) of water to electrical energy.

Bioenergy: Bioenergy is the renewable energy created by living organisms. Biomass is 
an organic material which has stored sunlight in the form of chemical energy.

Geothermal energy: Geothermal energy is an energy source derived from the heat of 
the earth. The heat must be near the surface so it can be extracted. 
 
Total harmonic distortion: The total harmonic distortion is the ratio of voltage in the 
harmonic frequencies to the principle frequency. 

Photovoltaic: Photovoltaic means 'voltage from light' and refers to a solid-state 
semiconductor device, aka solar cell that produces a potential difference (voltage) and 
current of electrons (electricity) when exposed to light.

Kilovolt-ampere (kVA): It is the product of the line current (amperes) times the 
nominal system voltage (kilovolts) times 1.732 for three-phase currents. For 
single-phase applications, kVA is the product of the line current (amperes) times the 
nominal system voltage (kilovolts). 

Kilowatt (kW): It is the basic unit of electric power, equal to 1000 W.

Party wall: It is a firewall on an interior lot line used or adapted for joint service 
between two buildings. 

Permanently installed: It is the equipment that is fixed in place and is not portable or 
movable. 

Plenum: It is a compartment or chamber to which one or more ducts are connected, 
which forms a part of the air distribution system, and that is not used for occupancy 
or storage.  

Plug loads: It is the energy used by products that are powered using an AC plug. This 
term excludes building energy that is attributed to major end uses like HVAC, 
lighting, water heating, etc. 

Pool: It is any structure, basin, or tank containing an artificial body of water for 
swimming, diving, or recreational bathing. The term includes, but is not limited to, 
swimming pool, whirlpool, spa, hot tub.

Process load: It is the building loads resulting from the consumption or release of 
energy due to industrial processes or processes other than those for providing space 
conditioning, lighting, ventilation, or service hot water heating.

Transformer losses: These are electrical losses in a transformer that reduces its 
efficiency.  

Transport Buildings (Assembly): It is any building or structure used for 
transportation and transit like airports, railway stations, bus stations, and 
underground and elevated mass rapid transit system example, underground or 
elevated railways.

CHAPTER-8  

Window Wall ratio: The window-to-wall ratio is the measure of the percentage area 
determined by dividing the building's total glazed area by its exterior envelope wall 
area.
 
Skylight Roof ratio: The skylight roof ratio (SRR) is the ratio of the area of the skylight 
in comparison to the total roof area. 

CHAPTER-9
 
Acid Rain: It is made up of water droplets that are unusually acidic because of 
atmospheric pollution, most notably the excessive amounts of sulfur and nitrogen 
released by cars and industrial processes.

Retrofitting: Retrofitting is a method of modifying existing structures with new 
components to resist the earthquake load or any other loads. 
Sustainability: Sustainability means meeting one’s own needs without compromising 
the ability of future gener.

ABREVIATIONS

1. TOE  Tons of Oil Equivalent
2. MOP  Ministry of Power 
3. CAGR  Compound Annual Growth Rate 
4. TEDDY TERI Energy & Environment Data Diary and Yearbook
5. GW  Giga Watt
6. MW  Mega Watt
7. KWh  Kilowatt Hour 
8. EBP  Ethanol Blending Petrol 
9. HPCL  Hindustan Petroleum Corporation Limited   
10. MTPA  Million Tons Per Annum 
11. ECBC  Energy Conservation Building Code 
12. BEE  Bureau of Energy Efficiency
13. USAID  United States Agency for International Development
14. PEDA  Punjab Energy Development Agency 
15. SDA  State Designated Agency 
16. EPI  Energy Performance Index
17. GHG  Greenhouse Gas
18. HVAC  Heating, Ventilation and Air Conditioning
19. IAQ  Indoor Air Quality
20. AAC  Autoclave Aerated Concrete
21. XPS  Extruded Polystyrene Insulation 
22. EPS  Expanded Polystyrene Insulation    
23. NBC  National Building Code
24. UPVC  Unplasticised Polyvinyl Chloride
25. PVC  Polyvinyl Chloride
26. SRI  Solar Reflective Index
27. SEER  Seasonal Energy Efficiency Ratio
28. BTU  British Thermal Units 
29. EER  Energy Efficiency Ratio 
30. HSPF  Heating Seasonal Performance Factor 
31. VFD  Variable Frequency Drive
32. WBP  Whole Building Performance Method
33. AGA  Above Grade Area 
34. NMEEE National Mission for Enhanced Energy Efficiency 
35. NAPCC National Action Plan on Climate Change 
36. PAT  Plan, Achieve and Trade Scheme 
37. MTEE  Market Transformation for Energy Efficiency 
38. EEFP  Energy Efficiency Financing Program
39. FEEED  Framework for Energy Efficiency Economic Development 
40. DSM  Demand Side Management 
41. ULB  Urban Local Bodies 
42. SMEs  Small and Medium Size Enterprises 
43. MSMEs Ministry of Micro, Small and Medium Enterprises. 
44. EC ACT Energy Conservation Act 

45. LED  Light Emitting Diode 
46. PWD  Public Work Department
47. ISO  International Organization of Standardization. 
48. SHGC  Solar Heat Gain Coefficient
49. SC  Shading Coefficient 
50. UDI  Useful Daylight Illumination 
51. VLT  Visual Light Transmission 
52. IST  India Standard Time
53. DEF  Daylight Extent Factors. 
54. ASTM  American Society for Testing and Materials
55. EPDM  Ethylene Propylene Diane Monomer 
56. WWR  Wall – Window Ratio 
57. EPF  Envelope Performance Factor 
58. VOC  Volatile Organic Compound 
59. DCV  Demand Control Ventilation 
60. COP  Coefficient of Performance 
61. IPLV  Integrated Part Load Value 
62. VRF  Variable Refrigerant Flow 
63. ANSI  American National Standards Institute
64. AHRI  Air Conditioning, Heating and Refrigeration Institute. 
65. IEER  Integrated Energy Efficiency Ratio 
66. PLC  Programmable Logic Control 
67. VAV  Variable Air Volume 
68. AC  Alternating Current 
69. DC   Direct Current 
70. CT  Current Transformer
71. PT  Potential Transformer 
72. DG  Diesel Generators
73. SFC  Specific Fuel Consumption 
74. THD  Total Harmonic Distortion 
75. UPS  Uninterruptible Power Supply 
76. REGZ  Renewable Energy Generating Zone 
77. WBP  Whole Building performance 
78. LEED  Leadership in Energy and Environmental Design 
79. GRIHA Green Rating Integrated Habitat Assessment 
80. APFC  Automatic Power Factor Controller 
81. PV  Photovoltaic Devices 
82. GHG  Greenhouse Gases 
83. USGBC U.S. Green Building Council
84. HID  High intensity Discharge 
85. BUA  Built-Up Area 
86. CFL  Compact Fluorescent Light
87. Wh  Watthour
88. W  Watt
89. TR  Tons of refrigeration  
90. Pa  Pascal  

Tinted: It is (as applied to fenestration) bronze, green, or grey coloring that is integral 
with  the  glazing  material.  Tinting  does  not  include  surface  applied  films  such  as 
reflective coatings, applied either in the field or during the manufacturing process.

Insulation: Insulation is defined as the material used to insulate something, especially 
a building. Insulation is material used that reduces heat loss or heat gain by providing 
a barrier between the inside of a home or any building and the significantly different 
temperature outside.

Refrigerant: A refrigerant is a compound or a mixture (usually in a fluid state in room 
temperature) used to pump heat from one system to another.

Register:  Register  is  an  air  inlet  with  a  balancing  damper  behind  it,  so  the  airflow 
quantity can be adjusted.

Grille: A  grille  is  just  a  fancy  hole  cover  over  an  air  inlet  with  slotted  openings  for 
airflow but with no balancing capability.

  Diffuser: It is a device that's used to increase the static pressure of the fluid that passes 
through the system, and also reduces the velocity of the fluid.

Condenser: A  condenser  is  a  device  or  unit  which  is  used  to  condense  a  substance 
from its gaseous to its liquid state.

Impeller: It is a rotating part of a machine that transfers energy.

Evaporation: Evaporation involves a liquid changing to a gas.

Passive solar heating: It uses the sun's energy to heat a building. The windows, walls, 
and floors can be designed to collect, store, and distribute solar energy in the form of 
heat in the winter (and also to reject solar heat in the summer).

Active  Solar  Heating: Active  solar  heating  systems  use  solar  energy  to  heat  a  fluid
(either liquid or air), and then transfer the solar heat directly to the interior space or a 
storage system for later use.

Sensor: A sensor is a device that detects and responds to some type of input from the 
physical environment.

Actuators: An actuator is something that converts energy into motion.

Compressor: A compressor is a mechanical device that increases the pressure of a gas 
by reducing its volume.

Hydronic  Balancing: Hydronic  balancing,  also  called  hydraulic  balancing,  is  the 
process  of  optimizing  the  distribution  of  water  in  a  building's  hydronic  heating  or 
cooling system by equalizing the system pressure so it provides the intended indoor 
climate at optimum energy efficiency and minimal operating cost.

Variable  flow  hydronic  system: A  common  method  of  regulating  the  heating  or 
cooling output of hydronic air handlers and other types of HVAC terminal units is to 
vary the water flow rate through their coils. This is known as a variable flow hydronic 
system.



Certain terms, abbreviations, and acronyms are defined in this section for this code. 
These definitions apply to all sections of this code. Terms that are not defined shall 
have their ordinarily accepted meanings within the context in which they are used.
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Biomass: Biomass is any mass, even waste/ refuses from plant or animal origin.
Bagasse: Bagasse is a sugarcane fibre pulp left after the juice has been extracted from 
the sugarcane stable. It is estimated that bagasse contributes to 33.3% residue of the 
total cane crushed.
 
Façade: Façade is the principal front of a building that faces on to a street or open 
space.

CHAPTER-2

Net Zero Building: A zero net energy building is designed to ensure zero net 
consumption, which means the total amount of energy consumed by the building 
annually should equal the amount of renewable energy created on-site.
Building envelope: It is a physical separator comprised of a series of components and 
systems that protect the interior space of a building from the effects of the external 
environment, like precipitation, wind, temperature, humidity, ultraviolet radiation, 
etc. 

Dehumidification: Dehumidification is a process of removal of moisture from the air 
in a conditioned room.

Humidity:  Humidity is the percentage of water vapor in the air. 
Fly Ash: Fly ash, also known as pulverized fuel ash, is a by-product obtained from 
coal-fired electric power plants.

Thermal Conductivity: Thermal conductivity is the ability of a material to conduct 
heat through it.

Ventilation: Ventilation is the process of replacing air to provide maximum indoor 
air quality to control temperature, remove odors, replenish oxygen, and remove 
moisture, smoke, heat, dust, carbon dioxide and airborne bacteria from the indoor 
space.

Durability: A durable material is not easily destroyed by use and lasts for a relatively 
long duration. 
 
Efflorescence: Efflorescence is a crystalline deposit on surfaces of masonry, stucco or 
concrete.
 
Urban Heat Island Effect: The heat island effect is named for an urban area that is 
considerably warmer than the surrounding, natural and rural lands. This effect 
happens because of the materials used in construction for building, together with 
energy emissions from transportation (cars) and industry.

Solar Reflective index: The Solar Reflective Index (SRI) is a measure of the solar 
reflectance and emissivity of materials that can be used as an indicator of how hot 
they are likely to become when solar radiation is incident on their surface.
Thermal Emissivity: The thermal emissivity of the surface of a material is its 
effectiveness in emitting energy as thermal radiation.

Incandescent: This type of light bulb is called an incandescent bulb because its 
filament is heated until it gives off light.

Seasonal Energy Efficiency Ratio:  It is the ratio of the total annual amount of heat 
that the equipment can remove from the indoor air when operated for cooling in 
active mode to the total annual amount of energy consumed by the equipment during 
the same period.

Energy Efficiency Ratio: A room air conditioner's efficiency is measured by the 
energy efficiency ratio (EER). The EER is the ratio of the cooling capacity (in British 
thermal units (BTUs) per hour to the power input (in watts). The higher the EER 
rating, the more efficient the air conditioner.

Heating seasonal performance factor: Heating seasonal performance factor (HSPF) 
is specifically used to measure the efficiency of air-source heat pumps. HSPF is 
defined as the ratio of heat output (measured in BTUs) over the heating season to 
electricity used (measured in watt-hours). 
                                                                                  
Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.

Out-patient Healthcare (Type of Healthcare): It is any building or a group of 
buildings under a single management, which is used only for treating persons 
requiring treatment or diagnosis of disease but not requiring overnight or longer 
accommodation in the building during treatment or diagnosis.

CHAPTER-3

Energy Performance Index: Energy Performance Index (EPI) is the total energy 
consumed in a building over a year divided by total built-up area in kWh/sq m/year 
and is considered as the simplest and most relevant indicator for qualifying a 
building as energy-efficient or not.

Compliance documents: These are the forms specified in ECBC Rules and 
Regulations to record and check compliance with these rules. These include but are 
not limited to EPI Ratio Compliance Report, Building Envelope Compliance Form, 
Mechanical Systems Compliance Form, and Permit Checklist, Lighting System 
Compliance Form and Permit Checklist and certificates from Certified Energy 
Auditor for existing or proposed buildings.

Cumulative design EPI: It is the Energy Performance Index for a building having two 
or more different functional uses, and is calculated based on the area-weighted 
average (AWA) method.

CHAPTER-4
 
Building or building complex or complex:  A structure wholly or partially enclosed 
within the exterior walls, or within exterior and party walls, and a roof, affording 
shelter to persons, animals, or property. Building complex means a building or group 
of buildings constructed in a contiguous area for business, commercial, institutional, 
healthcare, hospitality purposes or assembly buildings under the single ownership of 
individuals or group of individuals or the name of a co-operative group society or on 
lease and sold as shops or office space or space for other commercial purposes, 
having a connected load of 100 kW or contract demand of 120 kVA and above.

Building, base: It includes building structure, building envelope, common areas, 
circulation areas, parking, basements, services area, plant room and its supporting 
areas, and open project site area.

Building, core, and shell: These are buildings where the developer or owner will 
only provide the base building and its services.

24-hour Business Building: These are business building operated and occupied for 
more than 12 hours on each weekday. The Intensity of occupancy may vary. 
 
Above Grade Area (AGA): AGA is the cumulative floor area of all the floor levels of 
a building that are above the ground-level. Ground level shall be as defined in the 
building site plan. A floor level is above grade if one-third of the total external surface 
area of only the said floor level is above the ground level. 
 
Addition: It is an extension or increase in floor area or height of a building outside of 
the existing building envelope. 

Alteration: It is any change, rearrangement, replacement, or addition to a building or 
its systems and equipment; any modification in construction or building equipment.

Area weighted average (AWA) method: AWA method is based on the concept of 
weighted arithmetic mean where instead of each data point contributing equally to 
the final mean, each data point contributes more “weight” than others based on the 
size of the area the said data point applies to. To calculate the area-weighted average 
mean, a summation of each data point multiplied with its respective area is divided 
with the total area. 
 
Astronomical time switch: It is an automatic time switch that adjusts the length of the 
day as it varies over the year.

Fenestration:  Fenestration refers to the openings in the building envelope, including 
the installation of windows, doors, and skylights. The process of including these 
openings in the building envelope is known as fenestration.

U- Factor: 'U-Factor" or U-Value", also referred to as the K-Value, is the measurement 
of the thermal conductance of a material that reflects the effectiveness of the material 
to allow the flow of heat.

Solar Heat Gain Coefficient (SHGC): It is the ratio of the solar heat gain entering the 
space through the fenestration area to the incident solar radiation. Solar heat gain 
includes directly transmitted solar heat and absorbed solar radiation, which is then 
reradiated, conducted, or convected into space. 

Class of construction: It is the classification that determines the construction 
materials for the building envelope, roof, wall, floor, slab-on-grade floor, opaque 
door, vertical fenestration, and skylight.

Visual light transmission: It is simply the measurable amount of solar visible light 
(daylight) that travels through a glazing system.

Conduction: Conduction is the heat transfer through a solid medium due to the 
temperature difference. 

Convection: Convection is the heat transfer through a fluid medium such as air or 
water. Convection within the envelope assembly will depend on the temperature 
difference across the surfaces and also the airspeed.
 
Radiation: Radiation is heat transfer through electromagnetic radiation. All bodies 
facing an air space or a vacuum emit and absorb radiant energy continuously. Heat 
transfer by radiation will take place from a warmer surface to a cooler one.

Resistance: It is denoted as R, and is the ability of a material to resist heat flow. It is 
the reciprocal of conductance, (Units are m2 K/W). 

Emittance: It is the ability of a material to re-radiate absorbed heat as invisible 
infrared radiation.  It indicates the ability of a material to lose heat, consequently 
reducing the sensible heat content of the object.

R-value (thermal resistance): It is the reciprocal of the time rate of heat flow through 
a unit area induced by a unit temperature difference between two defined surfaces of 
material or construction under steady-state conditions. The units of R-value are m2.K 
/W.  

Recirculating system: It is a domestic or service hot water distribution system that 
includes a closed circulation circuit designed to maintain temperatures in hot water 
pipes near terminal devices (e.g. lavatory faucets and showerheads) to reduce the 
time required to obtain hot water when the terminal device valve is opened. The 
motive force for circulation is either natural (due to water density variations with 
temperature) or mechanical (recirculation pump).

Reflectance: The ability of a material to reflect radiation without changing the 
temperature of the material.  Surfaces with higher reflectance tend to absorb less heat.
Absorptance: The ability of a material to absorb radiation. This is converted into 
sensible heat within the material, thus raising its temperature.

Projection factor, overhang: It is the ratio of the horizontal depth of the external 
shading projection to the sum of the height of the fenestration and the distance from 
the top of the fenestration to the bottom of the farthest point of the external shading 
projection, in consistent units.

Projection factor, side fin:  It is the ratio of the horizontal depth of the external 
shading projection to the distance from the window jamb to the farthest point of the 
external shading projection, in consistent units.
 
Projection Factor, overhang and side fin: It is the average of projection factor for 
overhang only and projection factor of side fin only.  
  
Ultraviolet: Ultraviolet is electromagnetic radiation with a wavelength from 10 nm to 
400 nm, shorter than that of visible light but longer than X-rays.

Wall Window Ratio: It is the ratio of the window area to the gross exterior wall area.
Skylight roof ratio (SRR): It is the ratio of the area of the skylight in comparison to the 
total roof area.

Renewable Energy Generating Zone: It is a contiguous or semi-contiguous area, 
either on the rooftop or elsewhere within the site boundary, dedicated to the 
installation of renewable energy systems.

Cool roof: It is the roof with a top layer of material that has high solar reflectance and 
high thermal emittance properties. Cool roof surfaces are characterized by light 
colors so that heat can be rejected back to the environment. 

Daylight Extension Factor (DEF): It is the factor which manually calculates the 
daylight area on floor plates. It is to be multiplied by the head height of windows. It 
is dependent on orientation and glazing VLT, shading devices adjacent to it and 
building location.  

Daytime Business Building:  It is the business building operated typically only 
during the daytime on weekdays up to 12 hours each day.  

Effective aperture: It is the multiplication of Visible Light Transmittance and the 
window-to-wall ratio. (EA = VLT x WWR)

Water heater: It is the vessel in which water is heated and withdrawn for use external 
to the system.

CHAPTER-5 

HVAC system: This includes the equipment, distribution systems, and terminal 
devices that provide, either collectively or individually, the processes of heating, 
ventilating, or air conditioning to a building or parts of a building.

Coefficient of Performance (COP) – cooling: It is the ratio of the rate of heat removal 
to the rate of energy input, in consistent units, for a complete refrigerating system or 
some specific portion of that system under designated operating conditions.

Coefficient of Performance (COP) – heating: It is the ratio of the rate of heat 
delivered to the rate of energy input, in consistent units, for a complete heat pump 
system, including the compressor and, if applicable, auxiliary heat, under designated 
operating conditions.

Common area: These are the areas within a building that are available for use by all 
tenants in a building (i.e. lobbies, corridors, restrooms, etc.).

 Mechanical cooling: It reduces the temperature of a gas or a liquid by using vapor 
compression, absorption, and desiccant dehumidification combined with evaporative 
cooling or another energy-driven thermodynamic cycle. Indirect or direct 
evaporative cooling alone is not considered mechanical cooling.

Commercial building: It is a building or a part of building or building complex 
which are used or intended to be used for commercial purposes and classified as per 
the time of the day the building is operational and sub-classified, as per the functional 
requirements of its design, construction, and use as per following details:

Group I – 24 hours building covering Type A Hospitality, Type B Health Care and 
Type C Assembly and, 
Group II – Regular building covering Type D Business, Type E Educational, and Type 
F Shopping Complexes.

Dead band:  It is the range of values within which a sensed variable can vary without 
initiating a change in the controlled process. 

Demand: It is the maximum rate of electricity (kW) consumption recorded for a 
building or facility during a selected time frame.  

Demand control ventilation (DCV):  It is the ventilation system capability that 
provides automatic reduction of outdoor air intake below design rates when the 
actual occupancy of spaces served by the system is less than the design occupancy. 
Design capacity: It is the output capacity of a mechanical or electrical system or 
equipment at design conditions. 

Design conditions: These are specified indoor environmental conditions, such as 
temperature, humidity, and light intensity, required for producing and maintaining 
by a system and under which the system must operate. 

Distribution system: It is a network or a system comprising controlling devices or 
equipment and distribution channels (cables, coils, ducts, pipes, etc.) for delivery of 
electrical power or, cooled or heated water or air in buildings.

Door area: It is the total area of the door measured using the rough opening and 
including the door slab and the frame.

Economizer: an economizer is a mechanical device used to reduce energy 
consumption. Economizers recycle energy produced within a system or leverage 
environmental temperature differences to achieve efficiency improvements.

Economizer, air: It is a duct and damper arrangement with automatic controls that 
allow a cooling system to supply outdoor air to reduce or eliminate the need for 
mechanical cooling during mild or cold weather.

Economizer, water: It is a system by which the supply air of a cooling system is 
cooled indirectly with water that is itself cooled by heat or mass transfer to the 
environment without the use of mechanical cooling.

Mixed-mode air-conditioned building: It is the building in which natural ventilation 
is employed as the primary mode of ventilation, and air conditioning is deployed as 
and when required. 
 
Mixed-use development: It is a single building or a group of buildings used for a 
combination of residential, commercial, business, educational, hospitality and 
assembly purposes. 

Air conditioning and condensing units serving computer rooms: It is the air 
conditioning equipment that provides cooling by maintaining space temperature and 
humidity within a narrow range. Its major application is in data centers where 
dissipating heat generated by equipment takes precedence over comfort cooling for 
occupants.

Relative Humidity: Relative humidity is the ratio of the partial pressure of water 
vapor in the air (which is related to the actual amount present) divided by the vapor 
pressure of water at that same temperature (which is related to the maximum amount 
of water vapor that the air can hold at that temperature).

Thermal Comfort: Thermal comfort is a condition of mind/body that expresses 
satisfaction with the thermal environment. Due to its subjectivity, thermal comfort 
may be different for individuals. Thermal comfort is maintained when the heat 
generated by the human metabolism is allowed to dissipate at a rate that maintains 
thermal equilibrium in the body.

Natural Ventilation: It is the ventilation done by pressure difference air always flows 
from high pressure to low pressure.

Mechanical Ventilation: It is a type of ventilation in which we use mechanical 
equipment for creating pressure difference for the flow of air.

Mixed Mode Ventilation: In this type of ventilation both natural and mechanical 
type of ventilation is used. 

Coefficient of performance: It is the ratio of the desired effect to work input in a 
refrigerator or a heat pump.

Chiller: A chiller is a machine that removes heat from a liquid via a 
vapor-compression or absorption refrigeration cycle. 

Variable refrigerant flows: The main compressor which pumps refrigerant around 
can run at various speeds (steeples), thereby continuously increasing (or decreasing) 
flow of refrigerant based on demand during various hours/minutes of usage. This is 
known as variable refrigerant flow, or VRV (variable refrigerant volume).

Air Conditioning: Air conditioning refers to the process of controlling the 
temperature and humidity of the air to suit the needs of the occupants or an industrial 
process.

Unitary air conditioning system:  The working of the window air conditioner is to 
cool only one particular room, commonly known as the "unitary unit”. This type of ac 
is installed in the window of a room. It will cool a room by emitting the warm air out 
the back of it and blowing cool air into it.

Split Air Conditioning System: Central HVAC systems are regularly referred to as a 
“split” system due to the simple fact that some of the components are installed inside 
the home and some of the components are installed outside a home.

Packaged air conditioning System: This type of unit is perfect for cooling multiple 
rooms or a large space in a home or office. All the components, namely the 
compressor, condenser (which can be air-cooled or water-cooled), expansion valve 
and evaporator are housed in a single box.

Cooling capacity: Cooling capacity is the measure of a cooling system's ability to 
remove heat. 

Thermostat: Thermostat is a control that tells the heating and the cooling system when 
to heat or cool or do nothing.

Variable speed drive: It is used for varying the speed of an induction motor by 
changing the motor's input supply frequency and voltage, keeping the flux constant. 
Throttle: Throttle is a device that controls the engine RPM by directly controlling the 
amount of air going in.

Terminal device: It is a device through which heated or cooled air is supplied to a 
space to maintain its temperature. It usually contains dampers and heating and 
cooling coils. In other words, it is a device by which energy from a system is finally 
delivered (e.g. registers, diffusers, lighting fixtures, faucets, etc.). 

Theatre or motion picture hall (Type of Assembly): It is any building primarily 
meant for theatrical or operatic performances and which has a stage, proscenium 
curtain, fixed or portable scenery or scenery loft, lights, mechanical appliances or 
other theatrical accessories and equipment. For example, theatres, motion picture 
houses, auditoria, concert halls, television and radio studios admit an audience, which 
is provided with fixed seats. 

Thermal block: It is a collection of one or more HVAC zones grouped for simulation 
purposes. The spaces need not be contiguous to be combined within a single thermal 
block. 

Thermal comfort conditions: These are the conditions that influence the thermal 
comfort of occupants. Environmental conditions that influence thermal comfort are air 
and radiant temperature, humidity, and airspeed.

Sensible cooling: It is the portion of the cooling process that affects only the 
temperature of the air, without changing the humidity.
 
Dampers: Dampers are devices that regulate the airflow in an air handling system.  
Backdraft Dampers: Backdraft dampers (also known as gravity dampers) are used in 
ventilation systems to allow airflow in one direction, and prevent airflow in the 
opposite direction.

Tinted: It is (as applied to fenestration) bronze, green, or grey coloring that is integral 
with the glazing material. Tinting does not include surface applied films such as 
reflective coatings, applied either in the field or during the manufacturing process.
Insulation: Insulation is defined as the material used to insulate something, especially 
a building. Insulation is material used that reduces heat loss or heat gain by providing 
a barrier between the inside of a home or any building and the significantly different 
temperature outside.

Refrigerant: A refrigerant is a compound or a mixture (usually in a fluid state in room 
temperature) used to pump heat from one system to another.
Register: Register is an air inlet with a balancing damper behind it, so the airflow 
quantity can be adjusted. 

Grille: A grille is just a fancy hole cover over an air inlet with slotted openings for 
airflow but with no balancing capability. 

 Diffuser: It is a device that's used to increase the static pressure of the fluid that passes 
through the system, and also reduces the velocity of the fluid.

Condenser: A condenser is a device or unit which is used to condense a substance 
from its gaseous to its liquid state.

Impeller: It is a rotating part of a machine that transfers energy.

Evaporation: Evaporation involves a liquid changing to a gas.

Passive solar heating: It uses the sun's energy to heat a building. The windows, walls, 
and floors can be designed to collect, store, and distribute solar energy in the form of 
heat in the winter (and also to reject solar heat in the summer). 

Active Solar Heating: Active solar heating systems use solar energy to heat a fluid 
(either liquid or air), and then transfer the solar heat directly to the interior space or a 
storage system for later use. 

Sensor: A sensor is a device that detects and responds to some type of input from the 
physical environment.

Actuators: An actuator is something that converts energy into motion.

Compressor:  A compressor is a mechanical device that increases the pressure of a gas 
by reducing its volume.  

Hydronic Balancing: Hydronic balancing, also called hydraulic balancing, is the 
process of optimizing the distribution of water in a building's hydronic heating or 
cooling system by equalizing the system pressure so it provides the intended indoor 
climate at optimum energy efficiency and minimal operating cost.

Variable flow hydronic system: A common method of regulating the heating or 
cooling output of hydronic air handlers and other types of HVAC terminal units is to 
vary the water flow rate through their coils. This is known as a variable flow hydronic 
system.

 Heat pump: It is a device that transfers heat from a colder area to a hotter area by 
using mechanical energy, as in a refrigerator.

Boiler: A boiler is a closed vessel in which fluid (generally water) is heated.  

                                      Evaporative cooling is a process that uses the effect of evaporation 
 to cool the surrounding air.

 
Desiccant cooling system: Desiccant is used for the absorption of moisture. Generally 
activated alumina or some other hygroscopic materials are used in the process.

 
Trigeneration: Cogeneration or combined heat and power (CHP) is the use of a heat 
engine or power station to generate electricity and useful heat at the same time.

 
Radiant Cooling System: Radiant cooling cools a floor or ceiling by absorbing the 
heat from the rest of the room.

Ground source heat pump: A geothermal heat pump (GHP) or ground source heat 
pump (GSHP) is a central heating and/or cooling system that transfers heat to or from 
the ground. 

 
Adiabatic Cooling system: An adiabatic process is the one that occurs on a system 
without the system transferring or receiving any heat energy from the surroundings.

  
Earth air tunnel: Earth air tunnel or earth air heat exchanger is a pre-cooling or 
pre-heating system which consists of a pipe or network of pipes buried at a reasonable 
depth below the ground surface. 

Energy Efficiency Ratio (EER): The ratio of net cooling capacity in kW to the total rate 
of electric input in watts under design operating conditions.

Energy Recovery System: It is the equipment that recovers energy from building or 
space exhaust air and uses it to treat (pre-heat or pre-cool) outdoor air taken inside the 
building or space by ventilation systems.

 
Fan system power: It is the sum of the nominal power demand of motors of all fans 
that are required to operate at design conditions to supply air from the heating or 
cooling source to the conditioned space(s) and return it to the point where it can be 
exhausted to outside the building.

Heat capacity: It is the amount of heat necessary to raise the temperature of a given 
mass by 1°C. Numerically, the heat capacity per unit area of the surface (W/m2.K) is 
the sum of the products of the mass per unit area of each material in the roof, wall, or 
floor surface multiplied by its specific heat.

Infiltration: Uncontrolled inward air leakage through cracks and crevices in external 
surfaces of buildings, around windows and doors due to pressure differences across 
these caused by factors such as wind or indoor and outside temperature differences 
(stack effect), an imbalance between supply and exhaust air systems. 

Variable Air Volume (VAV) system: It is the HVAC system that controls the dry-bulb 
temperature within a space by varying the volumetric flow of heated or cooled air 
supplied to space. 

Vegetative roofs: Also known as green roofs, the vegetative roofs are thin layers of 
living vegetation installed on top of conventional flat or sloping roofs. 

Vision Windows: These are the windows or areas of large windows that are primarily 
for both daylight and exterior views. Typically, their placement in the wall is between 
1 meter and 2.2 meters above the floor level.

Wall area, gross: It is the overall area of a wall including openings such as windows 
and doors measured horizontally from outside surface to outside service and 
measured vertically from the top of the floor to the top of the roof. If roof insulation is 
installed at the ceiling level rather than the roof, then the vertical measurement is 
made to the top of the ceiling. The gross wall area includes the area between the ceiling 
and the floor for multi-story buildings. 
 
Zone, HVAC: It is a space or a group of spaces within a building with heating and 
cooling requirements that are sufficiently similar so that desired conditions (e.g., 
temperature) can be maintained throughout using a single sensor (e.g., thermostat or 
temperature sensor).
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Efficacy: It is the lumens produced by a lamp plus ballast system divided by the total 
watts of input power (including the ballast), expressed in lumens per watt

Luminous flux: Luminous flux (Φ) is the quantity of the energy of the light emitted per 
second in all directions. Its unit is lumen (lm).

Luminous intensity: Luminous intensity (I) is the ability to emit light into a given 
direction, or it is the luminous flux that is radiated by the light source in a given 
direction within the unit of the spatial angel.  Its unit is candela.

Illuminance: Illuminance (E) is the total luminous flux incident on a surface, per unit 
area. Its unit is candela /m.

Luminance: Luminance (L) is the luminous intensity emitted by the surface area of 1 
cm² (or 1 m²) of the light source. Its unit is lux (lx).

Labeled: Equipment or materials to which a symbol or other identifying mark has 
been attached by the manufacturer indicating compliance with specified standard or 
performance in a specified manner. This mark is known as a label. 

Lamp: It is a generic term for man-made light sources often called bulb or tube.

Lighted floor area, gross: It is the gross area of lighted floor spaces. 

Lighting, emergency: It is the battery-backed lighting that provides illumination only 
when there is a power outage and general lighting luminaires are unable to function.
  
Lighting, general: It is the lighting that provides a substantially uniform level of 
illumination throughout an area. General lighting shall not include decorative lighting 
or lighting that provides a dissimilar level of illumination to serve a specialized 
application or feature within such area. 

Lighting system: It is a group of luminaires circuited or controlled to perform a 
specific function.

Occupant sensor: It is a device that detects the presence or absence of people within 
an area and causes lighting, equipment, or appliances to be dimmed, or switched on 
or off accordingly.

Lighting power allowance: 
a) Interior lighting power allowance: the maximum lighting power in watts 
allowed for the interior of a building 
b) Exterior lighting power allowance: the maximum lighting power in watts 
allowed for the exterior of a building

Lighting Power Density (LPD): It is the maximum lighting power per unit area of 
space as per its function or building as per its classification.

Low energy comfort systems: These are the space conditioning or ventilation systems 
that are less energy-intensive than vapor compression based space condition systems.
These primarily employ alternate heat transfer methods or materials (adiabatic 
cooling, radiation, desiccant, etc.), or renewable sources of energy (solar energy, 
geo-thermal) so that minimal electrical energy input is required to deliver heating or 
cooling to spaces.

Luminaires: It is a complete lighting unit consisting of a lamp or lamps together with 
the housing designed to distribute the light, position and protect the lamps, and 
connect the lamps to the power supply.

Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.

CHAPTER-7
 
Connected load: It is the sum of the rated wattage of all equipment, appliances, and 
devices to be installed in the building or part of building or building complexes, in 
terms of kilowatt (kW) that will be allocated to all applicants for electric power 
consumption in respect of the proposed building or building complexes on their 
completion.

Contract Demand: It is the maximum demand in kilowatt (kW) or kilo Volt Ampere 
(kVA) (within a consumer’s sanctioned load) agreed to be supplied by the electricity 
provider or utility in the agreement executed between the users and the utility or 
electricity provider.

Mean temperature: It is the average of the minimum daily temperature and 
maximum daily temperature. 

Metering: It is the practice of installing meters in buildings to acquire data for energy 
consumption and other operational characteristics of individual equipments or 
several types of equipment grouped on basis of their function (lighting, appliances, 
chillers, etc.). Metering is done in buildings to monitor their energy performance.

Transformer: Transformer is a device used to transform high voltage to low voltage, 
and vice versa. 

Manufacturing processes: These are the processes through which raw material is 
converted into finished goods for commercial sale using machines, labor, chemical or 
biological processes, etc.

Manual (non-automatic): It requires personal intervention for control. Non-automatic 
does not necessarily imply a manual controller, only that personal intervention is 
necessary. 

Alternating Current: This means that the direction of current flowing in a circuit is 
constantly being reversed back and forth. 
 
Direct Current (DC): It is the flow of electrical charge in the same direction. 
Conductor: It is a substance in which electrical charge carriers, usually electrons, move 
easily from atom to atom with the application of voltage. 

Full load: A full load current is the largest current that a motor or other device is 
designed to carry under particular conditions.

Dry-type transformer: A dry-type transformer is a type of transformer that never uses 
any insulating liquid where its winding or core is immersed in liquid. 
  
Oil type transformer: It is a transformer where the magnetic circuit and windings are 
immersed in oil.

Three-phase induction motor: Three-phase induction motor does not require an 
additional starting device. These types of motors are also known as self-starting 
induction motors.

Stress: Stress is the internal forces per unit area developed in an object subjected to an 
external force.

Peak Load: Peak load is the time of high demand.

Power Factor: The power factor is the ratio between real power and Apparent Power. 
Inductive Current: It resists changes in current and lags the voltage while measuring 
current. 

Reactive power: Reactive power occurs in an AC circuit when the voltage and current 
are not in phase.
 
Overcurrent: It is any current over the rated current of the equipment of the capacity 
of the conductor. It may result from overload, short circuit, or ground fault.

Fossil fuels: Fossil fuels are hydrocarbons, primarily coal, fuel oil or natural gas, 
formed from the remains of dead plants and animals.

Greenhouse gases: Greenhouse gases are those gases that trap the infrared rays of the 
sun from entering the atmosphere and in turn, they raise the temperature of the 
atmosphere which leads to global warming. 

Hydroelectric energy: Hydroelectric energy means electric energy coming from 
sources that convert energy (potential or kinetic) of water to electrical energy.

Bioenergy: Bioenergy is the renewable energy created by living organisms. Biomass is 
an organic material which has stored sunlight in the form of chemical energy.

Geothermal energy: Geothermal energy is an energy source derived from the heat of 
the earth. The heat must be near the surface so it can be extracted. 
 
Total harmonic distortion: The total harmonic distortion is the ratio of voltage in the 
harmonic frequencies to the principle frequency. 

Photovoltaic: Photovoltaic means 'voltage from light' and refers to a solid-state 
semiconductor device, aka solar cell that produces a potential difference (voltage) and 
current of electrons (electricity) when exposed to light.

Kilovolt-ampere (kVA): It is the product of the line current (amperes) times the 
nominal system voltage (kilovolts) times 1.732 for three-phase currents. For 
single-phase applications, kVA is the product of the line current (amperes) times the 
nominal system voltage (kilovolts). 

Kilowatt (kW): It is the basic unit of electric power, equal to 1000 W.

Party wall: It is a firewall on an interior lot line used or adapted for joint service 
between two buildings. 

Permanently installed: It is the equipment that is fixed in place and is not portable or 
movable. 

Plenum: It is a compartment or chamber to which one or more ducts are connected, 
which forms a part of the air distribution system, and that is not used for occupancy 
or storage.  

Plug loads: It is the energy used by products that are powered using an AC plug. This 
term excludes building energy that is attributed to major end uses like HVAC, 
lighting, water heating, etc. 

Pool: It is any structure, basin, or tank containing an artificial body of water for 
swimming, diving, or recreational bathing. The term includes, but is not limited to, 
swimming pool, whirlpool, spa, hot tub.

Process load: It is the building loads resulting from the consumption or release of 
energy due to industrial processes or processes other than those for providing space 
conditioning, lighting, ventilation, or service hot water heating.

Transformer losses: These are electrical losses in a transformer that reduces its 
efficiency.  

Transport Buildings (Assembly): It is any building or structure used for 
transportation and transit like airports, railway stations, bus stations, and 
underground and elevated mass rapid transit system example, underground or 
elevated railways.

CHAPTER-8  

Window Wall ratio: The window-to-wall ratio is the measure of the percentage area 
determined by dividing the building's total glazed area by its exterior envelope wall 
area.
 
Skylight Roof ratio: The skylight roof ratio (SRR) is the ratio of the area of the skylight 
in comparison to the total roof area. 

CHAPTER-9
 
Acid Rain: It is made up of water droplets that are unusually acidic because of 
atmospheric pollution, most notably the excessive amounts of sulfur and nitrogen 
released by cars and industrial processes.

Retrofitting: Retrofitting is a method of modifying existing structures with new 
components to resist the earthquake load or any other loads. 
Sustainability: Sustainability means meeting one’s own needs without compromising 
the ability of future gener.

ABREVIATIONS

1. TOE  Tons of Oil Equivalent
2. MOP  Ministry of Power 
3. CAGR  Compound Annual Growth Rate 
4. TEDDY TERI Energy & Environment Data Diary and Yearbook
5. GW  Giga Watt
6. MW  Mega Watt
7. KWh  Kilowatt Hour 
8. EBP  Ethanol Blending Petrol 
9. HPCL  Hindustan Petroleum Corporation Limited   
10. MTPA  Million Tons Per Annum 
11. ECBC  Energy Conservation Building Code 
12. BEE  Bureau of Energy Efficiency
13. USAID  United States Agency for International Development
14. PEDA  Punjab Energy Development Agency 
15. SDA  State Designated Agency 
16. EPI  Energy Performance Index
17. GHG  Greenhouse Gas
18. HVAC  Heating, Ventilation and Air Conditioning
19. IAQ  Indoor Air Quality
20. AAC  Autoclave Aerated Concrete
21. XPS  Extruded Polystyrene Insulation 
22. EPS  Expanded Polystyrene Insulation    
23. NBC  National Building Code
24. UPVC  Unplasticised Polyvinyl Chloride
25. PVC  Polyvinyl Chloride
26. SRI  Solar Reflective Index
27. SEER  Seasonal Energy Efficiency Ratio
28. BTU  British Thermal Units 
29. EER  Energy Efficiency Ratio 
30. HSPF  Heating Seasonal Performance Factor 
31. VFD  Variable Frequency Drive
32. WBP  Whole Building Performance Method
33. AGA  Above Grade Area 
34. NMEEE National Mission for Enhanced Energy Efficiency 
35. NAPCC National Action Plan on Climate Change 
36. PAT  Plan, Achieve and Trade Scheme 
37. MTEE  Market Transformation for Energy Efficiency 
38. EEFP  Energy Efficiency Financing Program
39. FEEED  Framework for Energy Efficiency Economic Development 
40. DSM  Demand Side Management 
41. ULB  Urban Local Bodies 
42. SMEs  Small and Medium Size Enterprises 
43. MSMEs Ministry of Micro, Small and Medium Enterprises. 
44. EC ACT Energy Conservation Act 

45. LED  Light Emitting Diode 
46. PWD  Public Work Department
47. ISO  International Organization of Standardization. 
48. SHGC  Solar Heat Gain Coefficient
49. SC  Shading Coefficient 
50. UDI  Useful Daylight Illumination 
51. VLT  Visual Light Transmission 
52. IST  India Standard Time
53. DEF  Daylight Extent Factors. 
54. ASTM  American Society for Testing and Materials
55. EPDM  Ethylene Propylene Diane Monomer 
56. WWR  Wall – Window Ratio 
57. EPF  Envelope Performance Factor 
58. VOC  Volatile Organic Compound 
59. DCV  Demand Control Ventilation 
60. COP  Coefficient of Performance 
61. IPLV  Integrated Part Load Value 
62. VRF  Variable Refrigerant Flow 
63. ANSI  American National Standards Institute
64. AHRI  Air Conditioning, Heating and Refrigeration Institute. 
65. IEER  Integrated Energy Efficiency Ratio 
66. PLC  Programmable Logic Control 
67. VAV  Variable Air Volume 
68. AC  Alternating Current 
69. DC   Direct Current 
70. CT  Current Transformer
71. PT  Potential Transformer 
72. DG  Diesel Generators
73. SFC  Specific Fuel Consumption 
74. THD  Total Harmonic Distortion 
75. UPS  Uninterruptible Power Supply 
76. REGZ  Renewable Energy Generating Zone 
77. WBP  Whole Building performance 
78. LEED  Leadership in Energy and Environmental Design 
79. GRIHA Green Rating Integrated Habitat Assessment 
80. APFC  Automatic Power Factor Controller 
81. PV  Photovoltaic Devices 
82. GHG  Greenhouse Gases 
83. USGBC U.S. Green Building Council
84. HID  High intensity Discharge 
85. BUA  Built-Up Area 
86. CFL  Compact Fluorescent Light
87. Wh  Watthour
88. W  Watt
89. TR  Tons of refrigeration  
90. Pa  Pascal  
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Certain terms, abbreviations, and acronyms are defined in this section for this code. 
These definitions apply to all sections of this code. Terms that are not defined shall 
have their ordinarily accepted meanings within the context in which they are used.
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CHAPTER-1
 
Biomass: Biomass is any mass, even waste/ refuses from plant or animal origin.
Bagasse: Bagasse is a sugarcane fibre pulp left after the juice has been extracted from 
the sugarcane stable. It is estimated that bagasse contributes to 33.3% residue of the 
total cane crushed.
 
Façade: Façade is the principal front of a building that faces on to a street or open 
space.

CHAPTER-2

Net Zero Building: A zero net energy building is designed to ensure zero net 
consumption, which means the total amount of energy consumed by the building 
annually should equal the amount of renewable energy created on-site.
Building envelope: It is a physical separator comprised of a series of components and 
systems that protect the interior space of a building from the effects of the external 
environment, like precipitation, wind, temperature, humidity, ultraviolet radiation, 
etc. 

Dehumidification: Dehumidification is a process of removal of moisture from the air 
in a conditioned room.

Humidity:  Humidity is the percentage of water vapor in the air. 
Fly Ash: Fly ash, also known as pulverized fuel ash, is a by-product obtained from 
coal-fired electric power plants.

Thermal Conductivity: Thermal conductivity is the ability of a material to conduct 
heat through it.

Ventilation: Ventilation is the process of replacing air to provide maximum indoor 
air quality to control temperature, remove odors, replenish oxygen, and remove 
moisture, smoke, heat, dust, carbon dioxide and airborne bacteria from the indoor 
space.

Durability: A durable material is not easily destroyed by use and lasts for a relatively 
long duration. 
 
Efflorescence: Efflorescence is a crystalline deposit on surfaces of masonry, stucco or 
concrete.
 
Urban Heat Island Effect: The heat island effect is named for an urban area that is 
considerably warmer than the surrounding, natural and rural lands. This effect 
happens because of the materials used in construction for building, together with 
energy emissions from transportation (cars) and industry.

Solar Reflective index: The Solar Reflective Index (SRI) is a measure of the solar 
reflectance and emissivity of materials that can be used as an indicator of how hot 
they are likely to become when solar radiation is incident on their surface.
Thermal Emissivity: The thermal emissivity of the surface of a material is its 
effectiveness in emitting energy as thermal radiation.

Incandescent: This type of light bulb is called an incandescent bulb because its 
filament is heated until it gives off light.

Seasonal Energy Efficiency Ratio:  It is the ratio of the total annual amount of heat 
that the equipment can remove from the indoor air when operated for cooling in 
active mode to the total annual amount of energy consumed by the equipment during 
the same period.

Energy Efficiency Ratio: A room air conditioner's efficiency is measured by the 
energy efficiency ratio (EER). The EER is the ratio of the cooling capacity (in British 
thermal units (BTUs) per hour to the power input (in watts). The higher the EER 
rating, the more efficient the air conditioner.

Heating seasonal performance factor: Heating seasonal performance factor (HSPF) 
is specifically used to measure the efficiency of air-source heat pumps. HSPF is 
defined as the ratio of heat output (measured in BTUs) over the heating season to 
electricity used (measured in watt-hours). 
                                                                                  
Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.

Out-patient Healthcare (Type of Healthcare): It is any building or a group of 
buildings under a single management, which is used only for treating persons 
requiring treatment or diagnosis of disease but not requiring overnight or longer 
accommodation in the building during treatment or diagnosis.

CHAPTER-3

Energy Performance Index: Energy Performance Index (EPI) is the total energy 
consumed in a building over a year divided by total built-up area in kWh/sq m/year 
and is considered as the simplest and most relevant indicator for qualifying a 
building as energy-efficient or not.

Compliance documents: These are the forms specified in ECBC Rules and 
Regulations to record and check compliance with these rules. These include but are 
not limited to EPI Ratio Compliance Report, Building Envelope Compliance Form, 
Mechanical Systems Compliance Form, and Permit Checklist, Lighting System 
Compliance Form and Permit Checklist and certificates from Certified Energy 
Auditor for existing or proposed buildings.

Cumulative design EPI: It is the Energy Performance Index for a building having two 
or more different functional uses, and is calculated based on the area-weighted 
average (AWA) method.

CHAPTER-4
 
Building or building complex or complex:  A structure wholly or partially enclosed 
within the exterior walls, or within exterior and party walls, and a roof, affording 
shelter to persons, animals, or property. Building complex means a building or group 
of buildings constructed in a contiguous area for business, commercial, institutional, 
healthcare, hospitality purposes or assembly buildings under the single ownership of 
individuals or group of individuals or the name of a co-operative group society or on 
lease and sold as shops or office space or space for other commercial purposes, 
having a connected load of 100 kW or contract demand of 120 kVA and above.

Building, base: It includes building structure, building envelope, common areas, 
circulation areas, parking, basements, services area, plant room and its supporting 
areas, and open project site area.

Building, core, and shell: These are buildings where the developer or owner will 
only provide the base building and its services.

24-hour Business Building: These are business building operated and occupied for 
more than 12 hours on each weekday. The Intensity of occupancy may vary. 
 
Above Grade Area (AGA): AGA is the cumulative floor area of all the floor levels of 
a building that are above the ground-level. Ground level shall be as defined in the 
building site plan. A floor level is above grade if one-third of the total external surface 
area of only the said floor level is above the ground level. 
 
Addition: It is an extension or increase in floor area or height of a building outside of 
the existing building envelope. 

Alteration: It is any change, rearrangement, replacement, or addition to a building or 
its systems and equipment; any modification in construction or building equipment.

Area weighted average (AWA) method: AWA method is based on the concept of 
weighted arithmetic mean where instead of each data point contributing equally to 
the final mean, each data point contributes more “weight” than others based on the 
size of the area the said data point applies to. To calculate the area-weighted average 
mean, a summation of each data point multiplied with its respective area is divided 
with the total area. 
 
Astronomical time switch: It is an automatic time switch that adjusts the length of the 
day as it varies over the year.

Fenestration:  Fenestration refers to the openings in the building envelope, including 
the installation of windows, doors, and skylights. The process of including these 
openings in the building envelope is known as fenestration.

U- Factor: 'U-Factor" or U-Value", also referred to as the K-Value, is the measurement 
of the thermal conductance of a material that reflects the effectiveness of the material 
to allow the flow of heat.

Solar Heat Gain Coefficient (SHGC): It is the ratio of the solar heat gain entering the 
space through the fenestration area to the incident solar radiation. Solar heat gain 
includes directly transmitted solar heat and absorbed solar radiation, which is then 
reradiated, conducted, or convected into space. 

Class of construction: It is the classification that determines the construction 
materials for the building envelope, roof, wall, floor, slab-on-grade floor, opaque 
door, vertical fenestration, and skylight.

Visual light transmission: It is simply the measurable amount of solar visible light 
(daylight) that travels through a glazing system.

Conduction: Conduction is the heat transfer through a solid medium due to the 
temperature difference. 

Convection: Convection is the heat transfer through a fluid medium such as air or 
water. Convection within the envelope assembly will depend on the temperature 
difference across the surfaces and also the airspeed.
 
Radiation: Radiation is heat transfer through electromagnetic radiation. All bodies 
facing an air space or a vacuum emit and absorb radiant energy continuously. Heat 
transfer by radiation will take place from a warmer surface to a cooler one.

Resistance: It is denoted as R, and is the ability of a material to resist heat flow. It is 
the reciprocal of conductance, (Units are m2 K/W). 

Emittance: It is the ability of a material to re-radiate absorbed heat as invisible 
infrared radiation.  It indicates the ability of a material to lose heat, consequently 
reducing the sensible heat content of the object.

R-value (thermal resistance): It is the reciprocal of the time rate of heat flow through 
a unit area induced by a unit temperature difference between two defined surfaces of 
material or construction under steady-state conditions. The units of R-value are m2.K 
/W.  

Recirculating system: It is a domestic or service hot water distribution system that 
includes a closed circulation circuit designed to maintain temperatures in hot water 
pipes near terminal devices (e.g. lavatory faucets and showerheads) to reduce the 
time required to obtain hot water when the terminal device valve is opened. The 
motive force for circulation is either natural (due to water density variations with 
temperature) or mechanical (recirculation pump).

Reflectance: The ability of a material to reflect radiation without changing the 
temperature of the material.  Surfaces with higher reflectance tend to absorb less heat.
Absorptance: The ability of a material to absorb radiation. This is converted into 
sensible heat within the material, thus raising its temperature.

Projection factor, overhang: It is the ratio of the horizontal depth of the external 
shading projection to the sum of the height of the fenestration and the distance from 
the top of the fenestration to the bottom of the farthest point of the external shading 
projection, in consistent units.

Projection factor, side fin:  It is the ratio of the horizontal depth of the external 
shading projection to the distance from the window jamb to the farthest point of the 
external shading projection, in consistent units.
 
Projection Factor, overhang and side fin: It is the average of projection factor for 
overhang only and projection factor of side fin only.  
  
Ultraviolet: Ultraviolet is electromagnetic radiation with a wavelength from 10 nm to 
400 nm, shorter than that of visible light but longer than X-rays.

Wall Window Ratio: It is the ratio of the window area to the gross exterior wall area.
Skylight roof ratio (SRR): It is the ratio of the area of the skylight in comparison to the 
total roof area.

Renewable Energy Generating Zone: It is a contiguous or semi-contiguous area, 
either on the rooftop or elsewhere within the site boundary, dedicated to the 
installation of renewable energy systems.

Cool roof: It is the roof with a top layer of material that has high solar reflectance and 
high thermal emittance properties. Cool roof surfaces are characterized by light 
colors so that heat can be rejected back to the environment. 

Daylight Extension Factor (DEF): It is the factor which manually calculates the 
daylight area on floor plates. It is to be multiplied by the head height of windows. It 
is dependent on orientation and glazing VLT, shading devices adjacent to it and 
building location.  

Daytime Business Building:  It is the business building operated typically only 
during the daytime on weekdays up to 12 hours each day.  

Effective aperture: It is the multiplication of Visible Light Transmittance and the 
window-to-wall ratio. (EA = VLT x WWR)

Water heater: It is the vessel in which water is heated and withdrawn for use external 
to the system.

CHAPTER-5 

HVAC system: This includes the equipment, distribution systems, and terminal 
devices that provide, either collectively or individually, the processes of heating, 
ventilating, or air conditioning to a building or parts of a building.

Coefficient of Performance (COP) – cooling: It is the ratio of the rate of heat removal 
to the rate of energy input, in consistent units, for a complete refrigerating system or 
some specific portion of that system under designated operating conditions.

Coefficient of Performance (COP) – heating: It is the ratio of the rate of heat 
delivered to the rate of energy input, in consistent units, for a complete heat pump 
system, including the compressor and, if applicable, auxiliary heat, under designated 
operating conditions.

Common area: These are the areas within a building that are available for use by all 
tenants in a building (i.e. lobbies, corridors, restrooms, etc.).

 Mechanical cooling: It reduces the temperature of a gas or a liquid by using vapor 
compression, absorption, and desiccant dehumidification combined with evaporative 
cooling or another energy-driven thermodynamic cycle. Indirect or direct 
evaporative cooling alone is not considered mechanical cooling.

Commercial building: It is a building or a part of building or building complex 
which are used or intended to be used for commercial purposes and classified as per 
the time of the day the building is operational and sub-classified, as per the functional 
requirements of its design, construction, and use as per following details:

Group I – 24 hours building covering Type A Hospitality, Type B Health Care and 
Type C Assembly and, 
Group II – Regular building covering Type D Business, Type E Educational, and Type 
F Shopping Complexes.

Dead band:  It is the range of values within which a sensed variable can vary without 
initiating a change in the controlled process. 

Demand: It is the maximum rate of electricity (kW) consumption recorded for a 
building or facility during a selected time frame.  

Demand control ventilation (DCV):  It is the ventilation system capability that 
provides automatic reduction of outdoor air intake below design rates when the 
actual occupancy of spaces served by the system is less than the design occupancy. 
Design capacity: It is the output capacity of a mechanical or electrical system or 
equipment at design conditions. 

Design conditions: These are specified indoor environmental conditions, such as 
temperature, humidity, and light intensity, required for producing and maintaining 
by a system and under which the system must operate. 

Distribution system: It is a network or a system comprising controlling devices or 
equipment and distribution channels (cables, coils, ducts, pipes, etc.) for delivery of 
electrical power or, cooled or heated water or air in buildings.

Door area: It is the total area of the door measured using the rough opening and 
including the door slab and the frame.

Economizer: an economizer is a mechanical device used to reduce energy 
consumption. Economizers recycle energy produced within a system or leverage 
environmental temperature differences to achieve efficiency improvements.

Economizer, air: It is a duct and damper arrangement with automatic controls that 
allow a cooling system to supply outdoor air to reduce or eliminate the need for 
mechanical cooling during mild or cold weather.

Economizer, water: It is a system by which the supply air of a cooling system is 
cooled indirectly with water that is itself cooled by heat or mass transfer to the 
environment without the use of mechanical cooling.

Mixed-mode air-conditioned building: It is the building in which natural ventilation 
is employed as the primary mode of ventilation, and air conditioning is deployed as 
and when required. 
 
Mixed-use development: It is a single building or a group of buildings used for a 
combination of residential, commercial, business, educational, hospitality and 
assembly purposes. 

Air conditioning and condensing units serving computer rooms: It is the air 
conditioning equipment that provides cooling by maintaining space temperature and 
humidity within a narrow range. Its major application is in data centers where 
dissipating heat generated by equipment takes precedence over comfort cooling for 
occupants.

Relative Humidity: Relative humidity is the ratio of the partial pressure of water 
vapor in the air (which is related to the actual amount present) divided by the vapor 
pressure of water at that same temperature (which is related to the maximum amount 
of water vapor that the air can hold at that temperature).

Thermal Comfort: Thermal comfort is a condition of mind/body that expresses 
satisfaction with the thermal environment. Due to its subjectivity, thermal comfort 
may be different for individuals. Thermal comfort is maintained when the heat 
generated by the human metabolism is allowed to dissipate at a rate that maintains 
thermal equilibrium in the body.

Natural Ventilation: It is the ventilation done by pressure difference air always flows 
from high pressure to low pressure.

Mechanical Ventilation: It is a type of ventilation in which we use mechanical 
equipment for creating pressure difference for the flow of air.

Mixed Mode Ventilation: In this type of ventilation both natural and mechanical 
type of ventilation is used. 

Coefficient of performance: It is the ratio of the desired effect to work input in a 
refrigerator or a heat pump.

Chiller: A chiller is a machine that removes heat from a liquid via a 
vapor-compression or absorption refrigeration cycle. 

Variable refrigerant flows: The main compressor which pumps refrigerant around 
can run at various speeds (steeples), thereby continuously increasing (or decreasing) 
flow of refrigerant based on demand during various hours/minutes of usage. This is 
known as variable refrigerant flow, or VRV (variable refrigerant volume).

Air Conditioning: Air conditioning refers to the process of controlling the 
temperature and humidity of the air to suit the needs of the occupants or an industrial 
process.

Unitary air conditioning system:  The working of the window air conditioner is to 
cool only one particular room, commonly known as the "unitary unit”. This type of ac 
is installed in the window of a room. It will cool a room by emitting the warm air out 
the back of it and blowing cool air into it.

Split Air Conditioning System: Central HVAC systems are regularly referred to as a 
“split” system due to the simple fact that some of the components are installed inside 
the home and some of the components are installed outside a home.

Packaged air conditioning System: This type of unit is perfect for cooling multiple 
rooms or a large space in a home or office. All the components, namely the 
compressor, condenser (which can be air-cooled or water-cooled), expansion valve 
and evaporator are housed in a single box.

Cooling capacity: Cooling capacity is the measure of a cooling system's ability to 
remove heat. 

Thermostat: Thermostat is a control that tells the heating and the cooling system when 
to heat or cool or do nothing.

Variable speed drive: It is used for varying the speed of an induction motor by 
changing the motor's input supply frequency and voltage, keeping the flux constant. 
Throttle: Throttle is a device that controls the engine RPM by directly controlling the 
amount of air going in.

Terminal device: It is a device through which heated or cooled air is supplied to a 
space to maintain its temperature. It usually contains dampers and heating and 
cooling coils. In other words, it is a device by which energy from a system is finally 
delivered (e.g. registers, diffusers, lighting fixtures, faucets, etc.). 

Theatre or motion picture hall (Type of Assembly): It is any building primarily 
meant for theatrical or operatic performances and which has a stage, proscenium 
curtain, fixed or portable scenery or scenery loft, lights, mechanical appliances or 
other theatrical accessories and equipment. For example, theatres, motion picture 
houses, auditoria, concert halls, television and radio studios admit an audience, which 
is provided with fixed seats. 

Thermal block: It is a collection of one or more HVAC zones grouped for simulation 
purposes. The spaces need not be contiguous to be combined within a single thermal 
block. 

Thermal comfort conditions: These are the conditions that influence the thermal 
comfort of occupants. Environmental conditions that influence thermal comfort are air 
and radiant temperature, humidity, and airspeed.

Sensible cooling: It is the portion of the cooling process that affects only the 
temperature of the air, without changing the humidity.
 
Dampers: Dampers are devices that regulate the airflow in an air handling system.  
Backdraft Dampers: Backdraft dampers (also known as gravity dampers) are used in 
ventilation systems to allow airflow in one direction, and prevent airflow in the 
opposite direction.

Tinted: It is (as applied to fenestration) bronze, green, or grey coloring that is integral 
with the glazing material. Tinting does not include surface applied films such as 
reflective coatings, applied either in the field or during the manufacturing process.
Insulation: Insulation is defined as the material used to insulate something, especially 
a building. Insulation is material used that reduces heat loss or heat gain by providing 
a barrier between the inside of a home or any building and the significantly different 
temperature outside.

Refrigerant: A refrigerant is a compound or a mixture (usually in a fluid state in room 
temperature) used to pump heat from one system to another.
Register: Register is an air inlet with a balancing damper behind it, so the airflow 
quantity can be adjusted. 

Grille: A grille is just a fancy hole cover over an air inlet with slotted openings for 
airflow but with no balancing capability. 

 Diffuser: It is a device that's used to increase the static pressure of the fluid that passes 
through the system, and also reduces the velocity of the fluid.

Condenser: A condenser is a device or unit which is used to condense a substance 
from its gaseous to its liquid state.

Impeller: It is a rotating part of a machine that transfers energy.

Evaporation: Evaporation involves a liquid changing to a gas.

Passive solar heating: It uses the sun's energy to heat a building. The windows, walls, 
and floors can be designed to collect, store, and distribute solar energy in the form of 
heat in the winter (and also to reject solar heat in the summer). 

Active Solar Heating: Active solar heating systems use solar energy to heat a fluid 
(either liquid or air), and then transfer the solar heat directly to the interior space or a 
storage system for later use. 

Sensor: A sensor is a device that detects and responds to some type of input from the 
physical environment.

Actuators: An actuator is something that converts energy into motion.

Compressor:  A compressor is a mechanical device that increases the pressure of a gas 
by reducing its volume.  

Hydronic Balancing: Hydronic balancing, also called hydraulic balancing, is the 
process of optimizing the distribution of water in a building's hydronic heating or 
cooling system by equalizing the system pressure so it provides the intended indoor 
climate at optimum energy efficiency and minimal operating cost.

Variable flow hydronic system: A common method of regulating the heating or 
cooling output of hydronic air handlers and other types of HVAC terminal units is to 
vary the water flow rate through their coils. This is known as a variable flow hydronic 
system.

 Heat pump: It is a device that transfers heat from a colder area to a hotter area by 
using mechanical energy, as in a refrigerator.

Boiler: A boiler is a closed vessel in which fluid (generally water) is heated.  
Evaporative cooling: Evaporative cooling is a process that uses the effect of 
evaporation to cool the surrounding air.
 
Desiccant cooling system: Desiccant is used for the absorption of moisture. Generally 
activated alumina or some other hygroscopic materials are used in the process.
 
Trigeneration: Cogeneration or combined heat and power (CHP) is the use of a heat 
engine or power station to generate electricity and useful heat at the same time.
 
Radiant Cooling System: Radiant cooling cools a floor or ceiling by absorbing the 
heat from the rest of the room.

Ground source heat pump: A geothermal heat pump (GHP) or ground source heat 
pump (GSHP) is a central heating and/or cooling system that transfers heat to or from 
the ground. 
 
Adiabatic Cooling system: An adiabatic process is the one that occurs on a system 
without the system transferring or receiving any heat energy from the surroundings.
  
Earth air tunnel: Earth air tunnel or earth air heat exchanger is a pre-cooling or 
pre-heating system which consists of a pipe or network of pipes buried at a reasonable 
depth below the ground surface. 

Energy Efficiency Ratio (EER): The ratio of net cooling capacity in kW to the total rate 
of electric input in watts under design operating conditions.

Energy Recovery System: It is the equipment that recovers energy from building or 
space exhaust air and uses it to treat (pre-heat or pre-cool) outdoor air taken inside the 
building or space by ventilation systems.
 
Fan system power: It is the sum of the nominal power demand of motors of all fans 
that are required to operate at design conditions to supply air from the heating or 
cooling source to the conditioned space(s) and return it to the point where it can be 
exhausted to outside the building.

Heat capacity: It is the amount of heat necessary to raise the temperature of a given 
mass by 1°C. Numerically, the heat capacity per unit area of the surface (W/m2.K) is 
the sum of the products of the mass per unit area of each material in the roof, wall, or 
floor surface multiplied by its specific heat.

Infiltration: Uncontrolled inward air leakage through cracks and crevices in external 
surfaces of buildings, around windows and doors due to pressure differences across 
these caused by factors such as wind or indoor and outside temperature differences 
(stack effect), an imbalance between supply and exhaust air systems. 

Variable Air Volume (VAV) system: It is the HVAC system that controls the dry-bulb 
temperature within a space by varying the volumetric flow of heated or cooled air 
supplied to space. 

Vegetative roofs: Also known as green roofs, the vegetative roofs are thin layers of 
living vegetation installed on top of conventional flat or sloping roofs. 

Vision Windows: These are the windows or areas of large windows that are primarily 
for both daylight and exterior views. Typically, their placement in the wall is between 
1 meter and 2.2 meters above the floor level.

Wall area, gross: It is the overall area of a wall including openings such as windows 
and doors measured horizontally from outside surface to outside service and 
measured vertically from the top of the floor to the top of the roof. If roof insulation is 
installed at the ceiling level rather than the roof, then the vertical measurement is 
made to the top of the ceiling. The gross wall area includes the area between the ceiling 
and the floor for multi-story buildings. 

 
Zone, HVAC: It is a space or a group of spaces within a building with heating and 
cooling requirements that are sufficiently similar so that desired conditions (e.g., 
temperature) can be maintained throughout using a single sensor (e.g., thermostat or 
temperature sensor).

CHAPTER-6

Efficacy: It is the lumens produced by a lamp plus ballast system divided by the total 
watts of input power (including the ballast), expressed in lumens per watt

Luminous flux: Luminous flux (Φ) is the quantity of the energy of the light emitted per 
second in all directions. Its unit is lumen (lm).

Luminous intensity: Luminous intensity (I) is the ability to emit light into a given 
direction, or it is the luminous flux that is radiated by the light source in a given 
direction within the unit of the spatial angel.  Its unit is candela.

Illuminance: Illuminance (E) is the total luminous flux incident on a surface, per unit 
area. Its unit is candela /m.

Luminance: Luminance (L) is the luminous intensity emitted by the surface area of 1 
cm² (or 1 m²) of the light source. Its unit is lux (lx).

Labeled: Equipment or materials to which a symbol or other identifying mark has 
been attached by the manufacturer indicating compliance with specified standard or 
performance in a specified manner. This mark is known as a label. 

Lamp: It is a generic term for man-made light sources often called bulb or tube.

Lighted floor area, gross: It is the gross area of lighted floor spaces. 

Lighting, emergency: It is the battery-backed lighting that provides illumination only 
when there is a power outage and general lighting luminaires are unable to function.

  
Lighting, general: It is the lighting that provides a substantially uniform level of 
illumination throughout an area. General lighting shall not include decorative lighting 
or lighting that provides a dissimilar level of illumination to serve a specialized 
application or feature within such area. 

Lighting system: It is a group of luminaires circuited or controlled to perform a 
specific function.

Occupant sensor: It is a device that detects the presence or absence of people within 
an area and causes lighting, equipment, or appliances to be dimmed, or switched on 
or off accordingly.

Lighting power allowance: 
a) Interior lighting power allowance: the maximum lighting power in watts 
allowed for the interior of a building 
b) Exterior lighting power allowance: the maximum lighting power in watts 
allowed for the exterior of a building

Lighting Power Density (LPD): It is the maximum lighting power per unit area of 
space as per its function or building as per its classification.

Low energy comfort systems: These are the space conditioning or ventilation systems 
that are less energy-intensive than vapor compression based space condition systems.
These primarily employ alternate heat transfer methods or materials (adiabatic 
cooling, radiation, desiccant, etc.), or renewable sources of energy (solar energy, 
geo-thermal) so that minimal electrical energy input is required to deliver heating or 
cooling to spaces.

Luminaires: It is a complete lighting unit consisting of a lamp or lamps together with 
the housing designed to distribute the light, position and protect the lamps, and 
connect the lamps to the power supply.

Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.
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Connected load: It is the sum of the rated wattage of all equipment, appliances, and 
devices to be installed in the building or part of building or building complexes, in 
terms of kilowatt (kW) that will be allocated to all applicants for electric power 
consumption in respect of the proposed building or building complexes on their 
completion.

Contract Demand: It is the maximum demand in kilowatt (kW) or kilo Volt Ampere 
(kVA) (within a consumer’s sanctioned load) agreed to be supplied by the electricity 
provider or utility in the agreement executed between the users and the utility or 
electricity provider.

Mean temperature: It is the average of the minimum daily temperature and 
maximum daily temperature. 

Metering: It is the practice of installing meters in buildings to acquire data for energy 
consumption and other operational characteristics of individual equipments or 
several types of equipment grouped on basis of their function (lighting, appliances, 
chillers, etc.). Metering is done in buildings to monitor their energy performance.

Transformer: Transformer is a device used to transform high voltage to low voltage, 
and vice versa. 

Manufacturing processes: These are the processes through which raw material is 
converted into finished goods for commercial sale using machines, labor, chemical or 
biological processes, etc.

Manual (non-automatic): It requires personal intervention for control. Non-automatic 
does not necessarily imply a manual controller, only that personal intervention is 
necessary. 

Alternating Current: This means that the direction of current flowing in a circuit is 
constantly being reversed back and forth. 
 
Direct Current (DC): It is the flow of electrical charge in the same direction. 
Conductor: It is a substance in which electrical charge carriers, usually electrons, move 
easily from atom to atom with the application of voltage. 

Full load: A full load current is the largest current that a motor or other device is 
designed to carry under particular conditions.

Dry-type transformer: A dry-type transformer is a type of transformer that never uses 
any insulating liquid where its winding or core is immersed in liquid. 
  
Oil type transformer: It is a transformer where the magnetic circuit and windings are 
immersed in oil.

Three-phase induction motor: Three-phase induction motor does not require an 
additional starting device. These types of motors are also known as self-starting 
induction motors.

Stress: Stress is the internal forces per unit area developed in an object subjected to an 
external force.

Peak Load: Peak load is the time of high demand.

Power Factor: The power factor is the ratio between real power and Apparent Power. 
Inductive Current: It resists changes in current and lags the voltage while measuring 
current. 

Reactive power: Reactive power occurs in an AC circuit when the voltage and current 
are not in phase.
 
Overcurrent: It is any current over the rated current of the equipment of the capacity 
of the conductor. It may result from overload, short circuit, or ground fault.

Fossil fuels: Fossil fuels are hydrocarbons, primarily coal, fuel oil or natural gas, 
formed from the remains of dead plants and animals.

Greenhouse gases: Greenhouse gases are those gases that trap the infrared rays of the 
sun from entering the atmosphere and in turn, they raise the temperature of the 
atmosphere which leads to global warming. 

Hydroelectric energy: Hydroelectric energy means electric energy coming from 
sources that convert energy (potential or kinetic) of water to electrical energy.

Bioenergy: Bioenergy is the renewable energy created by living organisms. Biomass is 
an organic material which has stored sunlight in the form of chemical energy.

Geothermal energy: Geothermal energy is an energy source derived from the heat of 
the earth. The heat must be near the surface so it can be extracted. 
 
Total harmonic distortion: The total harmonic distortion is the ratio of voltage in the 
harmonic frequencies to the principle frequency. 

Photovoltaic: Photovoltaic means 'voltage from light' and refers to a solid-state 
semiconductor device, aka solar cell that produces a potential difference (voltage) and 
current of electrons (electricity) when exposed to light.

Kilovolt-ampere (kVA): It is the product of the line current (amperes) times the 
nominal system voltage (kilovolts) times 1.732 for three-phase currents. For 
single-phase applications, kVA is the product of the line current (amperes) times the 
nominal system voltage (kilovolts). 

Kilowatt (kW): It is the basic unit of electric power, equal to 1000 W.

Party wall: It is a firewall on an interior lot line used or adapted for joint service 
between two buildings. 

Permanently installed: It is the equipment that is fixed in place and is not portable or 
movable. 

Plenum: It is a compartment or chamber to which one or more ducts are connected, 
which forms a part of the air distribution system, and that is not used for occupancy 
or storage.  

Plug loads: It is the energy used by products that are powered using an AC plug. This 
term excludes building energy that is attributed to major end uses like HVAC, 
lighting, water heating, etc. 

Pool: It is any structure, basin, or tank containing an artificial body of water for 
swimming, diving, or recreational bathing. The term includes, but is not limited to, 
swimming pool, whirlpool, spa, hot tub.

Process load: It is the building loads resulting from the consumption or release of 
energy due to industrial processes or processes other than those for providing space 
conditioning, lighting, ventilation, or service hot water heating.

Transformer losses: These are electrical losses in a transformer that reduces its 
efficiency.  

Transport Buildings (Assembly): It is any building or structure used for 
transportation and transit like airports, railway stations, bus stations, and 
underground and elevated mass rapid transit system example, underground or 
elevated railways.

CHAPTER-8  

Window Wall ratio: The window-to-wall ratio is the measure of the percentage area 
determined by dividing the building's total glazed area by its exterior envelope wall 
area.
 
Skylight Roof ratio: The skylight roof ratio (SRR) is the ratio of the area of the skylight 
in comparison to the total roof area. 
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Acid Rain: It is made up of water droplets that are unusually acidic because of 
atmospheric pollution, most notably the excessive amounts of sulfur and nitrogen 
released by cars and industrial processes.

Retrofitting: Retrofitting is a method of modifying existing structures with new 
components to resist the earthquake load or any other loads. 
Sustainability: Sustainability means meeting one’s own needs without compromising 
the ability of future gener.

ABREVIATIONS

1. TOE  Tons of Oil Equivalent
2. MOP  Ministry of Power 
3. CAGR  Compound Annual Growth Rate 
4. TEDDY TERI Energy & Environment Data Diary and Yearbook
5. GW  Giga Watt
6. MW  Mega Watt
7. KWh  Kilowatt Hour 
8. EBP  Ethanol Blending Petrol 
9. HPCL  Hindustan Petroleum Corporation Limited   
10. MTPA  Million Tons Per Annum 
11. ECBC  Energy Conservation Building Code 
12. BEE  Bureau of Energy Efficiency
13. USAID  United States Agency for International Development
14. PEDA  Punjab Energy Development Agency 
15. SDA  State Designated Agency 
16. EPI  Energy Performance Index
17. GHG  Greenhouse Gas
18. HVAC  Heating, Ventilation and Air Conditioning
19. IAQ  Indoor Air Quality
20. AAC  Autoclave Aerated Concrete
21. XPS  Extruded Polystyrene Insulation 
22. EPS  Expanded Polystyrene Insulation    
23. NBC  National Building Code
24. UPVC  Unplasticised Polyvinyl Chloride
25. PVC  Polyvinyl Chloride
26. SRI  Solar Reflective Index
27. SEER  Seasonal Energy Efficiency Ratio
28. BTU  British Thermal Units 
29. EER  Energy Efficiency Ratio 
30. HSPF  Heating Seasonal Performance Factor 
31. VFD  Variable Frequency Drive
32. WBP  Whole Building Performance Method
33. AGA  Above Grade Area 
34. NMEEE National Mission for Enhanced Energy Efficiency 
35. NAPCC National Action Plan on Climate Change 
36. PAT  Plan, Achieve and Trade Scheme 
37. MTEE  Market Transformation for Energy Efficiency 
38. EEFP  Energy Efficiency Financing Program
39. FEEED  Framework for Energy Efficiency Economic Development 
40. DSM  Demand Side Management 
41. ULB  Urban Local Bodies 
42. SMEs  Small and Medium Size Enterprises 
43. MSMEs Ministry of Micro, Small and Medium Enterprises. 
44. EC ACT Energy Conservation Act 

45. LED  Light Emitting Diode 
46. PWD  Public Work Department
47. ISO  International Organization of Standardization. 
48. SHGC  Solar Heat Gain Coefficient
49. SC  Shading Coefficient 
50. UDI  Useful Daylight Illumination 
51. VLT  Visual Light Transmission 
52. IST  India Standard Time
53. DEF  Daylight Extent Factors. 
54. ASTM  American Society for Testing and Materials
55. EPDM  Ethylene Propylene Diane Monomer 
56. WWR  Wall – Window Ratio 
57. EPF  Envelope Performance Factor 
58. VOC  Volatile Organic Compound 
59. DCV  Demand Control Ventilation 
60. COP  Coefficient of Performance 
61. IPLV  Integrated Part Load Value 
62. VRF  Variable Refrigerant Flow 
63. ANSI  American National Standards Institute
64. AHRI  Air Conditioning, Heating and Refrigeration Institute. 
65. IEER  Integrated Energy Efficiency Ratio 
66. PLC  Programmable Logic Control 
67. VAV  Variable Air Volume 
68. AC  Alternating Current 
69. DC   Direct Current 
70. CT  Current Transformer
71. PT  Potential Transformer 
72. DG  Diesel Generators
73. SFC  Specific Fuel Consumption 
74. THD  Total Harmonic Distortion 
75. UPS  Uninterruptible Power Supply 
76. REGZ  Renewable Energy Generating Zone 
77. WBP  Whole Building performance 
78. LEED  Leadership in Energy and Environmental Design 
79. GRIHA Green Rating Integrated Habitat Assessment 
80. APFC  Automatic Power Factor Controller 
81. PV  Photovoltaic Devices 
82. GHG  Greenhouse Gases 
83. USGBC U.S. Green Building Council
84. HID  High intensity Discharge 
85. BUA  Built-Up Area 
86. CFL  Compact Fluorescent Light
87. Wh  Watthour
88. W  Watt
89. TR  Tons of refrigeration  
90. Pa  Pascal  



Certain terms, abbreviations, and acronyms are defined in this section for this code. 
These definitions apply to all sections of this code. Terms that are not defined shall 
have their ordinarily accepted meanings within the context in which they are used.
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Biomass: Biomass is any mass, even waste/ refuses from plant or animal origin.
Bagasse: Bagasse is a sugarcane fibre pulp left after the juice has been extracted from 
the sugarcane stable. It is estimated that bagasse contributes to 33.3% residue of the 
total cane crushed.
 
Façade: Façade is the principal front of a building that faces on to a street or open 
space.

CHAPTER-2

Net Zero Building: A zero net energy building is designed to ensure zero net 
consumption, which means the total amount of energy consumed by the building 
annually should equal the amount of renewable energy created on-site.
Building envelope: It is a physical separator comprised of a series of components and 
systems that protect the interior space of a building from the effects of the external 
environment, like precipitation, wind, temperature, humidity, ultraviolet radiation, 
etc. 

Dehumidification: Dehumidification is a process of removal of moisture from the air 
in a conditioned room.

Humidity:  Humidity is the percentage of water vapor in the air. 
Fly Ash: Fly ash, also known as pulverized fuel ash, is a by-product obtained from 
coal-fired electric power plants.

Thermal Conductivity: Thermal conductivity is the ability of a material to conduct 
heat through it.

Ventilation: Ventilation is the process of replacing air to provide maximum indoor 
air quality to control temperature, remove odors, replenish oxygen, and remove 
moisture, smoke, heat, dust, carbon dioxide and airborne bacteria from the indoor 
space.

Durability: A durable material is not easily destroyed by use and lasts for a relatively 
long duration. 
 
Efflorescence: Efflorescence is a crystalline deposit on surfaces of masonry, stucco or 
concrete.
 
Urban Heat Island Effect: The heat island effect is named for an urban area that is 
considerably warmer than the surrounding, natural and rural lands. This effect 
happens because of the materials used in construction for building, together with 
energy emissions from transportation (cars) and industry.

Solar Reflective index: The Solar Reflective Index (SRI) is a measure of the solar 
reflectance and emissivity of materials that can be used as an indicator of how hot 
they are likely to become when solar radiation is incident on their surface.
Thermal Emissivity: The thermal emissivity of the surface of a material is its 
effectiveness in emitting energy as thermal radiation.

Incandescent: This type of light bulb is called an incandescent bulb because its 
filament is heated until it gives off light.

Seasonal Energy Efficiency Ratio:  It is the ratio of the total annual amount of heat 
that the equipment can remove from the indoor air when operated for cooling in 
active mode to the total annual amount of energy consumed by the equipment during 
the same period.

Energy Efficiency Ratio: A room air conditioner's efficiency is measured by the 
energy efficiency ratio (EER). The EER is the ratio of the cooling capacity (in British 
thermal units (BTUs) per hour to the power input (in watts). The higher the EER 
rating, the more efficient the air conditioner.

Heating seasonal performance factor: Heating seasonal performance factor (HSPF) 
is specifically used to measure the efficiency of air-source heat pumps. HSPF is 
defined as the ratio of heat output (measured in BTUs) over the heating season to 
electricity used (measured in watt-hours). 
                                                                                  
Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.

Out-patient Healthcare (Type of Healthcare): It is any building or a group of 
buildings under a single management, which is used only for treating persons 
requiring treatment or diagnosis of disease but not requiring overnight or longer 
accommodation in the building during treatment or diagnosis.

CHAPTER-3

Energy Performance Index: Energy Performance Index (EPI) is the total energy 
consumed in a building over a year divided by total built-up area in kWh/sq m/year 
and is considered as the simplest and most relevant indicator for qualifying a 
building as energy-efficient or not.

Compliance documents: These are the forms specified in ECBC Rules and 
Regulations to record and check compliance with these rules. These include but are 
not limited to EPI Ratio Compliance Report, Building Envelope Compliance Form, 
Mechanical Systems Compliance Form, and Permit Checklist, Lighting System 
Compliance Form and Permit Checklist and certificates from Certified Energy 
Auditor for existing or proposed buildings.

Cumulative design EPI: It is the Energy Performance Index for a building having two 
or more different functional uses, and is calculated based on the area-weighted 
average (AWA) method.
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Building or building complex or complex:  A structure wholly or partially enclosed 
within the exterior walls, or within exterior and party walls, and a roof, affording 
shelter to persons, animals, or property. Building complex means a building or group 
of buildings constructed in a contiguous area for business, commercial, institutional, 
healthcare, hospitality purposes or assembly buildings under the single ownership of 
individuals or group of individuals or the name of a co-operative group society or on 
lease and sold as shops or office space or space for other commercial purposes, 
having a connected load of 100 kW or contract demand of 120 kVA and above.

Building, base: It includes building structure, building envelope, common areas, 
circulation areas, parking, basements, services area, plant room and its supporting 
areas, and open project site area.

Building, core, and shell: These are buildings where the developer or owner will 
only provide the base building and its services.

24-hour Business Building: These are business building operated and occupied for 
more than 12 hours on each weekday. The Intensity of occupancy may vary. 
 
Above Grade Area (AGA): AGA is the cumulative floor area of all the floor levels of 
a building that are above the ground-level. Ground level shall be as defined in the 
building site plan. A floor level is above grade if one-third of the total external surface 
area of only the said floor level is above the ground level. 
 
Addition: It is an extension or increase in floor area or height of a building outside of 
the existing building envelope. 

Alteration: It is any change, rearrangement, replacement, or addition to a building or 
its systems and equipment; any modification in construction or building equipment.

Area weighted average (AWA) method: AWA method is based on the concept of 
weighted arithmetic mean where instead of each data point contributing equally to 
the final mean, each data point contributes more “weight” than others based on the 
size of the area the said data point applies to. To calculate the area-weighted average 
mean, a summation of each data point multiplied with its respective area is divided 
with the total area. 
 
Astronomical time switch: It is an automatic time switch that adjusts the length of the 
day as it varies over the year.

Fenestration:  Fenestration refers to the openings in the building envelope, including 
the installation of windows, doors, and skylights. The process of including these 
openings in the building envelope is known as fenestration.

U- Factor: 'U-Factor" or U-Value", also referred to as the K-Value, is the measurement 
of the thermal conductance of a material that reflects the effectiveness of the material 
to allow the flow of heat.

Solar Heat Gain Coefficient (SHGC): It is the ratio of the solar heat gain entering the 
space through the fenestration area to the incident solar radiation. Solar heat gain 
includes directly transmitted solar heat and absorbed solar radiation, which is then 
reradiated, conducted, or convected into space. 

Class of construction: It is the classification that determines the construction 
materials for the building envelope, roof, wall, floor, slab-on-grade floor, opaque 
door, vertical fenestration, and skylight.

Visual light transmission: It is simply the measurable amount of solar visible light 
(daylight) that travels through a glazing system.

Conduction: Conduction is the heat transfer through a solid medium due to the 
temperature difference. 

Convection: Convection is the heat transfer through a fluid medium such as air or 
water. Convection within the envelope assembly will depend on the temperature 
difference across the surfaces and also the airspeed.
 
Radiation: Radiation is heat transfer through electromagnetic radiation. All bodies 
facing an air space or a vacuum emit and absorb radiant energy continuously. Heat 
transfer by radiation will take place from a warmer surface to a cooler one.

Resistance: It is denoted as R, and is the ability of a material to resist heat flow. It is 
the reciprocal of conductance, (Units are m2 K/W). 

Emittance: It is the ability of a material to re-radiate absorbed heat as invisible 
infrared radiation.  It indicates the ability of a material to lose heat, consequently 
reducing the sensible heat content of the object.

R-value (thermal resistance): It is the reciprocal of the time rate of heat flow through 
a unit area induced by a unit temperature difference between two defined surfaces of 
material or construction under steady-state conditions. The units of R-value are m2.K 
/W.  

Recirculating system: It is a domestic or service hot water distribution system that 
includes a closed circulation circuit designed to maintain temperatures in hot water 
pipes near terminal devices (e.g. lavatory faucets and showerheads) to reduce the 
time required to obtain hot water when the terminal device valve is opened. The 
motive force for circulation is either natural (due to water density variations with 
temperature) or mechanical (recirculation pump).

Reflectance: The ability of a material to reflect radiation without changing the 
temperature of the material.  Surfaces with higher reflectance tend to absorb less heat.
Absorptance: The ability of a material to absorb radiation. This is converted into 
sensible heat within the material, thus raising its temperature.

Projection factor, overhang: It is the ratio of the horizontal depth of the external 
shading projection to the sum of the height of the fenestration and the distance from 
the top of the fenestration to the bottom of the farthest point of the external shading 
projection, in consistent units.

Projection factor, side fin:  It is the ratio of the horizontal depth of the external 
shading projection to the distance from the window jamb to the farthest point of the 
external shading projection, in consistent units.
 
Projection Factor, overhang and side fin: It is the average of projection factor for 
overhang only and projection factor of side fin only.  
  
Ultraviolet: Ultraviolet is electromagnetic radiation with a wavelength from 10 nm to 
400 nm, shorter than that of visible light but longer than X-rays.

Wall Window Ratio: It is the ratio of the window area to the gross exterior wall area.
Skylight roof ratio (SRR): It is the ratio of the area of the skylight in comparison to the 
total roof area.

Renewable Energy Generating Zone: It is a contiguous or semi-contiguous area, 
either on the rooftop or elsewhere within the site boundary, dedicated to the 
installation of renewable energy systems.

Cool roof: It is the roof with a top layer of material that has high solar reflectance and 
high thermal emittance properties. Cool roof surfaces are characterized by light 
colors so that heat can be rejected back to the environment. 

Daylight Extension Factor (DEF): It is the factor which manually calculates the 
daylight area on floor plates. It is to be multiplied by the head height of windows. It 
is dependent on orientation and glazing VLT, shading devices adjacent to it and 
building location.  

Daytime Business Building:  It is the business building operated typically only 
during the daytime on weekdays up to 12 hours each day.  

Effective aperture: It is the multiplication of Visible Light Transmittance and the 
window-to-wall ratio. (EA = VLT x WWR)

Water heater: It is the vessel in which water is heated and withdrawn for use external 
to the system.
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HVAC system: This includes the equipment, distribution systems, and terminal 
devices that provide, either collectively or individually, the processes of heating, 
ventilating, or air conditioning to a building or parts of a building.

Coefficient of Performance (COP) – cooling: It is the ratio of the rate of heat removal 
to the rate of energy input, in consistent units, for a complete refrigerating system or 
some specific portion of that system under designated operating conditions.

Coefficient of Performance (COP) – heating: It is the ratio of the rate of heat 
delivered to the rate of energy input, in consistent units, for a complete heat pump 
system, including the compressor and, if applicable, auxiliary heat, under designated 
operating conditions.

Common area: These are the areas within a building that are available for use by all 
tenants in a building (i.e. lobbies, corridors, restrooms, etc.).

 Mechanical cooling: It reduces the temperature of a gas or a liquid by using vapor 
compression, absorption, and desiccant dehumidification combined with evaporative 
cooling or another energy-driven thermodynamic cycle. Indirect or direct 
evaporative cooling alone is not considered mechanical cooling.

Commercial building: It is a building or a part of building or building complex 
which are used or intended to be used for commercial purposes and classified as per 
the time of the day the building is operational and sub-classified, as per the functional 
requirements of its design, construction, and use as per following details:

Group I – 24 hours building covering Type A Hospitality, Type B Health Care and 
Type C Assembly and, 
Group II – Regular building covering Type D Business, Type E Educational, and Type 
F Shopping Complexes.

Dead band:  It is the range of values within which a sensed variable can vary without 
initiating a change in the controlled process. 

Demand: It is the maximum rate of electricity (kW) consumption recorded for a 
building or facility during a selected time frame.  

Demand control ventilation (DCV):  It is the ventilation system capability that 
provides automatic reduction of outdoor air intake below design rates when the 
actual occupancy of spaces served by the system is less than the design occupancy. 
Design capacity: It is the output capacity of a mechanical or electrical system or 
equipment at design conditions. 

Design conditions: These are specified indoor environmental conditions, such as 
temperature, humidity, and light intensity, required for producing and maintaining 
by a system and under which the system must operate. 

Distribution system: It is a network or a system comprising controlling devices or 
equipment and distribution channels (cables, coils, ducts, pipes, etc.) for delivery of 
electrical power or, cooled or heated water or air in buildings.

Door area: It is the total area of the door measured using the rough opening and 
including the door slab and the frame.

Economizer: an economizer is a mechanical device used to reduce energy 
consumption. Economizers recycle energy produced within a system or leverage 
environmental temperature differences to achieve efficiency improvements.

Economizer, air: It is a duct and damper arrangement with automatic controls that 
allow a cooling system to supply outdoor air to reduce or eliminate the need for 
mechanical cooling during mild or cold weather.

Economizer, water: It is a system by which the supply air of a cooling system is 
cooled indirectly with water that is itself cooled by heat or mass transfer to the 
environment without the use of mechanical cooling.

Mixed-mode air-conditioned building: It is the building in which natural ventilation 
is employed as the primary mode of ventilation, and air conditioning is deployed as 
and when required. 
 
Mixed-use development: It is a single building or a group of buildings used for a 
combination of residential, commercial, business, educational, hospitality and 
assembly purposes. 

Air conditioning and condensing units serving computer rooms: It is the air 
conditioning equipment that provides cooling by maintaining space temperature and 
humidity within a narrow range. Its major application is in data centers where 
dissipating heat generated by equipment takes precedence over comfort cooling for 
occupants.

Relative Humidity: Relative humidity is the ratio of the partial pressure of water 
vapor in the air (which is related to the actual amount present) divided by the vapor 
pressure of water at that same temperature (which is related to the maximum amount 
of water vapor that the air can hold at that temperature).

Thermal Comfort: Thermal comfort is a condition of mind/body that expresses 
satisfaction with the thermal environment. Due to its subjectivity, thermal comfort 
may be different for individuals. Thermal comfort is maintained when the heat 
generated by the human metabolism is allowed to dissipate at a rate that maintains 
thermal equilibrium in the body.

Natural Ventilation: It is the ventilation done by pressure difference air always flows 
from high pressure to low pressure.

Mechanical Ventilation: It is a type of ventilation in which we use mechanical 
equipment for creating pressure difference for the flow of air.

Mixed Mode Ventilation: In this type of ventilation both natural and mechanical 
type of ventilation is used. 

Coefficient of performance: It is the ratio of the desired effect to work input in a 
refrigerator or a heat pump.

Chiller: A chiller is a machine that removes heat from a liquid via a 
vapor-compression or absorption refrigeration cycle. 

Variable refrigerant flows: The main compressor which pumps refrigerant around 
can run at various speeds (steeples), thereby continuously increasing (or decreasing) 
flow of refrigerant based on demand during various hours/minutes of usage. This is 
known as variable refrigerant flow, or VRV (variable refrigerant volume).

Air Conditioning: Air conditioning refers to the process of controlling the 
temperature and humidity of the air to suit the needs of the occupants or an industrial 
process.

Unitary air conditioning system:  The working of the window air conditioner is to 
cool only one particular room, commonly known as the "unitary unit”. This type of ac 
is installed in the window of a room. It will cool a room by emitting the warm air out 
the back of it and blowing cool air into it.

Split Air Conditioning System: Central HVAC systems are regularly referred to as a 
“split” system due to the simple fact that some of the components are installed inside 
the home and some of the components are installed outside a home.

Packaged air conditioning System: This type of unit is perfect for cooling multiple 
rooms or a large space in a home or office. All the components, namely the 
compressor, condenser (which can be air-cooled or water-cooled), expansion valve 
and evaporator are housed in a single box.

Cooling capacity: Cooling capacity is the measure of a cooling system's ability to 
remove heat. 

Thermostat: Thermostat is a control that tells the heating and the cooling system when 
to heat or cool or do nothing.

Variable speed drive: It is used for varying the speed of an induction motor by 
changing the motor's input supply frequency and voltage, keeping the flux constant. 
Throttle: Throttle is a device that controls the engine RPM by directly controlling the 
amount of air going in.

Terminal device: It is a device through which heated or cooled air is supplied to a 
space to maintain its temperature. It usually contains dampers and heating and 
cooling coils. In other words, it is a device by which energy from a system is finally 
delivered (e.g. registers, diffusers, lighting fixtures, faucets, etc.). 

Theatre or motion picture hall (Type of Assembly): It is any building primarily 
meant for theatrical or operatic performances and which has a stage, proscenium 
curtain, fixed or portable scenery or scenery loft, lights, mechanical appliances or 
other theatrical accessories and equipment. For example, theatres, motion picture 
houses, auditoria, concert halls, television and radio studios admit an audience, which 
is provided with fixed seats. 

Thermal block: It is a collection of one or more HVAC zones grouped for simulation 
purposes. The spaces need not be contiguous to be combined within a single thermal 
block. 

Thermal comfort conditions: These are the conditions that influence the thermal 
comfort of occupants. Environmental conditions that influence thermal comfort are air 
and radiant temperature, humidity, and airspeed.

Sensible cooling: It is the portion of the cooling process that affects only the 
temperature of the air, without changing the humidity.
 
Dampers: Dampers are devices that regulate the airflow in an air handling system.  
Backdraft Dampers: Backdraft dampers (also known as gravity dampers) are used in 
ventilation systems to allow airflow in one direction, and prevent airflow in the 
opposite direction.

Tinted: It is (as applied to fenestration) bronze, green, or grey coloring that is integral 
with the glazing material. Tinting does not include surface applied films such as 
reflective coatings, applied either in the field or during the manufacturing process.
Insulation: Insulation is defined as the material used to insulate something, especially 
a building. Insulation is material used that reduces heat loss or heat gain by providing 
a barrier between the inside of a home or any building and the significantly different 
temperature outside.

Refrigerant: A refrigerant is a compound or a mixture (usually in a fluid state in room 
temperature) used to pump heat from one system to another.
Register: Register is an air inlet with a balancing damper behind it, so the airflow 
quantity can be adjusted. 

Grille: A grille is just a fancy hole cover over an air inlet with slotted openings for 
airflow but with no balancing capability. 

 Diffuser: It is a device that's used to increase the static pressure of the fluid that passes 
through the system, and also reduces the velocity of the fluid.

Condenser: A condenser is a device or unit which is used to condense a substance 
from its gaseous to its liquid state.

Impeller: It is a rotating part of a machine that transfers energy.

Evaporation: Evaporation involves a liquid changing to a gas.

Passive solar heating: It uses the sun's energy to heat a building. The windows, walls, 
and floors can be designed to collect, store, and distribute solar energy in the form of 
heat in the winter (and also to reject solar heat in the summer). 

Active Solar Heating: Active solar heating systems use solar energy to heat a fluid 
(either liquid or air), and then transfer the solar heat directly to the interior space or a 
storage system for later use. 

Sensor: A sensor is a device that detects and responds to some type of input from the 
physical environment.

Actuators: An actuator is something that converts energy into motion.

Compressor:  A compressor is a mechanical device that increases the pressure of a gas 
by reducing its volume.  

Hydronic Balancing: Hydronic balancing, also called hydraulic balancing, is the 
process of optimizing the distribution of water in a building's hydronic heating or 
cooling system by equalizing the system pressure so it provides the intended indoor 
climate at optimum energy efficiency and minimal operating cost.

Variable flow hydronic system: A common method of regulating the heating or 
cooling output of hydronic air handlers and other types of HVAC terminal units is to 
vary the water flow rate through their coils. This is known as a variable flow hydronic 
system.

 Heat pump: It is a device that transfers heat from a colder area to a hotter area by 
using mechanical energy, as in a refrigerator.

Boiler: A boiler is a closed vessel in which fluid (generally water) is heated.  
Evaporative cooling: Evaporative cooling is a process that uses the effect of 
evaporation to cool the surrounding air.
 
Desiccant cooling system: Desiccant is used for the absorption of moisture. Generally 
activated alumina or some other hygroscopic materials are used in the process.
 
Trigeneration: Cogeneration or combined heat and power (CHP) is the use of a heat 
engine or power station to generate electricity and useful heat at the same time.
 
Radiant Cooling System: Radiant cooling cools a floor or ceiling by absorbing the 
heat from the rest of the room.

Ground source heat pump: A geothermal heat pump (GHP) or ground source heat 
pump (GSHP) is a central heating and/or cooling system that transfers heat to or from 
the ground. 
 
Adiabatic Cooling system: An adiabatic process is the one that occurs on a system 
without the system transferring or receiving any heat energy from the surroundings.
  
Earth air tunnel: Earth air tunnel or earth air heat exchanger is a pre-cooling or 
pre-heating system which consists of a pipe or network of pipes buried at a reasonable 
depth below the ground surface. 

Energy Efficiency Ratio (EER): The ratio of net cooling capacity in kW to the total rate 
of electric input in watts under design operating conditions.

Energy Recovery System: It is the equipment that recovers energy from building or 
space exhaust air and uses it to treat (pre-heat or pre-cool) outdoor air taken inside the 
building or space by ventilation systems.
 
Fan system power: It is the sum of the nominal power demand of motors of all fans 
that are required to operate at design conditions to supply air from the heating or 
cooling source to the conditioned space(s) and return it to the point where it can be 
exhausted to outside the building.

Heat capacity: It is the amount of heat necessary to raise the temperature of a given 
mass by 1°C. Numerically, the heat capacity per unit area of the surface (W/m2.K) is 
the sum of the products of the mass per unit area of each material in the roof, wall, or 
floor surface multiplied by its specific heat.

Infiltration: Uncontrolled inward air leakage through cracks and crevices in external 
surfaces of buildings, around windows and doors due to pressure differences across 
these caused by factors such as wind or indoor and outside temperature differences 
(stack effect), an imbalance between supply and exhaust air systems. 

Variable Air Volume (VAV) system: It is the HVAC system that controls the dry-bulb 
temperature within a space by varying the volumetric flow of heated or cooled air 
supplied to space. 

Vegetative roofs: Also known as green roofs, the vegetative roofs are thin layers of 
living vegetation installed on top of conventional flat or sloping roofs. 

Vision Windows: These are the windows or areas of large windows that are primarily 
for both daylight and exterior views. Typically, their placement in the wall is between 
1 meter and 2.2 meters above the floor level.

Wall area, gross: It is the overall area of a wall including openings such as windows 
and doors measured horizontally from outside surface to outside service and 
measured vertically from the top of the floor to the top of the roof. If roof insulation is 
installed at the ceiling level rather than the roof, then the vertical measurement is 
made to the top of the ceiling. The gross wall area includes the area between the ceiling 
and the floor for multi-story buildings. 
 
Zone, HVAC: It is a space or a group of spaces within a building with heating and 
cooling requirements that are sufficiently similar so that desired conditions (e.g., 
temperature) can be maintained throughout using a single sensor (e.g., thermostat or 
temperature sensor).

CHAPTER-6

Efficacy: It is the lumens produced by a lamp plus ballast system divided by the total 
watts of input power (including the ballast), expressed in lumens per watt

Luminous flux: Luminous flux (Φ) is the quantity of the energy of the light emitted per 
second in all directions. Its unit is lumen (lm).

Luminous intensity: Luminous intensity (I) is the ability to emit light into a given 
direction, or it is the luminous flux that is radiated by the light source in a given 
direction within the unit of the spatial angel.  Its unit is candela.

Illuminance: Illuminance (E) is the total luminous flux incident on a surface, per unit 
area. Its unit is candela /m.

Luminance: Luminance (L) is the luminous intensity emitted by the surface area of 1 
cm² (or 1 m²) of the light source. Its unit is lux (lx).

Labeled: Equipment or materials to which a symbol or other identifying mark has 
been attached by the manufacturer indicating compliance with specified standard or 
performance in a specified manner. This mark is known as a label. 

Lamp: It is a generic term for man-made light sources often called bulb or tube.

Lighted floor area, gross: It is the gross area of lighted floor spaces. 

Lighting, emergency: It is the battery-backed lighting that provides illumination only 
when there is a power outage and general lighting luminaires are unable to function.
  
Lighting, general: It is the lighting that provides a substantially uniform level of 
illumination throughout an area. General lighting shall not include decorative lighting 
or lighting that provides a dissimilar level of illumination to serve a specialized 
application or feature within such area. 

Lighting system: It is a group of luminaires circuited or controlled to perform a 
specific function.

Occupant sensor: It is a device that detects the presence or absence of people within 
an area and causes lighting, equipment, or appliances to be dimmed, or switched on 
or off accordingly.

a) Interior lighting power allowance: the maximum lighting power in watts 
allowed for the interior of a building 
b) Exterior lighting power allowance: the maximum lighting power in watts 
allowed for the exterior of a building

Lighting Power Density (LPD): It is the maximum lighting power per unit area of 
space as per its function or building as per its classification.

Low energy comfort systems: These are the space conditioning or ventilation systems 
that are less energy-intensive than vapor compression based space condition systems.
These primarily employ alternate heat transfer methods or materials (adiabatic 
cooling, radiation, desiccant, etc.), or renewable sources of energy (solar energy, 
geo-thermal) so that minimal electrical energy input is required to deliver heating or 
cooling to spaces.

Luminaires: It is a complete lighting unit consisting of a lamp or lamps together with 
the housing designed to distribute the light, position and protect the lamps, and 
connect the lamps to the power supply.

Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.

CHAPTER-7
 

Connected load: It is the sum of the rated wattage of all equipment, appliances, and 
devices to be installed in the building or part of building or building complexes, in 
terms of kilowatt (kW) that will be allocated to all applicants for electric power 
consumption in respect of the proposed building or building complexes on their 
completion.

Contract Demand: It is the maximum demand in kilowatt (kW) or kilo Volt Ampere 
(kVA) (within a consumer’s sanctioned load) agreed to be supplied by the electricity 
provider or utility in the agreement executed between the users and the utility or 
electricity provider.

Mean temperature: It is the average of the minimum daily temperature and 
maximum daily temperature. 

Metering: It is the practice of installing meters in buildings to acquire data for energy 
consumption and other operational characteristics of individual equipments or 
several types of equipment grouped on basis of their function (lighting, appliances, 
chillers, etc.). Metering is done in buildings to monitor their energy performance.

Transformer: Transformer is a device used to transform high voltage to low voltage, 
and vice versa. 

Manufacturing processes: These are the processes through which raw material is 
converted into finished goods for commercial sale using machines, labor, chemical or 
biological processes, etc.

Manual (non-automatic): It requires personal intervention for control. Non-automatic 
does not necessarily imply a manual controller, only that personal intervention is 
necessary. 

Alternating Current: This means that the direction of current flowing in a circuit is 
constantly being reversed back and forth. 
 
Direct Current (DC): It is the flow of electrical charge in the same direction. 
Conductor: It is a substance in which electrical charge carriers, usually electrons, move 
easily from atom to atom with the application of voltage. 

Full load: A full load current is the largest current that a motor or other device is 
designed to carry under particular conditions.

Dry-type transformer: A dry-type transformer is a type of transformer that never uses 
any insulating liquid where its winding or core is immersed in liquid. 
  
Oil type transformer: It is a transformer where the magnetic circuit and windings are 
immersed in oil.

Three-phase induction motor: Three-phase induction motor does not require an 
additional starting device. These types of motors are also known as self-starting 
induction motors.

Stress: Stress is the internal forces per unit area developed in an object subjected to an 
external force.

Peak Load: Peak load is the time of high demand.

Power Factor: The power factor is the ratio between real power and Apparent Power. 
Inductive Current: It resists changes in current and lags the voltage while measuring 
current. 

Reactive power: Reactive power occurs in an AC circuit when the voltage and current 
are not in phase.
 
Overcurrent: It is any current over the rated current of the equipment of the capacity 
of the conductor. It may result from overload, short circuit, or ground fault.

Fossil fuels: Fossil fuels are hydrocarbons, primarily coal, fuel oil or natural gas, 
formed from the remains of dead plants and animals.

Greenhouse gases: Greenhouse gases are those gases that trap the infrared rays of the 
sun from entering the atmosphere and in turn, they raise the temperature of the 
atmosphere which leads to global warming. 

Hydroelectric energy: Hydroelectric energy means electric energy coming from 
sources that convert energy (potential or kinetic) of water to electrical energy.

Bioenergy: Bioenergy is the renewable energy created by living organisms. Biomass is 
an organic material which has stored sunlight in the form of chemical energy.

Geothermal energy: Geothermal energy is an energy source derived from the heat of 
the earth. The heat must be near the surface so it can be extracted. 
 
Total harmonic distortion: The total harmonic distortion is the ratio of voltage in the 
harmonic frequencies to the principle frequency. 

Photovoltaic: Photovoltaic means 'voltage from light' and refers to a solid-state 
semiconductor device, aka solar cell that produces a potential difference (voltage) and 
current of electrons (electricity) when exposed to light.

Kilovolt-ampere (kVA): It is the product of the line current (amperes) times the 
nominal system voltage (kilovolts) times 1.732 for three-phase currents. For 
single-phase applications, kVA is the product of the line current (amperes) times the 
nominal system voltage (kilovolts). 

Kilowatt (kW): It is the basic unit of electric power, equal to 1000 W.

Party wall: It is a firewall on an interior lot line used or adapted for joint service 
between two buildings. 

Permanently installed: It is the equipment that is fixed in place and is not portable or 
movable. 

Plenum: It is a compartment or chamber to which one or more ducts are connected, 
which forms a part of the air distribution system, and that is not used for occupancy 
or storage.  

Plug loads: It is the energy used by products that are powered using an AC plug. This 
term excludes building energy that is attributed to major end uses like HVAC, 
lighting, water heating, etc. 

Pool: It is any structure, basin, or tank containing an artificial body of water for 
swimming, diving, or recreational bathing. The term includes, but is not limited to, 
swimming pool, whirlpool, spa, hot tub.

Process load: It is the building loads resulting from the consumption or release of 
energy due to industrial processes or processes other than those for providing space 
conditioning, lighting, ventilation, or service hot water heating.

Transformer losses: These are electrical losses in a transformer that reduces its 
efficiency.  

Transport Buildings (Assembly): It is any building or structure used for 
transportation and transit like airports, railway stations, bus stations, and 
underground and elevated mass rapid transit system example, underground or 
elevated railways.

CHAPTER-8  

Window Wall ratio: The window-to-wall ratio is the measure of the percentage area 
determined by dividing the building's total glazed area by its exterior envelope wall 
area.
 
Skylight Roof ratio: The skylight roof ratio (SRR) is the ratio of the area of the skylight 
in comparison to the total roof area. 
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Acid Rain: It is made up of water droplets that are unusually acidic because of 
atmospheric pollution, most notably the excessive amounts of sulfur and nitrogen 
released by cars and industrial processes.

Retrofitting: Retrofitting is a method of modifying existing structures with new 
components to resist the earthquake load or any other loads. 
Sustainability: Sustainability means meeting one’s own needs without compromising 
the ability of future gener.

ABREVIATIONS

1. TOE  Tons of Oil Equivalent
2. MOP  Ministry of Power 
3. CAGR  Compound Annual Growth Rate 
4. TEDDY TERI Energy & Environment Data Diary and Yearbook
5. GW  Giga Watt
6. MW  Mega Watt
7. KWh  Kilowatt Hour 
8. EBP  Ethanol Blending Petrol 
9. HPCL  Hindustan Petroleum Corporation Limited   
10. MTPA  Million Tons Per Annum 
11. ECBC  Energy Conservation Building Code 
12. BEE  Bureau of Energy Efficiency
13. USAID  United States Agency for International Development
14. PEDA  Punjab Energy Development Agency 
15. SDA  State Designated Agency 
16. EPI  Energy Performance Index
17. GHG  Greenhouse Gas
18. HVAC  Heating, Ventilation and Air Conditioning
19. IAQ  Indoor Air Quality
20. AAC  Autoclave Aerated Concrete
21. XPS  Extruded Polystyrene Insulation 
22. EPS  Expanded Polystyrene Insulation    
23. NBC  National Building Code
24. UPVC  Unplasticised Polyvinyl Chloride
25. PVC  Polyvinyl Chloride
26. SRI  Solar Reflective Index
27. SEER  Seasonal Energy Efficiency Ratio
28. BTU  British Thermal Units 
29. EER  Energy Efficiency Ratio 
30. HSPF  Heating Seasonal Performance Factor 
31. VFD  Variable Frequency Drive
32. WBP  Whole Building Performance Method
33. AGA  Above Grade Area 
34. NMEEE National Mission for Enhanced Energy Efficiency 
35. NAPCC National Action Plan on Climate Change 
36. PAT  Plan, Achieve and Trade Scheme 
37. MTEE  Market Transformation for Energy Efficiency 
38. EEFP  Energy Efficiency Financing Program
39. FEEED  Framework for Energy Efficiency Economic Development 
40. DSM  Demand Side Management 
41. ULB  Urban Local Bodies 
42. SMEs  Small and Medium Size Enterprises 
43. MSMEs Ministry of Micro, Small and Medium Enterprises. 
44. EC ACT Energy Conservation Act 

45. LED  Light Emitting Diode 
46. PWD  Public Work Department
47. ISO  International Organization of Standardization. 
48. SHGC  Solar Heat Gain Coefficient
49. SC  Shading Coefficient 
50. UDI  Useful Daylight Illumination 
51. VLT  Visual Light Transmission 
52. IST  India Standard Time
53. DEF  Daylight Extent Factors. 
54. ASTM  American Society for Testing and Materials
55. EPDM  Ethylene Propylene Diane Monomer 
56. WWR  Wall – Window Ratio 
57. EPF  Envelope Performance Factor 
58. VOC  Volatile Organic Compound 
59. DCV  Demand Control Ventilation 
60. COP  Coefficient of Performance 
61. IPLV  Integrated Part Load Value 
62. VRF  Variable Refrigerant Flow 
63. ANSI  American National Standards Institute
64. AHRI  Air Conditioning, Heating and Refrigeration Institute. 
65. IEER  Integrated Energy Efficiency Ratio 
66. PLC  Programmable Logic Control 
67. VAV  Variable Air Volume 
68. AC  Alternating Current 
69. DC   Direct Current 
70. CT  Current Transformer
71. PT  Potential Transformer 
72. DG  Diesel Generators
73. SFC  Specific Fuel Consumption 
74. THD  Total Harmonic Distortion 
75. UPS  Uninterruptible Power Supply 
76. REGZ  Renewable Energy Generating Zone 
77. WBP  Whole Building performance 
78. LEED  Leadership in Energy and Environmental Design 
79. GRIHA Green Rating Integrated Habitat Assessment 
80. APFC  Automatic Power Factor Controller 
81. PV  Photovoltaic Devices 
82. GHG  Greenhouse Gases 
83. USGBC U.S. Green Building Council
84. HID  High intensity Discharge 
85. BUA  Built-Up Area 
86. CFL  Compact Fluorescent Light
87. Wh  Watthour
88. W  Watt
89. TR  Tons of refrigeration  
90. Pa  Pascal  

Lighting Power Allowance :



Certain terms, abbreviations, and acronyms are defined in this section for this code. 
These definitions apply to all sections of this code. Terms that are not defined shall 
have their ordinarily accepted meanings within the context in which they are used.
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Biomass: Biomass is any mass, even waste/ refuses from plant or animal origin.
Bagasse: Bagasse is a sugarcane fibre pulp left after the juice has been extracted from 
the sugarcane stable. It is estimated that bagasse contributes to 33.3% residue of the 
total cane crushed.
 
Façade: Façade is the principal front of a building that faces on to a street or open 
space.

CHAPTER-2

Net Zero Building: A zero net energy building is designed to ensure zero net 
consumption, which means the total amount of energy consumed by the building 
annually should equal the amount of renewable energy created on-site.
Building envelope: It is a physical separator comprised of a series of components and 
systems that protect the interior space of a building from the effects of the external 
environment, like precipitation, wind, temperature, humidity, ultraviolet radiation, 
etc. 

Dehumidification: Dehumidification is a process of removal of moisture from the air 
in a conditioned room.

Humidity:  Humidity is the percentage of water vapor in the air. 
Fly Ash: Fly ash, also known as pulverized fuel ash, is a by-product obtained from 
coal-fired electric power plants.

Thermal Conductivity: Thermal conductivity is the ability of a material to conduct 
heat through it.

Ventilation: Ventilation is the process of replacing air to provide maximum indoor 
air quality to control temperature, remove odors, replenish oxygen, and remove 
moisture, smoke, heat, dust, carbon dioxide and airborne bacteria from the indoor 
space.

Durability: A durable material is not easily destroyed by use and lasts for a relatively 
long duration. 
 
Efflorescence: Efflorescence is a crystalline deposit on surfaces of masonry, stucco or 
concrete.
 
Urban Heat Island Effect: The heat island effect is named for an urban area that is 
considerably warmer than the surrounding, natural and rural lands. This effect 
happens because of the materials used in construction for building, together with 
energy emissions from transportation (cars) and industry.

Solar Reflective index: The Solar Reflective Index (SRI) is a measure of the solar 
reflectance and emissivity of materials that can be used as an indicator of how hot 
they are likely to become when solar radiation is incident on their surface.
Thermal Emissivity: The thermal emissivity of the surface of a material is its 
effectiveness in emitting energy as thermal radiation.

Incandescent: This type of light bulb is called an incandescent bulb because its 
filament is heated until it gives off light.

Seasonal Energy Efficiency Ratio:  It is the ratio of the total annual amount of heat 
that the equipment can remove from the indoor air when operated for cooling in 
active mode to the total annual amount of energy consumed by the equipment during 
the same period.

Energy Efficiency Ratio: A room air conditioner's efficiency is measured by the 
energy efficiency ratio (EER). The EER is the ratio of the cooling capacity (in British 
thermal units (BTUs) per hour to the power input (in watts). The higher the EER 
rating, the more efficient the air conditioner.

Heating seasonal performance factor: Heating seasonal performance factor (HSPF) 
is specifically used to measure the efficiency of air-source heat pumps. HSPF is 
defined as the ratio of heat output (measured in BTUs) over the heating season to 
electricity used (measured in watt-hours). 
                                                                                  
Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.

Out-patient Healthcare (Type of Healthcare): It is any building or a group of 
buildings under a single management, which is used only for treating persons 
requiring treatment or diagnosis of disease but not requiring overnight or longer 
accommodation in the building during treatment or diagnosis.

CHAPTER-3

Energy Performance Index: Energy Performance Index (EPI) is the total energy 
consumed in a building over a year divided by total built-up area in kWh/sq m/year 
and is considered as the simplest and most relevant indicator for qualifying a 
building as energy-efficient or not.

Compliance documents: These are the forms specified in ECBC Rules and 
Regulations to record and check compliance with these rules. These include but are 
not limited to EPI Ratio Compliance Report, Building Envelope Compliance Form, 
Mechanical Systems Compliance Form, and Permit Checklist, Lighting System 
Compliance Form and Permit Checklist and certificates from Certified Energy 
Auditor for existing or proposed buildings.

Cumulative design EPI: It is the Energy Performance Index for a building having two 
or more different functional uses, and is calculated based on the area-weighted 
average (AWA) method.
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Building or building complex or complex:  A structure wholly or partially enclosed 
within the exterior walls, or within exterior and party walls, and a roof, affording 
shelter to persons, animals, or property. Building complex means a building or group 
of buildings constructed in a contiguous area for business, commercial, institutional, 
healthcare, hospitality purposes or assembly buildings under the single ownership of 
individuals or group of individuals or the name of a co-operative group society or on 
lease and sold as shops or office space or space for other commercial purposes, 
having a connected load of 100 kW or contract demand of 120 kVA and above.

Building, base: It includes building structure, building envelope, common areas, 
circulation areas, parking, basements, services area, plant room and its supporting 
areas, and open project site area.

Building, core, and shell: These are buildings where the developer or owner will 
only provide the base building and its services.

24-hour Business Building: These are business building operated and occupied for 
more than 12 hours on each weekday. The Intensity of occupancy may vary. 
 
Above Grade Area (AGA): AGA is the cumulative floor area of all the floor levels of 
a building that are above the ground-level. Ground level shall be as defined in the 
building site plan. A floor level is above grade if one-third of the total external surface 
area of only the said floor level is above the ground level. 
 
Addition: It is an extension or increase in floor area or height of a building outside of 
the existing building envelope. 

Alteration: It is any change, rearrangement, replacement, or addition to a building or 
its systems and equipment; any modification in construction or building equipment.

Area weighted average (AWA) method: AWA method is based on the concept of 
weighted arithmetic mean where instead of each data point contributing equally to 
the final mean, each data point contributes more “weight” than others based on the 
size of the area the said data point applies to. To calculate the area-weighted average 
mean, a summation of each data point multiplied with its respective area is divided 
with the total area. 
 
Astronomical time switch: It is an automatic time switch that adjusts the length of the 
day as it varies over the year.

Fenestration:  Fenestration refers to the openings in the building envelope, including 
the installation of windows, doors, and skylights. The process of including these 
openings in the building envelope is known as fenestration.

U- Factor: 'U-Factor" or U-Value", also referred to as the K-Value, is the measurement 
of the thermal conductance of a material that reflects the effectiveness of the material 
to allow the flow of heat.

Solar Heat Gain Coefficient (SHGC): It is the ratio of the solar heat gain entering the 
space through the fenestration area to the incident solar radiation. Solar heat gain 
includes directly transmitted solar heat and absorbed solar radiation, which is then 
reradiated, conducted, or convected into space. 

Class of construction: It is the classification that determines the construction 
materials for the building envelope, roof, wall, floor, slab-on-grade floor, opaque 
door, vertical fenestration, and skylight.

Visual light transmission: It is simply the measurable amount of solar visible light 
(daylight) that travels through a glazing system.

Conduction: Conduction is the heat transfer through a solid medium due to the 
temperature difference. 

Convection: Convection is the heat transfer through a fluid medium such as air or 
water. Convection within the envelope assembly will depend on the temperature 
difference across the surfaces and also the airspeed.
 
Radiation: Radiation is heat transfer through electromagnetic radiation. All bodies 
facing an air space or a vacuum emit and absorb radiant energy continuously. Heat 
transfer by radiation will take place from a warmer surface to a cooler one.

Resistance: It is denoted as R, and is the ability of a material to resist heat flow. It is 
the reciprocal of conductance, (Units are m2 K/W). 

Emittance: It is the ability of a material to re-radiate absorbed heat as invisible 
infrared radiation.  It indicates the ability of a material to lose heat, consequently 
reducing the sensible heat content of the object.

R-value (thermal resistance): It is the reciprocal of the time rate of heat flow through 
a unit area induced by a unit temperature difference between two defined surfaces of 
material or construction under steady-state conditions. The units of R-value are m2.K 
/W.  

Recirculating system: It is a domestic or service hot water distribution system that 
includes a closed circulation circuit designed to maintain temperatures in hot water 
pipes near terminal devices (e.g. lavatory faucets and showerheads) to reduce the 
time required to obtain hot water when the terminal device valve is opened. The 
motive force for circulation is either natural (due to water density variations with 
temperature) or mechanical (recirculation pump).

Reflectance: The ability of a material to reflect radiation without changing the 
temperature of the material.  Surfaces with higher reflectance tend to absorb less heat.
Absorptance: The ability of a material to absorb radiation. This is converted into 
sensible heat within the material, thus raising its temperature.

Projection factor, overhang: It is the ratio of the horizontal depth of the external 
shading projection to the sum of the height of the fenestration and the distance from 
the top of the fenestration to the bottom of the farthest point of the external shading 
projection, in consistent units.

Projection factor, side fin:  It is the ratio of the horizontal depth of the external 
shading projection to the distance from the window jamb to the farthest point of the 
external shading projection, in consistent units.
 
Projection Factor, overhang and side fin: It is the average of projection factor for 
overhang only and projection factor of side fin only.  
  
Ultraviolet: Ultraviolet is electromagnetic radiation with a wavelength from 10 nm to 
400 nm, shorter than that of visible light but longer than X-rays.

Wall Window Ratio: It is the ratio of the window area to the gross exterior wall area.
Skylight roof ratio (SRR): It is the ratio of the area of the skylight in comparison to the 
total roof area.

Renewable Energy Generating Zone: It is a contiguous or semi-contiguous area, 
either on the rooftop or elsewhere within the site boundary, dedicated to the 
installation of renewable energy systems.

Cool roof: It is the roof with a top layer of material that has high solar reflectance and 
high thermal emittance properties. Cool roof surfaces are characterized by light 
colors so that heat can be rejected back to the environment. 

Daylight Extension Factor (DEF): It is the factor which manually calculates the 
daylight area on floor plates. It is to be multiplied by the head height of windows. It 
is dependent on orientation and glazing VLT, shading devices adjacent to it and 
building location.  

Daytime Business Building:  It is the business building operated typically only 
during the daytime on weekdays up to 12 hours each day.  

Effective aperture: It is the multiplication of Visible Light Transmittance and the 
window-to-wall ratio. (EA = VLT x WWR)

Water heater: It is the vessel in which water is heated and withdrawn for use external 
to the system.

CHAPTER-5 

HVAC system: This includes the equipment, distribution systems, and terminal 
devices that provide, either collectively or individually, the processes of heating, 
ventilating, or air conditioning to a building or parts of a building.

Coefficient of Performance (COP) – cooling: It is the ratio of the rate of heat removal 
to the rate of energy input, in consistent units, for a complete refrigerating system or 
some specific portion of that system under designated operating conditions.

Coefficient of Performance (COP) – heating: It is the ratio of the rate of heat 
delivered to the rate of energy input, in consistent units, for a complete heat pump 
system, including the compressor and, if applicable, auxiliary heat, under designated 
operating conditions.

Common area: These are the areas within a building that are available for use by all 
tenants in a building (i.e. lobbies, corridors, restrooms, etc.).

 Mechanical cooling: It reduces the temperature of a gas or a liquid by using vapor 
compression, absorption, and desiccant dehumidification combined with evaporative 
cooling or another energy-driven thermodynamic cycle. Indirect or direct 
evaporative cooling alone is not considered mechanical cooling.

Commercial building: It is a building or a part of building or building complex 
which are used or intended to be used for commercial purposes and classified as per 
the time of the day the building is operational and sub-classified, as per the functional 
requirements of its design, construction, and use as per following details:

Group I – 24 hours building covering Type A Hospitality, Type B Health Care and 
Type C Assembly and, 
Group II – Regular building covering Type D Business, Type E Educational, and Type 
F Shopping Complexes.

Dead band:  It is the range of values within which a sensed variable can vary without 
initiating a change in the controlled process. 

Demand: It is the maximum rate of electricity (kW) consumption recorded for a 
building or facility during a selected time frame.  

Demand control ventilation (DCV):  It is the ventilation system capability that 
provides automatic reduction of outdoor air intake below design rates when the 
actual occupancy of spaces served by the system is less than the design occupancy. 
Design capacity: It is the output capacity of a mechanical or electrical system or 
equipment at design conditions. 

Design conditions: These are specified indoor environmental conditions, such as 
temperature, humidity, and light intensity, required for producing and maintaining 
by a system and under which the system must operate. 

Distribution system: It is a network or a system comprising controlling devices or 
equipment and distribution channels (cables, coils, ducts, pipes, etc.) for delivery of 
electrical power or, cooled or heated water or air in buildings.

Door area: It is the total area of the door measured using the rough opening and 
including the door slab and the frame.

Economizer: an economizer is a mechanical device used to reduce energy 
consumption. Economizers recycle energy produced within a system or leverage 
environmental temperature differences to achieve efficiency improvements.

Economizer, air: It is a duct and damper arrangement with automatic controls that 
allow a cooling system to supply outdoor air to reduce or eliminate the need for 
mechanical cooling during mild or cold weather.

Economizer, water: It is a system by which the supply air of a cooling system is 
cooled indirectly with water that is itself cooled by heat or mass transfer to the 
environment without the use of mechanical cooling.

Mixed-mode air-conditioned building: It is the building in which natural ventilation 
is employed as the primary mode of ventilation, and air conditioning is deployed as 
and when required. 
 
Mixed-use development: It is a single building or a group of buildings used for a 
combination of residential, commercial, business, educational, hospitality and 
assembly purposes. 

Air conditioning and condensing units serving computer rooms: It is the air 
conditioning equipment that provides cooling by maintaining space temperature and 
humidity within a narrow range. Its major application is in data centers where 
dissipating heat generated by equipment takes precedence over comfort cooling for 
occupants.

Relative Humidity: Relative humidity is the ratio of the partial pressure of water 
vapor in the air (which is related to the actual amount present) divided by the vapor 
pressure of water at that same temperature (which is related to the maximum amount 
of water vapor that the air can hold at that temperature).

Thermal Comfort: Thermal comfort is a condition of mind/body that expresses 
satisfaction with the thermal environment. Due to its subjectivity, thermal comfort 
may be different for individuals. Thermal comfort is maintained when the heat 
generated by the human metabolism is allowed to dissipate at a rate that maintains 
thermal equilibrium in the body.

Natural Ventilation: It is the ventilation done by pressure difference air always flows 
from high pressure to low pressure.

Mechanical Ventilation: It is a type of ventilation in which we use mechanical 
equipment for creating pressure difference for the flow of air.

Mixed Mode Ventilation: In this type of ventilation both natural and mechanical 
type of ventilation is used. 

Coefficient of performance: It is the ratio of the desired effect to work input in a 
refrigerator or a heat pump.

Chiller: A chiller is a machine that removes heat from a liquid via a 
vapor-compression or absorption refrigeration cycle. 

Variable refrigerant flows: The main compressor which pumps refrigerant around 
can run at various speeds (steeples), thereby continuously increasing (or decreasing) 
flow of refrigerant based on demand during various hours/minutes of usage. This is 
known as variable refrigerant flow, or VRV (variable refrigerant volume).

Air Conditioning: Air conditioning refers to the process of controlling the 
temperature and humidity of the air to suit the needs of the occupants or an industrial 
process.

Unitary air conditioning system:  The working of the window air conditioner is to 
cool only one particular room, commonly known as the "unitary unit”. This type of ac 
is installed in the window of a room. It will cool a room by emitting the warm air out 
the back of it and blowing cool air into it.

Split Air Conditioning System: Central HVAC systems are regularly referred to as a 
“split” system due to the simple fact that some of the components are installed inside 
the home and some of the components are installed outside a home.

Packaged air conditioning System: This type of unit is perfect for cooling multiple 
rooms or a large space in a home or office. All the components, namely the 
compressor, condenser (which can be air-cooled or water-cooled), expansion valve 
and evaporator are housed in a single box.

Cooling capacity: Cooling capacity is the measure of a cooling system's ability to 
remove heat. 

Thermostat: Thermostat is a control that tells the heating and the cooling system when 
to heat or cool or do nothing.

Variable speed drive: It is used for varying the speed of an induction motor by 
changing the motor's input supply frequency and voltage, keeping the flux constant. 
Throttle: Throttle is a device that controls the engine RPM by directly controlling the 
amount of air going in.

Terminal device: It is a device through which heated or cooled air is supplied to a 
space to maintain its temperature. It usually contains dampers and heating and 
cooling coils. In other words, it is a device by which energy from a system is finally 
delivered (e.g. registers, diffusers, lighting fixtures, faucets, etc.). 

Theatre or motion picture hall (Type of Assembly): It is any building primarily 
meant for theatrical or operatic performances and which has a stage, proscenium 
curtain, fixed or portable scenery or scenery loft, lights, mechanical appliances or 
other theatrical accessories and equipment. For example, theatres, motion picture 
houses, auditoria, concert halls, television and radio studios admit an audience, which 
is provided with fixed seats. 

Thermal block: It is a collection of one or more HVAC zones grouped for simulation 
purposes. The spaces need not be contiguous to be combined within a single thermal 
block. 

Thermal comfort conditions: These are the conditions that influence the thermal 
comfort of occupants. Environmental conditions that influence thermal comfort are air 
and radiant temperature, humidity, and airspeed.

Sensible cooling: It is the portion of the cooling process that affects only the 
temperature of the air, without changing the humidity.
 
Dampers: Dampers are devices that regulate the airflow in an air handling system.  
Backdraft Dampers: Backdraft dampers (also known as gravity dampers) are used in 
ventilation systems to allow airflow in one direction, and prevent airflow in the 
opposite direction.

Tinted: It is (as applied to fenestration) bronze, green, or grey coloring that is integral 
with the glazing material. Tinting does not include surface applied films such as 
reflective coatings, applied either in the field or during the manufacturing process.
Insulation: Insulation is defined as the material used to insulate something, especially 
a building. Insulation is material used that reduces heat loss or heat gain by providing 
a barrier between the inside of a home or any building and the significantly different 
temperature outside.

Refrigerant: A refrigerant is a compound or a mixture (usually in a fluid state in room 
temperature) used to pump heat from one system to another.
Register: Register is an air inlet with a balancing damper behind it, so the airflow 
quantity can be adjusted. 

Grille: A grille is just a fancy hole cover over an air inlet with slotted openings for 
airflow but with no balancing capability. 

 Diffuser: It is a device that's used to increase the static pressure of the fluid that passes 
through the system, and also reduces the velocity of the fluid.

Condenser: A condenser is a device or unit which is used to condense a substance 
from its gaseous to its liquid state.

Impeller: It is a rotating part of a machine that transfers energy.

Evaporation: Evaporation involves a liquid changing to a gas.

Passive solar heating: It uses the sun's energy to heat a building. The windows, walls, 
and floors can be designed to collect, store, and distribute solar energy in the form of 
heat in the winter (and also to reject solar heat in the summer). 

Active Solar Heating: Active solar heating systems use solar energy to heat a fluid 
(either liquid or air), and then transfer the solar heat directly to the interior space or a 
storage system for later use. 

Sensor: A sensor is a device that detects and responds to some type of input from the 
physical environment.

Actuators: An actuator is something that converts energy into motion.

Compressor:  A compressor is a mechanical device that increases the pressure of a gas 
by reducing its volume.  

Hydronic Balancing: Hydronic balancing, also called hydraulic balancing, is the 
process of optimizing the distribution of water in a building's hydronic heating or 
cooling system by equalizing the system pressure so it provides the intended indoor 
climate at optimum energy efficiency and minimal operating cost.

Variable flow hydronic system: A common method of regulating the heating or 
cooling output of hydronic air handlers and other types of HVAC terminal units is to 
vary the water flow rate through their coils. This is known as a variable flow hydronic 
system.

 Heat pump: It is a device that transfers heat from a colder area to a hotter area by 
using mechanical energy, as in a refrigerator.

Boiler: A boiler is a closed vessel in which fluid (generally water) is heated.  
Evaporative cooling: Evaporative cooling is a process that uses the effect of 
evaporation to cool the surrounding air.
 
Desiccant cooling system: Desiccant is used for the absorption of moisture. Generally 
activated alumina or some other hygroscopic materials are used in the process.
 
Trigeneration: Cogeneration or combined heat and power (CHP) is the use of a heat 
engine or power station to generate electricity and useful heat at the same time.
 
Radiant Cooling System: Radiant cooling cools a floor or ceiling by absorbing the 
heat from the rest of the room.

Ground source heat pump: A geothermal heat pump (GHP) or ground source heat 
pump (GSHP) is a central heating and/or cooling system that transfers heat to or from 
the ground. 
 
Adiabatic Cooling system: An adiabatic process is the one that occurs on a system 
without the system transferring or receiving any heat energy from the surroundings.
  
Earth air tunnel: Earth air tunnel or earth air heat exchanger is a pre-cooling or 
pre-heating system which consists of a pipe or network of pipes buried at a reasonable 
depth below the ground surface. 

Energy Efficiency Ratio (EER): The ratio of net cooling capacity in kW to the total rate 
of electric input in watts under design operating conditions.

Energy Recovery System: It is the equipment that recovers energy from building or 
space exhaust air and uses it to treat (pre-heat or pre-cool) outdoor air taken inside the 
building or space by ventilation systems.
 
Fan system power: It is the sum of the nominal power demand of motors of all fans 
that are required to operate at design conditions to supply air from the heating or 
cooling source to the conditioned space(s) and return it to the point where it can be 
exhausted to outside the building.

Heat capacity: It is the amount of heat necessary to raise the temperature of a given 
mass by 1°C. Numerically, the heat capacity per unit area of the surface (W/m2.K) is 
the sum of the products of the mass per unit area of each material in the roof, wall, or 
floor surface multiplied by its specific heat.

Infiltration: Uncontrolled inward air leakage through cracks and crevices in external 
surfaces of buildings, around windows and doors due to pressure differences across 
these caused by factors such as wind or indoor and outside temperature differences 
(stack effect), an imbalance between supply and exhaust air systems. 

Variable Air Volume (VAV) system: It is the HVAC system that controls the dry-bulb 
temperature within a space by varying the volumetric flow of heated or cooled air 
supplied to space. 

Vegetative roofs: Also known as green roofs, the vegetative roofs are thin layers of 
living vegetation installed on top of conventional flat or sloping roofs. 

Vision Windows: These are the windows or areas of large windows that are primarily 
for both daylight and exterior views. Typically, their placement in the wall is between 
1 meter and 2.2 meters above the floor level.

Wall area, gross: It is the overall area of a wall including openings such as windows 
and doors measured horizontally from outside surface to outside service and 
measured vertically from the top of the floor to the top of the roof. If roof insulation is 
installed at the ceiling level rather than the roof, then the vertical measurement is 
made to the top of the ceiling. The gross wall area includes the area between the ceiling 
and the floor for multi-story buildings. 
 
Zone, HVAC: It is a space or a group of spaces within a building with heating and 
cooling requirements that are sufficiently similar so that desired conditions (e.g., 
temperature) can be maintained throughout using a single sensor (e.g., thermostat or 
temperature sensor).
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Efficacy: It is the lumens produced by a lamp plus ballast system divided by the total 
watts of input power (including the ballast), expressed in lumens per watt

Luminous flux: Luminous flux (Φ) is the quantity of the energy of the light emitted per 
second in all directions. Its unit is lumen (lm).

Luminous intensity: Luminous intensity (I) is the ability to emit light into a given 
direction, or it is the luminous flux that is radiated by the light source in a given 
direction within the unit of the spatial angel.  Its unit is candela.

Illuminance: Illuminance (E) is the total luminous flux incident on a surface, per unit 
area. Its unit is candela /m.

Luminance: Luminance (L) is the luminous intensity emitted by the surface area of 1 
cm² (or 1 m²) of the light source. Its unit is lux (lx).

Labeled: Equipment or materials to which a symbol or other identifying mark has 
been attached by the manufacturer indicating compliance with specified standard or 
performance in a specified manner. This mark is known as a label. 

Lamp: It is a generic term for man-made light sources often called bulb or tube.

Lighted floor area, gross: It is the gross area of lighted floor spaces. 

Lighting, emergency: It is the battery-backed lighting that provides illumination only 
when there is a power outage and general lighting luminaires are unable to function.
  
Lighting, general: It is the lighting that provides a substantially uniform level of 
illumination throughout an area. General lighting shall not include decorative lighting 
or lighting that provides a dissimilar level of illumination to serve a specialized 
application or feature within such area. 

Lighting system: It is a group of luminaires circuited or controlled to perform a 
specific function.

Occupant sensor: It is a device that detects the presence or absence of people within 
an area and causes lighting, equipment, or appliances to be dimmed, or switched on 
or off accordingly.

Lighting power allowance: 
a) Interior lighting power allowance: the maximum lighting power in watts 
allowed for the interior of a building 
b) Exterior lighting power allowance: the maximum lighting power in watts 
allowed for the exterior of a building

Lighting Power Density (LPD): It is the maximum lighting power per unit area of 
space as per its function or building as per its classification.

Low energy comfort systems: These are the space conditioning or ventilation systems 
that are less energy-intensive than vapor compression based space condition systems.
These primarily employ alternate heat transfer methods or materials (adiabatic 
cooling, radiation, desiccant, etc.), or renewable sources of energy (solar energy, 
geo-thermal) so that minimal electrical energy input is required to deliver heating or 
cooling to spaces.

Luminaires: It is a complete lighting unit consisting of a lamp or lamps together with 
the housing designed to distribute the light, position and protect the lamps, and 
connect the lamps to the power supply.

Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.
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Connected load: It is the sum of the rated wattage of all equipment, appliances, and 
devices to be installed in the building or part of building or building complexes, in 
terms of kilowatt (kW) that will be allocated to all applicants for electric power 
consumption in respect of the proposed building or building complexes on their 
completion.

Contract Demand: It is the maximum demand in kilowatt (kW) or kilo Volt Ampere 
(kVA) (within a consumer’s sanctioned load) agreed to be supplied by the electricity 
provider or utility in the agreement executed between the users and the utility or 
electricity provider.

Mean temperature: It is the average of the minimum daily temperature and 
maximum daily temperature. 

Metering: It is the practice of installing meters in buildings to acquire data for energy 
consumption and other operational characteristics of individual equipments or 
several types of equipment grouped on basis of their function (lighting, appliances, 
chillers, etc.). Metering is done in buildings to monitor their energy performance.

Transformer: Transformer is a device used to transform high voltage to low voltage, 
and vice versa. 

Manufacturing processes: These are the processes through which raw material is 
converted into finished goods for commercial sale using machines, labor, chemical or 
biological processes, etc.

Manual (non-automatic): It requires personal intervention for control. Non-automatic 
does not necessarily imply a manual controller, only that personal intervention is 
necessary. 

Alternating Current: This means that the direction of current flowing in a circuit is 
constantly being reversed back and forth. 

 
Direct Current (DC): It is the flow of electrical charge in the same direction. 
Conductor: It is a substance in which electrical charge carriers, usually electrons, move 
easily from atom to atom with the application of voltage. 

Full load: A full load current is the largest current that a motor or other device is 
designed to carry under particular conditions.

Dry-type transformer: A dry-type transformer is a type of transformer that never uses 
any insulating liquid where its winding or core is immersed in liquid. 

  
Oil type transformer: It is a transformer where the magnetic circuit and windings are 
immersed in oil.

Three-phase induction motor: Three-phase induction motor does not require an 
additional starting device. These types of motors are also known as self-starting 
induction motors.

Stress: Stress is the internal forces per unit area developed in an object subjected to an 
external force.

Peak Load: Peak load is the time of high demand.

Power Factor: The power factor is the ratio between real power and Apparent Power. 
Inductive Current: It resists changes in current and lags the voltage while measuring 
current. 

Reactive power: Reactive power occurs in an AC circuit when the voltage and current 
are not in phase.

 
Overcurrent: It is any current over the rated current of the equipment of the capacity 
of the conductor. It may result from overload, short circuit, or ground fault.

Fossil fuels: Fossil fuels are hydrocarbons, primarily coal, fuel oil or natural gas, 
formed from the remains of dead plants and animals.

Greenhouse gases: Greenhouse gases are those gases that trap the infrared rays of the 
sun from entering the atmosphere and in turn, they raise the temperature of the 
atmosphere which leads to global warming. 

Hydroelectric energy: Hydroelectric energy means electric energy coming from 
sources that convert energy (potential or kinetic) of water to electrical energy.

Bioenergy: Bioenergy is the renewable energy created by living organisms. Biomass is 
an organic material which has stored sunlight in the form of chemical energy.

Geothermal energy: Geothermal energy is an energy source derived from the heat of 
the earth. The heat must be near the surface so it can be extracted. 
 
Total harmonic distortion: The total harmonic distortion is the ratio of voltage in the 
harmonic frequencies to the principle frequency. 

Photovoltaic: Photovoltaic means 'voltage from light' and refers to a solid-state 
semiconductor device, aka solar cell that produces a potential difference (voltage) and 
current of electrons (electricity) when exposed to light.

Kilovolt-ampere (kVA): It is the product of the line current (amperes) times the 
nominal system voltage (kilovolts) times 1.732 for three-phase currents. For 
single-phase applications, kVA is the product of the line current (amperes) times the 
nominal system voltage (kilovolts). 

Kilowatt (kW): It is the basic unit of electric power, equal to 1000 W.

Party wall: It is a firewall on an interior lot line used or adapted for joint service 
between two buildings. 

Permanently installed: It is the equipment that is fixed in place and is not portable or 
movable. 

Plenum: It is a compartment or chamber to which one or more ducts are connected, 
which forms a part of the air distribution system, and that is not used for occupancy 
or storage.  

Plug loads: It is the energy used by products that are powered using an AC plug. This 
term excludes building energy that is attributed to major end uses like HVAC, 
lighting, water heating, etc. 

Pool: It is any structure, basin, or tank containing an artificial body of water for 
swimming, diving, or recreational bathing. The term includes, but is not limited to, 
swimming pool, whirlpool, spa, hot tub.

Process load: It is the building loads resulting from the consumption or release of 
energy due to industrial processes or processes other than those for providing space 
conditioning, lighting, ventilation, or service hot water heating.

Transformer losses: These are electrical losses in a transformer that reduces its 
efficiency.  

Transport Buildings (Assembly): It is any building or structure used for 
transportation and transit like airports, railway stations, bus stations, and 
underground and elevated mass rapid transit system example, underground or 
elevated railways.
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Window Wall ratio: The window-to-wall ratio is the measure of the percentage area 
determined by dividing the building's total glazed area by its exterior envelope wall 
area.
 
Skylight Roof ratio: The skylight roof ratio (SRR) is the ratio of the area of the skylight 
in comparison to the total roof area. 

CHAPTER-9
 
Acid Rain: It is made up of water droplets that are unusually acidic because of 
atmospheric pollution, most notably the excessive amounts of sulfur and nitrogen 
released by cars and industrial processes.

Retrofitting: Retrofitting is a method of modifying existing structures with new 
components to resist the earthquake load or any other loads. 
Sustainability: Sustainability means meeting one’s own needs without compromising 
the ability of future gener.

ABREVIATIONS

1. TOE  Tons of Oil Equivalent
2. MOP  Ministry of Power 
3. CAGR  Compound Annual Growth Rate 
4. TEDDY TERI Energy & Environment Data Diary and Yearbook
5. GW  Giga Watt
6. MW  Mega Watt
7. KWh  Kilowatt Hour 
8. EBP  Ethanol Blending Petrol 
9. HPCL  Hindustan Petroleum Corporation Limited   
10. MTPA  Million Tons Per Annum 
11. ECBC  Energy Conservation Building Code 
12. BEE  Bureau of Energy Efficiency
13. USAID  United States Agency for International Development
14. PEDA  Punjab Energy Development Agency 
15. SDA  State Designated Agency 
16. EPI  Energy Performance Index
17. GHG  Greenhouse Gas
18. HVAC  Heating, Ventilation and Air Conditioning
19. IAQ  Indoor Air Quality
20. AAC  Autoclave Aerated Concrete
21. XPS  Extruded Polystyrene Insulation 
22. EPS  Expanded Polystyrene Insulation    
23. NBC  National Building Code
24. UPVC  Unplasticised Polyvinyl Chloride
25. PVC  Polyvinyl Chloride
26. SRI  Solar Reflective Index
27. SEER  Seasonal Energy Efficiency Ratio
28. BTU  British Thermal Units 
29. EER  Energy Efficiency Ratio 
30. HSPF  Heating Seasonal Performance Factor 
31. VFD  Variable Frequency Drive
32. WBP  Whole Building Performance Method
33. AGA  Above Grade Area 
34. NMEEE National Mission for Enhanced Energy Efficiency 
35. NAPCC National Action Plan on Climate Change 
36. PAT  Plan, Achieve and Trade Scheme 
37. MTEE  Market Transformation for Energy Efficiency 
38. EEFP  Energy Efficiency Financing Program
39. FEEED  Framework for Energy Efficiency Economic Development 
40. DSM  Demand Side Management 
41. ULB  Urban Local Bodies 
42. SMEs  Small and Medium Size Enterprises 
43. MSMEs Ministry of Micro, Small and Medium Enterprises. 
44. EC ACT Energy Conservation Act 

45. LED  Light Emitting Diode 
46. PWD  Public Work Department
47. ISO  International Organization of Standardization. 
48. SHGC  Solar Heat Gain Coefficient
49. SC  Shading Coefficient 
50. UDI  Useful Daylight Illumination 
51. VLT  Visual Light Transmission 
52. IST  India Standard Time
53. DEF  Daylight Extent Factors. 
54. ASTM  American Society for Testing and Materials
55. EPDM  Ethylene Propylene Diane Monomer 
56. WWR  Wall – Window Ratio 
57. EPF  Envelope Performance Factor 
58. VOC  Volatile Organic Compound 
59. DCV  Demand Control Ventilation 
60. COP  Coefficient of Performance 
61. IPLV  Integrated Part Load Value 
62. VRF  Variable Refrigerant Flow 
63. ANSI  American National Standards Institute
64. AHRI  Air Conditioning, Heating and Refrigeration Institute. 
65. IEER  Integrated Energy Efficiency Ratio 
66. PLC  Programmable Logic Control 
67. VAV  Variable Air Volume 
68. AC  Alternating Current 
69. DC   Direct Current 
70. CT  Current Transformer
71. PT  Potential Transformer 
72. DG  Diesel Generators
73. SFC  Specific Fuel Consumption 
74. THD  Total Harmonic Distortion 
75. UPS  Uninterruptible Power Supply 
76. REGZ  Renewable Energy Generating Zone 
77. WBP  Whole Building performance 
78. LEED  Leadership in Energy and Environmental Design 
79. GRIHA Green Rating Integrated Habitat Assessment 
80. APFC  Automatic Power Factor Controller 
81. PV  Photovoltaic Devices 
82. GHG  Greenhouse Gases 
83. USGBC U.S. Green Building Council
84. HID  High intensity Discharge 
85. BUA  Built-Up Area 
86. CFL  Compact Fluorescent Light
87. Wh  Watthour
88. W  Watt
89. TR  Tons of refrigeration  
90. Pa  Pascal  



Certain terms, abbreviations, and acronyms are defined in this section for this code. 
These definitions apply to all sections of this code. Terms that are not defined shall 
have their ordinarily accepted meanings within the context in which they are used.
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Biomass: Biomass is any mass, even waste/ refuses from plant or animal origin.
Bagasse: Bagasse is a sugarcane fibre pulp left after the juice has been extracted from 
the sugarcane stable. It is estimated that bagasse contributes to 33.3% residue of the 
total cane crushed.
 
Façade: Façade is the principal front of a building that faces on to a street or open 
space.

CHAPTER-2

Net Zero Building: A zero net energy building is designed to ensure zero net 
consumption, which means the total amount of energy consumed by the building 
annually should equal the amount of renewable energy created on-site.
Building envelope: It is a physical separator comprised of a series of components and 
systems that protect the interior space of a building from the effects of the external 
environment, like precipitation, wind, temperature, humidity, ultraviolet radiation, 
etc. 

Dehumidification: Dehumidification is a process of removal of moisture from the air 
in a conditioned room.

Humidity:  Humidity is the percentage of water vapor in the air. 
Fly Ash: Fly ash, also known as pulverized fuel ash, is a by-product obtained from 
coal-fired electric power plants.

Thermal Conductivity: Thermal conductivity is the ability of a material to conduct 
heat through it.

Ventilation: Ventilation is the process of replacing air to provide maximum indoor 
air quality to control temperature, remove odors, replenish oxygen, and remove 
moisture, smoke, heat, dust, carbon dioxide and airborne bacteria from the indoor 
space.

Durability: A durable material is not easily destroyed by use and lasts for a relatively 
long duration. 
 
Efflorescence: Efflorescence is a crystalline deposit on surfaces of masonry, stucco or 
concrete.
 
Urban Heat Island Effect: The heat island effect is named for an urban area that is 
considerably warmer than the surrounding, natural and rural lands. This effect 
happens because of the materials used in construction for building, together with 
energy emissions from transportation (cars) and industry.

Solar Reflective index: The Solar Reflective Index (SRI) is a measure of the solar 
reflectance and emissivity of materials that can be used as an indicator of how hot 
they are likely to become when solar radiation is incident on their surface.
Thermal Emissivity: The thermal emissivity of the surface of a material is its 
effectiveness in emitting energy as thermal radiation.

Incandescent: This type of light bulb is called an incandescent bulb because its 
filament is heated until it gives off light.

Seasonal Energy Efficiency Ratio:  It is the ratio of the total annual amount of heat 
that the equipment can remove from the indoor air when operated for cooling in 
active mode to the total annual amount of energy consumed by the equipment during 
the same period.

Energy Efficiency Ratio: A room air conditioner's efficiency is measured by the 
energy efficiency ratio (EER). The EER is the ratio of the cooling capacity (in British 
thermal units (BTUs) per hour to the power input (in watts). The higher the EER 
rating, the more efficient the air conditioner.

Heating seasonal performance factor: Heating seasonal performance factor (HSPF) 
is specifically used to measure the efficiency of air-source heat pumps. HSPF is 
defined as the ratio of heat output (measured in BTUs) over the heating season to 
electricity used (measured in watt-hours). 
                                                                                  
Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.

Out-patient Healthcare (Type of Healthcare): It is any building or a group of 
buildings under a single management, which is used only for treating persons 
requiring treatment or diagnosis of disease but not requiring overnight or longer 
accommodation in the building during treatment or diagnosis.
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Energy Performance Index: Energy Performance Index (EPI) is the total energy 
consumed in a building over a year divided by total built-up area in kWh/sq m/year 
and is considered as the simplest and most relevant indicator for qualifying a 
building as energy-efficient or not.

Compliance documents: These are the forms specified in ECBC Rules and 
Regulations to record and check compliance with these rules. These include but are 
not limited to EPI Ratio Compliance Report, Building Envelope Compliance Form, 
Mechanical Systems Compliance Form, and Permit Checklist, Lighting System 
Compliance Form and Permit Checklist and certificates from Certified Energy 
Auditor for existing or proposed buildings.

Cumulative design EPI: It is the Energy Performance Index for a building having two 
or more different functional uses, and is calculated based on the area-weighted 
average (AWA) method.
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Building or building complex or complex:  A structure wholly or partially enclosed 
within the exterior walls, or within exterior and party walls, and a roof, affording 
shelter to persons, animals, or property. Building complex means a building or group 
of buildings constructed in a contiguous area for business, commercial, institutional, 
healthcare, hospitality purposes or assembly buildings under the single ownership of 
individuals or group of individuals or the name of a co-operative group society or on 
lease and sold as shops or office space or space for other commercial purposes, 
having a connected load of 100 kW or contract demand of 120 kVA and above.

Building, base: It includes building structure, building envelope, common areas, 
circulation areas, parking, basements, services area, plant room and its supporting 
areas, and open project site area.

Building, core, and shell: These are buildings where the developer or owner will 
only provide the base building and its services.

24-hour Business Building: These are business building operated and occupied for 
more than 12 hours on each weekday. The Intensity of occupancy may vary. 
 
Above Grade Area (AGA): AGA is the cumulative floor area of all the floor levels of 
a building that are above the ground-level. Ground level shall be as defined in the 
building site plan. A floor level is above grade if one-third of the total external surface 
area of only the said floor level is above the ground level. 
 
Addition: It is an extension or increase in floor area or height of a building outside of 
the existing building envelope. 

Alteration: It is any change, rearrangement, replacement, or addition to a building or 
its systems and equipment; any modification in construction or building equipment.

Area weighted average (AWA) method: AWA method is based on the concept of 
weighted arithmetic mean where instead of each data point contributing equally to 
the final mean, each data point contributes more “weight” than others based on the 
size of the area the said data point applies to. To calculate the area-weighted average 
mean, a summation of each data point multiplied with its respective area is divided 
with the total area. 
 
Astronomical time switch: It is an automatic time switch that adjusts the length of the 
day as it varies over the year.

Fenestration:  Fenestration refers to the openings in the building envelope, including 
the installation of windows, doors, and skylights. The process of including these 
openings in the building envelope is known as fenestration.

U- Factor: 'U-Factor" or U-Value", also referred to as the K-Value, is the measurement 
of the thermal conductance of a material that reflects the effectiveness of the material 
to allow the flow of heat.

Solar Heat Gain Coefficient (SHGC): It is the ratio of the solar heat gain entering the 
space through the fenestration area to the incident solar radiation. Solar heat gain 
includes directly transmitted solar heat and absorbed solar radiation, which is then 
reradiated, conducted, or convected into space. 

Class of construction: It is the classification that determines the construction 
materials for the building envelope, roof, wall, floor, slab-on-grade floor, opaque 
door, vertical fenestration, and skylight.

Visual light transmission: It is simply the measurable amount of solar visible light 
(daylight) that travels through a glazing system.

Conduction: Conduction is the heat transfer through a solid medium due to the 
temperature difference. 

Convection: Convection is the heat transfer through a fluid medium such as air or 
water. Convection within the envelope assembly will depend on the temperature 
difference across the surfaces and also the airspeed.
 
Radiation: Radiation is heat transfer through electromagnetic radiation. All bodies 
facing an air space or a vacuum emit and absorb radiant energy continuously. Heat 
transfer by radiation will take place from a warmer surface to a cooler one.

Resistance: It is denoted as R, and is the ability of a material to resist heat flow. It is 
the reciprocal of conductance, (Units are m2 K/W). 

Emittance: It is the ability of a material to re-radiate absorbed heat as invisible 
infrared radiation.  It indicates the ability of a material to lose heat, consequently 
reducing the sensible heat content of the object.

R-value (thermal resistance): It is the reciprocal of the time rate of heat flow through 
a unit area induced by a unit temperature difference between two defined surfaces of 
material or construction under steady-state conditions. The units of R-value are m2.K 
/W.  

Recirculating system: It is a domestic or service hot water distribution system that 
includes a closed circulation circuit designed to maintain temperatures in hot water 
pipes near terminal devices (e.g. lavatory faucets and showerheads) to reduce the 
time required to obtain hot water when the terminal device valve is opened. The 
motive force for circulation is either natural (due to water density variations with 
temperature) or mechanical (recirculation pump).

Reflectance: The ability of a material to reflect radiation without changing the 
temperature of the material.  Surfaces with higher reflectance tend to absorb less heat.
Absorptance: The ability of a material to absorb radiation. This is converted into 
sensible heat within the material, thus raising its temperature.

Projection factor, overhang: It is the ratio of the horizontal depth of the external 
shading projection to the sum of the height of the fenestration and the distance from 
the top of the fenestration to the bottom of the farthest point of the external shading 
projection, in consistent units.

Projection factor, side fin:  It is the ratio of the horizontal depth of the external 
shading projection to the distance from the window jamb to the farthest point of the 
external shading projection, in consistent units.
 
Projection Factor, overhang and side fin: It is the average of projection factor for 
overhang only and projection factor of side fin only.  
  
Ultraviolet: Ultraviolet is electromagnetic radiation with a wavelength from 10 nm to 
400 nm, shorter than that of visible light but longer than X-rays.

Wall Window Ratio: It is the ratio of the window area to the gross exterior wall area.
Skylight roof ratio (SRR): It is the ratio of the area of the skylight in comparison to the 
total roof area.

Renewable Energy Generating Zone: It is a contiguous or semi-contiguous area, 
either on the rooftop or elsewhere within the site boundary, dedicated to the 
installation of renewable energy systems.

Cool roof: It is the roof with a top layer of material that has high solar reflectance and 
high thermal emittance properties. Cool roof surfaces are characterized by light 
colors so that heat can be rejected back to the environment. 

Daylight Extension Factor (DEF): It is the factor which manually calculates the 
daylight area on floor plates. It is to be multiplied by the head height of windows. It 
is dependent on orientation and glazing VLT, shading devices adjacent to it and 
building location.  

Daytime Business Building:  It is the business building operated typically only 
during the daytime on weekdays up to 12 hours each day.  

Effective aperture: It is the multiplication of Visible Light Transmittance and the 
window-to-wall ratio. (EA = VLT x WWR)

Water heater: It is the vessel in which water is heated and withdrawn for use external 
to the system.
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HVAC system: This includes the equipment, distribution systems, and terminal 
devices that provide, either collectively or individually, the processes of heating, 
ventilating, or air conditioning to a building or parts of a building.

Coefficient of Performance (COP) – cooling: It is the ratio of the rate of heat removal 
to the rate of energy input, in consistent units, for a complete refrigerating system or 
some specific portion of that system under designated operating conditions.

Coefficient of Performance (COP) – heating: It is the ratio of the rate of heat 
delivered to the rate of energy input, in consistent units, for a complete heat pump 
system, including the compressor and, if applicable, auxiliary heat, under designated 
operating conditions.

Common area: These are the areas within a building that are available for use by all 
tenants in a building (i.e. lobbies, corridors, restrooms, etc.).

 Mechanical cooling: It reduces the temperature of a gas or a liquid by using vapor 
compression, absorption, and desiccant dehumidification combined with evaporative 
cooling or another energy-driven thermodynamic cycle. Indirect or direct 
evaporative cooling alone is not considered mechanical cooling.

Commercial building: It is a building or a part of building or building complex 
which are used or intended to be used for commercial purposes and classified as per 
the time of the day the building is operational and sub-classified, as per the functional 
requirements of its design, construction, and use as per following details:

Group I – 24 hours building covering Type A Hospitality, Type B Health Care and 
Type C Assembly and, 
Group II – Regular building covering Type D Business, Type E Educational, and Type 
F Shopping Complexes.

Dead band:  It is the range of values within which a sensed variable can vary without 
initiating a change in the controlled process. 

Demand: It is the maximum rate of electricity (kW) consumption recorded for a 
building or facility during a selected time frame.  

Demand control ventilation (DCV):  It is the ventilation system capability that 
provides automatic reduction of outdoor air intake below design rates when the 
actual occupancy of spaces served by the system is less than the design occupancy. 
Design capacity: It is the output capacity of a mechanical or electrical system or 
equipment at design conditions. 

Design conditions: These are specified indoor environmental conditions, such as 
temperature, humidity, and light intensity, required for producing and maintaining 
by a system and under which the system must operate. 

Distribution system: It is a network or a system comprising controlling devices or 
equipment and distribution channels (cables, coils, ducts, pipes, etc.) for delivery of 
electrical power or, cooled or heated water or air in buildings.

Door area: It is the total area of the door measured using the rough opening and 
including the door slab and the frame.

Economizer: an economizer is a mechanical device used to reduce energy 
consumption. Economizers recycle energy produced within a system or leverage 
environmental temperature differences to achieve efficiency improvements.

Economizer, air: It is a duct and damper arrangement with automatic controls that 
allow a cooling system to supply outdoor air to reduce or eliminate the need for 
mechanical cooling during mild or cold weather.

Economizer, water: It is a system by which the supply air of a cooling system is 
cooled indirectly with water that is itself cooled by heat or mass transfer to the 
environment without the use of mechanical cooling.

Mixed-mode air-conditioned building: It is the building in which natural ventilation 
is employed as the primary mode of ventilation, and air conditioning is deployed as 
and when required. 
 
Mixed-use development: It is a single building or a group of buildings used for a 
combination of residential, commercial, business, educational, hospitality and 
assembly purposes. 

Air conditioning and condensing units serving computer rooms: It is the air 
conditioning equipment that provides cooling by maintaining space temperature and 
humidity within a narrow range. Its major application is in data centers where 
dissipating heat generated by equipment takes precedence over comfort cooling for 
occupants.

Relative Humidity: Relative humidity is the ratio of the partial pressure of water 
vapor in the air (which is related to the actual amount present) divided by the vapor 
pressure of water at that same temperature (which is related to the maximum amount 
of water vapor that the air can hold at that temperature).

Thermal Comfort: Thermal comfort is a condition of mind/body that expresses 
satisfaction with the thermal environment. Due to its subjectivity, thermal comfort 
may be different for individuals. Thermal comfort is maintained when the heat 
generated by the human metabolism is allowed to dissipate at a rate that maintains 
thermal equilibrium in the body.

Natural Ventilation: It is the ventilation done by pressure difference air always flows 
from high pressure to low pressure.

Mechanical Ventilation: It is a type of ventilation in which we use mechanical 
equipment for creating pressure difference for the flow of air.

Mixed Mode Ventilation: In this type of ventilation both natural and mechanical 
type of ventilation is used. 

Coefficient of performance: It is the ratio of the desired effect to work input in a 
refrigerator or a heat pump.

Chiller: A chiller is a machine that removes heat from a liquid via a 
vapor-compression or absorption refrigeration cycle. 

Variable refrigerant flows: The main compressor which pumps refrigerant around 
can run at various speeds (steeples), thereby continuously increasing (or decreasing) 
flow of refrigerant based on demand during various hours/minutes of usage. This is 
known as variable refrigerant flow, or VRV (variable refrigerant volume).

Air Conditioning: Air conditioning refers to the process of controlling the 
temperature and humidity of the air to suit the needs of the occupants or an industrial 
process.

Unitary air conditioning system:  The working of the window air conditioner is to 
cool only one particular room, commonly known as the "unitary unit”. This type of ac 
is installed in the window of a room. It will cool a room by emitting the warm air out 
the back of it and blowing cool air into it.

Split Air Conditioning System: Central HVAC systems are regularly referred to as a 
“split” system due to the simple fact that some of the components are installed inside 
the home and some of the components are installed outside a home.

Packaged air conditioning System: This type of unit is perfect for cooling multiple 
rooms or a large space in a home or office. All the components, namely the 
compressor, condenser (which can be air-cooled or water-cooled), expansion valve 
and evaporator are housed in a single box.

Cooling capacity: Cooling capacity is the measure of a cooling system's ability to 
remove heat. 

Thermostat: Thermostat is a control that tells the heating and the cooling system when 
to heat or cool or do nothing.

Variable speed drive: It is used for varying the speed of an induction motor by 
changing the motor's input supply frequency and voltage, keeping the flux constant. 
Throttle: Throttle is a device that controls the engine RPM by directly controlling the 
amount of air going in.

Terminal device: It is a device through which heated or cooled air is supplied to a 
space to maintain its temperature. It usually contains dampers and heating and 
cooling coils. In other words, it is a device by which energy from a system is finally 
delivered (e.g. registers, diffusers, lighting fixtures, faucets, etc.). 

Theatre or motion picture hall (Type of Assembly): It is any building primarily 
meant for theatrical or operatic performances and which has a stage, proscenium 
curtain, fixed or portable scenery or scenery loft, lights, mechanical appliances or 
other theatrical accessories and equipment. For example, theatres, motion picture 
houses, auditoria, concert halls, television and radio studios admit an audience, which 
is provided with fixed seats. 

Thermal block: It is a collection of one or more HVAC zones grouped for simulation 
purposes. The spaces need not be contiguous to be combined within a single thermal 
block. 

Thermal comfort conditions: These are the conditions that influence the thermal 
comfort of occupants. Environmental conditions that influence thermal comfort are air 
and radiant temperature, humidity, and airspeed.

Sensible cooling: It is the portion of the cooling process that affects only the 
temperature of the air, without changing the humidity.
 
Dampers: Dampers are devices that regulate the airflow in an air handling system.  
Backdraft Dampers: Backdraft dampers (also known as gravity dampers) are used in 
ventilation systems to allow airflow in one direction, and prevent airflow in the 
opposite direction.

Tinted: It is (as applied to fenestration) bronze, green, or grey coloring that is integral 
with the glazing material. Tinting does not include surface applied films such as 
reflective coatings, applied either in the field or during the manufacturing process.
Insulation: Insulation is defined as the material used to insulate something, especially 
a building. Insulation is material used that reduces heat loss or heat gain by providing 
a barrier between the inside of a home or any building and the significantly different 
temperature outside.

Refrigerant: A refrigerant is a compound or a mixture (usually in a fluid state in room 
temperature) used to pump heat from one system to another.
Register: Register is an air inlet with a balancing damper behind it, so the airflow 
quantity can be adjusted. 

Grille: A grille is just a fancy hole cover over an air inlet with slotted openings for 
airflow but with no balancing capability. 

 Diffuser: It is a device that's used to increase the static pressure of the fluid that passes 
through the system, and also reduces the velocity of the fluid.

Condenser: A condenser is a device or unit which is used to condense a substance 
from its gaseous to its liquid state.

Impeller: It is a rotating part of a machine that transfers energy.

Evaporation: Evaporation involves a liquid changing to a gas.

Passive solar heating: It uses the sun's energy to heat a building. The windows, walls, 
and floors can be designed to collect, store, and distribute solar energy in the form of 
heat in the winter (and also to reject solar heat in the summer). 

Active Solar Heating: Active solar heating systems use solar energy to heat a fluid 
(either liquid or air), and then transfer the solar heat directly to the interior space or a 
storage system for later use. 

Sensor: A sensor is a device that detects and responds to some type of input from the 
physical environment.

Actuators: An actuator is something that converts energy into motion.

Compressor:  A compressor is a mechanical device that increases the pressure of a gas 
by reducing its volume.  

Hydronic Balancing: Hydronic balancing, also called hydraulic balancing, is the 
process of optimizing the distribution of water in a building's hydronic heating or 
cooling system by equalizing the system pressure so it provides the intended indoor 
climate at optimum energy efficiency and minimal operating cost.

Variable flow hydronic system: A common method of regulating the heating or 
cooling output of hydronic air handlers and other types of HVAC terminal units is to 
vary the water flow rate through their coils. This is known as a variable flow hydronic 
system.

 Heat pump: It is a device that transfers heat from a colder area to a hotter area by 
using mechanical energy, as in a refrigerator.

Boiler: A boiler is a closed vessel in which fluid (generally water) is heated.  
Evaporative cooling: Evaporative cooling is a process that uses the effect of 
evaporation to cool the surrounding air.
 
Desiccant cooling system: Desiccant is used for the absorption of moisture. Generally 
activated alumina or some other hygroscopic materials are used in the process.
 
Trigeneration: Cogeneration or combined heat and power (CHP) is the use of a heat 
engine or power station to generate electricity and useful heat at the same time.
 
Radiant Cooling System: Radiant cooling cools a floor or ceiling by absorbing the 
heat from the rest of the room.

Ground source heat pump: A geothermal heat pump (GHP) or ground source heat 
pump (GSHP) is a central heating and/or cooling system that transfers heat to or from 
the ground. 
 
Adiabatic Cooling system: An adiabatic process is the one that occurs on a system 
without the system transferring or receiving any heat energy from the surroundings.
  
Earth air tunnel: Earth air tunnel or earth air heat exchanger is a pre-cooling or 
pre-heating system which consists of a pipe or network of pipes buried at a reasonable 
depth below the ground surface. 

Energy Efficiency Ratio (EER): The ratio of net cooling capacity in kW to the total rate 
of electric input in watts under design operating conditions.

Energy Recovery System: It is the equipment that recovers energy from building or 
space exhaust air and uses it to treat (pre-heat or pre-cool) outdoor air taken inside the 
building or space by ventilation systems.
 
Fan system power: It is the sum of the nominal power demand of motors of all fans 
that are required to operate at design conditions to supply air from the heating or 
cooling source to the conditioned space(s) and return it to the point where it can be 
exhausted to outside the building.

Heat capacity: It is the amount of heat necessary to raise the temperature of a given 
mass by 1°C. Numerically, the heat capacity per unit area of the surface (W/m2.K) is 
the sum of the products of the mass per unit area of each material in the roof, wall, or 
floor surface multiplied by its specific heat.

Infiltration: Uncontrolled inward air leakage through cracks and crevices in external 
surfaces of buildings, around windows and doors due to pressure differences across 
these caused by factors such as wind or indoor and outside temperature differences 
(stack effect), an imbalance between supply and exhaust air systems. 

Variable Air Volume (VAV) system: It is the HVAC system that controls the dry-bulb 
temperature within a space by varying the volumetric flow of heated or cooled air 
supplied to space. 

Vegetative roofs: Also known as green roofs, the vegetative roofs are thin layers of 
living vegetation installed on top of conventional flat or sloping roofs. 

Vision Windows: These are the windows or areas of large windows that are primarily 
for both daylight and exterior views. Typically, their placement in the wall is between 
1 meter and 2.2 meters above the floor level.

Wall area, gross: It is the overall area of a wall including openings such as windows 
and doors measured horizontally from outside surface to outside service and 
measured vertically from the top of the floor to the top of the roof. If roof insulation is 
installed at the ceiling level rather than the roof, then the vertical measurement is 
made to the top of the ceiling. The gross wall area includes the area between the ceiling 
and the floor for multi-story buildings. 
 
Zone, HVAC: It is a space or a group of spaces within a building with heating and 
cooling requirements that are sufficiently similar so that desired conditions (e.g., 
temperature) can be maintained throughout using a single sensor (e.g., thermostat or 
temperature sensor).
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Efficacy: It is the lumens produced by a lamp plus ballast system divided by the total 
watts of input power (including the ballast), expressed in lumens per watt

Luminous flux: Luminous flux (Φ) is the quantity of the energy of the light emitted per 
second in all directions. Its unit is lumen (lm).

Luminous intensity: Luminous intensity (I) is the ability to emit light into a given 
direction, or it is the luminous flux that is radiated by the light source in a given 
direction within the unit of the spatial angel.  Its unit is candela.

Illuminance: Illuminance (E) is the total luminous flux incident on a surface, per unit 
area. Its unit is candela /m.

Luminance: Luminance (L) is the luminous intensity emitted by the surface area of 1 
cm² (or 1 m²) of the light source. Its unit is lux (lx).

Labeled: Equipment or materials to which a symbol or other identifying mark has 
been attached by the manufacturer indicating compliance with specified standard or 
performance in a specified manner. This mark is known as a label. 

Lamp: It is a generic term for man-made light sources often called bulb or tube.

Lighted floor area, gross: It is the gross area of lighted floor spaces. 

Lighting, emergency: It is the battery-backed lighting that provides illumination only 
when there is a power outage and general lighting luminaires are unable to function.
  
Lighting, general: It is the lighting that provides a substantially uniform level of 
illumination throughout an area. General lighting shall not include decorative lighting 
or lighting that provides a dissimilar level of illumination to serve a specialized 
application or feature within such area. 

Lighting system: It is a group of luminaires circuited or controlled to perform a 
specific function.

Occupant sensor: It is a device that detects the presence or absence of people within 
an area and causes lighting, equipment, or appliances to be dimmed, or switched on 
or off accordingly.

Lighting power allowance: 
a) Interior lighting power allowance: the maximum lighting power in watts 
allowed for the interior of a building 
b) Exterior lighting power allowance: the maximum lighting power in watts 
allowed for the exterior of a building

Lighting Power Density (LPD): It is the maximum lighting power per unit area of 
space as per its function or building as per its classification.

Low energy comfort systems: These are the space conditioning or ventilation systems 
that are less energy-intensive than vapor compression based space condition systems.
These primarily employ alternate heat transfer methods or materials (adiabatic 
cooling, radiation, desiccant, etc.), or renewable sources of energy (solar energy, 
geo-thermal) so that minimal electrical energy input is required to deliver heating or 
cooling to spaces.

Luminaires: It is a complete lighting unit consisting of a lamp or lamps together with 
the housing designed to distribute the light, position and protect the lamps, and 
connect the lamps to the power supply.

Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.
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Connected load: It is the sum of the rated wattage of all equipment, appliances, and 
devices to be installed in the building or part of building or building complexes, in 
terms of kilowatt (kW) that will be allocated to all applicants for electric power 
consumption in respect of the proposed building or building complexes on their 
completion.

Contract Demand: It is the maximum demand in kilowatt (kW) or kilo Volt Ampere 
(kVA) (within a consumer’s sanctioned load) agreed to be supplied by the electricity 
provider or utility in the agreement executed between the users and the utility or 
electricity provider.

Mean temperature: It is the average of the minimum daily temperature and 
maximum daily temperature. 

Metering: It is the practice of installing meters in buildings to acquire data for energy 
consumption and other operational characteristics of individual equipments or 
several types of equipment grouped on basis of their function (lighting, appliances, 
chillers, etc.). Metering is done in buildings to monitor their energy performance.

Transformer: Transformer is a device used to transform high voltage to low voltage, 
and vice versa. 

Manufacturing processes: These are the processes through which raw material is 
converted into finished goods for commercial sale using machines, labor, chemical or 
biological processes, etc.

Manual (non-automatic): It requires personal intervention for control. Non-automatic 
does not necessarily imply a manual controller, only that personal intervention is 
necessary. 

Alternating Current: This means that the direction of current flowing in a circuit is 
constantly being reversed back and forth. 
 
Direct Current (DC): It is the flow of electrical charge in the same direction. 
Conductor: It is a substance in which electrical charge carriers, usually electrons, move 
easily from atom to atom with the application of voltage. 

Full load: A full load current is the largest current that a motor or other device is 
designed to carry under particular conditions.

Dry-type transformer: A dry-type transformer is a type of transformer that never uses 
any insulating liquid where its winding or core is immersed in liquid. 
  
Oil type transformer: It is a transformer where the magnetic circuit and windings are 
immersed in oil.

Three-phase induction motor: Three-phase induction motor does not require an 
additional starting device. These types of motors are also known as self-starting 
induction motors.

Stress: Stress is the internal forces per unit area developed in an object subjected to an 
external force.

Peak Load: Peak load is the time of high demand.

Power Factor: The power factor is the ratio between real power and Apparent Power. 
Inductive Current: It resists changes in current and lags the voltage while measuring 
current. 

Reactive power: Reactive power occurs in an AC circuit when the voltage and current 
are not in phase.
 
Overcurrent: It is any current over the rated current of the equipment of the capacity 
of the conductor. It may result from overload, short circuit, or ground fault.

Fossil fuels: Fossil fuels are hydrocarbons, primarily coal, fuel oil or natural gas, 
formed from the remains of dead plants and animals.

Greenhouse gases: Greenhouse gases are those gases that trap the infrared rays of the 
sun from entering the atmosphere and in turn, they raise the temperature of the 
atmosphere which leads to global warming. 

Hydroelectric energy: Hydroelectric energy means electric energy coming from 
sources that convert energy (potential or kinetic) of water to electrical energy.

Bioenergy: Bioenergy is the renewable energy created by living organisms. Biomass is 
an organic material which has stored sunlight in the form of chemical energy.

Geothermal energy: Geothermal energy is an energy source derived from the heat of 
the earth. The heat must be near the surface so it can be extracted. 

 
Total harmonic distortion: The total harmonic distortion is the ratio of voltage in the 
harmonic frequencies to the principle frequency. 

Photovoltaic: Photovoltaic means 'voltage from light' and refers to a solid-state 
semiconductor device, aka solar cell that produces a potential difference (voltage) and 
current of electrons (electricity) when exposed to light.

Kilovolt-ampere (kVA): It is the product of the line current (amperes) times the 
nominal system voltage (kilovolts) times 1.732 for three-phase currents. For 
single-phase applications, kVA is the product of the line current (amperes) times the 
nominal system voltage (kilovolts). 

Kilowatt (kW): It is the basic unit of electric power, equal to 1000 W.

Party wall: It is a firewall on an interior lot line used or adapted for joint service 
between two buildings. 

Permanently installed: It is the equipment that is fixed in place and is not portable or 
movable. 

Plenum: It is a compartment or chamber to which one or more ducts are connected, 
which forms a part of the air distribution system, and that is not used for occupancy 
or storage.  

Plug loads: It is the energy used by products that are powered using an AC plug. This 
term excludes building energy that is attributed to major end uses like HVAC, 
lighting, water heating, etc. 

Pool: It is any structure, basin, or tank containing an artificial body of water for 
swimming, diving, or recreational bathing. The term includes, but is not limited to, 
swimming pool, whirlpool, spa, hot tub.

Process load: It is the building loads resulting from the consumption or release of 
energy due to industrial processes or processes other than those for providing space 
conditioning, lighting, ventilation, or service hot water heating.

Transformer losses: These are electrical losses in a transformer that reduces its 
efficiency.  

Transport Buildings (Assembly): It is any building or structure used for 
transportation and transit like airports, railway stations, bus stations, and 
underground and elevated mass rapid transit system example, underground or 
elevated railways.

CHAPTER-8  

Window Wall ratio: The window-to-wall ratio is the measure of the percentage area 
determined by dividing the building's total glazed area by its exterior envelope wall 
area.
 
Skylight Roof ratio: The skylight roof ratio (SRR) is the ratio of the area of the skylight 
in comparison to the total roof area. 

CHAPTER-9
 
Acid Rain: It is made up of water droplets that are unusually acidic because of 
atmospheric pollution, most notably the excessive amounts of sulfur and nitrogen 
released by cars and industrial processes.

Retrofitting: Retrofitting is a method of modifying existing structures with new 
components to resist the earthquake load or any other loads. 
Sustainability: Sustainability means meeting one’s own needs without compromising 
the ability of future gener.

ABREVIATIONS

1. TOE  Tons of Oil Equivalent
2. MOP  Ministry of Power 
3. CAGR  Compound Annual Growth Rate 
4. TEDDY TERI Energy & Environment Data Diary and Yearbook
5. GW  Giga Watt
6. MW  Mega Watt
7. KWh  Kilowatt Hour 
8. EBP  Ethanol Blending Petrol 
9. HPCL  Hindustan Petroleum Corporation Limited   
10. MTPA  Million Tons Per Annum 
11. ECBC  Energy Conservation Building Code 
12. BEE  Bureau of Energy Efficiency
13. USAID  United States Agency for International Development
14. PEDA  Punjab Energy Development Agency 
15. SDA  State Designated Agency 
16. EPI  Energy Performance Index
17. GHG  Greenhouse Gas
18. HVAC  Heating, Ventilation and Air Conditioning
19. IAQ  Indoor Air Quality
20. AAC  Autoclave Aerated Concrete
21. XPS  Extruded Polystyrene Insulation 
22. EPS  Expanded Polystyrene Insulation    
23. NBC  National Building Code
24. UPVC  Unplasticised Polyvinyl Chloride
25. PVC  Polyvinyl Chloride
26. SRI  Solar Reflective Index
27. SEER  Seasonal Energy Efficiency Ratio
28. BTU  British Thermal Units 
29. EER  Energy Efficiency Ratio 
30. HSPF  Heating Seasonal Performance Factor 
31. VFD  Variable Frequency Drive
32. WBP  Whole Building Performance Method
33. AGA  Above Grade Area 
34. NMEEE National Mission for Enhanced Energy Efficiency 
35. NAPCC National Action Plan on Climate Change 
36. PAT  Plan, Achieve and Trade Scheme 
37. MTEE  Market Transformation for Energy Efficiency 
38. EEFP  Energy Efficiency Financing Program
39. FEEED  Framework for Energy Efficiency Economic Development 
40. DSM  Demand Side Management 
41. ULB  Urban Local Bodies 
42. SMEs  Small and Medium Size Enterprises 
43. MSMEs Ministry of Micro, Small and Medium Enterprises. 
44. EC ACT Energy Conservation Act 

45. LED  Light Emitting Diode 
46. PWD  Public Work Department
47. ISO  International Organization of Standardization. 
48. SHGC  Solar Heat Gain Coefficient
49. SC  Shading Coefficient 
50. UDI  Useful Daylight Illumination 
51. VLT  Visual Light Transmission 
52. IST  India Standard Time
53. DEF  Daylight Extent Factors. 
54. ASTM  American Society for Testing and Materials
55. EPDM  Ethylene Propylene Diane Monomer 
56. WWR  Wall – Window Ratio 
57. EPF  Envelope Performance Factor 
58. VOC  Volatile Organic Compound 
59. DCV  Demand Control Ventilation 
60. COP  Coefficient of Performance 
61. IPLV  Integrated Part Load Value 
62. VRF  Variable Refrigerant Flow 
63. ANSI  American National Standards Institute
64. AHRI  Air Conditioning, Heating and Refrigeration Institute. 
65. IEER  Integrated Energy Efficiency Ratio 
66. PLC  Programmable Logic Control 
67. VAV  Variable Air Volume 
68. AC  Alternating Current 
69. DC   Direct Current 
70. CT  Current Transformer
71. PT  Potential Transformer 
72. DG  Diesel Generators
73. SFC  Specific Fuel Consumption 
74. THD  Total Harmonic Distortion 
75. UPS  Uninterruptible Power Supply 
76. REGZ  Renewable Energy Generating Zone 
77. WBP  Whole Building performance 
78. LEED  Leadership in Energy and Environmental Design 
79. GRIHA Green Rating Integrated Habitat Assessment 
80. APFC  Automatic Power Factor Controller 
81. PV  Photovoltaic Devices 
82. GHG  Greenhouse Gases 
83. USGBC U.S. Green Building Council
84. HID  High intensity Discharge 
85. BUA  Built-Up Area 
86. CFL  Compact Fluorescent Light
87. Wh  Watthour
88. W  Watt
89. TR  Tons of refrigeration  
90. Pa  Pascal  



Certain terms, abbreviations, and acronyms are defined in this section for this code. 
These definitions apply to all sections of this code. Terms that are not defined shall 
have their ordinarily accepted meanings within the context in which they are used.
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Biomass: Biomass is any mass, even waste/ refuses from plant or animal origin.
Bagasse: Bagasse is a sugarcane fibre pulp left after the juice has been extracted from 
the sugarcane stable. It is estimated that bagasse contributes to 33.3% residue of the 
total cane crushed.
 
Façade: Façade is the principal front of a building that faces on to a street or open 
space.

CHAPTER-2

Net Zero Building: A zero net energy building is designed to ensure zero net 
consumption, which means the total amount of energy consumed by the building 
annually should equal the amount of renewable energy created on-site.
Building envelope: It is a physical separator comprised of a series of components and 
systems that protect the interior space of a building from the effects of the external 
environment, like precipitation, wind, temperature, humidity, ultraviolet radiation, 
etc. 

Dehumidification: Dehumidification is a process of removal of moisture from the air 
in a conditioned room.

Humidity:  Humidity is the percentage of water vapor in the air. 
Fly Ash: Fly ash, also known as pulverized fuel ash, is a by-product obtained from 
coal-fired electric power plants.

Thermal Conductivity: Thermal conductivity is the ability of a material to conduct 
heat through it.

Ventilation: Ventilation is the process of replacing air to provide maximum indoor 
air quality to control temperature, remove odors, replenish oxygen, and remove 
moisture, smoke, heat, dust, carbon dioxide and airborne bacteria from the indoor 
space.

Durability: A durable material is not easily destroyed by use and lasts for a relatively 
long duration. 
 
Efflorescence: Efflorescence is a crystalline deposit on surfaces of masonry, stucco or 
concrete.
 
Urban Heat Island Effect: The heat island effect is named for an urban area that is 
considerably warmer than the surrounding, natural and rural lands. This effect 
happens because of the materials used in construction for building, together with 
energy emissions from transportation (cars) and industry.

Solar Reflective index: The Solar Reflective Index (SRI) is a measure of the solar 
reflectance and emissivity of materials that can be used as an indicator of how hot 
they are likely to become when solar radiation is incident on their surface.
Thermal Emissivity: The thermal emissivity of the surface of a material is its 
effectiveness in emitting energy as thermal radiation.

Incandescent: This type of light bulb is called an incandescent bulb because its 
filament is heated until it gives off light.

Seasonal Energy Efficiency Ratio:  It is the ratio of the total annual amount of heat 
that the equipment can remove from the indoor air when operated for cooling in 
active mode to the total annual amount of energy consumed by the equipment during 
the same period.

Energy Efficiency Ratio: A room air conditioner's efficiency is measured by the 
energy efficiency ratio (EER). The EER is the ratio of the cooling capacity (in British 
thermal units (BTUs) per hour to the power input (in watts). The higher the EER 
rating, the more efficient the air conditioner.

Heating seasonal performance factor: Heating seasonal performance factor (HSPF) 
is specifically used to measure the efficiency of air-source heat pumps. HSPF is 
defined as the ratio of heat output (measured in BTUs) over the heating season to 
electricity used (measured in watt-hours). 
                                                                                  
Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.

Out-patient Healthcare (Type of Healthcare): It is any building or a group of 
buildings under a single management, which is used only for treating persons 
requiring treatment or diagnosis of disease but not requiring overnight or longer 
accommodation in the building during treatment or diagnosis.

CHAPTER-3

Energy Performance Index: Energy Performance Index (EPI) is the total energy 
consumed in a building over a year divided by total built-up area in kWh/sq m/year 
and is considered as the simplest and most relevant indicator for qualifying a 
building as energy-efficient or not.

Compliance documents: These are the forms specified in ECBC Rules and 
Regulations to record and check compliance with these rules. These include but are 
not limited to EPI Ratio Compliance Report, Building Envelope Compliance Form, 
Mechanical Systems Compliance Form, and Permit Checklist, Lighting System 
Compliance Form and Permit Checklist and certificates from Certified Energy 
Auditor for existing or proposed buildings.

Cumulative design EPI: It is the Energy Performance Index for a building having two 
or more different functional uses, and is calculated based on the area-weighted 
average (AWA) method.
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Building or building complex or complex:  A structure wholly or partially enclosed 
within the exterior walls, or within exterior and party walls, and a roof, affording 
shelter to persons, animals, or property. Building complex means a building or group 
of buildings constructed in a contiguous area for business, commercial, institutional, 
healthcare, hospitality purposes or assembly buildings under the single ownership of 
individuals or group of individuals or the name of a co-operative group society or on 
lease and sold as shops or office space or space for other commercial purposes, 
having a connected load of 100 kW or contract demand of 120 kVA and above.

Building, base: It includes building structure, building envelope, common areas, 
circulation areas, parking, basements, services area, plant room and its supporting 
areas, and open project site area.

Building, core, and shell: These are buildings where the developer or owner will 
only provide the base building and its services.

24-hour Business Building: These are business building operated and occupied for 
more than 12 hours on each weekday. The Intensity of occupancy may vary. 
 
Above Grade Area (AGA): AGA is the cumulative floor area of all the floor levels of 
a building that are above the ground-level. Ground level shall be as defined in the 
building site plan. A floor level is above grade if one-third of the total external surface 
area of only the said floor level is above the ground level. 
 
Addition: It is an extension or increase in floor area or height of a building outside of 
the existing building envelope. 

Alteration: It is any change, rearrangement, replacement, or addition to a building or 
its systems and equipment; any modification in construction or building equipment.

Area weighted average (AWA) method: AWA method is based on the concept of 
weighted arithmetic mean where instead of each data point contributing equally to 
the final mean, each data point contributes more “weight” than others based on the 
size of the area the said data point applies to. To calculate the area-weighted average 
mean, a summation of each data point multiplied with its respective area is divided 
with the total area. 
 
Astronomical time switch: It is an automatic time switch that adjusts the length of the 
day as it varies over the year.

Fenestration:  Fenestration refers to the openings in the building envelope, including 
the installation of windows, doors, and skylights. The process of including these 
openings in the building envelope is known as fenestration.

U- Factor: 'U-Factor" or U-Value", also referred to as the K-Value, is the measurement 
of the thermal conductance of a material that reflects the effectiveness of the material 
to allow the flow of heat.

Solar Heat Gain Coefficient (SHGC): It is the ratio of the solar heat gain entering the 
space through the fenestration area to the incident solar radiation. Solar heat gain 
includes directly transmitted solar heat and absorbed solar radiation, which is then 
reradiated, conducted, or convected into space. 

Class of construction: It is the classification that determines the construction 
materials for the building envelope, roof, wall, floor, slab-on-grade floor, opaque 
door, vertical fenestration, and skylight.

Visual light transmission: It is simply the measurable amount of solar visible light 
(daylight) that travels through a glazing system.

Conduction: Conduction is the heat transfer through a solid medium due to the 
temperature difference. 

Convection: Convection is the heat transfer through a fluid medium such as air or 
water. Convection within the envelope assembly will depend on the temperature 
difference across the surfaces and also the airspeed.
 
Radiation: Radiation is heat transfer through electromagnetic radiation. All bodies 
facing an air space or a vacuum emit and absorb radiant energy continuously. Heat 
transfer by radiation will take place from a warmer surface to a cooler one.

Resistance: It is denoted as R, and is the ability of a material to resist heat flow. It is 
the reciprocal of conductance, (Units are m2 K/W). 

Emittance: It is the ability of a material to re-radiate absorbed heat as invisible 
infrared radiation.  It indicates the ability of a material to lose heat, consequently 
reducing the sensible heat content of the object.

R-value (thermal resistance): It is the reciprocal of the time rate of heat flow through 
a unit area induced by a unit temperature difference between two defined surfaces of 
material or construction under steady-state conditions. The units of R-value are m2.K 
/W.  

Recirculating system: It is a domestic or service hot water distribution system that 
includes a closed circulation circuit designed to maintain temperatures in hot water 
pipes near terminal devices (e.g. lavatory faucets and showerheads) to reduce the 
time required to obtain hot water when the terminal device valve is opened. The 
motive force for circulation is either natural (due to water density variations with 
temperature) or mechanical (recirculation pump).

Reflectance: The ability of a material to reflect radiation without changing the 
temperature of the material.  Surfaces with higher reflectance tend to absorb less heat.
Absorptance: The ability of a material to absorb radiation. This is converted into 
sensible heat within the material, thus raising its temperature.

Projection factor, overhang: It is the ratio of the horizontal depth of the external 
shading projection to the sum of the height of the fenestration and the distance from 
the top of the fenestration to the bottom of the farthest point of the external shading 
projection, in consistent units.

Projection factor, side fin:  It is the ratio of the horizontal depth of the external 
shading projection to the distance from the window jamb to the farthest point of the 
external shading projection, in consistent units.
 
Projection Factor, overhang and side fin: It is the average of projection factor for 
overhang only and projection factor of side fin only.  
  
Ultraviolet: Ultraviolet is electromagnetic radiation with a wavelength from 10 nm to 
400 nm, shorter than that of visible light but longer than X-rays.

Wall Window Ratio: It is the ratio of the window area to the gross exterior wall area.
Skylight roof ratio (SRR): It is the ratio of the area of the skylight in comparison to the 
total roof area.

Renewable Energy Generating Zone: It is a contiguous or semi-contiguous area, 
either on the rooftop or elsewhere within the site boundary, dedicated to the 
installation of renewable energy systems.

Cool roof: It is the roof with a top layer of material that has high solar reflectance and 
high thermal emittance properties. Cool roof surfaces are characterized by light 
colors so that heat can be rejected back to the environment. 

Daylight Extension Factor (DEF): It is the factor which manually calculates the 
daylight area on floor plates. It is to be multiplied by the head height of windows. It 
is dependent on orientation and glazing VLT, shading devices adjacent to it and 
building location.  

Daytime Business Building:  It is the business building operated typically only 
during the daytime on weekdays up to 12 hours each day.  

Effective aperture: It is the multiplication of Visible Light Transmittance and the 
window-to-wall ratio. (EA = VLT x WWR)

Water heater: It is the vessel in which water is heated and withdrawn for use external 
to the system.

CHAPTER-5 

HVAC system: This includes the equipment, distribution systems, and terminal 
devices that provide, either collectively or individually, the processes of heating, 
ventilating, or air conditioning to a building or parts of a building.

Coefficient of Performance (COP) – cooling: It is the ratio of the rate of heat removal 
to the rate of energy input, in consistent units, for a complete refrigerating system or 
some specific portion of that system under designated operating conditions.

Coefficient of Performance (COP) – heating: It is the ratio of the rate of heat 
delivered to the rate of energy input, in consistent units, for a complete heat pump 
system, including the compressor and, if applicable, auxiliary heat, under designated 
operating conditions.

Common area: These are the areas within a building that are available for use by all 
tenants in a building (i.e. lobbies, corridors, restrooms, etc.).

 Mechanical cooling: It reduces the temperature of a gas or a liquid by using vapor 
compression, absorption, and desiccant dehumidification combined with evaporative 
cooling or another energy-driven thermodynamic cycle. Indirect or direct 
evaporative cooling alone is not considered mechanical cooling.

Commercial building: It is a building or a part of building or building complex 
which are used or intended to be used for commercial purposes and classified as per 
the time of the day the building is operational and sub-classified, as per the functional 
requirements of its design, construction, and use as per following details:

Group I – 24 hours building covering Type A Hospitality, Type B Health Care and 
Type C Assembly and, 
Group II – Regular building covering Type D Business, Type E Educational, and Type 
F Shopping Complexes.

Dead band:  It is the range of values within which a sensed variable can vary without 
initiating a change in the controlled process. 

Demand: It is the maximum rate of electricity (kW) consumption recorded for a 
building or facility during a selected time frame.  

Demand control ventilation (DCV):  It is the ventilation system capability that 
provides automatic reduction of outdoor air intake below design rates when the 
actual occupancy of spaces served by the system is less than the design occupancy. 
Design capacity: It is the output capacity of a mechanical or electrical system or 
equipment at design conditions. 

Design conditions: These are specified indoor environmental conditions, such as 
temperature, humidity, and light intensity, required for producing and maintaining 
by a system and under which the system must operate. 

Distribution system: It is a network or a system comprising controlling devices or 
equipment and distribution channels (cables, coils, ducts, pipes, etc.) for delivery of 
electrical power or, cooled or heated water or air in buildings.

Door area: It is the total area of the door measured using the rough opening and 
including the door slab and the frame.

Economizer: an economizer is a mechanical device used to reduce energy 
consumption. Economizers recycle energy produced within a system or leverage 
environmental temperature differences to achieve efficiency improvements.

Economizer, air: It is a duct and damper arrangement with automatic controls that 
allow a cooling system to supply outdoor air to reduce or eliminate the need for 
mechanical cooling during mild or cold weather.

Economizer, water: It is a system by which the supply air of a cooling system is 
cooled indirectly with water that is itself cooled by heat or mass transfer to the 
environment without the use of mechanical cooling.

Mixed-mode air-conditioned building: It is the building in which natural ventilation 
is employed as the primary mode of ventilation, and air conditioning is deployed as 
and when required. 
 
Mixed-use development: It is a single building or a group of buildings used for a 
combination of residential, commercial, business, educational, hospitality and 
assembly purposes. 

Air conditioning and condensing units serving computer rooms: It is the air 
conditioning equipment that provides cooling by maintaining space temperature and 
humidity within a narrow range. Its major application is in data centers where 
dissipating heat generated by equipment takes precedence over comfort cooling for 
occupants.

Relative Humidity: Relative humidity is the ratio of the partial pressure of water 
vapor in the air (which is related to the actual amount present) divided by the vapor 
pressure of water at that same temperature (which is related to the maximum amount 
of water vapor that the air can hold at that temperature).

Thermal Comfort: Thermal comfort is a condition of mind/body that expresses 
satisfaction with the thermal environment. Due to its subjectivity, thermal comfort 
may be different for individuals. Thermal comfort is maintained when the heat 
generated by the human metabolism is allowed to dissipate at a rate that maintains 
thermal equilibrium in the body.

Natural Ventilation: It is the ventilation done by pressure difference air always flows 
from high pressure to low pressure.

Mechanical Ventilation: It is a type of ventilation in which we use mechanical 
equipment for creating pressure difference for the flow of air.

Mixed Mode Ventilation: In this type of ventilation both natural and mechanical 
type of ventilation is used. 

Coefficient of performance: It is the ratio of the desired effect to work input in a 
refrigerator or a heat pump.

Chiller: A chiller is a machine that removes heat from a liquid via a 
vapor-compression or absorption refrigeration cycle. 

Variable refrigerant flows: The main compressor which pumps refrigerant around 
can run at various speeds (steeples), thereby continuously increasing (or decreasing) 
flow of refrigerant based on demand during various hours/minutes of usage. This is 
known as variable refrigerant flow, or VRV (variable refrigerant volume).

Air Conditioning: Air conditioning refers to the process of controlling the 
temperature and humidity of the air to suit the needs of the occupants or an industrial 
process.

Unitary air conditioning system:  The working of the window air conditioner is to 
cool only one particular room, commonly known as the "unitary unit”. This type of ac 
is installed in the window of a room. It will cool a room by emitting the warm air out 
the back of it and blowing cool air into it.

Split Air Conditioning System: Central HVAC systems are regularly referred to as a 
“split” system due to the simple fact that some of the components are installed inside 
the home and some of the components are installed outside a home.

Packaged air conditioning System: This type of unit is perfect for cooling multiple 
rooms or a large space in a home or office. All the components, namely the 
compressor, condenser (which can be air-cooled or water-cooled), expansion valve 
and evaporator are housed in a single box.

Cooling capacity: Cooling capacity is the measure of a cooling system's ability to 
remove heat. 

Thermostat: Thermostat is a control that tells the heating and the cooling system when 
to heat or cool or do nothing.

Variable speed drive: It is used for varying the speed of an induction motor by 
changing the motor's input supply frequency and voltage, keeping the flux constant. 
Throttle: Throttle is a device that controls the engine RPM by directly controlling the 
amount of air going in.

Terminal device: It is a device through which heated or cooled air is supplied to a 
space to maintain its temperature. It usually contains dampers and heating and 
cooling coils. In other words, it is a device by which energy from a system is finally 
delivered (e.g. registers, diffusers, lighting fixtures, faucets, etc.). 

Theatre or motion picture hall (Type of Assembly): It is any building primarily 
meant for theatrical or operatic performances and which has a stage, proscenium 
curtain, fixed or portable scenery or scenery loft, lights, mechanical appliances or 
other theatrical accessories and equipment. For example, theatres, motion picture 
houses, auditoria, concert halls, television and radio studios admit an audience, which 
is provided with fixed seats. 

Thermal block: It is a collection of one or more HVAC zones grouped for simulation 
purposes. The spaces need not be contiguous to be combined within a single thermal 
block. 

Thermal comfort conditions: These are the conditions that influence the thermal 
comfort of occupants. Environmental conditions that influence thermal comfort are air 
and radiant temperature, humidity, and airspeed.

Sensible cooling: It is the portion of the cooling process that affects only the 
temperature of the air, without changing the humidity.
 
Dampers: Dampers are devices that regulate the airflow in an air handling system.  
Backdraft Dampers: Backdraft dampers (also known as gravity dampers) are used in 
ventilation systems to allow airflow in one direction, and prevent airflow in the 
opposite direction.

Tinted: It is (as applied to fenestration) bronze, green, or grey coloring that is integral 
with the glazing material. Tinting does not include surface applied films such as 
reflective coatings, applied either in the field or during the manufacturing process.
Insulation: Insulation is defined as the material used to insulate something, especially 
a building. Insulation is material used that reduces heat loss or heat gain by providing 
a barrier between the inside of a home or any building and the significantly different 
temperature outside.

Refrigerant: A refrigerant is a compound or a mixture (usually in a fluid state in room 
temperature) used to pump heat from one system to another.
Register: Register is an air inlet with a balancing damper behind it, so the airflow 
quantity can be adjusted. 

Grille: A grille is just a fancy hole cover over an air inlet with slotted openings for 
airflow but with no balancing capability. 

 Diffuser: It is a device that's used to increase the static pressure of the fluid that passes 
through the system, and also reduces the velocity of the fluid.

Condenser: A condenser is a device or unit which is used to condense a substance 
from its gaseous to its liquid state.

Impeller: It is a rotating part of a machine that transfers energy.

Evaporation: Evaporation involves a liquid changing to a gas.

Passive solar heating: It uses the sun's energy to heat a building. The windows, walls, 
and floors can be designed to collect, store, and distribute solar energy in the form of 
heat in the winter (and also to reject solar heat in the summer). 

Active Solar Heating: Active solar heating systems use solar energy to heat a fluid 
(either liquid or air), and then transfer the solar heat directly to the interior space or a 
storage system for later use. 

Sensor: A sensor is a device that detects and responds to some type of input from the 
physical environment.

Actuators: An actuator is something that converts energy into motion.

Compressor:  A compressor is a mechanical device that increases the pressure of a gas 
by reducing its volume.  

Hydronic Balancing: Hydronic balancing, also called hydraulic balancing, is the 
process of optimizing the distribution of water in a building's hydronic heating or 
cooling system by equalizing the system pressure so it provides the intended indoor 
climate at optimum energy efficiency and minimal operating cost.

Variable flow hydronic system: A common method of regulating the heating or 
cooling output of hydronic air handlers and other types of HVAC terminal units is to 
vary the water flow rate through their coils. This is known as a variable flow hydronic 
system.

 Heat pump: It is a device that transfers heat from a colder area to a hotter area by 
using mechanical energy, as in a refrigerator.

Boiler: A boiler is a closed vessel in which fluid (generally water) is heated.  
Evaporative cooling: Evaporative cooling is a process that uses the effect of 
evaporation to cool the surrounding air.
 
Desiccant cooling system: Desiccant is used for the absorption of moisture. Generally 
activated alumina or some other hygroscopic materials are used in the process.
 
Trigeneration: Cogeneration or combined heat and power (CHP) is the use of a heat 
engine or power station to generate electricity and useful heat at the same time.
 
Radiant Cooling System: Radiant cooling cools a floor or ceiling by absorbing the 
heat from the rest of the room.

Ground source heat pump: A geothermal heat pump (GHP) or ground source heat 
pump (GSHP) is a central heating and/or cooling system that transfers heat to or from 
the ground. 
 
Adiabatic Cooling system: An adiabatic process is the one that occurs on a system 
without the system transferring or receiving any heat energy from the surroundings.
  
Earth air tunnel: Earth air tunnel or earth air heat exchanger is a pre-cooling or 
pre-heating system which consists of a pipe or network of pipes buried at a reasonable 
depth below the ground surface. 

Energy Efficiency Ratio (EER): The ratio of net cooling capacity in kW to the total rate 
of electric input in watts under design operating conditions.

Energy Recovery System: It is the equipment that recovers energy from building or 
space exhaust air and uses it to treat (pre-heat or pre-cool) outdoor air taken inside the 
building or space by ventilation systems.
 
Fan system power: It is the sum of the nominal power demand of motors of all fans 
that are required to operate at design conditions to supply air from the heating or 
cooling source to the conditioned space(s) and return it to the point where it can be 
exhausted to outside the building.

Heat capacity: It is the amount of heat necessary to raise the temperature of a given 
mass by 1°C. Numerically, the heat capacity per unit area of the surface (W/m2.K) is 
the sum of the products of the mass per unit area of each material in the roof, wall, or 
floor surface multiplied by its specific heat.

Infiltration: Uncontrolled inward air leakage through cracks and crevices in external 
surfaces of buildings, around windows and doors due to pressure differences across 
these caused by factors such as wind or indoor and outside temperature differences 
(stack effect), an imbalance between supply and exhaust air systems. 

Variable Air Volume (VAV) system: It is the HVAC system that controls the dry-bulb 
temperature within a space by varying the volumetric flow of heated or cooled air 
supplied to space. 

Vegetative roofs: Also known as green roofs, the vegetative roofs are thin layers of 
living vegetation installed on top of conventional flat or sloping roofs. 

Vision Windows: These are the windows or areas of large windows that are primarily 
for both daylight and exterior views. Typically, their placement in the wall is between 
1 meter and 2.2 meters above the floor level.

Wall area, gross: It is the overall area of a wall including openings such as windows 
and doors measured horizontally from outside surface to outside service and 
measured vertically from the top of the floor to the top of the roof. If roof insulation is 
installed at the ceiling level rather than the roof, then the vertical measurement is 
made to the top of the ceiling. The gross wall area includes the area between the ceiling 
and the floor for multi-story buildings. 
 
Zone, HVAC: It is a space or a group of spaces within a building with heating and 
cooling requirements that are sufficiently similar so that desired conditions (e.g., 
temperature) can be maintained throughout using a single sensor (e.g., thermostat or 
temperature sensor).
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Efficacy: It is the lumens produced by a lamp plus ballast system divided by the total 
watts of input power (including the ballast), expressed in lumens per watt

Luminous flux: Luminous flux (Φ) is the quantity of the energy of the light emitted per 
second in all directions. Its unit is lumen (lm).

Luminous intensity: Luminous intensity (I) is the ability to emit light into a given 
direction, or it is the luminous flux that is radiated by the light source in a given 
direction within the unit of the spatial angel.  Its unit is candela.

Illuminance: Illuminance (E) is the total luminous flux incident on a surface, per unit 
area. Its unit is candela /m.

Luminance: Luminance (L) is the luminous intensity emitted by the surface area of 1 
cm² (or 1 m²) of the light source. Its unit is lux (lx).

Labeled: Equipment or materials to which a symbol or other identifying mark has 
been attached by the manufacturer indicating compliance with specified standard or 
performance in a specified manner. This mark is known as a label. 

Lamp: It is a generic term for man-made light sources often called bulb or tube.

Lighted floor area, gross: It is the gross area of lighted floor spaces. 

Lighting, emergency: It is the battery-backed lighting that provides illumination only 
when there is a power outage and general lighting luminaires are unable to function.
  
Lighting, general: It is the lighting that provides a substantially uniform level of 
illumination throughout an area. General lighting shall not include decorative lighting 
or lighting that provides a dissimilar level of illumination to serve a specialized 
application or feature within such area. 

Lighting system: It is a group of luminaires circuited or controlled to perform a 
specific function.

Occupant sensor: It is a device that detects the presence or absence of people within 
an area and causes lighting, equipment, or appliances to be dimmed, or switched on 
or off accordingly.

Lighting power allowance: 
a) Interior lighting power allowance: the maximum lighting power in watts 
allowed for the interior of a building 
b) Exterior lighting power allowance: the maximum lighting power in watts 
allowed for the exterior of a building

Lighting Power Density (LPD): It is the maximum lighting power per unit area of 
space as per its function or building as per its classification.

Low energy comfort systems: These are the space conditioning or ventilation systems 
that are less energy-intensive than vapor compression based space condition systems.
These primarily employ alternate heat transfer methods or materials (adiabatic 
cooling, radiation, desiccant, etc.), or renewable sources of energy (solar energy, 
geo-thermal) so that minimal electrical energy input is required to deliver heating or 
cooling to spaces.

Luminaires: It is a complete lighting unit consisting of a lamp or lamps together with 
the housing designed to distribute the light, position and protect the lamps, and 
connect the lamps to the power supply.

Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.
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Connected load: It is the sum of the rated wattage of all equipment, appliances, and 
devices to be installed in the building or part of building or building complexes, in 
terms of kilowatt (kW) that will be allocated to all applicants for electric power 
consumption in respect of the proposed building or building complexes on their 
completion.

Contract Demand: It is the maximum demand in kilowatt (kW) or kilo Volt Ampere 
(kVA) (within a consumer’s sanctioned load) agreed to be supplied by the electricity 
provider or utility in the agreement executed between the users and the utility or 
electricity provider.

Mean temperature: It is the average of the minimum daily temperature and 
maximum daily temperature. 

Metering: It is the practice of installing meters in buildings to acquire data for energy 
consumption and other operational characteristics of individual equipments or 
several types of equipment grouped on basis of their function (lighting, appliances, 
chillers, etc.). Metering is done in buildings to monitor their energy performance.

Transformer: Transformer is a device used to transform high voltage to low voltage, 
and vice versa. 

Manufacturing processes: These are the processes through which raw material is 
converted into finished goods for commercial sale using machines, labor, chemical or 
biological processes, etc.

Manual (non-automatic): It requires personal intervention for control. Non-automatic 
does not necessarily imply a manual controller, only that personal intervention is 
necessary. 

Alternating Current: This means that the direction of current flowing in a circuit is 
constantly being reversed back and forth. 
 
Direct Current (DC): It is the flow of electrical charge in the same direction. 
Conductor: It is a substance in which electrical charge carriers, usually electrons, move 
easily from atom to atom with the application of voltage. 

Full load: A full load current is the largest current that a motor or other device is 
designed to carry under particular conditions.

Dry-type transformer: A dry-type transformer is a type of transformer that never uses 
any insulating liquid where its winding or core is immersed in liquid. 
  
Oil type transformer: It is a transformer where the magnetic circuit and windings are 
immersed in oil.

Three-phase induction motor: Three-phase induction motor does not require an 
additional starting device. These types of motors are also known as self-starting 
induction motors.

Stress: Stress is the internal forces per unit area developed in an object subjected to an 
external force.

Peak Load: Peak load is the time of high demand.

Power Factor: The power factor is the ratio between real power and Apparent Power. 
Inductive Current: It resists changes in current and lags the voltage while measuring 
current. 

Reactive power: Reactive power occurs in an AC circuit when the voltage and current 
are not in phase.
 
Overcurrent: It is any current over the rated current of the equipment of the capacity 
of the conductor. It may result from overload, short circuit, or ground fault.

Fossil fuels: Fossil fuels are hydrocarbons, primarily coal, fuel oil or natural gas, 
formed from the remains of dead plants and animals.

Greenhouse gases: Greenhouse gases are those gases that trap the infrared rays of the 
sun from entering the atmosphere and in turn, they raise the temperature of the 
atmosphere which leads to global warming. 

Hydroelectric energy: Hydroelectric energy means electric energy coming from 
sources that convert energy (potential or kinetic) of water to electrical energy.

Bioenergy: Bioenergy is the renewable energy created by living organisms. Biomass is 
an organic material which has stored sunlight in the form of chemical energy.

Geothermal energy: Geothermal energy is an energy source derived from the heat of 
the earth. The heat must be near the surface so it can be extracted. 
 
Total harmonic distortion: The total harmonic distortion is the ratio of voltage in the 
harmonic frequencies to the principle frequency. 

Photovoltaic: Photovoltaic means 'voltage from light' and refers to a solid-state 
semiconductor device, aka solar cell that produces a potential difference (voltage) and 
current of electrons (electricity) when exposed to light.

Kilovolt-ampere (kVA): It is the product of the line current (amperes) times the 
nominal system voltage (kilovolts) times 1.732 for three-phase currents. For 
single-phase applications, kVA is the product of the line current (amperes) times the 
nominal system voltage (kilovolts). 

Kilowatt (kW): It is the basic unit of electric power, equal to 1000 W.

Party wall: It is a firewall on an interior lot line used or adapted for joint service 
between two buildings. 

Permanently installed: It is the equipment that is fixed in place and is not portable or 
movable. 

Plenum: It is a compartment or chamber to which one or more ducts are connected, 
which forms a part of the air distribution system, and that is not used for occupancy 
or storage.  

Plug loads: It is the energy used by products that are powered using an AC plug. This 
term excludes building energy that is attributed to major end uses like HVAC, 
lighting, water heating, etc. 

Pool: It is any structure, basin, or tank containing an artificial body of water for 
swimming, diving, or recreational bathing. The term includes, but is not limited to, 
swimming pool, whirlpool, spa, hot tub.

Process load: It is the building loads resulting from the consumption or release of 
energy due to industrial processes or processes other than those for providing space 
conditioning, lighting, ventilation, or service hot water heating.

Transformer losses: These are electrical losses in a transformer that reduces its 
efficiency.  

Transport Buildings (Assembly): It is any building or structure used for 
transportation and transit like airports, railway stations, bus stations, and 
underground and elevated mass rapid transit system example, underground or 
elevated railways.
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Window Wall ratio: The window-to-wall ratio is the measure of the percentage area 
determined by dividing the building's total glazed area by its exterior envelope wall 
area.

 
Skylight Roof ratio: The skylight roof ratio (SRR) is the ratio of the area of the skylight 
in comparison to the total roof area. 
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Acid Rain: It is made up of water droplets that are unusually acidic because of 
atmospheric pollution, most notably the excessive amounts of sulfur and nitrogen 
released by cars and industrial processes.

Retrofitting: Retrofitting is a method of modifying existing structures with new 
components to resist the earthquake load or any other loads. 

                           Sustainability means meeting one’s own needs without compromising 
the ability of future gener.

ABREVIATIONS

1. TOE  Tons of Oil Equivalent
2. MOP  Ministry of Power 
3. CAGR  Compound Annual Growth Rate 
4. TEDDY TERI Energy & Environment Data Diary and Yearbook
5. GW  Giga Watt
6. MW  Mega Watt
7. KWh  Kilowatt Hour 
8. EBP  Ethanol Blending Petrol 
9. HPCL  Hindustan Petroleum Corporation Limited   
10. MTPA  Million Tons Per Annum 
11. ECBC  Energy Conservation Building Code 
12. BEE  Bureau of Energy Efficiency
13. USAID  United States Agency for International Development
14. PEDA  Punjab Energy Development Agency 
15. SDA  State Designated Agency 
16. EPI  Energy Performance Index
17. GHG  Greenhouse Gas
18. HVAC  Heating, Ventilation and Air Conditioning
19. IAQ  Indoor Air Quality
20. AAC  Autoclave Aerated Concrete
21. XPS  Extruded Polystyrene Insulation 
22. EPS  Expanded Polystyrene Insulation    
23. NBC  National Building Code
24. UPVC  Unplasticised Polyvinyl Chloride
25. PVC  Polyvinyl Chloride
26. SRI  Solar Reflective Index
27. SEER  Seasonal Energy Efficiency Ratio
28. BTU  British Thermal Units 
29. EER  Energy Efficiency Ratio 
30. HSPF  Heating Seasonal Performance Factor 
31. VFD  Variable Frequency Drive
32. WBP  Whole Building Performance Method
33. AGA  Above Grade Area 
34. NMEEE National Mission for Enhanced Energy Efficiency 
35. NAPCC National Action Plan on Climate Change 
36. PAT  Plan, Achieve and Trade Scheme 
37. MTEE  Market Transformation for Energy Efficiency 
38. EEFP  Energy Efficiency Financing Program
39. FEEED  Framework for Energy Efficiency Economic Development 
40. DSM  Demand Side Management 
41. ULB  Urban Local Bodies 
42. SMEs  Small and Medium Size Enterprises 
43. MSMEs Ministry of Micro, Small and Medium Enterprises. 
44. EC ACT Energy Conservation Act 

45. LED  Light Emitting Diode 
46. PWD  Public Work Department
47. ISO  International Organization of Standardization. 
48. SHGC  Solar Heat Gain Coefficient
49. SC  Shading Coefficient 
50. UDI  Useful Daylight Illumination 
51. VLT  Visual Light Transmission 
52. IST  India Standard Time
53. DEF  Daylight Extent Factors. 
54. ASTM  American Society for Testing and Materials
55. EPDM  Ethylene Propylene Diane Monomer 
56. WWR  Wall – Window Ratio 
57. EPF  Envelope Performance Factor 
58. VOC  Volatile Organic Compound 
59. DCV  Demand Control Ventilation 
60. COP  Coefficient of Performance 
61. IPLV  Integrated Part Load Value 
62. VRF  Variable Refrigerant Flow 
63. ANSI  American National Standards Institute
64. AHRI  Air Conditioning, Heating and Refrigeration Institute. 
65. IEER  Integrated Energy Efficiency Ratio 
66. PLC  Programmable Logic Control 
67. VAV  Variable Air Volume 
68. AC  Alternating Current 
69. DC   Direct Current 
70. CT  Current Transformer
71. PT  Potential Transformer 
72. DG  Diesel Generators
73. SFC  Specific Fuel Consumption 
74. THD  Total Harmonic Distortion 
75. UPS  Uninterruptible Power Supply 
76. REGZ  Renewable Energy Generating Zone 
77. WBP  Whole Building performance 
78. LEED  Leadership in Energy and Environmental Design 
79. GRIHA Green Rating Integrated Habitat Assessment 
80. APFC  Automatic Power Factor Controller 
81. PV  Photovoltaic Devices 
82. GHG  Greenhouse Gases 
83. USGBC U.S. Green Building Council
84. HID  High intensity Discharge 
85. BUA  Built-Up Area 
86. CFL  Compact Fluorescent Light
87. Wh  Watthour
88. W  Watt
89. TR  Tons of refrigeration  
90. Pa  Pascal  

Sustainablity: 



Certain terms, abbreviations, and acronyms are defined in this section for this code. 
These definitions apply to all sections of this code. Terms that are not defined shall 
have their ordinarily accepted meanings within the context in which they are used.

Technical Manual on ECBC 2017 for the state of Punjab 140

CHAPTER-1
 
Biomass: Biomass is any mass, even waste/ refuses from plant or animal origin.
Bagasse: Bagasse is a sugarcane fibre pulp left after the juice has been extracted from 
the sugarcane stable. It is estimated that bagasse contributes to 33.3% residue of the 
total cane crushed.
 
Façade: Façade is the principal front of a building that faces on to a street or open 
space.

CHAPTER-2

Net Zero Building: A zero net energy building is designed to ensure zero net 
consumption, which means the total amount of energy consumed by the building 
annually should equal the amount of renewable energy created on-site.
Building envelope: It is a physical separator comprised of a series of components and 
systems that protect the interior space of a building from the effects of the external 
environment, like precipitation, wind, temperature, humidity, ultraviolet radiation, 
etc. 

Dehumidification: Dehumidification is a process of removal of moisture from the air 
in a conditioned room.

Humidity:  Humidity is the percentage of water vapor in the air. 
Fly Ash: Fly ash, also known as pulverized fuel ash, is a by-product obtained from 
coal-fired electric power plants.

Thermal Conductivity: Thermal conductivity is the ability of a material to conduct 
heat through it.

Ventilation: Ventilation is the process of replacing air to provide maximum indoor 
air quality to control temperature, remove odors, replenish oxygen, and remove 
moisture, smoke, heat, dust, carbon dioxide and airborne bacteria from the indoor 
space.

Durability: A durable material is not easily destroyed by use and lasts for a relatively 
long duration. 
 
Efflorescence: Efflorescence is a crystalline deposit on surfaces of masonry, stucco or 
concrete.
 
Urban Heat Island Effect: The heat island effect is named for an urban area that is 
considerably warmer than the surrounding, natural and rural lands. This effect 
happens because of the materials used in construction for building, together with 
energy emissions from transportation (cars) and industry.

Solar Reflective index: The Solar Reflective Index (SRI) is a measure of the solar 
reflectance and emissivity of materials that can be used as an indicator of how hot 
they are likely to become when solar radiation is incident on their surface.
Thermal Emissivity: The thermal emissivity of the surface of a material is its 
effectiveness in emitting energy as thermal radiation.

Incandescent: This type of light bulb is called an incandescent bulb because its 
filament is heated until it gives off light.

Seasonal Energy Efficiency Ratio:  It is the ratio of the total annual amount of heat 
that the equipment can remove from the indoor air when operated for cooling in 
active mode to the total annual amount of energy consumed by the equipment during 
the same period.

Energy Efficiency Ratio: A room air conditioner's efficiency is measured by the 
energy efficiency ratio (EER). The EER is the ratio of the cooling capacity (in British 
thermal units (BTUs) per hour to the power input (in watts). The higher the EER 
rating, the more efficient the air conditioner.

Heating seasonal performance factor: Heating seasonal performance factor (HSPF) 
is specifically used to measure the efficiency of air-source heat pumps. HSPF is 
defined as the ratio of heat output (measured in BTUs) over the heating season to 
electricity used (measured in watt-hours). 
                                                                                  
Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.

Out-patient Healthcare (Type of Healthcare): It is any building or a group of 
buildings under a single management, which is used only for treating persons 
requiring treatment or diagnosis of disease but not requiring overnight or longer 
accommodation in the building during treatment or diagnosis.

CHAPTER-3

Energy Performance Index: Energy Performance Index (EPI) is the total energy 
consumed in a building over a year divided by total built-up area in kWh/sq m/year 
and is considered as the simplest and most relevant indicator for qualifying a 
building as energy-efficient or not.

Compliance documents: These are the forms specified in ECBC Rules and 
Regulations to record and check compliance with these rules. These include but are 
not limited to EPI Ratio Compliance Report, Building Envelope Compliance Form, 
Mechanical Systems Compliance Form, and Permit Checklist, Lighting System 
Compliance Form and Permit Checklist and certificates from Certified Energy 
Auditor for existing or proposed buildings.

Cumulative design EPI: It is the Energy Performance Index for a building having two 
or more different functional uses, and is calculated based on the area-weighted 
average (AWA) method.
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Building or building complex or complex:  A structure wholly or partially enclosed 
within the exterior walls, or within exterior and party walls, and a roof, affording 
shelter to persons, animals, or property. Building complex means a building or group 
of buildings constructed in a contiguous area for business, commercial, institutional, 
healthcare, hospitality purposes or assembly buildings under the single ownership of 
individuals or group of individuals or the name of a co-operative group society or on 
lease and sold as shops or office space or space for other commercial purposes, 
having a connected load of 100 kW or contract demand of 120 kVA and above.

Building, base: It includes building structure, building envelope, common areas, 
circulation areas, parking, basements, services area, plant room and its supporting 
areas, and open project site area.

Building, core, and shell: These are buildings where the developer or owner will 
only provide the base building and its services.

24-hour Business Building: These are business building operated and occupied for 
more than 12 hours on each weekday. The Intensity of occupancy may vary. 
 
Above Grade Area (AGA): AGA is the cumulative floor area of all the floor levels of 
a building that are above the ground-level. Ground level shall be as defined in the 
building site plan. A floor level is above grade if one-third of the total external surface 
area of only the said floor level is above the ground level. 
 
Addition: It is an extension or increase in floor area or height of a building outside of 
the existing building envelope. 

Alteration: It is any change, rearrangement, replacement, or addition to a building or 
its systems and equipment; any modification in construction or building equipment.

Area weighted average (AWA) method: AWA method is based on the concept of 
weighted arithmetic mean where instead of each data point contributing equally to 
the final mean, each data point contributes more “weight” than others based on the 
size of the area the said data point applies to. To calculate the area-weighted average 
mean, a summation of each data point multiplied with its respective area is divided 
with the total area. 
 
Astronomical time switch: It is an automatic time switch that adjusts the length of the 
day as it varies over the year.

Fenestration:  Fenestration refers to the openings in the building envelope, including 
the installation of windows, doors, and skylights. The process of including these 
openings in the building envelope is known as fenestration.

U- Factor: 'U-Factor" or U-Value", also referred to as the K-Value, is the measurement 
of the thermal conductance of a material that reflects the effectiveness of the material 
to allow the flow of heat.

Solar Heat Gain Coefficient (SHGC): It is the ratio of the solar heat gain entering the 
space through the fenestration area to the incident solar radiation. Solar heat gain 
includes directly transmitted solar heat and absorbed solar radiation, which is then 
reradiated, conducted, or convected into space. 

Class of construction: It is the classification that determines the construction 
materials for the building envelope, roof, wall, floor, slab-on-grade floor, opaque 
door, vertical fenestration, and skylight.

Visual light transmission: It is simply the measurable amount of solar visible light 
(daylight) that travels through a glazing system.

Conduction: Conduction is the heat transfer through a solid medium due to the 
temperature difference. 

Convection: Convection is the heat transfer through a fluid medium such as air or 
water. Convection within the envelope assembly will depend on the temperature 
difference across the surfaces and also the airspeed.
 
Radiation: Radiation is heat transfer through electromagnetic radiation. All bodies 
facing an air space or a vacuum emit and absorb radiant energy continuously. Heat 
transfer by radiation will take place from a warmer surface to a cooler one.

Resistance: It is denoted as R, and is the ability of a material to resist heat flow. It is 
the reciprocal of conductance, (Units are m2 K/W). 

Emittance: It is the ability of a material to re-radiate absorbed heat as invisible 
infrared radiation.  It indicates the ability of a material to lose heat, consequently 
reducing the sensible heat content of the object.

R-value (thermal resistance): It is the reciprocal of the time rate of heat flow through 
a unit area induced by a unit temperature difference between two defined surfaces of 
material or construction under steady-state conditions. The units of R-value are m2.K 
/W.  

Recirculating system: It is a domestic or service hot water distribution system that 
includes a closed circulation circuit designed to maintain temperatures in hot water 
pipes near terminal devices (e.g. lavatory faucets and showerheads) to reduce the 
time required to obtain hot water when the terminal device valve is opened. The 
motive force for circulation is either natural (due to water density variations with 
temperature) or mechanical (recirculation pump).

Reflectance: The ability of a material to reflect radiation without changing the 
temperature of the material.  Surfaces with higher reflectance tend to absorb less heat.
Absorptance: The ability of a material to absorb radiation. This is converted into 
sensible heat within the material, thus raising its temperature.

Projection factor, overhang: It is the ratio of the horizontal depth of the external 
shading projection to the sum of the height of the fenestration and the distance from 
the top of the fenestration to the bottom of the farthest point of the external shading 
projection, in consistent units.

Projection factor, side fin:  It is the ratio of the horizontal depth of the external 
shading projection to the distance from the window jamb to the farthest point of the 
external shading projection, in consistent units.
 
Projection Factor, overhang and side fin: It is the average of projection factor for 
overhang only and projection factor of side fin only.  
  
Ultraviolet: Ultraviolet is electromagnetic radiation with a wavelength from 10 nm to 
400 nm, shorter than that of visible light but longer than X-rays.

Wall Window Ratio: It is the ratio of the window area to the gross exterior wall area.
Skylight roof ratio (SRR): It is the ratio of the area of the skylight in comparison to the 
total roof area.

Renewable Energy Generating Zone: It is a contiguous or semi-contiguous area, 
either on the rooftop or elsewhere within the site boundary, dedicated to the 
installation of renewable energy systems.

Cool roof: It is the roof with a top layer of material that has high solar reflectance and 
high thermal emittance properties. Cool roof surfaces are characterized by light 
colors so that heat can be rejected back to the environment. 

Daylight Extension Factor (DEF): It is the factor which manually calculates the 
daylight area on floor plates. It is to be multiplied by the head height of windows. It 
is dependent on orientation and glazing VLT, shading devices adjacent to it and 
building location.  

Daytime Business Building:  It is the business building operated typically only 
during the daytime on weekdays up to 12 hours each day.  

Effective aperture: It is the multiplication of Visible Light Transmittance and the 
window-to-wall ratio. (EA = VLT x WWR)

Water heater: It is the vessel in which water is heated and withdrawn for use external 
to the system.
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HVAC system: This includes the equipment, distribution systems, and terminal 
devices that provide, either collectively or individually, the processes of heating, 
ventilating, or air conditioning to a building or parts of a building.

Coefficient of Performance (COP) – cooling: It is the ratio of the rate of heat removal 
to the rate of energy input, in consistent units, for a complete refrigerating system or 
some specific portion of that system under designated operating conditions.

Coefficient of Performance (COP) – heating: It is the ratio of the rate of heat 
delivered to the rate of energy input, in consistent units, for a complete heat pump 
system, including the compressor and, if applicable, auxiliary heat, under designated 
operating conditions.

Common area: These are the areas within a building that are available for use by all 
tenants in a building (i.e. lobbies, corridors, restrooms, etc.).

 Mechanical cooling: It reduces the temperature of a gas or a liquid by using vapor 
compression, absorption, and desiccant dehumidification combined with evaporative 
cooling or another energy-driven thermodynamic cycle. Indirect or direct 
evaporative cooling alone is not considered mechanical cooling.

Commercial building: It is a building or a part of building or building complex 
which are used or intended to be used for commercial purposes and classified as per 
the time of the day the building is operational and sub-classified, as per the functional 
requirements of its design, construction, and use as per following details:

Group I – 24 hours building covering Type A Hospitality, Type B Health Care and 
Type C Assembly and, 
Group II – Regular building covering Type D Business, Type E Educational, and Type 
F Shopping Complexes.

Dead band:  It is the range of values within which a sensed variable can vary without 
initiating a change in the controlled process. 

Demand: It is the maximum rate of electricity (kW) consumption recorded for a 
building or facility during a selected time frame.  

Demand control ventilation (DCV):  It is the ventilation system capability that 
provides automatic reduction of outdoor air intake below design rates when the 
actual occupancy of spaces served by the system is less than the design occupancy. 
Design capacity: It is the output capacity of a mechanical or electrical system or 
equipment at design conditions. 

Design conditions: These are specified indoor environmental conditions, such as 
temperature, humidity, and light intensity, required for producing and maintaining 
by a system and under which the system must operate. 

Distribution system: It is a network or a system comprising controlling devices or 
equipment and distribution channels (cables, coils, ducts, pipes, etc.) for delivery of 
electrical power or, cooled or heated water or air in buildings.

Door area: It is the total area of the door measured using the rough opening and 
including the door slab and the frame.

Economizer: an economizer is a mechanical device used to reduce energy 
consumption. Economizers recycle energy produced within a system or leverage 
environmental temperature differences to achieve efficiency improvements.

Economizer, air: It is a duct and damper arrangement with automatic controls that 
allow a cooling system to supply outdoor air to reduce or eliminate the need for 
mechanical cooling during mild or cold weather.

Economizer, water: It is a system by which the supply air of a cooling system is 
cooled indirectly with water that is itself cooled by heat or mass transfer to the 
environment without the use of mechanical cooling.

Mixed-mode air-conditioned building: It is the building in which natural ventilation 
is employed as the primary mode of ventilation, and air conditioning is deployed as 
and when required. 
 
Mixed-use development: It is a single building or a group of buildings used for a 
combination of residential, commercial, business, educational, hospitality and 
assembly purposes. 

Air conditioning and condensing units serving computer rooms: It is the air 
conditioning equipment that provides cooling by maintaining space temperature and 
humidity within a narrow range. Its major application is in data centers where 
dissipating heat generated by equipment takes precedence over comfort cooling for 
occupants.

Relative Humidity: Relative humidity is the ratio of the partial pressure of water 
vapor in the air (which is related to the actual amount present) divided by the vapor 
pressure of water at that same temperature (which is related to the maximum amount 
of water vapor that the air can hold at that temperature).

Thermal Comfort: Thermal comfort is a condition of mind/body that expresses 
satisfaction with the thermal environment. Due to its subjectivity, thermal comfort 
may be different for individuals. Thermal comfort is maintained when the heat 
generated by the human metabolism is allowed to dissipate at a rate that maintains 
thermal equilibrium in the body.

Natural Ventilation: It is the ventilation done by pressure difference air always flows 
from high pressure to low pressure.

Mechanical Ventilation: It is a type of ventilation in which we use mechanical 
equipment for creating pressure difference for the flow of air.

Mixed Mode Ventilation: In this type of ventilation both natural and mechanical 
type of ventilation is used. 

Coefficient of performance: It is the ratio of the desired effect to work input in a 
refrigerator or a heat pump.

Chiller: A chiller is a machine that removes heat from a liquid via a 
vapor-compression or absorption refrigeration cycle. 

Variable refrigerant flows: The main compressor which pumps refrigerant around 
can run at various speeds (steeples), thereby continuously increasing (or decreasing) 
flow of refrigerant based on demand during various hours/minutes of usage. This is 
known as variable refrigerant flow, or VRV (variable refrigerant volume).

Air Conditioning: Air conditioning refers to the process of controlling the 
temperature and humidity of the air to suit the needs of the occupants or an industrial 
process.

Unitary air conditioning system:  The working of the window air conditioner is to 
cool only one particular room, commonly known as the "unitary unit”. This type of ac 
is installed in the window of a room. It will cool a room by emitting the warm air out 
the back of it and blowing cool air into it.

Split Air Conditioning System: Central HVAC systems are regularly referred to as a 
“split” system due to the simple fact that some of the components are installed inside 
the home and some of the components are installed outside a home.

Packaged air conditioning System: This type of unit is perfect for cooling multiple 
rooms or a large space in a home or office. All the components, namely the 
compressor, condenser (which can be air-cooled or water-cooled), expansion valve 
and evaporator are housed in a single box.

Cooling capacity: Cooling capacity is the measure of a cooling system's ability to 
remove heat. 

Thermostat: Thermostat is a control that tells the heating and the cooling system when 
to heat or cool or do nothing.

Variable speed drive: It is used for varying the speed of an induction motor by 
changing the motor's input supply frequency and voltage, keeping the flux constant. 
Throttle: Throttle is a device that controls the engine RPM by directly controlling the 
amount of air going in.

Terminal device: It is a device through which heated or cooled air is supplied to a 
space to maintain its temperature. It usually contains dampers and heating and 
cooling coils. In other words, it is a device by which energy from a system is finally 
delivered (e.g. registers, diffusers, lighting fixtures, faucets, etc.). 

Theatre or motion picture hall (Type of Assembly): It is any building primarily 
meant for theatrical or operatic performances and which has a stage, proscenium 
curtain, fixed or portable scenery or scenery loft, lights, mechanical appliances or 
other theatrical accessories and equipment. For example, theatres, motion picture 
houses, auditoria, concert halls, television and radio studios admit an audience, which 
is provided with fixed seats. 

Thermal block: It is a collection of one or more HVAC zones grouped for simulation 
purposes. The spaces need not be contiguous to be combined within a single thermal 
block. 

Thermal comfort conditions: These are the conditions that influence the thermal 
comfort of occupants. Environmental conditions that influence thermal comfort are air 
and radiant temperature, humidity, and airspeed.

Sensible cooling: It is the portion of the cooling process that affects only the 
temperature of the air, without changing the humidity.
 
Dampers: Dampers are devices that regulate the airflow in an air handling system.  
Backdraft Dampers: Backdraft dampers (also known as gravity dampers) are used in 
ventilation systems to allow airflow in one direction, and prevent airflow in the 
opposite direction.

Tinted: It is (as applied to fenestration) bronze, green, or grey coloring that is integral 
with the glazing material. Tinting does not include surface applied films such as 
reflective coatings, applied either in the field or during the manufacturing process.
Insulation: Insulation is defined as the material used to insulate something, especially 
a building. Insulation is material used that reduces heat loss or heat gain by providing 
a barrier between the inside of a home or any building and the significantly different 
temperature outside.

Refrigerant: A refrigerant is a compound or a mixture (usually in a fluid state in room 
temperature) used to pump heat from one system to another.
Register: Register is an air inlet with a balancing damper behind it, so the airflow 
quantity can be adjusted. 

Grille: A grille is just a fancy hole cover over an air inlet with slotted openings for 
airflow but with no balancing capability. 

 Diffuser: It is a device that's used to increase the static pressure of the fluid that passes 
through the system, and also reduces the velocity of the fluid.

Condenser: A condenser is a device or unit which is used to condense a substance 
from its gaseous to its liquid state.

Impeller: It is a rotating part of a machine that transfers energy.

Evaporation: Evaporation involves a liquid changing to a gas.

Passive solar heating: It uses the sun's energy to heat a building. The windows, walls, 
and floors can be designed to collect, store, and distribute solar energy in the form of 
heat in the winter (and also to reject solar heat in the summer). 

Active Solar Heating: Active solar heating systems use solar energy to heat a fluid 
(either liquid or air), and then transfer the solar heat directly to the interior space or a 
storage system for later use. 

Sensor: A sensor is a device that detects and responds to some type of input from the 
physical environment.

Actuators: An actuator is something that converts energy into motion.

Compressor:  A compressor is a mechanical device that increases the pressure of a gas 
by reducing its volume.  

Hydronic Balancing: Hydronic balancing, also called hydraulic balancing, is the 
process of optimizing the distribution of water in a building's hydronic heating or 
cooling system by equalizing the system pressure so it provides the intended indoor 
climate at optimum energy efficiency and minimal operating cost.

Variable flow hydronic system: A common method of regulating the heating or 
cooling output of hydronic air handlers and other types of HVAC terminal units is to 
vary the water flow rate through their coils. This is known as a variable flow hydronic 
system.

 Heat pump: It is a device that transfers heat from a colder area to a hotter area by 
using mechanical energy, as in a refrigerator.

Boiler: A boiler is a closed vessel in which fluid (generally water) is heated.  
Evaporative cooling: Evaporative cooling is a process that uses the effect of 
evaporation to cool the surrounding air.
 
Desiccant cooling system: Desiccant is used for the absorption of moisture. Generally 
activated alumina or some other hygroscopic materials are used in the process.
 
Trigeneration: Cogeneration or combined heat and power (CHP) is the use of a heat 
engine or power station to generate electricity and useful heat at the same time.
 
Radiant Cooling System: Radiant cooling cools a floor or ceiling by absorbing the 
heat from the rest of the room.

Ground source heat pump: A geothermal heat pump (GHP) or ground source heat 
pump (GSHP) is a central heating and/or cooling system that transfers heat to or from 
the ground. 
 
Adiabatic Cooling system: An adiabatic process is the one that occurs on a system 
without the system transferring or receiving any heat energy from the surroundings.
  
Earth air tunnel: Earth air tunnel or earth air heat exchanger is a pre-cooling or 
pre-heating system which consists of a pipe or network of pipes buried at a reasonable 
depth below the ground surface. 

Energy Efficiency Ratio (EER): The ratio of net cooling capacity in kW to the total rate 
of electric input in watts under design operating conditions.

Energy Recovery System: It is the equipment that recovers energy from building or 
space exhaust air and uses it to treat (pre-heat or pre-cool) outdoor air taken inside the 
building or space by ventilation systems.
 
Fan system power: It is the sum of the nominal power demand of motors of all fans 
that are required to operate at design conditions to supply air from the heating or 
cooling source to the conditioned space(s) and return it to the point where it can be 
exhausted to outside the building.

Heat capacity: It is the amount of heat necessary to raise the temperature of a given 
mass by 1°C. Numerically, the heat capacity per unit area of the surface (W/m2.K) is 
the sum of the products of the mass per unit area of each material in the roof, wall, or 
floor surface multiplied by its specific heat.

Infiltration: Uncontrolled inward air leakage through cracks and crevices in external 
surfaces of buildings, around windows and doors due to pressure differences across 
these caused by factors such as wind or indoor and outside temperature differences 
(stack effect), an imbalance between supply and exhaust air systems. 

Variable Air Volume (VAV) system: It is the HVAC system that controls the dry-bulb 
temperature within a space by varying the volumetric flow of heated or cooled air 
supplied to space. 

Vegetative roofs: Also known as green roofs, the vegetative roofs are thin layers of 
living vegetation installed on top of conventional flat or sloping roofs. 

Vision Windows: These are the windows or areas of large windows that are primarily 
for both daylight and exterior views. Typically, their placement in the wall is between 
1 meter and 2.2 meters above the floor level.

Wall area, gross: It is the overall area of a wall including openings such as windows 
and doors measured horizontally from outside surface to outside service and 
measured vertically from the top of the floor to the top of the roof. If roof insulation is 
installed at the ceiling level rather than the roof, then the vertical measurement is 
made to the top of the ceiling. The gross wall area includes the area between the ceiling 
and the floor for multi-story buildings. 
 
Zone, HVAC: It is a space or a group of spaces within a building with heating and 
cooling requirements that are sufficiently similar so that desired conditions (e.g., 
temperature) can be maintained throughout using a single sensor (e.g., thermostat or 
temperature sensor).

CHAPTER-6

Efficacy: It is the lumens produced by a lamp plus ballast system divided by the total 
watts of input power (including the ballast), expressed in lumens per watt

Luminous flux: Luminous flux (Φ) is the quantity of the energy of the light emitted per 
second in all directions. Its unit is lumen (lm).

Luminous intensity: Luminous intensity (I) is the ability to emit light into a given 
direction, or it is the luminous flux that is radiated by the light source in a given 
direction within the unit of the spatial angel.  Its unit is candela.

Illuminance: Illuminance (E) is the total luminous flux incident on a surface, per unit 
area. Its unit is candela /m.

Luminance: Luminance (L) is the luminous intensity emitted by the surface area of 1 
cm² (or 1 m²) of the light source. Its unit is lux (lx).

Labeled: Equipment or materials to which a symbol or other identifying mark has 
been attached by the manufacturer indicating compliance with specified standard or 
performance in a specified manner. This mark is known as a label. 

Lamp: It is a generic term for man-made light sources often called bulb or tube.

Lighted floor area, gross: It is the gross area of lighted floor spaces. 

Lighting, emergency: It is the battery-backed lighting that provides illumination only 
when there is a power outage and general lighting luminaires are unable to function.
  
Lighting, general: It is the lighting that provides a substantially uniform level of 
illumination throughout an area. General lighting shall not include decorative lighting 
or lighting that provides a dissimilar level of illumination to serve a specialized 
application or feature within such area. 

Lighting system: It is a group of luminaires circuited or controlled to perform a 
specific function.

Occupant sensor: It is a device that detects the presence or absence of people within 
an area and causes lighting, equipment, or appliances to be dimmed, or switched on 
or off accordingly.

Lighting power allowance: 
a) Interior lighting power allowance: the maximum lighting power in watts 
allowed for the interior of a building 
b) Exterior lighting power allowance: the maximum lighting power in watts 
allowed for the exterior of a building

Lighting Power Density (LPD): It is the maximum lighting power per unit area of 
space as per its function or building as per its classification.

Low energy comfort systems: These are the space conditioning or ventilation systems 
that are less energy-intensive than vapor compression based space condition systems.
These primarily employ alternate heat transfer methods or materials (adiabatic 
cooling, radiation, desiccant, etc.), or renewable sources of energy (solar energy, 
geo-thermal) so that minimal electrical energy input is required to deliver heating or 
cooling to spaces.

Luminaires: It is a complete lighting unit consisting of a lamp or lamps together with 
the housing designed to distribute the light, position and protect the lamps, and 
connect the lamps to the power supply.

Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.
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Connected load: It is the sum of the rated wattage of all equipment, appliances, and 
devices to be installed in the building or part of building or building complexes, in 
terms of kilowatt (kW) that will be allocated to all applicants for electric power 
consumption in respect of the proposed building or building complexes on their 
completion.

Contract Demand: It is the maximum demand in kilowatt (kW) or kilo Volt Ampere 
(kVA) (within a consumer’s sanctioned load) agreed to be supplied by the electricity 
provider or utility in the agreement executed between the users and the utility or 
electricity provider.

Mean temperature: It is the average of the minimum daily temperature and 
maximum daily temperature. 

Metering: It is the practice of installing meters in buildings to acquire data for energy 
consumption and other operational characteristics of individual equipments or 
several types of equipment grouped on basis of their function (lighting, appliances, 
chillers, etc.). Metering is done in buildings to monitor their energy performance.

Transformer: Transformer is a device used to transform high voltage to low voltage, 
and vice versa. 

Manufacturing processes: These are the processes through which raw material is 
converted into finished goods for commercial sale using machines, labor, chemical or 
biological processes, etc.

Manual (non-automatic): It requires personal intervention for control. Non-automatic 
does not necessarily imply a manual controller, only that personal intervention is 
necessary. 

Alternating Current: This means that the direction of current flowing in a circuit is 
constantly being reversed back and forth. 
 
Direct Current (DC): It is the flow of electrical charge in the same direction. 
Conductor: It is a substance in which electrical charge carriers, usually electrons, move 
easily from atom to atom with the application of voltage. 

Full load: A full load current is the largest current that a motor or other device is 
designed to carry under particular conditions.

Dry-type transformer: A dry-type transformer is a type of transformer that never uses 
any insulating liquid where its winding or core is immersed in liquid. 
  
Oil type transformer: It is a transformer where the magnetic circuit and windings are 
immersed in oil.

Three-phase induction motor: Three-phase induction motor does not require an 
additional starting device. These types of motors are also known as self-starting 
induction motors.

Stress: Stress is the internal forces per unit area developed in an object subjected to an 
external force.

Peak Load: Peak load is the time of high demand.

Power Factor: The power factor is the ratio between real power and Apparent Power. 
Inductive Current: It resists changes in current and lags the voltage while measuring 
current. 

Reactive power: Reactive power occurs in an AC circuit when the voltage and current 
are not in phase.
 
Overcurrent: It is any current over the rated current of the equipment of the capacity 
of the conductor. It may result from overload, short circuit, or ground fault.

Fossil fuels: Fossil fuels are hydrocarbons, primarily coal, fuel oil or natural gas, 
formed from the remains of dead plants and animals.

Greenhouse gases: Greenhouse gases are those gases that trap the infrared rays of the 
sun from entering the atmosphere and in turn, they raise the temperature of the 
atmosphere which leads to global warming. 

Hydroelectric energy: Hydroelectric energy means electric energy coming from 
sources that convert energy (potential or kinetic) of water to electrical energy.

Bioenergy: Bioenergy is the renewable energy created by living organisms. Biomass is 
an organic material which has stored sunlight in the form of chemical energy.

Geothermal energy: Geothermal energy is an energy source derived from the heat of 
the earth. The heat must be near the surface so it can be extracted. 
 
Total harmonic distortion: The total harmonic distortion is the ratio of voltage in the 
harmonic frequencies to the principle frequency. 

Photovoltaic: Photovoltaic means 'voltage from light' and refers to a solid-state 
semiconductor device, aka solar cell that produces a potential difference (voltage) and 
current of electrons (electricity) when exposed to light.

Kilovolt-ampere (kVA): It is the product of the line current (amperes) times the 
nominal system voltage (kilovolts) times 1.732 for three-phase currents. For 
single-phase applications, kVA is the product of the line current (amperes) times the 
nominal system voltage (kilovolts). 

Kilowatt (kW): It is the basic unit of electric power, equal to 1000 W.

Party wall: It is a firewall on an interior lot line used or adapted for joint service 
between two buildings. 

Permanently installed: It is the equipment that is fixed in place and is not portable or 
movable. 

Plenum: It is a compartment or chamber to which one or more ducts are connected, 
which forms a part of the air distribution system, and that is not used for occupancy 
or storage.  

Plug loads: It is the energy used by products that are powered using an AC plug. This 
term excludes building energy that is attributed to major end uses like HVAC, 
lighting, water heating, etc. 

Pool: It is any structure, basin, or tank containing an artificial body of water for 
swimming, diving, or recreational bathing. The term includes, but is not limited to, 
swimming pool, whirlpool, spa, hot tub.

Process load: It is the building loads resulting from the consumption or release of 
energy due to industrial processes or processes other than those for providing space 
conditioning, lighting, ventilation, or service hot water heating.

Transformer losses: These are electrical losses in a transformer that reduces its 
efficiency.  

Transport Buildings (Assembly): It is any building or structure used for 
transportation and transit like airports, railway stations, bus stations, and 
underground and elevated mass rapid transit system example, underground or 
elevated railways.

CHAPTER-8  

Window Wall ratio: The window-to-wall ratio is the measure of the percentage area 
determined by dividing the building's total glazed area by its exterior envelope wall 
area.
 
Skylight Roof ratio: The skylight roof ratio (SRR) is the ratio of the area of the skylight 
in comparison to the total roof area. 
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Acid Rain: It is made up of water droplets that are unusually acidic because of 
atmospheric pollution, most notably the excessive amounts of sulfur and nitrogen 
released by cars and industrial processes.

Retrofitting: Retrofitting is a method of modifying existing structures with new 
components to resist the earthquake load or any other loads. 
Sustainability: Sustainability means meeting one’s own needs without compromising 
the ability of future gener.

ABREVIATIONS

1. TOE  Tons of Oil Equivalent
2. MOP  Ministry of Power 
3. CAGR  Compound Annual Growth Rate 
4. TEDDY TERI Energy & Environment Data Diary and Yearbook
5. GW  Giga Watt
6. MW  Mega Watt
7. KWh  Kilowatt Hour 
8. EBP  Ethanol Blending Petrol 
9. HPCL  Hindustan Petroleum Corporation Limited   
10. MTPA  Million Tons Per Annum 
11. ECBC  Energy Conservation Building Code 
12. BEE  Bureau of Energy Efficiency
13. USAID  United States Agency for International Development
14. PEDA  Punjab Energy Development Agency 
15. SDA  State Designated Agency 
16. EPI  Energy Performance Index
17. GHG  Greenhouse Gas
18. HVAC  Heating, Ventilation and Air Conditioning
19. IAQ  Indoor Air Quality
20. AAC  Autoclave Aerated Concrete
21. XPS  Extruded Polystyrene Insulation 
22. EPS  Expanded Polystyrene Insulation    
23. NBC  National Building Code
24. UPVC  Unplasticised Polyvinyl Chloride
25. PVC  Polyvinyl Chloride
26. SRI  Solar Reflective Index
27. SEER  Seasonal Energy Efficiency Ratio
28. BTU  British Thermal Units 
29. EER  Energy Efficiency Ratio 
30. HSPF  Heating Seasonal Performance Factor 
31. VFD  Variable Frequency Drive
32. WBP  Whole Building Performance Method
33. AGA  Above Grade Area 
34. NMEEE National Mission for Enhanced Energy Efficiency 
35. NAPCC National Action Plan on Climate Change 
36. PAT  Plan, Achieve and Trade Scheme 
37. MTEE  Market Transformation for Energy Efficiency 
38. EEFP  Energy Efficiency Financing Program
39. FEEED  Framework for Energy Efficiency Economic Development 
40. DSM  Demand Side Management 
41. ULB  Urban Local Bodies 
42. SMEs  Small and Medium Size Enterprises 
43. MSMEs Ministry of Micro, Small and Medium Enterprises. 
44. EC ACT Energy Conservation Act 

45. LED  Light Emitting Diode 
46. PWD  Public Work Department
47. ISO  International Organization of Standardization. 
48. SHGC  Solar Heat Gain Coefficient
49. SC  Shading Coefficient 
50. UDI  Useful Daylight Illumination 
51. VLT  Visual Light Transmission 
52. IST  India Standard Time
53. DEF  Daylight Extent Factors. 
54. ASTM  American Society for Testing and Materials
55. EPDM  Ethylene Propylene Diane Monomer 
56. WWR  Wall – Window Ratio 
57. EPF  Envelope Performance Factor 
58. VOC  Volatile Organic Compound 
59. DCV  Demand Control Ventilation 
60. COP  Coefficient of Performance 
61. IPLV  Integrated Part Load Value 
62. VRF  Variable Refrigerant Flow 
63. ANSI  American National Standards Institute
64. AHRI  Air Conditioning, Heating and Refrigeration Institute. 
65. IEER  Integrated Energy Efficiency Ratio 
66. PLC  Programmable Logic Control 
67. VAV  Variable Air Volume 
68. AC  Alternating Current 
69. DC   Direct Current 
70. CT  Current Transformer
71. PT  Potential Transformer 
72. DG  Diesel Generators
73. SFC  Specific Fuel Consumption 
74. THD  Total Harmonic Distortion 
75. UPS  Uninterruptible Power Supply 
76. REGZ  Renewable Energy Generating Zone 
77. WBP  Whole Building performance 
78. LEED  Leadership in Energy and Environmental Design 
79. GRIHA Green Rating Integrated Habitat Assessment 
80. APFC  Automatic Power Factor Controller 
81. PV  Photovoltaic Devices 
82. GHG  Greenhouse Gases 
83. USGBC U.S. Green Building Council
84. HID  High intensity Discharge 
85. BUA  Built-Up Area 
86. CFL  Compact Fluorescent Light
87. Wh  Watthour
88. W  Watt
89. TR  Tons of refrigeration  
90. Pa  Pascal  



Certain terms, abbreviations, and acronyms are defined in this section for this code. 
These definitions apply to all sections of this code. Terms that are not defined shall 
have their ordinarily accepted meanings within the context in which they are used.
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Biomass: Biomass is any mass, even waste/ refuses from plant or animal origin.
Bagasse: Bagasse is a sugarcane fibre pulp left after the juice has been extracted from 
the sugarcane stable. It is estimated that bagasse contributes to 33.3% residue of the 
total cane crushed.
 
Façade: Façade is the principal front of a building that faces on to a street or open 
space.

CHAPTER-2

Net Zero Building: A zero net energy building is designed to ensure zero net 
consumption, which means the total amount of energy consumed by the building 
annually should equal the amount of renewable energy created on-site.
Building envelope: It is a physical separator comprised of a series of components and 
systems that protect the interior space of a building from the effects of the external 
environment, like precipitation, wind, temperature, humidity, ultraviolet radiation, 
etc. 

Dehumidification: Dehumidification is a process of removal of moisture from the air 
in a conditioned room.

Humidity:  Humidity is the percentage of water vapor in the air. 
Fly Ash: Fly ash, also known as pulverized fuel ash, is a by-product obtained from 
coal-fired electric power plants.

Thermal Conductivity: Thermal conductivity is the ability of a material to conduct 
heat through it.

Ventilation: Ventilation is the process of replacing air to provide maximum indoor 
air quality to control temperature, remove odors, replenish oxygen, and remove 
moisture, smoke, heat, dust, carbon dioxide and airborne bacteria from the indoor 
space.

Durability: A durable material is not easily destroyed by use and lasts for a relatively 
long duration. 
 
Efflorescence: Efflorescence is a crystalline deposit on surfaces of masonry, stucco or 
concrete.
 
Urban Heat Island Effect: The heat island effect is named for an urban area that is 
considerably warmer than the surrounding, natural and rural lands. This effect 
happens because of the materials used in construction for building, together with 
energy emissions from transportation (cars) and industry.

Solar Reflective index: The Solar Reflective Index (SRI) is a measure of the solar 
reflectance and emissivity of materials that can be used as an indicator of how hot 
they are likely to become when solar radiation is incident on their surface.
Thermal Emissivity: The thermal emissivity of the surface of a material is its 
effectiveness in emitting energy as thermal radiation.

Incandescent: This type of light bulb is called an incandescent bulb because its 
filament is heated until it gives off light.

Seasonal Energy Efficiency Ratio:  It is the ratio of the total annual amount of heat 
that the equipment can remove from the indoor air when operated for cooling in 
active mode to the total annual amount of energy consumed by the equipment during 
the same period.

Energy Efficiency Ratio: A room air conditioner's efficiency is measured by the 
energy efficiency ratio (EER). The EER is the ratio of the cooling capacity (in British 
thermal units (BTUs) per hour to the power input (in watts). The higher the EER 
rating, the more efficient the air conditioner.

Heating seasonal performance factor: Heating seasonal performance factor (HSPF) 
is specifically used to measure the efficiency of air-source heat pumps. HSPF is 
defined as the ratio of heat output (measured in BTUs) over the heating season to 
electricity used (measured in watt-hours). 
                                                                                  
Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.

Out-patient Healthcare (Type of Healthcare): It is any building or a group of 
buildings under a single management, which is used only for treating persons 
requiring treatment or diagnosis of disease but not requiring overnight or longer 
accommodation in the building during treatment or diagnosis.

CHAPTER-3

Energy Performance Index: Energy Performance Index (EPI) is the total energy 
consumed in a building over a year divided by total built-up area in kWh/sq m/year 
and is considered as the simplest and most relevant indicator for qualifying a 
building as energy-efficient or not.

Compliance documents: These are the forms specified in ECBC Rules and 
Regulations to record and check compliance with these rules. These include but are 
not limited to EPI Ratio Compliance Report, Building Envelope Compliance Form, 
Mechanical Systems Compliance Form, and Permit Checklist, Lighting System 
Compliance Form and Permit Checklist and certificates from Certified Energy 
Auditor for existing or proposed buildings.

Cumulative design EPI: It is the Energy Performance Index for a building having two 
or more different functional uses, and is calculated based on the area-weighted 
average (AWA) method.
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Building or building complex or complex:  A structure wholly or partially enclosed 
within the exterior walls, or within exterior and party walls, and a roof, affording 
shelter to persons, animals, or property. Building complex means a building or group 
of buildings constructed in a contiguous area for business, commercial, institutional, 
healthcare, hospitality purposes or assembly buildings under the single ownership of 
individuals or group of individuals or the name of a co-operative group society or on 
lease and sold as shops or office space or space for other commercial purposes, 
having a connected load of 100 kW or contract demand of 120 kVA and above.

Building, base: It includes building structure, building envelope, common areas, 
circulation areas, parking, basements, services area, plant room and its supporting 
areas, and open project site area.

Building, core, and shell: These are buildings where the developer or owner will 
only provide the base building and its services.

24-hour Business Building: These are business building operated and occupied for 
more than 12 hours on each weekday. The Intensity of occupancy may vary. 
 
Above Grade Area (AGA): AGA is the cumulative floor area of all the floor levels of 
a building that are above the ground-level. Ground level shall be as defined in the 
building site plan. A floor level is above grade if one-third of the total external surface 
area of only the said floor level is above the ground level. 
 
Addition: It is an extension or increase in floor area or height of a building outside of 
the existing building envelope. 

Alteration: It is any change, rearrangement, replacement, or addition to a building or 
its systems and equipment; any modification in construction or building equipment.

Area weighted average (AWA) method: AWA method is based on the concept of 
weighted arithmetic mean where instead of each data point contributing equally to 
the final mean, each data point contributes more “weight” than others based on the 
size of the area the said data point applies to. To calculate the area-weighted average 
mean, a summation of each data point multiplied with its respective area is divided 
with the total area. 
 
Astronomical time switch: It is an automatic time switch that adjusts the length of the 
day as it varies over the year.

Fenestration:  Fenestration refers to the openings in the building envelope, including 
the installation of windows, doors, and skylights. The process of including these 
openings in the building envelope is known as fenestration.

U- Factor: 'U-Factor" or U-Value", also referred to as the K-Value, is the measurement 
of the thermal conductance of a material that reflects the effectiveness of the material 
to allow the flow of heat.

Solar Heat Gain Coefficient (SHGC): It is the ratio of the solar heat gain entering the 
space through the fenestration area to the incident solar radiation. Solar heat gain 
includes directly transmitted solar heat and absorbed solar radiation, which is then 
reradiated, conducted, or convected into space. 

Class of construction: It is the classification that determines the construction 
materials for the building envelope, roof, wall, floor, slab-on-grade floor, opaque 
door, vertical fenestration, and skylight.

Visual light transmission: It is simply the measurable amount of solar visible light 
(daylight) that travels through a glazing system.

Conduction: Conduction is the heat transfer through a solid medium due to the 
temperature difference. 

Convection: Convection is the heat transfer through a fluid medium such as air or 
water. Convection within the envelope assembly will depend on the temperature 
difference across the surfaces and also the airspeed.
 
Radiation: Radiation is heat transfer through electromagnetic radiation. All bodies 
facing an air space or a vacuum emit and absorb radiant energy continuously. Heat 
transfer by radiation will take place from a warmer surface to a cooler one.

Resistance: It is denoted as R, and is the ability of a material to resist heat flow. It is 
the reciprocal of conductance, (Units are m2 K/W). 

Emittance: It is the ability of a material to re-radiate absorbed heat as invisible 
infrared radiation.  It indicates the ability of a material to lose heat, consequently 
reducing the sensible heat content of the object.

R-value (thermal resistance): It is the reciprocal of the time rate of heat flow through 
a unit area induced by a unit temperature difference between two defined surfaces of 
material or construction under steady-state conditions. The units of R-value are m2.K 
/W.  

Recirculating system: It is a domestic or service hot water distribution system that 
includes a closed circulation circuit designed to maintain temperatures in hot water 
pipes near terminal devices (e.g. lavatory faucets and showerheads) to reduce the 
time required to obtain hot water when the terminal device valve is opened. The 
motive force for circulation is either natural (due to water density variations with 
temperature) or mechanical (recirculation pump).

Reflectance: The ability of a material to reflect radiation without changing the 
temperature of the material.  Surfaces with higher reflectance tend to absorb less heat.
Absorptance: The ability of a material to absorb radiation. This is converted into 
sensible heat within the material, thus raising its temperature.

Projection factor, overhang: It is the ratio of the horizontal depth of the external 
shading projection to the sum of the height of the fenestration and the distance from 
the top of the fenestration to the bottom of the farthest point of the external shading 
projection, in consistent units.

Projection factor, side fin:  It is the ratio of the horizontal depth of the external 
shading projection to the distance from the window jamb to the farthest point of the 
external shading projection, in consistent units.
 
Projection Factor, overhang and side fin: It is the average of projection factor for 
overhang only and projection factor of side fin only.  
  
Ultraviolet: Ultraviolet is electromagnetic radiation with a wavelength from 10 nm to 
400 nm, shorter than that of visible light but longer than X-rays.

Wall Window Ratio: It is the ratio of the window area to the gross exterior wall area.
Skylight roof ratio (SRR): It is the ratio of the area of the skylight in comparison to the 
total roof area.

Renewable Energy Generating Zone: It is a contiguous or semi-contiguous area, 
either on the rooftop or elsewhere within the site boundary, dedicated to the 
installation of renewable energy systems.

Cool roof: It is the roof with a top layer of material that has high solar reflectance and 
high thermal emittance properties. Cool roof surfaces are characterized by light 
colors so that heat can be rejected back to the environment. 

Daylight Extension Factor (DEF): It is the factor which manually calculates the 
daylight area on floor plates. It is to be multiplied by the head height of windows. It 
is dependent on orientation and glazing VLT, shading devices adjacent to it and 
building location.  

Daytime Business Building:  It is the business building operated typically only 
during the daytime on weekdays up to 12 hours each day.  

Effective aperture: It is the multiplication of Visible Light Transmittance and the 
window-to-wall ratio. (EA = VLT x WWR)

Water heater: It is the vessel in which water is heated and withdrawn for use external 
to the system.

CHAPTER-5 

HVAC system: This includes the equipment, distribution systems, and terminal 
devices that provide, either collectively or individually, the processes of heating, 
ventilating, or air conditioning to a building or parts of a building.

Coefficient of Performance (COP) – cooling: It is the ratio of the rate of heat removal 
to the rate of energy input, in consistent units, for a complete refrigerating system or 
some specific portion of that system under designated operating conditions.

Coefficient of Performance (COP) – heating: It is the ratio of the rate of heat 
delivered to the rate of energy input, in consistent units, for a complete heat pump 
system, including the compressor and, if applicable, auxiliary heat, under designated 
operating conditions.

Common area: These are the areas within a building that are available for use by all 
tenants in a building (i.e. lobbies, corridors, restrooms, etc.).

 Mechanical cooling: It reduces the temperature of a gas or a liquid by using vapor 
compression, absorption, and desiccant dehumidification combined with evaporative 
cooling or another energy-driven thermodynamic cycle. Indirect or direct 
evaporative cooling alone is not considered mechanical cooling.

Commercial building: It is a building or a part of building or building complex 
which are used or intended to be used for commercial purposes and classified as per 
the time of the day the building is operational and sub-classified, as per the functional 
requirements of its design, construction, and use as per following details:

Group I – 24 hours building covering Type A Hospitality, Type B Health Care and 
Type C Assembly and, 
Group II – Regular building covering Type D Business, Type E Educational, and Type 
F Shopping Complexes.

Dead band:  It is the range of values within which a sensed variable can vary without 
initiating a change in the controlled process. 

Demand: It is the maximum rate of electricity (kW) consumption recorded for a 
building or facility during a selected time frame.  

Demand control ventilation (DCV):  It is the ventilation system capability that 
provides automatic reduction of outdoor air intake below design rates when the 
actual occupancy of spaces served by the system is less than the design occupancy. 
Design capacity: It is the output capacity of a mechanical or electrical system or 
equipment at design conditions. 

Design conditions: These are specified indoor environmental conditions, such as 
temperature, humidity, and light intensity, required for producing and maintaining 
by a system and under which the system must operate. 

Distribution system: It is a network or a system comprising controlling devices or 
equipment and distribution channels (cables, coils, ducts, pipes, etc.) for delivery of 
electrical power or, cooled or heated water or air in buildings.

Door area: It is the total area of the door measured using the rough opening and 
including the door slab and the frame.

Economizer: an economizer is a mechanical device used to reduce energy 
consumption. Economizers recycle energy produced within a system or leverage 
environmental temperature differences to achieve efficiency improvements.

Economizer, air: It is a duct and damper arrangement with automatic controls that 
allow a cooling system to supply outdoor air to reduce or eliminate the need for 
mechanical cooling during mild or cold weather.

Economizer, water: It is a system by which the supply air of a cooling system is 
cooled indirectly with water that is itself cooled by heat or mass transfer to the 
environment without the use of mechanical cooling.

Mixed-mode air-conditioned building: It is the building in which natural ventilation 
is employed as the primary mode of ventilation, and air conditioning is deployed as 
and when required. 
 
Mixed-use development: It is a single building or a group of buildings used for a 
combination of residential, commercial, business, educational, hospitality and 
assembly purposes. 

Air conditioning and condensing units serving computer rooms: It is the air 
conditioning equipment that provides cooling by maintaining space temperature and 
humidity within a narrow range. Its major application is in data centers where 
dissipating heat generated by equipment takes precedence over comfort cooling for 
occupants.

Relative Humidity: Relative humidity is the ratio of the partial pressure of water 
vapor in the air (which is related to the actual amount present) divided by the vapor 
pressure of water at that same temperature (which is related to the maximum amount 
of water vapor that the air can hold at that temperature).

Thermal Comfort: Thermal comfort is a condition of mind/body that expresses 
satisfaction with the thermal environment. Due to its subjectivity, thermal comfort 
may be different for individuals. Thermal comfort is maintained when the heat 
generated by the human metabolism is allowed to dissipate at a rate that maintains 
thermal equilibrium in the body.

Natural Ventilation: It is the ventilation done by pressure difference air always flows 
from high pressure to low pressure.

Mechanical Ventilation: It is a type of ventilation in which we use mechanical 
equipment for creating pressure difference for the flow of air.

Mixed Mode Ventilation: In this type of ventilation both natural and mechanical 
type of ventilation is used. 

Coefficient of performance: It is the ratio of the desired effect to work input in a 
refrigerator or a heat pump.

Chiller: A chiller is a machine that removes heat from a liquid via a 
vapor-compression or absorption refrigeration cycle. 

Variable refrigerant flows: The main compressor which pumps refrigerant around 
can run at various speeds (steeples), thereby continuously increasing (or decreasing) 
flow of refrigerant based on demand during various hours/minutes of usage. This is 
known as variable refrigerant flow, or VRV (variable refrigerant volume).

Air Conditioning: Air conditioning refers to the process of controlling the 
temperature and humidity of the air to suit the needs of the occupants or an industrial 
process.

Unitary air conditioning system:  The working of the window air conditioner is to 
cool only one particular room, commonly known as the "unitary unit”. This type of ac 
is installed in the window of a room. It will cool a room by emitting the warm air out 
the back of it and blowing cool air into it.

Split Air Conditioning System: Central HVAC systems are regularly referred to as a 
“split” system due to the simple fact that some of the components are installed inside 
the home and some of the components are installed outside a home.

Packaged air conditioning System: This type of unit is perfect for cooling multiple 
rooms or a large space in a home or office. All the components, namely the 
compressor, condenser (which can be air-cooled or water-cooled), expansion valve 
and evaporator are housed in a single box.

Cooling capacity: Cooling capacity is the measure of a cooling system's ability to 
remove heat. 

Thermostat: Thermostat is a control that tells the heating and the cooling system when 
to heat or cool or do nothing.

Variable speed drive: It is used for varying the speed of an induction motor by 
changing the motor's input supply frequency and voltage, keeping the flux constant. 
Throttle: Throttle is a device that controls the engine RPM by directly controlling the 
amount of air going in.

Terminal device: It is a device through which heated or cooled air is supplied to a 
space to maintain its temperature. It usually contains dampers and heating and 
cooling coils. In other words, it is a device by which energy from a system is finally 
delivered (e.g. registers, diffusers, lighting fixtures, faucets, etc.). 

Theatre or motion picture hall (Type of Assembly): It is any building primarily 
meant for theatrical or operatic performances and which has a stage, proscenium 
curtain, fixed or portable scenery or scenery loft, lights, mechanical appliances or 
other theatrical accessories and equipment. For example, theatres, motion picture 
houses, auditoria, concert halls, television and radio studios admit an audience, which 
is provided with fixed seats. 

Thermal block: It is a collection of one or more HVAC zones grouped for simulation 
purposes. The spaces need not be contiguous to be combined within a single thermal 
block. 

Thermal comfort conditions: These are the conditions that influence the thermal 
comfort of occupants. Environmental conditions that influence thermal comfort are air 
and radiant temperature, humidity, and airspeed.

Sensible cooling: It is the portion of the cooling process that affects only the 
temperature of the air, without changing the humidity.
 
Dampers: Dampers are devices that regulate the airflow in an air handling system.  
Backdraft Dampers: Backdraft dampers (also known as gravity dampers) are used in 
ventilation systems to allow airflow in one direction, and prevent airflow in the 
opposite direction.

Tinted: It is (as applied to fenestration) bronze, green, or grey coloring that is integral 
with the glazing material. Tinting does not include surface applied films such as 
reflective coatings, applied either in the field or during the manufacturing process.
Insulation: Insulation is defined as the material used to insulate something, especially 
a building. Insulation is material used that reduces heat loss or heat gain by providing 
a barrier between the inside of a home or any building and the significantly different 
temperature outside.

Refrigerant: A refrigerant is a compound or a mixture (usually in a fluid state in room 
temperature) used to pump heat from one system to another.
Register: Register is an air inlet with a balancing damper behind it, so the airflow 
quantity can be adjusted. 

Grille: A grille is just a fancy hole cover over an air inlet with slotted openings for 
airflow but with no balancing capability. 

 Diffuser: It is a device that's used to increase the static pressure of the fluid that passes 
through the system, and also reduces the velocity of the fluid.

Condenser: A condenser is a device or unit which is used to condense a substance 
from its gaseous to its liquid state.

Impeller: It is a rotating part of a machine that transfers energy.

Evaporation: Evaporation involves a liquid changing to a gas.

Passive solar heating: It uses the sun's energy to heat a building. The windows, walls, 
and floors can be designed to collect, store, and distribute solar energy in the form of 
heat in the winter (and also to reject solar heat in the summer). 

Active Solar Heating: Active solar heating systems use solar energy to heat a fluid 
(either liquid or air), and then transfer the solar heat directly to the interior space or a 
storage system for later use. 

Sensor: A sensor is a device that detects and responds to some type of input from the 
physical environment.

Actuators: An actuator is something that converts energy into motion.

Compressor:  A compressor is a mechanical device that increases the pressure of a gas 
by reducing its volume.  

Hydronic Balancing: Hydronic balancing, also called hydraulic balancing, is the 
process of optimizing the distribution of water in a building's hydronic heating or 
cooling system by equalizing the system pressure so it provides the intended indoor 
climate at optimum energy efficiency and minimal operating cost.

Variable flow hydronic system: A common method of regulating the heating or 
cooling output of hydronic air handlers and other types of HVAC terminal units is to 
vary the water flow rate through their coils. This is known as a variable flow hydronic 
system.

 Heat pump: It is a device that transfers heat from a colder area to a hotter area by 
using mechanical energy, as in a refrigerator.

Boiler: A boiler is a closed vessel in which fluid (generally water) is heated.  
Evaporative cooling: Evaporative cooling is a process that uses the effect of 
evaporation to cool the surrounding air.
 
Desiccant cooling system: Desiccant is used for the absorption of moisture. Generally 
activated alumina or some other hygroscopic materials are used in the process.
 
Trigeneration: Cogeneration or combined heat and power (CHP) is the use of a heat 
engine or power station to generate electricity and useful heat at the same time.
 
Radiant Cooling System: Radiant cooling cools a floor or ceiling by absorbing the 
heat from the rest of the room.

Ground source heat pump: A geothermal heat pump (GHP) or ground source heat 
pump (GSHP) is a central heating and/or cooling system that transfers heat to or from 
the ground. 
 
Adiabatic Cooling system: An adiabatic process is the one that occurs on a system 
without the system transferring or receiving any heat energy from the surroundings.
  
Earth air tunnel: Earth air tunnel or earth air heat exchanger is a pre-cooling or 
pre-heating system which consists of a pipe or network of pipes buried at a reasonable 
depth below the ground surface. 

Energy Efficiency Ratio (EER): The ratio of net cooling capacity in kW to the total rate 
of electric input in watts under design operating conditions.

Energy Recovery System: It is the equipment that recovers energy from building or 
space exhaust air and uses it to treat (pre-heat or pre-cool) outdoor air taken inside the 
building or space by ventilation systems.
 
Fan system power: It is the sum of the nominal power demand of motors of all fans 
that are required to operate at design conditions to supply air from the heating or 
cooling source to the conditioned space(s) and return it to the point where it can be 
exhausted to outside the building.

Heat capacity: It is the amount of heat necessary to raise the temperature of a given 
mass by 1°C. Numerically, the heat capacity per unit area of the surface (W/m2.K) is 
the sum of the products of the mass per unit area of each material in the roof, wall, or 
floor surface multiplied by its specific heat.

Infiltration: Uncontrolled inward air leakage through cracks and crevices in external 
surfaces of buildings, around windows and doors due to pressure differences across 
these caused by factors such as wind or indoor and outside temperature differences 
(stack effect), an imbalance between supply and exhaust air systems. 

Variable Air Volume (VAV) system: It is the HVAC system that controls the dry-bulb 
temperature within a space by varying the volumetric flow of heated or cooled air 
supplied to space. 

Vegetative roofs: Also known as green roofs, the vegetative roofs are thin layers of 
living vegetation installed on top of conventional flat or sloping roofs. 

Vision Windows: These are the windows or areas of large windows that are primarily 
for both daylight and exterior views. Typically, their placement in the wall is between 
1 meter and 2.2 meters above the floor level.

Wall area, gross: It is the overall area of a wall including openings such as windows 
and doors measured horizontally from outside surface to outside service and 
measured vertically from the top of the floor to the top of the roof. If roof insulation is 
installed at the ceiling level rather than the roof, then the vertical measurement is 
made to the top of the ceiling. The gross wall area includes the area between the ceiling 
and the floor for multi-story buildings. 
 
Zone, HVAC: It is a space or a group of spaces within a building with heating and 
cooling requirements that are sufficiently similar so that desired conditions (e.g., 
temperature) can be maintained throughout using a single sensor (e.g., thermostat or 
temperature sensor).

CHAPTER-6

Efficacy: It is the lumens produced by a lamp plus ballast system divided by the total 
watts of input power (including the ballast), expressed in lumens per watt

Luminous flux: Luminous flux (Φ) is the quantity of the energy of the light emitted per 
second in all directions. Its unit is lumen (lm).

Luminous intensity: Luminous intensity (I) is the ability to emit light into a given 
direction, or it is the luminous flux that is radiated by the light source in a given 
direction within the unit of the spatial angel.  Its unit is candela.

Illuminance: Illuminance (E) is the total luminous flux incident on a surface, per unit 
area. Its unit is candela /m.

Luminance: Luminance (L) is the luminous intensity emitted by the surface area of 1 
cm² (or 1 m²) of the light source. Its unit is lux (lx).

Labeled: Equipment or materials to which a symbol or other identifying mark has 
been attached by the manufacturer indicating compliance with specified standard or 
performance in a specified manner. This mark is known as a label. 

Lamp: It is a generic term for man-made light sources often called bulb or tube.

Lighted floor area, gross: It is the gross area of lighted floor spaces. 

Lighting, emergency: It is the battery-backed lighting that provides illumination only 
when there is a power outage and general lighting luminaires are unable to function.
  
Lighting, general: It is the lighting that provides a substantially uniform level of 
illumination throughout an area. General lighting shall not include decorative lighting 
or lighting that provides a dissimilar level of illumination to serve a specialized 
application or feature within such area. 

Lighting system: It is a group of luminaires circuited or controlled to perform a 
specific function.

Occupant sensor: It is a device that detects the presence or absence of people within 
an area and causes lighting, equipment, or appliances to be dimmed, or switched on 
or off accordingly.

Lighting power allowance: 
a) Interior lighting power allowance: the maximum lighting power in watts 
allowed for the interior of a building 
b) Exterior lighting power allowance: the maximum lighting power in watts 
allowed for the exterior of a building

Lighting Power Density (LPD): It is the maximum lighting power per unit area of 
space as per its function or building as per its classification.

Low energy comfort systems: These are the space conditioning or ventilation systems 
that are less energy-intensive than vapor compression based space condition systems.
These primarily employ alternate heat transfer methods or materials (adiabatic 
cooling, radiation, desiccant, etc.), or renewable sources of energy (solar energy, 
geo-thermal) so that minimal electrical energy input is required to deliver heating or 
cooling to spaces.

Luminaires: It is a complete lighting unit consisting of a lamp or lamps together with 
the housing designed to distribute the light, position and protect the lamps, and 
connect the lamps to the power supply.

Opaque assembly or opaque construction: It is the surface of the building roof or 
walls other than fenestration and building service openings such as vents and grills.
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Connected load: It is the sum of the rated wattage of all equipment, appliances, and 
devices to be installed in the building or part of building or building complexes, in 
terms of kilowatt (kW) that will be allocated to all applicants for electric power 
consumption in respect of the proposed building or building complexes on their 
completion.

Contract Demand: It is the maximum demand in kilowatt (kW) or kilo Volt Ampere 
(kVA) (within a consumer’s sanctioned load) agreed to be supplied by the electricity 
provider or utility in the agreement executed between the users and the utility or 
electricity provider.

Mean temperature: It is the average of the minimum daily temperature and 
maximum daily temperature. 

Metering: It is the practice of installing meters in buildings to acquire data for energy 
consumption and other operational characteristics of individual equipments or 
several types of equipment grouped on basis of their function (lighting, appliances, 
chillers, etc.). Metering is done in buildings to monitor their energy performance.

Transformer: Transformer is a device used to transform high voltage to low voltage, 
and vice versa. 

Manufacturing processes: These are the processes through which raw material is 
converted into finished goods for commercial sale using machines, labor, chemical or 
biological processes, etc.

Manual (non-automatic): It requires personal intervention for control. Non-automatic 
does not necessarily imply a manual controller, only that personal intervention is 
necessary. 

Alternating Current: This means that the direction of current flowing in a circuit is 
constantly being reversed back and forth. 
 
Direct Current (DC): It is the flow of electrical charge in the same direction. 
Conductor: It is a substance in which electrical charge carriers, usually electrons, move 
easily from atom to atom with the application of voltage. 

Full load: A full load current is the largest current that a motor or other device is 
designed to carry under particular conditions.

Dry-type transformer: A dry-type transformer is a type of transformer that never uses 
any insulating liquid where its winding or core is immersed in liquid. 
  
Oil type transformer: It is a transformer where the magnetic circuit and windings are 
immersed in oil.

Three-phase induction motor: Three-phase induction motor does not require an 
additional starting device. These types of motors are also known as self-starting 
induction motors.

Stress: Stress is the internal forces per unit area developed in an object subjected to an 
external force.

Peak Load: Peak load is the time of high demand.

Power Factor: The power factor is the ratio between real power and Apparent Power. 
Inductive Current: It resists changes in current and lags the voltage while measuring 
current. 

Reactive power: Reactive power occurs in an AC circuit when the voltage and current 
are not in phase.
 
Overcurrent: It is any current over the rated current of the equipment of the capacity 
of the conductor. It may result from overload, short circuit, or ground fault.

Fossil fuels: Fossil fuels are hydrocarbons, primarily coal, fuel oil or natural gas, 
formed from the remains of dead plants and animals.

Greenhouse gases: Greenhouse gases are those gases that trap the infrared rays of the 
sun from entering the atmosphere and in turn, they raise the temperature of the 
atmosphere which leads to global warming. 

Hydroelectric energy: Hydroelectric energy means electric energy coming from 
sources that convert energy (potential or kinetic) of water to electrical energy.

Bioenergy: Bioenergy is the renewable energy created by living organisms. Biomass is 
an organic material which has stored sunlight in the form of chemical energy.

Geothermal energy: Geothermal energy is an energy source derived from the heat of 
the earth. The heat must be near the surface so it can be extracted. 
 
Total harmonic distortion: The total harmonic distortion is the ratio of voltage in the 
harmonic frequencies to the principle frequency. 

Photovoltaic: Photovoltaic means 'voltage from light' and refers to a solid-state 
semiconductor device, aka solar cell that produces a potential difference (voltage) and 
current of electrons (electricity) when exposed to light.

Kilovolt-ampere (kVA): It is the product of the line current (amperes) times the 
nominal system voltage (kilovolts) times 1.732 for three-phase currents. For 
single-phase applications, kVA is the product of the line current (amperes) times the 
nominal system voltage (kilovolts). 

Kilowatt (kW): It is the basic unit of electric power, equal to 1000 W.

Party wall: It is a firewall on an interior lot line used or adapted for joint service 
between two buildings. 

Permanently installed: It is the equipment that is fixed in place and is not portable or 
movable. 

Plenum: It is a compartment or chamber to which one or more ducts are connected, 
which forms a part of the air distribution system, and that is not used for occupancy 
or storage.  

Plug loads: It is the energy used by products that are powered using an AC plug. This 
term excludes building energy that is attributed to major end uses like HVAC, 
lighting, water heating, etc. 

Pool: It is any structure, basin, or tank containing an artificial body of water for 
swimming, diving, or recreational bathing. The term includes, but is not limited to, 
swimming pool, whirlpool, spa, hot tub.

Process load: It is the building loads resulting from the consumption or release of 
energy due to industrial processes or processes other than those for providing space 
conditioning, lighting, ventilation, or service hot water heating.

Transformer losses: These are electrical losses in a transformer that reduces its 
efficiency.  

Transport Buildings (Assembly): It is any building or structure used for 
transportation and transit like airports, railway stations, bus stations, and 
underground and elevated mass rapid transit system example, underground or 
elevated railways.

CHAPTER-8  

Window Wall ratio: The window-to-wall ratio is the measure of the percentage area 
determined by dividing the building's total glazed area by its exterior envelope wall 
area.
 
Skylight Roof ratio: The skylight roof ratio (SRR) is the ratio of the area of the skylight 
in comparison to the total roof area. 
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Acid Rain: It is made up of water droplets that are unusually acidic because of 
atmospheric pollution, most notably the excessive amounts of sulfur and nitrogen 
released by cars and industrial processes.

Retrofitting: Retrofitting is a method of modifying existing structures with new 
components to resist the earthquake load or any other loads. 
Sustainability: Sustainability means meeting one’s own needs without compromising 
the ability of future gener.

ABREVIATIONS

1. TOE  Tons of Oil Equivalent
2. MOP  Ministry of Power 
3. CAGR  Compound Annual Growth Rate 
4. TEDDY TERI Energy & Environment Data Diary and Yearbook
5. GW  Giga Watt
6. MW  Mega Watt
7. KWh  Kilowatt Hour 
8. EBP  Ethanol Blending Petrol 
9. HPCL  Hindustan Petroleum Corporation Limited   
10. MTPA  Million Tons Per Annum 
11. ECBC  Energy Conservation Building Code 
12. BEE  Bureau of Energy Efficiency
13. USAID  United States Agency for International Development
14. PEDA  Punjab Energy Development Agency 
15. SDA  State Designated Agency 
16. EPI  Energy Performance Index
17. GHG  Greenhouse Gas
18. HVAC  Heating, Ventilation and Air Conditioning
19. IAQ  Indoor Air Quality
20. AAC  Autoclave Aerated Concrete
21. XPS  Extruded Polystyrene Insulation 
22. EPS  Expanded Polystyrene Insulation    
23. NBC  National Building Code
24. UPVC  Unplasticised Polyvinyl Chloride
25. PVC  Polyvinyl Chloride
26. SRI  Solar Reflective Index
27. SEER  Seasonal Energy Efficiency Ratio
28. BTU  British Thermal Units 
29. EER  Energy Efficiency Ratio 
30. HSPF  Heating Seasonal Performance Factor 
31. VFD  Variable Frequency Drive
32. WBP  Whole Building Performance Method
33. AGA  Above Grade Area 
34. NMEEE National Mission for Enhanced Energy Efficiency 
35. NAPCC National Action Plan on Climate Change 
36. PAT  Plan, Achieve and Trade Scheme 
37. MTEE  Market Transformation for Energy Efficiency 
38. EEFP  Energy Efficiency Financing Program
39. FEEED  Framework for Energy Efficiency Economic Development 
40. DSM  Demand Side Management 
41. ULB  Urban Local Bodies 
42. SMEs  Small and Medium Size Enterprises 
43. MSMEs Ministry of Micro, Small and Medium Enterprises. 
44. EC ACT Energy Conservation Act 

45. LED  Light Emitting Diode 
46. PWD  Public Work Department
47. ISO  International Organization of Standardization. 
48. SHGC  Solar Heat Gain Coefficient
49. SC  Shading Coefficient 
50. UDI  Useful Daylight Illumination 
51. VLT  Visual Light Transmission 
52. IST  India Standard Time
53. DEF  Daylight Extent Factors. 
54. ASTM  American Society for Testing and Materials
55. EPDM  Ethylene Propylene Diane Monomer 
56. WWR  Wall – Window Ratio 
57. EPF  Envelope Performance Factor 
58. VOC  Volatile Organic Compound 
59. DCV  Demand Control Ventilation 
60. COP  Coefficient of Performance 
61. IPLV  Integrated Part Load Value 
62. VRF  Variable Refrigerant Flow 
63. ANSI  American National Standards Institute
64. AHRI  Air Conditioning, Heating and Refrigeration Institute. 
65. IEER  Integrated Energy Efficiency Ratio 
66. PLC  Programmable Logic Control 
67. VAV  Variable Air Volume 
68. AC  Alternating Current 
69. DC   Direct Current 
70. CT  Current Transformer
71. PT  Potential Transformer 
72. DG  Diesel Generators
73. SFC  Specific Fuel Consumption 
74. THD  Total Harmonic Distortion 
75. UPS  Uninterruptible Power Supply 
76. REGZ  Renewable Energy Generating Zone 
77. WBP  Whole Building performance 
78. LEED  Leadership in Energy and Environmental Design 
79. GRIHA Green Rating Integrated Habitat Assessment 
80. APFC  Automatic Power Factor Controller 
81. PV  Photovoltaic Devices 
82. GHG  Greenhouse Gases 
83. USGBC U.S. Green Building Council
84. HID  High intensity Discharge 
85. BUA  Built-Up Area 
86. CFL  Compact Fluorescent Light
87. Wh  Watthour
88. W  Watt
89. TR  Tons of refrigeration  
90. Pa  Pascal  
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00:00-01:00 0.00 0.90 0.05 0.90 0.00 0.95 0.05 0.55 

01:00-02:00 0.00 0.90 0.05 0.90 0.00 0.95 0.05 0.25 

02:00-03:00 0.00 0.90 0.05 0.90 0.00 0.95 0.05 0.25 

03:00-04:00 0.00 0.90 0.05 0.90 0.00 0.95 0.05 0.15 

04:00-05:00 0.00 0.50 0.05 0.50 0.00 0.00 0.05 0.35 

05:00-06:00 0.00 0.20 0.05 0.05 0.00 0.00 0.05 0.50 

06:00-07:00 0.00 0.10 0.10 0.05 0.00 0.00 0.20 0.20 

07:00-08:00 0.10 0.10 0.30 0.90 0.00 0.95 0.40 0.40 

08:00-09:00 0.20 0.90 0.90 0.90 0.10 0.95 0.80 0.80 

09:00-10:00 0.95 0.90 0.90 0.90 0.90 0.95 0.80 0.80 

10:00-11:00 0.95 0.90 0.90 0.90 0.90 0.95 0.55 0.55 

11:00-12:00 0.95 0.90 0.90 0.90 0.90 0.95 0.35 0.35 

12:00-13:00 0.95 0.90 0.90 0.90 0.90 0.95 0.25 0.25 

13:00-14:00 0.50 0.20 0.50 0.50 0.80 0.20 0.95 0.95 

14:00-15:00 0.95 0.90 0.90 0.90 0.90 0.95 0.95 0.95 

15:00-16:00 0.95 0.90 0.90 0.90 0.90 0.95 0.35 0.35 

16:00-17:00 0.95 0.90 0.90 0.90 0.90 0.95 0.15 0.35 

17:00-18:00 0.95 0.90 0.95 0.90 0.90 0.95 0.75 0.70 

18:00-19:00 0.30 0.90 0.50 0.90 0.50 0.20 0.95 0.95 

19:00-20:00 0.10 0.20 0.30 0.90 0.10 0.95 0.50 0.50 

20:00-21:00 0.10 0.90 0.30 0.90 0.10 0.95 0.30 0.35 

21:00-22:00 0.10 0.90 0.20 0.90 0.00 0.95 0.20 0.25 

22:00-23:00 0.00 0.90 0.10 0.90 0.00 0.95 0.05 0.25 

23:00-24:00 0.00 0.90 0.05 0.90 0.00 0.20 0.05 0.55 
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 Schedules for Assembly Buildings  
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Time Period 
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00:00-01:00 0.00 0.00 0.00 0.00 0 0.80 0.00 0.80 

01:00-02:00 0.00 0.00 0.00 0.00 0 0.80 0.00 0.10 

02:00-03:00 0.00 0.00 0.00 0.00 0 0.80 0.00 0.10 

03:00-04:00 0.00 0.00 0.00 0.00 0 0.80 0.00 0.10 

04:00-05:00 0.00 0.00 0.00 0.00 0 0.80 0.00 0.10 

05:00-06:00 0.00 0.00 0.00 0.00 0 0.80 0.00 0.10 

06:00-07:00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.10 

07:00-08:00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.10 

08:00-09:00 0.20 0.40 0.30 0.20 0 0.00 1.00 0.80 

09:00-10:00 0.20 0.75 0.50 0.50 1 0.00 1.00 0.80 

10:00-11:00 0.20 0.95 0.95 0.50 1 0.00 1.00 0.80 

11:00-12:00 0.80 0.95 0.95 0.50 1 0.00 1.00 0.80 

12:00-13:00 0.80 0.95 0.95 0.50 1 0.00 1.00 0.80 

13:00-14:00 0.80 0.95 0.95 0.50 1 0.00 1.00 0.80 

14:00-15:00 0.80 0.95 0.95 0.50 1 0.00 1.00 0.80 

15:00-16:00 0.80 0.95 0.95 0.50 1 0.00 1.00 0.80 

16:00-17:00 0.80 0.95 0.95 0.50 1 0.00 1.00 0.80 

17:00-18:00 0.80 0.95 0.95 0.50 1 0.00 1.00 0.80 

18:00-19:00 0.50 0.95 0.50 0.50 1 0.80 1.00 0.80 

19:00-20:00 0.20 0.40 0.30 0.40 1 0.80 1.00 0.80 

20:00-21:00 0.20 0.40 0.30 0.20 0 0.80 1.00 0.80 

21:00-22:00 0.20 0.40 0.30 0.20 0 0.80 1.00 0.80 

22:00-23:00 0.10 0.10 0.00 0.00 0 0.80 1.00 0.80 

23:00-24:00 0.10 0.10 0.00 0.00 0 0.80 0.00 0.80 
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 Schedules for Business  -  Office Buildings  

Business - Office 

Time Period    

HVAC Fan Schedule 
(On/Off)  

External 
Lighting 
Schedule   

Basement 
Ventilation 

Basement Lighting 

Daytime  
Business 

24 Hours 
Business 

7 Days/week 
Daytime  
Business 

24 
Hours 
Business 

Daytime  
Business 

24 
Hours 
Business 

00:00-01 00 0 1 0.80 0.00 1.00 0.05 1.00 

01:00-02:00 0 1 0.80 0.00 1.00 0.05 1.00 

02:00-03:00 0 1 0.80 0.00 1.00 0.05 1.00 

03:00-04:00 0 1 0.80 0.00 1.00 0.05 1.00 

04:00-05:00 0 1 0.80 0.00 1.00 0.05 1.00 

05:00-06:00 0 1 0.80 0.00 1.00 0.05 1.00 

06:00-07:00 0 1 0.00 0.00 1.00 0.05 1.00 

07:00-08:00 1 1 0.00 0.00 1.00 0.05 1.00 

08:00-09:00 1 1 0.00 1.00 1.00 1.00 1.00 

09:00-10:00 1 1 0.00 1.00 1.00 1.00 1.00 

10:00-11:00 1 1 0.00 1.00 1.00 1.00 1.00 

11:00-12:00 1 1 0.00 1.00 1.00 1.00 1.00 

12:00-13:00 1 1 0.00 1.00 1.00 1.00 1.00 

13:00-14:00 1 1 0.00 1.00 1.00 1.00 1.00 

14:00-15:00 1 1 0.00 1.00 1.00 1.00 1.00 

15:00-16:00 1 1 0.00 1.00 1.00 1.00 1.00 

16:00-17:00 1 1 0.00 1.00 1.00 1.00 1.00 

17:00-18:00 1 1 0.00 1.00 1.00 1.00 1.00 

18:00-19:00 1 1 0.80 1.00 1.00 1.00 1.00 

19:00-20:00 1 1 0.80 1.00 1.00 1.00 1.00 

20:00-21:00 1 1 0.80 1.00 1.00 1.00 1.00 

21:00-22:00 1 1 0.80 0.00 1.00 0.05 1.00 

22:00-23:00 0 1 0.80 0.00 1.00 0.05 1.00 

23:00-24:00 0 1 0.80 0.00 1.00 0.05 1.00 
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Energy Conservation Building Code 2017  

 Schedules for Educational -  School Buildings  (A)  

Educational - School 

Time Period    

Occupancy Schedule   Lighting Schedule   Equipment Schedule   

Student 
Zone 

Back 
Office 

Student 
Zone 

Back 
Office 

Student 
Zone 

Back 
Office 

5 Days/ 
week 

5 Days/ 
week 

5 Days/ 
week 

5 Days/ 
week 

5 Days/ 
week 

5 Days/ 
week 

00:00-01:00 0.00 0.00 0.00 0.00 0.00 0.00 

01:00-02:00 0.00 0.00 0.00 0.00 0.00 0.00 

02:00-03:00 0.00 0.00 0.00 0.00 0.00 0.00 

03:00-04:00 0.00 0.00 0.00 0.00 0.00 0.00 

04:00-05:00 0.00 0.00 0.00 0.00 0.00 0.00 

05:00-06:00 0.00 0.00 0.00 0.00 0.00 0.00 

06:00-07:00 0.00 0.00 0.00 0.20 0.00 0.00 

07:00-08:00 0.70 0.00 0.90 0.70 0.35 0.35 

08:00-09:00 0.90 0.90 0.90 0.90 0.95 0.95 

09:00-10:00 0.90 0.90 0.90 0.90 0.95 0.95 

10:00-11:00 0.90 0.90 0.90 0.90 0.95 0.95 

11:00-12:00 0.20 0.90 0.20 0.90 0.20 0.95 

12:00-13:00 0.90 0.90 0.90 0.90 0.95 0.95 

13:00-14:00 0.90 0.20 0.90 0.30 0.95 0.40 

14:00-15:00 0.00 0.90 0.00 0.90 0.00 0.95 

15:00-16:00 0.00 0.90 0.00 0.90 0.00 0.95 

16:00-17:00 0.00 0.90 0.00 0.90 0.00 0.95 

17:00-18:00 0.00 0.50 0.00 0.30 0.00 0.25 

18:00-19:00 0.00 0.00 0.00 0.10 0.00 0.00 

19:00-20:00 0.00 0.00 0.00 0.00 0.00 0.00 

20:00-21:00 0.00 0.00 0.00 0.00 0.00 0.00 

21:00-22:00 0.00 0.00 0.00 0.00 0.00 0.00 

22:00-23:00 0.00 0.00 0.00 0.00 0.00 0.00 

23:00-24:00 0.00 0.00 0.00 0.00 0.00 0.00 
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Schedules for Educational - School Buildings (B) 

Educational - School 

Time Period    

Elevator 
Schedule   

HVAC Fan Schedule 
(On/Off)  External 

Lighting 
Schedule   

Baseme
nt 
Ventilati
on 

Baseme
nt 
Lighting 

Student 
Area 

Back 
Office 

7 Days/ 
week 

5 Days/ 
week 

5 Days/ 
week 

7 Days/ 
week 

7 Days/ 
week 

7 Days/ 
week 

00:00-01:00 0.00 0 0 0.80 0.00 0.05 

01:00-02:00 0.00 0 0 0.80 0.00 0.05 

02:00-03:00 0.00 0 0 0.80 0.00 0.05 

03:00-04:00 0.00 0 0 0.80 0.00 0.05 

04:00-05:00 0.00 0 0 0.80 0.00 0.05 

05:00-06:00 0.00 0 0 0.80 0.00 0.05 

06:00-07:00 0.05 0 0 0.00 0.00 0.05 

07:00-08:00 0.80 1 1 0.00 0.00 0.05 

08:00-09:00 0.80 1 1 0.00 1.00 1.00 

09:00-10:00 0.25 1 1 0.00 1.00 1.00 

10:00-11:00 0.25 1 1 0.00 1.00 1.00 

11:00-12:00 0.25 1 1 0.00 1.00 1.00 

12:00-13:00 0.25 1 1 0.00 1.00 1.00 

13:00-14:00 0.90 1 1 0.00 1.00 1.00 

14:00-15:00 0.60 0 1 0.00 1.00 1.00 

15:00-16:00 0.20 0 1 0.00 1.00 1.00 

16:00-17:00 0.30 0 1 0.00 1.00 1.00 

17:00-18:00 0.40 0 0 0.00 1.00 0.50 

18:00-19:00 0.00 0 0 0.80 0.00 0.05 

19:00-20:00 0.00 0 0 0.80 0.00 0.05 

20:00-21:00 0.00 0 0 0.80 0.00 0.05 

21:00-22:00 0.00 0 0 0.80 0.00 0.05 

22:00-23:00 0.00 0 0 0.80 0.00 0.05 

23:00-24:00 0.00 0 0 0.80 0.00 0.05 
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 Schedules for Educational -  University Buildings (A)  

Educational - University 

Time Period 

Occupancy Schedule   Lighting Schedule   Equipment Schedule   
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00:00-01:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.10 

01:00-02:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.10 

02:00-03:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.10 

03:00-04:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.10 

04:00-05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.10 

05:00-06:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.10 

06:00-07:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.10 

07:00-08:00 0.40 0.00 0.00 0.90 0.00 0.00 0.35 0.35 0.10 

08:00-09:00 0.90 0.90 0.30 0.90 0.90 0.90 0.95 0.95 0.70 

09:00-10:00 0.90 0.90 0.40 0.90 0.90 0.90 0.95 0.95 0.70 

10:00-11:00 0.90 0.90 0.50 0.90 0.90 0.90 0.95 0.95 0.70 

11:00-12:00 0.90 0.90 0.50 0.90 0.90 0.90 0.95 0.95 0.70 

12:00-13:00 0.90 0.90 0.50 0.90 0.90 0.90 0.95 0.95 0.70 

13:00-14:00 0.10 0.20 0.20 0.60 0.30 0.20 0.20 0.40 0.70 

14:00-15:00 0.90 0.90 0.50 0.90 0.90 0.90 0.95 0.95 0.70 

15:00-16:00 0.90 0.90 0.50 0.90 0.90 0.90 0.95 0.95 0.70 

16:00-17:00 0.90 0.90 0.50 0.90 0.90 0.90 0.95 0.95 0.70 

17:00-18:00 0.40 0.00 0.50 0.90 0.50 0.90 0.95 0.10 0.80 

18:00-19:00 0.00 0.00 0.60 0.00 0.00 0.90 0.00 0.10 0.80 

19:00-20:00 0.00 0.00 0.60 0.00 0.00 0.90 0.00 0.10 0.80 

20:00-21:00 0.00 0.00 0.60 0.00 0.00 0.90 0.00 0.10 0.80 

21:00-22:00 0.00 0.00 0.60 0.00 0.00 0.90 0.00 0.10 0.80 

22:00-23:00 0.00 0.00 0.60 0.00 0.00 0.90 0.00 0.10 0.80 

23:00-24:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 
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Schedules for Educational - University Buildings (B) 

 

  

University 

Time Period Elevator 
Schedule  

HVAC Fan Schedule 
(On/Off)  
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7 
days/
week 

7 
days/  
week 

5 
days/  
week 

5 
days/  
week 

7 
days/  
week 

7 days/  
week 

7 days/  
week 

7 days/  
week 

00:00-01:00 0.00 0.00 0 0 0 0.80 0.00 0.05 

01:00-02:00 0.00 0.00 0 0 0 0.80 0.00 0.05 

02:00-03:00 0.00 0.00 0 0 0 0.80 0.00 0.05 

03:00-04:00 0.00 0.00 0 0 0 0.80 0.00 0.05 

04:00-05:00 0.00 0.00 0 0 0 0.80 0.00 0.05 

05:00-06:00 0.00 0.00 0 0 0 0.80 0.00 0.05 

06:00-07:00 0.00 0.05 0 0 0 0.00 0.00 0.05 

07:00-08:00 0.00 0.25 1 1 1 0.00 0.00 0.05 

08:00-09:00 0.50 0.85 1 1 1 0.00 1.00 1.00 

09:00-10:00 0.50 0.25 1 1 1 0.00 1.00 1.00 

10:00-11:00 0.30 0.25 1 1 1 0.00 1.00 1.00 

11:00-12:00 0.20 0.25 1 1 1 0.00 1.00 1.00 

12:00-13:00 0.20 0.25 1 1 1 0.00 1.00 1.00 

13:00-14:00 0.40 0.90 1 1 1 0.00 1.00 1.00 

14:00-15:00 0.30 0.60 1 1 1 0.00 1.00 1.00 

15:00-16:00 0.30 0.25 1 1 1 0.00 1.00 1.00 

16:00-17:00 0.30 0.25 1 1 1 0.00 1.00 1.00 

17:00-18:00 0.50 0.90 1 0 1 0.00 1.00 1.00 

18:00-19:00 0.50 0.15 0 0 1 0.80 1.00 1.00 

19:00-20:00 0.50 0.05 0 0 1 0.80 1.00 1.00 

20:00-21:00 0.50 0.00 0 0 1 0.80 0.00 0.50 

21:00-22:00 0.50 0.00 0 0 1 0.80 0.00 0.05 

22:00-23:00 0.50 0.00 0 0 1 0.80 0.00 0.05 

23:00-24:00 0.00 0.00 0 0 0 0.80 0.00 0.05 
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 Schedules for Healthcare -  Hospital Buildings (A)  

Healthcare - Hospital 

Time Period    

Occupancy Schedule Lighting Schedule   
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7 
days/  
week 

7 
days/  
week 

6 
days/  
week 

7 
days/  
week 

7 
days/  
week 

7 
days/  
week 

7  
days/  
week 

6 
days/  
week 

00:00-01:00 0.90 0.00 0.00 0.50 0.10 0.10 0.50 0.05 

01:00-02:00 0.90 0.00 0.00 0.40 0.10 0.10 0.50 0.05 

02:00-03:00 0.90 0.00 0.00 0.40 0.10 0.10 0.50 0.05 

03:00-04:00 0.90 0.00 0.00 0.40 0.10 0.10 0.50 0.05 

04:00-05:00 0.90 0.00 0.00 0.40 0.10 0.10 0.50 0.05 

05:00-06:00 0.90 0.00 0.00 0.40 0.10 0.10 0.50 0.05 

06:00-07:00 0.90 0.00 0.00 0.50 0.10 0.10 0.50 0.10 

07:00-08:00 0.90 0.10 0.10 0.70 0.50 0.20 0.50 0.30 

08:00-09:00 0.90 0.50 0.30 0.70 0.90 0.20 0.90 0.90 

09:00-10:00 0.90 0.95 0.90 0.95 0.90 0.20 0.90 0.90 

10:00-11:00 0.90 0.95 0.90 0.95 0.90 0.20 0.90 0.90 

11:00-12:00 0.90 0.95 0.50 0.95 0.90 0.20 0.90 0.90 

12:00-13:00 0.90 0.95 0.20 0.95 0.90 0.20 0.90 0.90 

13:00-14:00 0.90 0.95 0.50 0.95 0.90 0.20 0.90 0.50 

14:00-15:00 0.90 0.95 0.90 0.95 0.90 0.20 0.90 0.90 

15:00-16:00 0.90 0.95 0.90 0.95 0.90 0.20 0.90 0.90 

16:00-17:00 0.90 0.95 0.90 0.95 0.30 0.20 0.90 0.90 

17:00-18:00 0.90 0.70 0.90 0.95 0.30 0.70 0.90 0.90 

18:00-19:00 0.90 0.50 0.50 0.95 0.30 0.90 0.90 0.50 

19:00-20:00 0.90 0.30 0.50 0.95 0.30 0.90 0.90 0.50 

20:00-21:00 0.90 0.10 0.50 0.70 0.30 0.90 0.50 0.30 

21:00-22:00 0.90 0.00 0.10 0.70 0.30 0.90 0.50 0.20 

22:00-23:00 0.90 0.00 0.00 0.50 0.30 0.70 0.50 0.10 

23:00-24:00 0.90 0.00 0.00 0.50 0.10 0.10 0.50 0.05 
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Schedules for Healthcare - Hospital Buildings (B) 

Healthcare - Hospital 

Time 
Period    

Equipment Schedule   Elevator Schedule   

In Patient 
& ICU 

Diagnostic, 
emergency, 
& OT 

OPD & 
Offices 

  Elevator  

7 days/  
week 

7 days/  
week 

7 days/  
week 

  
7 days/  
week 

 

00-01 Hrs 0.40 0.00 0.00   0.20  

01-02 Hrs 0.40 0.00 0.00   0.20  

02-03 Hrs 0.40 0.00 0.00   0.20  

03-04 Hrs 0.40 0.00 0.00   0.20  

04-05 Hrs 0.40 0.00 0.00   0.20  

05-06 Hrs 0.40 0.00 0.00   0.20  

06-07 Hrs 0.40 0.00 0.00   0.20  

07-08 Hrs 0.70 0.70 0.70   0.50  

08-09 Hrs 0.90 0.90 0.90   0.75  

09-10 Hrs 0.90 0.90 0.90   1.00  

10-11 Hrs 0.90 0.90 0.90   1.00  

11-12 Hrs 0.90 0.90 0.90   1.00  

12-13 Hrs 0.90 0.90 0.90   0.75  

13-14 Hrs 0.90 0.90 0.90   1.00  

14-15 Hrs 0.90 0.90 0.90   1.00  

15-16 Hrs 0.90 0.90 0.90   1.00  

16-17 Hrs 0.60 0.60 0.90   1.00  

17-18 Hrs 0.60 0.60 0.90   1.00  

18-19 Hrs 0.60 0.60 0.60   0.50  

19-20 Hrs 0.60 0.60 0.60   0.50  

20-21 Hrs 0.60 0.60 0.60   0.50  

21-22 Hrs 0.60 0.00 0.00   0.30  

22-23 Hrs 0.60 0.00 0.00   0.20  

23-00 Hrs 0.40 0.00 0.00   0.20  
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Schedules for Healthcare - Hospital Buildings (C) 

Healthcare - Hospital 

Time Period    

HVAC Fan Schedule (On/Off)  
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7 
days/  
week 

7 
days/  
week 

7 
days/  
week 

7 
days/  
week 

7 
days/  
week 

7 
days/  
week 

7 
days/  
week 

7 days/  
week 

7 days/  
week 

00:00-01:00 0 1 1 0 1.00 0.00 0.30 0.50 0.50 

01:00-02:00 0 1 1 0 1.00 0.00 0.30 0.50 0.50 

02:00-03:00 0 1 1 0 1.00 0.00 0.30 0.50 0.50 

03:00-04:00 0 1 1 0 1.00 0.00 0.30 0.50 0.50 

04:00-05:00 0 1 1 0 1.00 0.00 0.30 0.50 0.50 

05:00-06:00 0 1 1 0 1.00 0.00 0.30 0.50 0.50 

06:00-07:00 0 1 1 0 0.00 0.00 0.30 0.50 0.50 

07:00-08:00 1 1 1 0 0.00 0.00 0.20 0.50 0.50 

08:00-09:00 1 1 1 1 0.00 0.20 0.60 1.00 1.00 

09:00-10:00 1 1 1 1 0.00 0.30 0.60 1.00 1.00 

10:00-11:00 1 1 1 1 0.00 0.30 0.80 1.00 1.00 

11:00-12:00 1 1 1 1 0.00 0.30 0.80 1.00 1.00 

12:00-13:00 1 1 1 1 0.00 0.25 0.70 1.00 1.00 

13:00-14:00 1 1 1 1 0.00 0.25 0.80 1.00 1.00 

14:00-15:00 1 1 1 1 0.00 0.25 0.80 1.00 1.00 

15:00-16:00 1 1 1 1 0.00 0.25 0.70 1.00 1.00 

16:00-17:00 1 1 1 1 0.00 0.25 0.70 1.00 1.00 

17:00-18:00 1 1 1 1 0.00 0.10 0.50 1.00 1.00 

18:00-19:00 1 1 1 1 1.00 0.00 0.35 1.00 1.00 

19:00-20:00 1 1 1 1 1.00 0.00 0.35 1.00 1.00 

20:00-21:00 1 1 1 1 1.00 0.00 0.35 1.00 1.00 

21:00-22:00 1 1 1 0 1.00 0.00 0.30 0.50 0.50 

22:00-23:00 0 1 1 0 1.00 0.00 0.30 0.50 0.50 

23:00-24:00 0 1 1 0 1.00 0.00 0.30 0.50 0.50 
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 Schedules  for Healthcare –  Out-patient Healthcare Buildings  (A)  

Healthcare – Out-patient Healthcare 

Time Period    

Occupancy Schedule  Lighting Schedule  Equipment Schedule  
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6 days/ 
week 

6 days/ 
week 

6 days/ 
week 

6 days/ 
week 

6 days/ 
week 

6 days/ 
week 

6 days/ 
week 

00:00-01:00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 

01:00-02:00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 

02:00-03:00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 

03:00-04:00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 

04:00-05:00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 

05:00-06:00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 

06:00-07:00 0.00 0.20 0.20 0.10 0.10 0.00 0.00 

07:00-08:00 0.10 0.20 0.20 0.50 0.30 0.50 0.00 

08:00-09:00 0.50 0.30 0.20 0.90 0.90 0.95 0.95 

09:00-10:00 0.80 0.90 0.90 0.90 0.90 0.95 0.95 

10:00-11:00 0.80 0.90 0.90 0.90 0.90 0.95 0.95 

11:00-12:00 0.80 0.90 0.90 0.90 0.90 0.95 0.95 

12:00-13:00 0.80 0.90 0.50 0.90 0.90 0.95 0.95 

13:00-14:00 0.80 0.90 0.20 0.90 0.50 0.95 0.95 

14:00-15:00 0.80 0.90 0.50 0.90 0.90 0.95 0.95 

15:00-16:00 0.80 0.90 0.90 0.90 0.90 0.95 0.95 

16:00-17:00 0.80 0.90 0.90 0.90 0.90 0.95 0.95 

17:00-18:00 0.80 0.90 0.90 0.90 0.95 0.95 0.95 

18:00-19:00 0.80 0.90 0.50 0.90 0.95 0.95 0.95 

19:00-20:00 0.80 0.90 0.50 0.90 0.30 0.95 0.95 

20:00-21:00 0.20 0.65 0.20 0.90 0.30 0.80 0.80 

21:00-22:00 0.20 0.20 0.20 0.50 0.20 0.00 0.00 

22:00-23:00 0.00 0.00 0.00 0.30 0.00 0.00 0.00 

23:00-24:00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 
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Schedules for Healthcare – Out-patient Healthcare Buildings (B) 

Healthcare - Out-patient Healthcare 

Time Period    

Elevator 
Schedule 

HVAC 
Fan 
Schedule 
(On/Off)  

External 
Lighting 
Schedule   

Service Hot Water 
(SHW) Basement 

Ventilation 
Basement 
Lighting 

All 
Spaces 

Building 
Summer 

Building 
Winters 

6 days/  
week 

6 days/  
week 

7 Days/  
week 

6 days/  
week 

6 days/  
week 

6 days/  
week 

6 days/  
week 

00:00-01:00 0.05 0 0.20 0.00 0.00 0.00 0.00 

01:00-02:00 0.05 0 0.20 0.00 0.00 0.00 0.00 

02:00-03:00 0.05 0 0.20 0.00 0.00 0.00 0.00 

03:00-04:00 0.05 0 0.20 0.00 0.00 0.00 0.00 

04:00-05:00 0.05 0 0.20 0.00 0.00 0.00 0.00 

05:00-06:00 0.05 0 0.20 0.00 0.00 0.00 0.00 

06:00-07:00 0.05 0 0.00 0.00 0.00 0.00 0.00 

07:00-08:00 0.50 0 0.00 0.00 0.20 0.00 0.00 

08:00-09:00 0.75 1 0.00 0.20 0.60 1.00 1.00 

09:00-10:00 1.00 1 0.00 0.30 0.60 1.00 1.00 

10:00-11:00 1.00 1 0.00 0.30 0.80 1.00 1.00 

11:00-12:00 1.00 1 0.00 0.30 0.80 1.00 1.00 

12:00-13:00 0.75 1 0.00 0.25 0.70 1.00 1.00 

13:00-14:00 1.00 1 0.00 0.25 0.80 1.00 1.00 

14:00-15:00 1.00 1 0.00 0.25 0.80 1.00 1.00 

15:00-16:00 1.00 1 0.00 0.25 0.70 1.00 1.00 

16:00-17:00 1.00 1 0.00 0.25 0.70 1.00 1.00 

17:00-18:00 1.00 1 0.00 0.10 0.50 1.00 1.00 

18:00-19:00 0.50 1 0.50 0.01 0.20 1.00 1.00 

19:00-20:00 0.50 1 0.50 0.01 0.20 1.00 1.00 

20:00-21:00 0.50 1 0.50 0.01 0.20 1.00 1.00 

21:00-22:00 0.30 0 0.50 0.01 0.10 1.00 1.00 

22:00-23:00 0.05 0 0.20 0.01 0.01 0.00 0.00 

23:00-24:00 0.05 0 0.20 0.01 0.01 0.00 0.00 
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 Schedules for Hospitality Buildings  (A)  

Hospitality 

Time Period   

Occupancy Schedule 

Guest Room Lobby Special Zones Restaurant 
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00:00-01:00 0.65 0.90 0.10 0.10 0.00 0.00 0.00 0.00 

01:00-02:00 0.65 0.90 0.10 0.10 0.00 0.00 0.00 0.00 

02:00-03:00 0.65 0.90 0.10 0.10 0.00 0.00 0.00 0.00 

03:00-04:00 0.65 0.90 0.10 0.10 0.00 0.00 0.00 0.00 

04:00-05:00 0.65 0.90 0.10 0.10 0.00 0.00 0.00 0.00 

05:00-06:00 0.65 0.90 0.10 0.10 0.20 0.50 0.00 0.00 

06:00-07:00 0.50 0.70 0.20 0.20 0.40 0.70 0.30 0.50 

07:00-08:00 0.50 0.70 0.30 0.40 0.40 0.70 0.50 0.80 

08:00-09:00 0.30 0.50 0.40 0.70 0.40 0.70 0.50 0.80 

09:00-10:00 0.15 0.30 0.40 0.70 0.40 0.70 0.50 0.80 

10:00-11:00 0.15 0.20 0.40 0.70 0.40 0.70 0.50 0.80 

11:00-12:00 0.15 0.20 0.40 0.70 0.20 0.30 0.00 0.00 

12:00-13:00 0.15 0.20 0.40 0.70 0.20 0.30 0.00 0.00 

13:00-14:00 0.15 0.20 0.20 0.20 0.20 0.30 0.50 0.50 

14:00-15:00 0.15 0.20 0.20 0.20 0.20 0.30 0.50 0.80 

15:00-16:00 0.15 0.20 0.20 0.20 0.40 0.70 0.00 0.80 

16:00-17:00 0.15 0.20 0.20 0.20 0.40 0.70 0.30 0.30 

17:00-18:00 0.30 0.30 0.40 0.40 0.40 0.70 0.30 0.30 

18:00-19:00 0.50 0.50 0.40 0.40 0.40 0.70 0.00 0.00 

19:00-20:00 0.50 0.70 0.40 0.40 0.40 0.70 0.30 0.50 

20:00-21:00 0.65 0.70 0.30 0.30 0.00 0.00 0.50 0.90 

21:00-22:00 0.65 0.90 0.20 0.20 0.00 0.00 0.50 0.90 

22:00-23:00 0.65 0.90 0.10 0.10 0.00 0.00 0.50 0.90 

23:00-24:00 0.65 0.90 0.10 0.10 0.00 0.00 0.50 0.90 
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Schedules for Hospitality Buildings (B) 

Hospitality 

Time Period   

Occupancy Schedule Lighting Schedule 
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00:00-01:00 0.20 0.20 0.00 0.00 0.20 0.20 0.20 0.30 

01:00-02:00 0.20 0.20 0.00 0.00 0.15 0.20 0.20 0.25 

02:00-03:00 0.20 0.20 0.00 0.00 0.10 0.10 0.10 0.10 

03:00-04:00 0.20 0.20 0.00 0.00 0.10 0.10 0.10 0.10 

04:00-05:00 0.20 0.20 0.00 0.00 0.10 0.10 0.10 0.10 

05:00-06:00 0.20 0.20 0.00 0.00 0.20 0.10 0.20 0.10 

06:00-07:00 0.20 0.20 0.00 0.50 0.40 0.30 0.45 0.40 

07:00-08:00 0.20 0.20 0.00 0.80 0.50 0.30 0.55 0.40 

08:00-09:00 0.20 0.20 0.20 0.80 0.40 0.40 0.45 0.55 

09:00-10:00 0.95 0.50 0.50 0.50 0.20 0.40 0.20 0.20 

10:00-11:00 0.95 0.50 0.90 0.50 0.20 0.40 0.20 0.20 

11:00-12:00 0.95 0.50 0.90 0.80 0.20 0.40 0.20 0.20 

12:00-13:00 0.95 0.50 0.90 0.80 0.20 0.40 0.20 0.20 

13:00-14:00 0.50 0.30 0.90 0.80 0.20 0.40 0.20 0.20 

14:00-15:00 0.95 0.50 0.90 0.50 0.20 0.40 0.20 0.20 

15:00-16:00 0.95 0.50 0.90 0.50 0.20 0.40 0.20 0.20 

16:00-17:00 0.95 0.50 0.90 0.50 0.20 0.40 0.20 0.20 

17:00-18:00 0.95 0.50 0.50 0.80 0.25 0.40 0.30 0.30 

18:00-19:00 0.30 0.30 0.20 0.80 0.60 0.60 0.70 0.85 

19:00-20:00 0.20 0.20 0.20 0.80 0.80 0.70 0.90 1.00 

20:00-21:00 0.20 0.20 0.00 0.80 0.90 0.70 1.00 1.00 

21:00-22:00 0.20 0.20 0.00 0.80 0.80 0.70 0.90 1.00 

22:00-23:00 0.20 0.20 0.00 0.50 0.60 0.60 0.70 0.85 

23:00-24:00 0.20 0.20 0.00 0.50 0.30 0.30 0.30 0.40 
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Schedules for Hospitality Buildings (C) 

 

  

Hospitality 

Time Period   

Lighting Schedule   Equipment Schedule   
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00:00-01:00 0.05 0.05 0.50 0.30 0.20 0.20 0.05 0.05 0.30 

01:00-02:00 0.05 0.05 0.05 0.20 0.20 0.20 0.05 0.05 0.10 

02:00-03:00 0.05 0.05 0.05 0.20 0.20 0.20 0.05 0.05 0.10 

03:00-04:00 0.05 0.05 0.05 0.20 0.20 0.20 0.05 0.05 0.10 

04:00-05:00 0.05 0.05 0.05 0.20 0.20 0.20 0.05 0.05 0.10 

05:00-06:00 0.05 0.05 0.05 0.30 0.20 0.20 0.05 0.05 0.10 

06:00-07:00 0.10 0.10 0.10 0.50 0.30 0.30 0.05 0.05 0.30 

07:00-08:00 0.30 0.30 0.30 0.50 0.40 0.60 0.10 0.10 0.30 

08:00-09:00 0.90 0.60 0.90 0.50 0.70 0.90 0.30 0.30 0.30 

09:00-10:00 0.90 0.60 0.90 0.50 0.20 0.20 0.95 0.70 0.30 

10:00-11:00 0.90 0.60 0.90 0.35 0.20 0.20 0.95 0.70 0.30 

11:00-12:00 0.90 0.60 0.90 0.35 0.20 0.20 0.95 0.70 0.30 

12:00-13:00 0.90 0.60 0.90 0.35 0.20 0.20 0.95 0.70 0.30 

13:00-14:00 0.50 0.50 0.50 0.35 0.20 0.20 0.50 0.70 0.30 

14:00-15:00 0.90 0.60 0.90 0.35 0.20 0.20 0.95 0.70 0.30 

15:00-16:00 0.90 0.60 0.90 0.35 0.20 0.20 0.95 0.70 0.30 

16:00-17:00 0.90 0.60 0.90 0.35 0.20 0.20 0.95 0.70 0.30 

17:00-18:00 0.95 0.60 0.95 0.35 0.30 0.30 0.95 0.70 0.30 

18:00-19:00 0.50 0.50 0.95 0.70 0.50 0.50 0.30 0.30 0.30 

19:00-20:00 0.30 0.30 0.95 0.90 0.50 0.50 0.10 0.10 0.30 

20:00-21:00 0.30 0.30 0.95 0.90 0.50 0.70 0.10 0.10 0.30 

21:00-22:00 0.20 0.20 0.95 0.90 0.70 0.70 0.10 0.10 0.30 

22:00-23:00 0.10 0.10 0.95 0.70 0.40 0.40 0.05 0.05 0.30 

23:00-24:00 0.05 0.05 0.95 0.40 0.20 0.20 0.05 0.05 0.30 
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Schedules for Hospitality Buildings (D) 

Hospitality 

Time Period   

Elevator Schedule   

HVAC Fan Schedule (On/Off)  

Public 
Spaces 

Guest Room Back office 

Week Days Weekends 
7 Days/ 
week  

Week Days Weekends 
7 Days/ 
week  

00:00-01:00 0.10 0.10 0 1 1 0 

01:00-02:00 0.10 0.10 0 1 1 0 

02:00-03:00 0.10 0.10 0 1 1 0 

03:00-04:00 0.10 0.10 0 1 1 0 

04:00-05:00 0.10 0.10 0 1 1 0 

05:00-06:00 0.20 0.20 0 1 1 0 

06:00-07:00 0.40 0.50 0 1 1 0 

07:00-08:00 0.50 0.60 1 1 1 0 

08:00-09:00 0.50 0.60 1 1 1 1 

09:00-10:00 0.35 0.40 1 1 1 1 

10:00-11:00 0.15 0.20 1 1 1 1 

11:00-12:00 0.15 0.20 1 1 1 1 

12:00-13:00 0.15 0.20 1 1 1 1 

13:00-14:00 0.15 0.20 1 1 1 1 

14:00-15:00 0.15 0.20 1 1 1 1 

15:00-16:00 0.15 0.20 1 1 1 1 

16:00-17:00 0.35 0.40 1 1 1 1 

17:00-18:00 0.50 0.60 1 1 1 1 

18:00-19:00 0.50 0.60 1 1 1 1 

19:00-20:00 0.50 0.60 1 1 1 0 

20:00-21:00 0.50 0.60 1 1 1 0 

21:00-22:00 0.30 0.40 1 1 1 0 

22:00-23:00 0.20 0.30 1 1 1 0 

23:00-24:00 0.10 0.10 1 1 1 0 
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Schedules for Hospitality Buildings (E) 

Hospitality 

Time Period   

External 
Lighting 
Schedule   

Service Hot Water (SHW) 

Basement 
Ventilation 

Basement 
Lighting Guest rooms Laundry 

7 Days/ 
week 

Week 
Days 

Weekend
s 

7 Days/ 
week 

7 Days/ 
week 

7 Days/ 
week 

00:00-01:00 1.00 0.01 0.01 0.00 0.50 0.50 

01:00-02:00 1.00 0.01 0.01 0.00 0.50 0.50 

02:00-03:00 1.00 0.01 0.01 0.00 0.50 0.50 

03:00-04:00 1.00 0.01 0.01 0.00 0.50 0.50 

04:00-05:00 1.00 0.01 0.01 0.00 0.50 0.50 

05:00-06:00 1.00 0.01 0.01 0.00 0.50 0.50 

06:00-07:00 0.00 0.50 0.70 0.00 0.50 0.50 

07:00-08:00 0.00 0.50 0.70 0.00 0.50 0.50 

08:00-09:00 0.00 0.30 0.50 1.00 1.00 1.00 

09:00-10:00 0.00 0.15 0.30 1.00 1.00 1.00 

10:00-11:00 0.00 0.15 0.20 1.00 1.00 1.00 

11:00-12:00 0.00 0.15 0.20 1.00 1.00 1.00 

12:00-13:00 0.00 0.15 0.20 1.00 1.00 1.00 

13:00-14:00 0.00 0.15 0.20 1.00 1.00 1.00 

14:00-15:00 0.00 0.15 0.20 1.00 1.00 1.00 

15:00-16:00 0.00 0.15 0.20 1.00 1.00 1.00 

16:00-17:00 0.00 0.15 0.20 0.00 1.00 1.00 

17:00-18:00 0.00 0.30 0.30 0.00 1.00 1.00 

18:00-19:00 1.00 0.50 0.50 0.00 1.00 1.00 

19:00-20:00 1.00 0.50 0.70 0.00 1.00 1.00 

20:00-21:00 1.00 0.65 0.70 0.00 1.00 1.00 

21:00-22:00 1.00 0.65 0.90 0.00 0.50 0.50 

22:00-23:00 1.00 0.01 0.01 0.00 0.50 0.50 

23:00-24:00 1.00 0.01 0.01 0.00 0.50 0.50 
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 Schedules for Shopping Complexes Buildings (A)  

Shopping Complex 

Time 
Period    

Occupancy Schedule Lighting Schedule 

Retail 
Corridors & 
Atrium 

Special Zone Retail 
Corridors & 
Atrium 

Special 
Zone 

Week
day 

Week 
end 

Week
day 

Wee
kend 

Week 
day 

Week 
end 

7 Days/ 
week 

7 Days/ 
week 

7 Days/ 
week 

00:00-
01:00 0.00 0.00 0.00 0.10 0.00 0.00 0.05 0.05 0.05 

01:00-
02:00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.05 0.05 

02:00-
03:00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.05 0.05 

03:00-
04:00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.05 0.05 

04:00-
05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.05 0.05 

05:00-
06:00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.05 0.05 

06:00-
07:00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.05 0.05 

07:00-
08:00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.05 0.05 

08:00-
09:00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.05 0.05 

09:00-
10:00 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 

10:00-
11:00 0.40 0.40 0.40 0.40 0.20 0.20 0.50 0.50 0.40 

11:00-
12:00 0.60 0.60 0.60 0.60 0.30 0.50 0.95 0.50 0.60 

12:00-
13:00 0.60 0.70 0.60 0.70 0.50 0.70 0.95 0.50 0.60 

13:00-
14:00 0.60 0.90 0.60 0.90 0.50 0.70 0.95 0.50 0.60 

14:00-
15:00 0.70 0.90 0.70 0.90 0.50 0.70 0.95 0.50 0.60 

15:00-
16:00 0.70 0.90 0.70 0.90 0.50 0.80 0.95 0.50 0.40 

16:00-
17:00 0.70 0.90 0.70 0.90 0.50 0.80 0.95 0.70 0.40 

17:00-
18:00 0.70 0.90 0.70 0.90 0.50 0.80 0.95 0.95 0.40 

18:00-
19:00 0.90 0.95 0.90 0.95 0.60 0.95 0.95 0.95 0.80 

19:00-
20:00 0.90 0.95 0.90 0.95 0.60 0.95 0.95 0.95 0.80 

20:00-
21:00 0.90 0.95 0.90 0.95 0.60 0.95 0.95 0.95 0.80 

21:00-
22:00 0.00 0.00 0.40 0.40 0.60 0.95 0.05 0.50 0.80 

22:00-
23:00 0.00 0.00 0.30 0.30 0.60 0.95 0.05 0.30 0.80 

23:00-
24:00 0.00 0.00 0.10 0.10 0.30 0.95 0.05 0.30 0.80 
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Schedules for Shopping Complexes Buildings (B) 

Shopping Complex 

Time Period    

Equipment Schedule 

Elevator Schedule Retail Special Zone 

7 Days/ week 7 Days/ week Weekdays Weekends 

00:00-01:00 0.05 0.05 0.20 0.20 

01:00-02:00 0.05 0.05 0.05 0.20 

02:00-03:00 0.05 0.05 0.05 0.05 

03:00-04:00 0.05 0.05 0.05 0.05 

04:00-05:00 0.05 0.05 0.05 0.05 

05:00-06:00 0.05 0.05 0.05 0.05 

06:00-07:00 0.05 0.05 0.05 0.05 

07:00-08:00 0.05 0.05 0.10 0.10 

08:00-09:00 0.05 0.50 0.10 0.10 

09:00-10:00 0.05 0.50 0.20 0.20 

10:00-11:00 0.90 0.90 0.40 0.40 

11:00-12:00 0.90 0.90 0.70 0.70 

12:00-13:00 0.90 0.90 0.70 0.80 

13:00-14:00 0.90 0.90 0.70 0.95 

14:00-15:00 0.90 0.90 0.70 0.95 

15:00-16:00 0.90 0.90 0.70 0.95 

16:00-17:00 0.90 0.90 0.70 0.95 

17:00-18:00 0.90 0.90 0.80 0.95 

18:00-19:00 0.90 0.90 0.80 0.95 

19:00-20:00 0.90 0.90 0.80 0.95 

20:00-21:00 0.50 0.90 0.80 0.95 

21:00-22:00 0.05 0.90 0.80 0.80 

22:00-23:00 0.05 0.90 0.50 0.60 

23:00-24:00 0.05 0.90 0.30 0.40 
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Schedules for Shopping Complexes Buildings (C) 

Shopping Complex 

Time Period    

HVAC Fan Schedule (On/Off)  

External 
Lighting 

Schedule 
Basement 

Ventilation 
Basement 

Lighting Retail 
Corridors 
& Atrium 

Special 
Zones 

7 Days/ 
week 

7 Days/ 
week 

7 Days/ 
week 

7 Days/ 
week 

7 Days/ 
week 

7 Days/ 
week 

00:00-01:00 0 0 0 1.00 1.00 1.00 

01:00-02:00 0 0 0 0.50 0.00 0.05 

02:00-03:00 0 0 0 0.50 0.00 0.05 

03:00-04:00 0 0 0 0.50 0.00 0.05 

04:00-05:00 0 0 0 0.50 0.00 0.05 

05:00-06:00 0 0 0 0.50 0.00 0.05 

06:00-07:00 0 0 0 0.00 0.00 0.05 

07:00-08:00 0 0 0 0.00 0.00 0.05 

08:00-09:00 0 0 0 0.00 0.00 0.05 

09:00-10:00 0 1 1 0.00 1.00 1.00 

10:00-11:00 1 1 1 0.00 1.00 1.00 

11:00-12:00 1 1 1 0.00 1.00 1.00 

12:00-13:00 1 1 1 0.00 1.00 1.00 

13:00-14:00 1 1 1 0.00 1.00 1.00 

14:00-15:00 1 1 1 0.00 1.00 1.00 

15:00-16:00 1 1 1 0.00 1.00 1.00 

16:00-17:00 1 1 1 0.00 1.00 1.00 

17:00-18:00 1 1 1 0.00 1.00 1.00 

18:00-19:00 1 1 1 1.00 1.00 1.00 

19:00-20:00 1 1 1 1.00 1.00 1.00 

20:00-21:00 1 1 1 1.00 1.00 1.00 

21:00-22:00 0 1 1 1.00 1.00 1.00 

22:00-23:00 0 1 1 1.00 1.00 1.00 

23:00-24:00 0 1 1 1.00 1.00 1.00 
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 Schedules for Shopping Complex-  Strip Retail & Supermall Buildings (A)  

Strip Retail & Supermall 

Time Period    

Occupancy Schedule  Lighting 
Schedule  

Equipment 
Schedule  

Elevator Schedule  

Retail & Circulation All Spaces All Spaces 

Weekdays Weekends 7 Days/ week 7 Days/ week Weekdays Weekends 

00:00-01:00 0.00 0.00 0.05 0.05 0.00 0.00 

01:00-02:00 0.00 0.00 0.05 0.05 0.00 0.00 

02:00-03:00 0.00 0.00 0.05 0.05 0.00 0.00 

03:00-04:00 0.00 0.00 0.05 0.05 0.00 0.00 

04:00-05:00 0.00 0.00 0.05 0.05 0.00 0.00 

05:00-06:00 0.00 0.00 0.05 0.05 0.00 0.00 

06:00-07:00 0.00 0.00 0.05 0.05 0.00 0.00 

07:00-08:00 0.00 0.00 0.05 0.05 0.10 0.10 

08:00-09:00 0.00 0.00 0.05 0.05 0.10 0.10 

09:00-10:00 0.20 0.20 0.20 0.05 0.20 0.20 

10:00-11:00 0.40 0.40 0.50 0.90 0.40 0.40 

11:00-12:00 0.60 0.60 0.95 0.90 0.70 0.70 

12:00-13:00 0.60 0.70 0.95 0.90 0.70 0.80 

13:00-14:00 0.60 0.90 0.95 0.90 0.70 0.95 

14:00-15:00 0.70 0.90 0.95 0.90 0.70 0.95 

15:00-16:00 0.70 0.90 0.95 0.90 0.70 0.95 

16:00-17:00 0.70 0.90 0.95 0.90 0.70 0.95 

17:00-18:00 0.70 0.90 0.95 0.90 0.80 0.95 

18:00-19:00 0.90 0.95 0.95 0.90 0.80 0.95 

19:00-20:00 0.90 0.95 0.95 0.90 0.80 0.95 

20:00-21:00 0.90 0.95 0.95 0.50 0.80 0.95 

21:00-22:00 0.00 0.00 0.05 0.05 0.00 0.00 

22:00-23:00 0.00 0.00 0.05 0.05 0.00 0.00 

23:00-24:00 0.00 0.00 0.05 0.05 0.00 0.00 
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 Schedules for Shopping Complex-  Strip Retail & Supermall Buildings (A)  

Strip Retail & Supermall 

Time Period    

HVAC Fan 
Schedule (On/Off)  

External Lighting 
Schedule   

Basement 
Ventilation 

Basement 
Lighting 

7 Days/ week 7 Days/ week 7 Days/ week 7 Days/ week 

00:00-01:00 0 0.20 0.00 0.05 

01:00-02:00 0 0.20 0.00 0.05 

02:00-03:00 0 0.20 0.00 0.05 

03:00-04:00 0 0.20 0.00 0.05 

04:00-05:00 0 0.20 0.00 0.05 

05:00-06:00 0 0.20 0.00 0.05 

06:00-07:00 0 0.00 0.00 0.05 

07:00-08:00 0 0.00 0.00 0.05 

08:00-09:00 0 0.00 0.00 0.05 

09:00-10:00 1 0.00 1.00 1.00 

10:00-11:00 1 0.00 1.00 1.00 

11:00-12:00 1 0.00 1.00 1.00 

12:00-13:00 1 0.00 1.00 1.00 

13:00-14:00 1 0.00 1.00 1.00 

14:00-15:00 1 0.00 1.00 1.00 

15:00-16:00 1 0.00 1.00 1.00 

16:00-17:00 1 0.00 1.00 1.00 

17:00-18:00 1 0.00 1.00 1.00 

18:00-19:00 1 1.00 1.00 1.00 

19:00-20:00 1 1.00 1.00 1.00 

20:00-21:00 1 1.00 1.00 1.00 

21:00-22:00 0 1.00 0.20 0.50 

22:00-23:00 0 0.20 0.00 0.05 

23:00-24:00 0 0.20 0.00 0.05 
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 Schedules for Assembly Buildings  

 

  

Assembly 

Time Period O
cc

u
p

an
cy

 

Sc
h

ed
u

le
 

Li
gh

ti
n

g 

Sc
h

ed
u

le
 

Eq
u

ip
m

e
n

t 
Sc

h
ed

u
le

 

El
ev

at
o

r 

Sc
h
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u
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H
V

A
C

 F
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Sc
h
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(O
n
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Ex
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al
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gh
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n

g 
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h

ed
u

le
 

B
as

em
en

t 

V
en

ti
la

ti
o

n
 

B
as

em
en

t 

Li
gh

ti
n

g 

00:00-01:00 0.00 0.00 0.00 0.00 0 0.80 0.00 0.80 

01:00-02:00 0.00 0.00 0.00 0.00 0 0.80 0.00 0.10 

02:00-03:00 0.00 0.00 0.00 0.00 0 0.80 0.00 0.10 

03:00-04:00 0.00 0.00 0.00 0.00 0 0.80 0.00 0.10 

04:00-05:00 0.00 0.00 0.00 0.00 0 0.80 0.00 0.10 

05:00-06:00 0.00 0.00 0.00 0.00 0 0.80 0.00 0.10 

06:00-07:00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.10 

07:00-08:00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.10 

08:00-09:00 0.20 0.40 0.30 0.20 0 0.00 1.00 0.80 

09:00-10:00 0.20 0.75 0.50 0.50 1 0.00 1.00 0.80 

10:00-11:00 0.20 0.95 0.95 0.50 1 0.00 1.00 0.80 

11:00-12:00 0.80 0.95 0.95 0.50 1 0.00 1.00 0.80 

12:00-13:00 0.80 0.95 0.95 0.50 1 0.00 1.00 0.80 

13:00-14:00 0.80 0.95 0.95 0.50 1 0.00 1.00 0.80 

14:00-15:00 0.80 0.95 0.95 0.50 1 0.00 1.00 0.80 

15:00-16:00 0.80 0.95 0.95 0.50 1 0.00 1.00 0.80 

16:00-17:00 0.80 0.95 0.95 0.50 1 0.00 1.00 0.80 

17:00-18:00 0.80 0.95 0.95 0.50 1 0.00 1.00 0.80 

18:00-19:00 0.50 0.95 0.50 0.50 1 0.80 1.00 0.80 

19:00-20:00 0.20 0.40 0.30 0.40 1 0.80 1.00 0.80 

20:00-21:00 0.20 0.40 0.30 0.20 0 0.80 1.00 0.80 

21:00-22:00 0.20 0.40 0.30 0.20 0 0.80 1.00 0.80 

22:00-23:00 0.10 0.10 0.00 0.00 0 0.80 1.00 0.80 

23:00-24:00 0.10 0.10 0.00 0.00 0 0.80 0.00 0.80 
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 Schedules for Business -  Office Buildings  

 

 

  

Business - Office 

Time Period    

HVAC Fan 
Schedule (On/Off) 

External 
Lighting 

Schedule 
Basement Ventilation Basement Lighting 

D
ay
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ss

 

2
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00:00-01:00 0 1 0.80 0.00 1.00 0.05 1.00 

01:00-02:00 0 1 0.80 0.00 1.00 0.05 1.00 

02:00-03:00 0 1 0.80 0.00 1.00 0.05 1.00 

03:00-04:00 0 1 0.80 0.00 1.00 0.05 1.00 

04:00-05:00 0 1 0.80 0.00 1.00 0.05 1.00 

05:00-06:00 0 1 0.80 0.00 1.00 0.05 1.00 

06:00-07:00 0 1 0.00 0.00 1.00 0.05 1.00 

07:00-08:00 1 1 0.00 0.00 1.00 0.05 1.00 

08:00-09:00 1 1 0.00 1.00 1.00 1.00 1.00 

09:00-10:00 1 1 0.00 1.00 1.00 1.00 1.00 

10:00-11:00 1 1 0.00 1.00 1.00 1.00 1.00 

11:00-12:00 1 1 0.00 1.00 1.00 1.00 1.00 

12:00-13:00 1 1 0.00 1.00 1.00 1.00 1.00 

13:00-14:00 1 1 0.00 1.00 1.00 1.00 1.00 

14:00-15:00 1 1 0.00 1.00 1.00 1.00 1.00 

15:00-16:00 1 1 0.00 1.00 1.00 1.00 1.00 

16:00-17:00 1 1 0.00 1.00 1.00 1.00 1.00 

17:00-18:00 1 1 0.00 1.00 1.00 1.00 1.00 

18:00-19:00 1 1 0.80 1.00 1.00 1.00 1.00 

19:00-20:00 1 1 0.80 1.00 1.00 1.00 1.00 

20:00-21:00 1 1 0.80 1.00 1.00 1.00 1.00 

21:00-22:00 1 1 0.80 0.00 1.00 0.05 1.00 

22:00-23:00 0 1 0.80 0.00 1.00 0.05 1.00 

23:00-24:00 0 1 0.80 0.00 1.00 0.05 1.00 
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倀甀渀樀愀戀 䔀渀攀爀最礀 䐀攀瘀氀漀瀀攀洀攀渀琀 䄀最攀渀挀礀
匀漀氀愀爀 倀愀猀猀椀瘀攀 䌀漀洀瀀氀攀砀Ⰰ 倀氀漀琀 一漀⸀ ☀ ㈀ Ⰰ 匀攀挀琀漀爀 ㌀㌀　
䌀栀愀渀搀椀最愀爀栀 ⴀ 㘀　　㌀㐀 
倀栀㨀  　㜀㈀ⴀ㈀㘀㘀㌀㌀㠀㈀Ⰰ ㈀㠀Ⰰ 䘀愀砀 　㜀㈀ⴀ㈀㘀㘀㈀㠀㘀㔀
圀攀戀猀椀琀攀㨀 眀眀眀⸀瀀攀搀愀⸀最漀瘀⸀椀渀


