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This Compendium on Roadmap for energy efficiency in buildings presents how 
optimum energy use in buildings can transform the building sector. It sets out a 

detailed pathway for the evolution and deployment where building will consume less 
energy and result in lower CO2 emissions. It further provides the business case for 
implementing energy efficiency interventions. Over 90% of our primary commercial 
energy is accounted for by fossil fuels (coal, oil and natural gas) whereas our import 
dependence is very high, and more importantly which is rapidly increasing.

Importantly, current trends in energy supply and use are unsustainable through 
economically, environmentally and socially. Growing energy use in buildings is majorly 
due to rapid economic development. It leads to increased urbanization and improved 

lifestyles, predominantly due to increased space conditioning load. Energy efficiency, a possible solution to 
address to all these issues, can also directly connect the dots between health and social benefits, energy 
savings, energy security, industrial productivity, climate change mitigation, energy prices and improving the 
asset value.

Building represents largest energy consuming sector in the economy, with more than one-third of all energy 
and half of global electricity consumption. A need has arisen now for re-intensifying our efforts. 

The Government of India has already put in place building energy efficiency codes. According to a TERI 
estimate, efficiency measures can help 30–40% energy savings in new buildings and about 20% in existing 
buildings through application of suitable retrofit measures. This is significant as base load energy requirement 
for new buildings is estimated by TERI to be 5000–6000 MW over a 5 year period. Savings of this magnitude 
are obviously very attractive. The inclusion of these subjects in this Compendium has been with an obvious 
intent. Progress in these areas will contribute to our energy security by reducing import dependence, improve 
access to electricity in rural areas and reduce the carbon imprint because of lower dependence on fossil fuel. 
Our success in these areas will no doubt boost our economic growth as well. It is really heartening to note that 
so many companies have taken important initiatives for a sustainable approach to business practices.

Mr Pradeep Kumar
Associate Director, TERI

Foreword
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In the recent years, India’s energy consumption 
has been increasing at one of the fastest rates in 
the world due to population growth and economic 
development. For energy security and country’s 
development agenda, India currently suffers from 
a major shortage of electricity generation capacity, 
although it is the world’s fourth largest energy 
consumer after the United States, China and Russia. 

Over 300 million people in India have no access to 
electricity. Of those who do, almost all find electricity 
supply intermittent and unreliable. Out of the available 
electricity, about 70% of India’s electricity generation 
capacity is from fossil fuels comprising of coal, crude 
oil and natural gas. No longer can it be disputed 
that earth’s resources are finite and reducing energy 
demand at source is the fastest and cheapest way for 
sustainability.

One of the most essential drivers for reducing the 
energy footprint in the building sector is incorporating 
energy efficiency measures. We are actively creating 
and implementing energy efficiency policies 
for appliances, regulating the minimum energy 
performance standards and associated labelling for 
a growing list of appliances to bring about energy 
efficiency and cutting down CO2 emissions.

While an individual may not appear to use much 
energy, one only has to multiply that by the population 
figure to appreciate the scale of energy consumption 
from each sector. Buildings account for approximately 
40% of total energy consumption in India. With 
growing energy demand in buildings, which is very 
significant, power shortage and increase in carbon 
emissions have been experienced. Improved 
efficiency of existing buildings—through building 
retrofitting and other measures—represents a high-
volume, low-cost approach to reducing energy use 
and greenhouse gas emissions.

Energy Efficiency (EE) is a proven and cost-effective 
measure to address rapidly increasing global 
greenhouse gas (GHG) emissions. There is a great 
potential for improving EE across energy consuming 

sectors, particularly in our country. However, this 
potential remains largely unrealized due to the 
technical, financial, economic and institutional 
barriers to EE Implementation. Therefore, in order to 
survive today, one must stop the ruthless exploitation 
of the environment, and move towards an energy 
efficient trajectory by choosing to walk the sustainable 
path. Identifying this challenge and realizing 
operational efficiencies for their organizations, 
the Indian corporate is progressively undertaking 
numerous energy efficiency measures in the building 
sector. But, still there is a greater need for a roadmap 
required to ensure that energy efficiency retrofits are 
adopted in existing buildings. Therefore, there lies 
a need to share a roadmap based on experiences 
gathered during energy surveys and best practices 
while benchmarking them with available Indian 
standards. This document will be a ready compilation 
of steps for any corporate to incorporate energy 
efficiency measures in existing buildings. It identifies, 
categorizes and describes the main elements of 
buildings and formulated steps that have proved 
effective in promoting EE investments, particularly in 
the end-use commercial consuming sectors.

This document shall also put forward guidelines for 
designing the new implementing establishments that 
can mobilize EE investments in India by enabling 
coordinated market activity by end users, utilities, 
equipment.

Lately, one concept introduced in India is a 
“negawatt,” referring to a negative Megawatt as a 
result of reducing energy needs.

 “A unit of energy saved by a user is greater than a 
unit produced as it saves on production, transport, 
transmission and distribution losses.” 

We hope that this document serves as a step-by-step 
ready reckoner for various organizations to undertake 
EE measures and retrofits in their existing buildings, 
thereby helping them reduce their GHG footprint and 
become sustainable enterprises.

Executive Summary
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Efficient use of energy and its conservation 
management are of prime importance. Currently, 
for India, it has been estimated that nearly 25,000 
MW can be saved by implementing end-use energy 
efficiency. The concept assumes even greater 
importance in view of the fact that one unit of energy 
saved at the consumption level reduces the need for 
fresh capacity creation by more than 2 times. Energy 
efficiency measures avoid wasteful use of energy 
without much investment.

Typical Building Energy Use
The Figure 1 provides an estimate of the typical 
energy load consumption for a general building where 
HVAC (Heating, Ventilation and Air Conditioning) 
constitutes more than 50% of the total load. Although 
this percentage varies, depending upon the design 
aspects of buildings especially typology and 
building envelope, still HVAC & lighting are the two 
major energy consumption components for which 
efficiency parameters play an important role for 
overall optimization of energy efficiency. Figure 1 
shows typical energy use of buildings under several 
electrical equipment.

Others (4%)

Lighting (14%)

Electronics (27%)

HVAC (heating, ventilation
and air-conditioning) (55%)

Figure 1: Typical existing building energy 
consumption

Why Retrofit Existing Buildings?
Nationally, buildings account for more than 40% 

energy use and according to an estimate, electricity 
consumed annually by existing buildings today is more 
than the total electricity consumed by all buildings 
that will be constructed over the next 20 years.

This growing energy use in buildings is majorly 
due to rapid economic development, increasing 
urbanization, and improved lifestyles, predominantly 
due to increased space conditioning load. Energy 
efficiency, a possible solution to address to all these 
issues, can also directly connect the dots between 
health and social benefits, energy savings, energy 
security, industrial productivity, climate change 
mitigation, energy prices and improving the asset 
value.

Design strategies for energy-efficient buildings 
include reducing loads, selecting systems that make 
the most effective use of ambient energy sources and 
heat sinks, using efficient equipment and effective 
control strategies. An integrated design approach is 
required to ensure that the architectural elements and 
the engineering systems work effectively together.

While adopting energy efficiency measures for 
buildings, the energy consumption in a building 
can be reduced further by maintaining or improving 
various levels of comfort in the building. Reducing 
heating and cooling demand, lighting, heating water, 
office equipment and appliances plays an important 
role, while taking each electrical component and its 
impact of energy optimization.

Roadmap for Retrofitting Existing 
Buildings
Timing and approach are very important to synchronize 
EE drive with the existing building. Right steps in 
right order, such as, following first building envelope, 
lighting, equipment and then HVAC or taking another 
sequence, which is as per the energy survey details 
and site requirements are very significant.

Introduction
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Roadmap for Incorporating Energy Efficiency Retrofits in Existing Buildings

The goal of this roadmap is to define various levels 
of efforts needed for energy efficiency in existing 
commercial buildings and thus provide a reference 
steps for building owners, managers, government 
entities and other consumers sharing different levels 
for energy assessments & procedures (Figure 2).

Implementation Team & Preliminary Energy Use Analysis

Procedures, Measurement & Analysis

Measures, Evaluation & Report

Right team with clear responsibilities and analysis of energy
consumption & cost

Quantify operating parameters & performance with analysis of
the energy systems

Energy efficient measures with life cycle cost analysis with complete
information through audit report

Figure 2: Salient features of roadmap for energy 
efficiency in buildings

This guide will also help in institutional and residential 
facility and to collect useful resources such as sample 
data collection and key components for achieving 
maximum benefits of an energy audit. The following 
steps are comprehensive and intend to support 
organization to identify what level of energy survey is 
required for the specific site and building.

Apart from the body of roadmap discussed here, 
which is important for reader to gather the summary 
of the findings and follow level of audit, annexures are 
also available which carry the sample questionnaire 
for building envelope, HVAC, lighting and electrical 
system required during energy survey and data 
collection.

There are six main steps in this roadmap (Figure 3) 
for energy efficiency retrofits in existing buildings:

Step 1: Internal Assessment
Before starting any analysis of energy parameters or 
level of audit, it is important to perform a preliminary 
energy use analysis to determine current energy 
consumption of a building and cost effectiveness 
with regard to other similar buildings. Although cost 
effectiveness benchmark is not available in India, but 
based on the energy consumption, we can check 
the performance level of the building. EPI or Energy 
Performance Index indicates the specific energy 
usage of a building. This internal assessment includes, 
EPI calculation steps, show in Figure 4 which are:

• Determine the building total built-up area (It 
excludes basement and parking areas).

• Collect Utility bills for at least one year to calculate 
total energy used. (This total energy used includes 
both purchased electricity as well as that generated 
on-site, but excludes renewable sources like solar 
photovoltaic, etc.)

• Further, calculate the EPI which is the ratio of 
total annual energy used to the total built-up area 
(kWh/sq.m./year).

• Compare the calculated EPI having similar 
characteristics with climatic zones. For example, 
in India, EPI can be compared with BEE (Bureau 
of Energy Efficiency) available indices for existing 
buildings. 

Calculate building gross
conditioned area (m2)

Review Annual
Energy Bills Estimate EPI

Figure 4: Steps for Internal assessment

Here, both BEE star rating for Office and BPO  
building is discussed which helps in identifying 
and assessing the potential for improved energy 
performance, after estimating the existing EPI of the 
building. 

Figure 3: Roadmap for energy efficiency retrofits in existing buildings

Internal
Assesement

Detailed
Energy Survey

Technical
Analysis

Cost Benefit
Analysis

Implemen-
tation

Operation &
Maintenance
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Next step is review of the bills with opportunities to 
lower the cost by taking various things like energy 
unit charges and taking patterns of peak demand 
for electricity. This will check the variation in monthly 
energy bills in regard to the changing weather 
pattern. It further helps to plan and determine the 
study required to produce additional energy savings.

Bandwidth for Office Space
BEE Star rating programme for office buildings 
was launched in February 2009 and for BPOs in 
December 2009.

The Star Rating programme of BEE is based on actual 
performance of building, calculated in terms of Energy 
performance index/specific energy usage (kWh/sq. 
m./yr). This rates the office building on the scale of 
1-5 star rating. Office spaces in three climatic zones 
namely warm & humid, hot & dry and composite have 
been identified with both air conditioned and non-air 
conditioned spaces.

For more simplicity, office buildings have been 
classified into two broad categories as air conditioning 
less than 50% and other as more than 50%. In the 
tables, which are given below for reference, as and 
when existing EPI is estimated, it can be compared 
with the BEE baseline values. EPI values further help 
to understand the level of energy performance and 
what planning can be devised in retrofits to attain 5 
star BEE rating and beyond.

Bandwidth-less than 50% Air Conditioning

Composite Climatic Zone
The composite zone covers New Delhi, Kanpur and 
Allahabad.

Table 1: EPI for Composite Zones  
(less than 50% AC)

EPI (kWh/sq.m./ yr) STAR LABEL

80–70 1 Star

70–60 2 Star

60–50 3 Star

50–40 4 Star

Below 40 5 Star

Warm and Humid Climatic Zone
The warm and humid zone covers the coastal parts of 
the country, such as Mumbai, Chennai and Kolkata.

Table 2: EPI for Warm and Humid Zones  
(less than 50% AC)

EPI (kWh/sq.m./ yr) STAR LABEL

85–75 1 Star

75–65 2 Star

65–55 3 Star

55–45 4 Star

Below 45 5 Star

Hot And Dry
The hot and dry zone lies in the western and the 
central part of India: Jaisalmer, Jodhpur and Sholapur.

Table 3: EPI for Hot and Dry Zones  
(less than 50% AC)

EPI (kWh/sq.m./ yr) STAR LABEL

75–65 1 Star

65–55 2 Star

55–45 3 Star

45–35 4 Star

Below 35 5 Star

Bandwidth-more than 50% Air Conditioning

Composite Climatic Zone

Table 4: EPI for Composite Zones  
(more than 50% AC)

EPI (kWh/sq.m./ yr) STAR LABEL

190-165 1 Star

164-140 2 Star

140-115 3 Star

115-90 4 Star

Below 90 5 Star
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Warm and Humid Climatic Zone

Table 5: EPI for Warm and Humid Zones  
(more than 50% AC)

EPI (kWh/sq.m./ yr) STAR LABEL

200–175 1 Star

175–150 2 Star

150–125 3 Star

125–100 4 Star

Below 100 5 Star

Hot and Dry Climatic Zone

Table 6: EPI for Hot and Dry Zones  
(more than 50% AC)

EPI (kWh/sq.m./ yr) STAR LABEL

180-–55 1 Star

155–130 2 Star

130–105 3 Star

105–80 4 Star

Below 80 5 Star

Bandwidth for BPOs
BPO’S that primarily focus for providing IT related 
services and having connected load of about  
100 KW and above and a minimum built up area of  
500 sq.m. are considered under BEE’S star labelling 
programme. Their operative hours could vary from 
24×7, 24×5, 18×7, 16×5, etc. Average Annual Hourly 
Energy performance index (AAHEPI) would be 
considered for labelling BPO.

BPO’S located within four targeted zones are being 
considered.

Composite Climatic Zone

Table 7: EPI for Composite Zones 

AAHEPI 
(kWh/sq.m./ yr)

STAR LABEL

45–40 1 Star

40–35 2 Star

35–30 3 Star

30–25 4 Star

Below 25 5 Star

Hot and Dry Climatic Zone

Table 8: EPI for Hot and Dry Zones

AAHEPI 
(kWh/sq.m./ yr)

STAR LABEL

35–30 1 Star

30–25 2 Star

25–20 3 Star

20–15 4 Star

Below 15 5 Star

Warm and Humid Climatic Zone

Table 9: EPI for Warm and Humid Zones 

AAHEPI  
(kWh/sq.m./ yr)

STAR LABEL

50–45 1 Star

45–40 2 Star

40–35 3 Star

35–30 4 Star

Below 30 5 Star

Temperate Climatic Zone
Pune and Bangalore are examples of cities that fall 
under this climatic zone.

Table 10: EPI for Temperate Zones 

AAHEPI 
(kWh/sq.m./ yr)

STAR LABEL

40-35 1 Star

35-30 2 Star

30-25 3 Star

25-20 4 Star

Below 20 5 Star

We need to compare the BEE recommended 
EPI values with estimated EPI of the building in a 
particular climatic region. We can, then, target energy 
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based index and cost savings to reach the targeted 
EPI. During internal assessment, we should identify 
unusual patterns, determine energy usage and 
efficiency or behavioural modification opportunities.

Based on the above values and interpretation, 
operation and maintenance team can analyse where 
we stand and can further plan to carry various 
levels of energy efficiency measures. For achieving 
higher energy efficiency level and more accurate 
implementation plan, facility team can move forward 
and appoint energy auditor firm for carrying out the 
detailed energy survey.

In addition, recent development in technologies 
with smartphone applications enable homeowners/
building owners to complete relatively sophisticated 
energy audits themselves.

Step 2: Conduct Detailed Energy Survey
Next step for carrying out the retrofit measures, after 
assessing buildings’ energy performance for energy 
conservation in the building is to carry out detailed 
energy survey with the help of energy auditing team 
for understanding the energy system for the building. 

After internal assessment, one of the primary ways 
to improve energy conservation in buildings is to use 
an energy audit. An energy audit is an inspection 
and analysis of energy use and flows for energy 
conservation in a building. It is a process or system 
to reduce the amount of energy input into the system 
without negatively affecting the output. 

Energy audit needs to include all possible potential in 
the energy systems and the detailing. 

This is normally accomplished by trained professionals 
and can be part of some of the national programmes 
discussed above. After doing internal assessment, 
there is a need to perform a brief walk through survey 
of the facility to be familiar with construction, electrical 

loads and functioning of operation and maintenance. 
Further based on the available options, identity the 
saving potential with approximate cost and then 
select low cost charges.

Then, a report needs to be developed that contains 
building characteristics and energy use summary. 
It can help in optimizing irregularities in the monthly 
energy patterns. Here, energy use conservation 
calculations at this level are approximate and savings 
minimal.

There are several steps (Figure 4) which are needed 
to carry out during detailed energy survey:

A) Identifying Goals
Identification of goals encourages recognizing and 
providing energy savings in the installed electrical 
systems. Retrofit strategy can be tailored according 
to the needs of facility. Here, energy consumption 
options are targeted to specific portions of building. 
The solutions rely on measurements, data logging 
and study of trends to provide check on energy 
estimates with comparison to the base case energy 
consumption.

B) Team Selection
In order to determine the baseline and perform 
audit, we need to first determine the team that 
would be working on the project. The team should 
include professionals from all backgrounds including 
architects, HVAC engineers and electrical engineers. 
Team members need to be BEE certified auditors. For 
being a BEE certified auditor, one needs to clear an 
exam formulated by BEE in his/her specialization.

Team selection helps ensure that an energy audit 
results as recommendations can be implemented 
at the site by involving experts from each field. 
Importantly, while selecting team members, it is 
important for the owner to define shared goals. 

Figure 4: Steps to carry out for detailed energy survey

Identifying
Goals

Team
Selection

Energy Mapping
of Building

Data
Collection

Review
Data

Segregation
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Team Required for Energy Audit
• Building owner/Facility manager

• Operation & maintenance staff

• Contractors & energy evaluators

• Energy Service Companies (ESCOs)

• Occupants & utilities

The team is responsible for a systematic approach in 
identifying, selecting and formulating recommended 
measures.

C) Energy Mapping of Buildings
Energy mapping is done to determine how much 
energy is consumed by the building. By collecting 
all information related to the energy system and 
equipment details, energy segregation can be 
estimated. Figure 5 shows typical mapping done for 
a building.

A thorough walk through survey helps in providing 
adequate information where familiarity with all the 
energy system helps in generating recommendations 
for retrofit measures. 

To start with the retrofit plan, the team needs to 
understand the distribution of electricity inside the 
building, major electricity consuming loads need 
segregation and further their operating readings are 
collected separately to determine the percentage of 
electricity being consumed.

Equipment (8%)

Others (9%)

Lighting (21%)

HVAC system (62%)

Figure 5: Building energy mapping

Using equipment, energy utility data of various 
buildings needs to be segregated. Based on the 
above calculations, energy reductions can be 

compared with baseline. There are various types 
of energy loads, which are briefly described here. 
Individual analyses and plans need to be developed 
for all of them.

Major load present in the building are:

• HVAC: Heating, Ventilation, Air Conditioning 
System (HVAC) is the major head which consumes 
most of the building load. It can be divided into 
two parts as localized air conditioning system and 
centralized air conditioning system. Localized air 
conditioning system consists of devices which 
are available with BEEE Start rated and based on 
the energy efficiency ratio (ratio of cooling output, 
measured in British thermal units (Btu) per hour to 
the power inputs (in watts). 

CHW pumps (13%)

CH pumps (7%)

CT fans (6%)

AHU fans (16%)

FCUs (2%)

Package units (6%)
Chiller (50%)

Figure 6: HVAC load break-up

 This star rating provides the consumer with the 
essentials about how much energy would be saved/ 
consumed by the unit. Presently, inverter which 
has a variable-frequency drive that incorporates 
an adjustable electrical inverter to control the 
speed of the motor and thus the compressor and 
cooling output.

 Centralized air conditioning system is installed in 
the building at the time of commissioning. This 
system consist of chiller plants, air handling units, 
fan cooling units, etc. Figure 6 shows further break 
– up of HVAC plant where all chiller, chilled water 
(CHW) pumps, condenser water (CW) pumps, 
cooling tower (CT) fans, air handling unit (AHU) 
fans, fancoil unit (FCUs) and package units are 
detailed out. They help in identifying and observing 
conservation measures possible in the system.
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• Lighting: Lighting is one of the major consumers 
of the electricity. Lighting audits are performed 
in the building to measure the comfort of its 
occupants. National building code 2005 and 
Energy conservation building code 2007 specify 
certain ranges for the lux levels and the lighting 
power density to be maintained in specific areas 
of the building. While performing an energy audit, 
these ranges are kept in mind and if it is found 
that the lux value or the operating LPD does not lie 
within the designated range, then the necessary 
steps are taken. The general practice is to retrofit 
T5 and CFLs with LEDs which helps in providing 
higher luminous efficiency and higher lamp life 
hours. LED lamp helps in reducing energy, cooling 
& maintenance cost. LED is durable, convenient 
and excellent colour quality.

• Electrical: The electrical load of the building 
could be substantially divided into the various 
components starting from transformers, 
motors, etc. Primarily electrical system helps in 
transmission and distribution of power reliably and 
economically. The various approaches to control 
maximum demand in electrical load are load curve 
generation, rescheduling of loads and reactive 
power compensation. 

• Transformers: Transformer is a static piece of 
device which is used to step up or step down the 
voltage level without disturbing the frequency. 
While sanctioning, the building load transformer of 
the right size should be chosen. During the time 
of installation of transformer, its test certificates at 
50% loading and 100% loading should be known. 
According to the transformer graph, maximum 
efficiency is achieved at 45–47% loading. Auto tap 
changers could be installed with the transformer to 
automatically tap the voltage position according to 
the building requirements. The voltage regulation 
in transformers is done by altering the voltage 
transformation ratio with the help of two tap 
changing facilities: off Circuit and on Load tap 
changer.

• Motors: Motors also account for major electricity 
being consumed in the building. Electric motors 
are used to provide power to a variety of equipment 

being used inside the building. The general 
observation in the industry is that motors of higher 
rating, than required for the given application, 
are used. This is one of the main reasons that 
results in motor loading. Like all electromechanical 
equipment, motors consume some extra energy in 
order to make the conversions. A motors nameplate 
rating is based on the output horsepower, which is 
fixed for continuous operation at full load. 

D) Data Collection
Many a times, it is very challenging for existing 
buildings as most of the data will not be available. 
So, in order to determine the baseline, energy survey 
is performed to collect the operating condition details 
of the building. After the data collection process is 
complete, a sheet could be formulated to analyse 
the building consumption. Based on the operating 
characteristics the minimum energy requirements of 
the building can be determined.

Required Data for Energy Assessment
• Site layout plan

• Building envelope plan 

• Mechanical schedules with capacities and 
design airflow rates

• Electrical & lighting schedules

• Lighting control diagram and fixture details

• Equipment specifications

• Systems connected to the central BMS

In early period of energy survey, building energy cost 
and efficiency is assessed by analysing energy bills. 
This basic data collection helps to identify low-cost/
no-cost measures for improving energy efficiency 
measures. Each type of a sample load mentioned in 
the questioned is listed in Annexure 1 and Annexure 
2. In addition, to carry out energy survey activities, a 
sample is provided in Annexure 3.

At this point, general energy savings can be 
established. Energy assessment team needs to 
access design documents for the buildings they visit 
which are very useful. 
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E) Questionnaire Review
Historical building energy data needs to be collected 
for at least three years. This data is required to suffice 
historical energy use profiles.

The collected data needs to be put in graphical 
form to examine the patterns and identify the 
anomalies. Once utility data is collected, then annual 
energy consumption between different utility types 
needs to be mentioned. Please check one sample 
questionnaire in the Annexure 1 and Annexure 2 for the 
reference of different energy systems.

Basically, by comparing the graphs and values an 
unexpected pattern in the energy use can be seen. 
More cost saving measures can be identified.

The baseline assessment after energy survey will 
determine the minimum energy requirement of the 
building. It provides a critical reference point for 
assessing changes and impact, as it establishes a 
basis for comparing the situation before and after 
the intervention, and for making inference as to how 
effective the installed system is. It is not sufficient to 
formulate the baseline methodology for the existing 
system in the buildings. There is a need to analyse 
the option technically so that an optimum solution 
can be arrived at. For example, during selection 
of lighting fixture, energy efficiency is not the only 
criteria. We also need to check the effectiveness 
of lighting fixtures by evaluating the required visual 
comfort for the specific space and avoid wastage 
of energy during unoccupied hours, when sufficient 
daylight is available.

F) Data Segregation & Measurement
Various instruments (Figure 7) like single phase 
analyser, three phase analyser, lux meter, hygro 
meters, etc., to be used during the process should 

Lux meter Hygro meterThree phase analyserSingle phase analyser

be identified during this period depending upon the 
scope of work.

It is very useful to conduct an exit briefing at the site 
to review the initial recommendations and maintain 
final recommendations. This can be supplemented 
with a presentation which provides information on 
ECMS (Energy Conservation Measures).

Primary aim of this presentation is to review 
recommendations and get their feedback from the 
facility team. Data is very important for the systems 
parameters and performance.

Building energy use is a starting point for building 
performance compiled through energy bills or 
metering systems.

Step 3: Conduct a Technical Analysis
A technical analysis studies the data from the energy 
survey, including energy consumption and peak 
demand analysis. It identifies and provides technical 
parameters by selecting electrical products option 
through energy simulations.

With more extensive data collection and engineering 
analysis, this plan provides most of the information 
which can be acted upon. Based on the retrofits 
options available for energy efficiency, detailed 
analysis are carried out by formulating action plan, 
benchmarking assessment and analysis through 
softwares. Some features of technical analysis are as 
follows:

A) Formulate Action Plan
Formulating an action plan helps to improve the 
building performance, through maximum energy 
savings. With the aid of natural energy from the 
environment, for example thermal comfort with good 
ventilation and visual comfort with daylight integration. 

Figure 7: Instruments used for data segregations and measurement
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It also helps in determining the parameters on which 
one wants to determine the building performance. 
The review of mechanical and electrical systems 
design, installed condition, maintenance practices 
and operating methods is required. To determine the 
energy plan, following steps are to be followed:

• Analysis of energy system of buildings from on- 
site observation, measurement and engineering 
calculation for envelope, lighting, HVAC, etc.

• Review existing operations & maintenance 
and then change plans and improvements and 
estimation of costs

• Measure important parameters and compare them 
to the design levels

• To fully understand the cost of energy consumed 
by a building the team must determine the rate 
structure for energy usage

As of now, the footprint of most of the buildings 
depends on the time of use of these structures. The 
audit team helps understand the basics of the costs 
and how to control them successfully.

Important parameters which the facilities team can 
look at while carrying forward the assessment are:

• Energy consumption charges: These charges include 
energy charges, demand charges, power factor 
charges and other miscellaneous charges.

• Electric demand charges: Demand charges are 
determined by the maximum power demand in 
kilowatts which is normally set during a period 
varying from 15 minutes to one hour.

• Power factor charges: This is ratio of real power 
(Kilowatt) to apparent power (Kilo-volt ampere) 
for any given load and time. These charges are 
additional for having low or less than required 
optimum power factor. In case of low Power Factor, 
there would be large voltage drops and large line 
losses which will cause the system or equipment 
to have too low efficiency.

• Time of use rates: These structures are ones in which 
the unit cost for energy charges varies with time, 
typically associated with peak, normal and off-
peak periods. Normally, prices are higher during 
peak periods and lower during off-peak periods.

B) Benchmarking Assessment
The benchmarking assessment helps to work out the 
best option for energy efficiency retrofitting in existing 
buildings. Electrical mesurement carried through 
instruments helps in generating secondary data. 
Further, it is required to work on the observations 
and then benchmark the received data which can 
be compared to the design level as per codes and 
standards.

Based on the comparison of information of existing 
levels, if there is a need to improve the energy levels, an 
organization can opt for a more detailed energy audit.

The most important success factor is to identify 
where energy is exceeding and based on the plan 
of action, select the retrofit option that has maximum 
saving potential.

During the basic data collection, a benchmark can 
be established based on the historical utility data 
and building energy usage pattern. For example, 
for the electrical system, there are some important 
parameters which are required for power quality. 
These are:

• Metering: Metering in the building should be done 
according to energy conservation building code 
(ECBC-2007). Separate meters should be provided 
for lighting, equipment and HVAC type of load.

• Power factor management: Power factor should be 
maintained as per specified by the ECBC-2007. It 
should always be above 0.95. Power factor could 
be improved by determining the loss in KVAr 
and then compensating it with the same value of 
capacitor bank.

• Harmonics: Nonlinear devices like diodes, silicon 
controlled rectifiers, PWM systems, thyristors 
come across distortion in voltage and current 
waveforms, which result into spikes and distortion 
of waveform and cause poor power quality. Some 
common problems that occur due to harmonics are 
flickering in lamps, motor failures, over heating, etc.

C) Performing Energy Simulations
After determining the gaps, it is advised to perform 
the energy simulations to determine the retrofit 
potential based on the best available technology and 
its respective payback period. 
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After all the measurements and data collection, the 
team needs to identify the software (DIALux, Ecotect, 
Revit, etc.) on which the simulation is to be performed 
to analyse the operating conditions and to determine 
the areas where most cost benefitting retrofit plans 
can be executed. 

These simulations involve a more detailed building 
survey, including energy consumption and peak 
demand analysis.

Energy break-up of the building load is developed. 
This analysis identifies and provides the savings 
and cost analysis of all efficiency measures that 
meet owner’s/operator’s requirements and economic 
criteria, along with proposed changes in operation 
and maintenance procedures.

For most buildings, this serves as adequate 
information to act upon the suggested conservation 
measures.

D) Formulate Retrofit Action Strategy
After energy simulations of various electrical loads, 
its ensured that the suggested plan of action is being 
carried out. Modelling (simulation) of annual energy 
performance needs to be done. It provides detailed 
project cost and savings calculations with high level 
of confidence.

As for major capital investment decisions, 
comprehensive life cycle cost analysis is the best 
decision making tool. In addition, the following 
options can also be considered:

• Selection of Bat (Best Available Technology): After 
performing energy simulation, the team is required 
to provide the owner with retrofit plan. The team 
then should look for best available technology 
present in the market and then decide by working 
on the various parameters like efficiency, payback 
period, first initial cost, etc. 

• Repeat Energy Audit: After selecting the BAT present 
in the market, the team needs to again perform 
the energy simulation in order to determine the 
difference in efficiency, comfort level, etc., of 
the suggested retrofit option and the installed 
equipment.

Step 4: Cost Benefit Analysis 
For a commercial building, after finding out the option 
with technical analysis, capital payback calculations 
are needed to be performed. This helps to choose 
the best retrofit option as per the user requirement 
and budgetary constraints.

For all the practical measures and recommendations, 
cost benefit analysis needs to be carried out. 
Some measures are very cost intensive and can be 
eliminated with discussions; low-cost options can be 
used.

Further through analysis and energy data, it is needed 
to analyse the historic utility use, peak demand and 
Energy Cost Index (ECI) (expressed in rupees per 
floor area per year).

Monthly energy usage, peak demand and interval 
billing data (30 minute data) need to be reviewed. 
This is done to identify efficiency or behavioural 
modification opportunities. The energy auditor 
requires a building envelope expert, a mechanical 
engineer and an electrical engineer (lighting & control 
system expert).

The best outcome of retrofits depends upon a 
combination of skills and procedures. Complex 
building and varied energy systems require a more 
experienced team. Importantly, the owner/manager 
needs to formulate a synergy between site staff, 
contractors and building occupants to support 
and provide the building information. There are two 
options regarding policies for financial models, which 
are:

Option A: Self-Financing Retrofitting Model
Private sector has been slow to embrace energy 
efficiency retrofits in existing buildings. One of the 
greatest barriers to improve energy efficiency in 
buildings is the high capital cost of projects. While 
upgrading an electric system, installing lighting, chiller, 
etc., it requires large investments, followed by a long 
period of payback through savings in energy bills.

Therefore, a robust finance model with year on 
year budget for improvement is required from the 
organization. 
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Option B: Partnering with Energy Services 
Company (ESCO)
The concept of Energy Services Company (ESCO) 
is relatively new in India and has been picking up 
momentum in recent times.

Under this arrangement, the energy efficient 
equipment/investment is arranged by an ESCO and 
installed at the client premise, while the repayment 
towards this investment is arranged by the client from 
out of the cost savings he/she realizes from installing 
the equipment. 

Because of the apparent risk of not realizing the 
promised energy savings as anticipated and due to 
limited amount of funding available to ESCOs through 
financial institutes, large investments on replacing 
existing equipment with modern energy saving 
equipment/technology are not yet visible.

ESCO installs energy saving equipment at the 
client company at its own cost, operates it with the 
client’s staff and gets back the investment through 
the contract period. All the finer details towards the 
engagement can be mutually agreed between the 
ESCO and the client. Thus, the risk of unachieved 
savings is assumed by the ESCO. At the end of a 
pre-determined period of time (say 4-5 years), 
the equipment will be transferred to the company 
enabling it to get full energy saving from then onward. 

On the other hand, in the case of “Performance 
Contracting”, the ESCO will arrange finance for 
investment on modern plant/technology, and 
implement and test for energy savings on a 
sustained basis. The Company is expected to repay 
the investment on long-term basis, through the cost 
savings accrued through the implementation. 

The potential for ESCOs in India is theoretically huge. 
However, there exist strong barriers for its growth, 
mainly arising out of inability of the ESCOs to get 
attractive funding options from financial institutes, as 
well as an inherent information gap and trust deficit 
about the ESCO mechanism and concept. 

An ESCO (Energy Service Company) provides a 
broad range of energy solutions starting with design 
and implementation of energy efficiency retrofits 

as also modelling innovative financial methods. 
The ESCO starts by performing an analysis of the 
property, designing an energy efficient solution, 
installing the required elements, and maintaining the 
system to ensure energy savings during the payback 
period. The payback period of this arrangement can 
range from five to twenty years, depending on the 
negotiated contract. An exercise for expanding the 
number of existing ESCOs through an open invitation 
and evaluation process was taken up by BEE. 
However, the concept has a long way to go since it is 
in its nascent stages as of now.

Step 5: Implementation Plan of Energy 
Efficiency Measures
Once the retrofit plan is finalized after conducting a 
thorough cost benefit analysis, the team should then 
work on implementing the retrofit. Proper project 
planning should be done in terms of assigning 
appropriate timelines, understanding the commitment 
and involvement mechanism as well as project 
finance so that the implementation is seamless.

During the implementation of retrofit measures, 
energy audits are performed to visualize the current 
operating conditions of the installed systems in the 
building; data collection is carried out in this phase as 
well. However, the analysis is more detailed. Energy 
audit is a combination of the following steps:

A) Discussion with facility manager
Before starting the energy audit in the building, 
discussion with the facility manager is a necessary 
step to understand the building performance and 
areas of improvement.

Meeting with owner/operator and occupants to learn 
their day to day problems and plan improvements in 
the facility (e.g., lighting replacements, aesthetics 
and ambience) is a critical step towards effective 
implementation as well as ensuring cooperation 
within the system. 

Further, it is important to assess whether any 
maintenance problem will affect system efficiency. 
This step assessment is useful because it helps in 
performing a comprehensive analysis as well enables 
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the auditors to understand original functional intent of 
the building.

B) Operational schedules and characteristics
It is noteworthy to understand the set points of HVAC 
systems such as space temperature, space humidity, 
lighting levels, boiler temperature, chiller temperature, 
etc., and their respective schedules which can be 
made available through the control system. Operating 
schedules offer immense opportunities for energy 
savings which can be managed effectively through 
comprehensive plans.

C) Conducting site visits
Site visits are an equally important part of any energy 
audit. During the site visit, information like equipment 
condition, maintenance procedures and potential 
energy efficiency measures must be provided to the 
auditors.

Result of the assessment is used to justify the 
equipment or control enhancements that will help 
the staff be more cost effective and better in terms of 
long maintenance.

In most buildings nowadays, a computer based 
control system are installed in buildings that controls 
and monitors with centralized control system (BMS 

Strategy Employed
• HVAC retrofits reduce energy consumption & carbon emissions. 

• Lighting retrofits reduce energy cost and improve indoor environment quality. 

• Building envelope enhancement reduces air conditioning load and heat ingress.

• Replacement of unitary air conditioning system dilutes harmful refrigerant usage CFCs & HCFCs.

• Replacement of conventional UPS with modular UPS in all SDBs eliminates wastage.

Description Old System New System Difference Remarks

UPS Installed 
Capacity, kVA

1580 1200 –380 25% reduction in 
installed capacity

UPS Average 
Efficiency, %

79 94 –15 19% increase in efficiency

UPS Energy 
Consumption, 
KWh/annum

9670 6480 –3190 32% reduction in consumption

Energy Cost, 
` lacs

58 39 –19 32% reduction in energy cost

Case Study
Retrofits in HVAC, lighting, building 

envelope, unitary air conditioning 
system and conventional UPS.

Site of the Intervention
Sholinganallur (Shols), Chennai Campus

Type of Intervention
Retrofits in HVAC

Industry
IT and Consulting
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system) quickly helps to collect information about 
the energy system. After understanding the building 
whereabouts, measurements must be performed. 
The given case study helps to understand as there 
are many implementation options to achieve energy 
efficiency.

Step 6: Operation, Maintenance and 
Training
To ensure recurring energy savings of a building, it is 
essential to include all the required parameters within 
the gamut of operation and maintenance. The main 
focus is on potential capital intensive and requires 
more field data for more rigorous engineering and 
economic analyses.

Educating maintenance staff about building efficiency 
parameters along with financial and non-financial 
benefits can prove the key measure in the EE in the 
existing buildings.

Goal should be to maximize building operational 
efficiency with better health and comfort of occupant. 

In a walk through analysis, along with walk through 
survey, the O&M procedures need to be checked 
where further improvements can be studied in terms 
of potential costs and savings.

Operation & Maintenance staffs which are employed 
directly through some contract need to inform for 
the assessment and data collection. In addition, site 
staff should be aware of resources and data so that 
technical queries can be assisted.

Information from operation & maintenance staff
• Building Information (Energy Bills, Plans, 

Specifications and O&M manuals)

• Information about performance of energy 
systems and its use

• Potential solutions for building problems and 
cost data

The way in which the team wants to carry out the 
study should be formulated beforehand to avoid 
any sort of confusion later. Team could be divided in 
groups to carry energy survey. Importantly, O&M staff 

works for EE realistic and sense of ownership which 
leads to serious commitment during implementation.

Further, contractors play an important role in system 
maintenance like building management system (BMS) 
where they need to be informed about the operation 
of building management systems, energy equipment 
data and estimates of installation and maintenance 
cost of equipment. In addition, building occupants 
play an important role in energy assessment and 
finalizing EE measures.

Also, with regard to electricity purchase from utility, 
there may be incentive programmes for which 
specific information needs to be provided. Energy 
manager needs to clearly define the goals and 
general guidelines for the assessment activity and co-
ordinate the budgeting, scheduling and monitoring of 
the audit.

Data management is very important for the successful 
plan of EE measures. Project manager needs to make 
sure that all preliminary data are available before the 
site visit. 

Here, some challenges & solutions during EE 
measures in existing buildings are discussed which 
help to formulate strategy with more focus and deliver 
better results.

Some Challenges & Solution during 
Energy Efficiency Measures in Existing 
Buildings

Retrofit  needs to plan during non-working
hours and weekend
Ensure simulatenous operation of Old and
New energy system

Source through good vendors by
market research
Product knowledge from energy
audit team

Project team prepares new drawings
and layouts
Help for technical analysis and
implementation plan

Ensure building
operation, worker
productivity and
building safety

Limited information &
availabiltiy on energy

efficent products

Missing building
information like

drawings, electrical
layout

Challenges Solutions

Figure: Challenges and solutions for EE  
measures in existing buildings
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There are many challenges faced during the 
retrofitting in existing buildings.

It’s difficult to do retrofitting without affecting the 
building operations. A proper planning of doing 
retrofitting needs to be done so that it does not affect 
or hamper the working of the building operations.

To overcome this obstacle, the retrofitting needs to 
be done in the non-working hours and also on the 
weekend. The simultaneous operation of old and new 
energy systems should be ensured.

There’s also the limitation of information and 
availability of energy efficient products. To overcome 
this source should be bought through good vendors 
after doing through market research. Also, the product 
knowledge from the energy audit team should be 
accessed.

Sometimes as the building that’s being retrofitted is 
so old that the original map of that buildings is very 
hard to find. So rather than procuring the original map 
of the building, the energy team makes a new map of 
the building. By doing this, the technical analysis and 
implementation programme get helped.

There is some legal framework that needs to be 
implemented in EE in buildings such as:

THE ENERGY CONSERVATION ACT
Considering the vast potential of energy savings 
and benefits of energy efficiency, the Government 
of India enacted the Energy Conservation Act, 2001  
(52 of 2001). The Act provides for the legal  
framework, institutional arrangement and a regulatory 
mechanism at the Central and State level to embark 
upon energy efficiency drive in the country. Five 
major provisions of EC Act relate to Designated 
Consumers, Standard and Labelling of Appliances, 
Energy Conservation Building Codes, Creation 
of Institutional Set up (BEE) and Establishment of 
Energy Conservation Fund.

The Energy Conservation Act became effective from 
1st March, 2002 and Bureau of Energy Efficiency 
(BEE) operationalized from 1st March, 2002. Energy 
efficiency institutional practices and programmes in 
India are now mainly being guided through various 

voluntary and mandatory provisions of the Energy 
Conservation Act. The EC Act was amended in 2010 
and the main amendments of the Act are as follows:

The Energy Conservation (Amendment) 

Act, 2010- Main Amendments
• The Central Government may issue the energy 

savings certificate to the designated consumer 
whose energy consumption is less than the 
prescribed norms and standards in accordance 
with the procedure as may be prescribed.

• The designated consumer whose energy 
consumption is more than the prescribed norms 
and standards shall be entitled to purchase the 
energy savings certificate to comply with the 
prescribed norms and standards.

• The Central Government may, in consultation with 
the Bureau, prescribe the value of per metric ton of 
oil equivalent of energy consumed.

• Commercial buildings which are having a 
connected load of 100 KW or contract demand 
of 120 kVA and above come under the purview of 
ECBC under EC Act.

Energy Conservation Building Code (ECBC)
• The Energy Conservation Building Code (ECBC) 

was launched by the Government of India on 
May 27th, 2007. The ECBC sets minimum energy 
standards for new commercial buildings having 
a connected load of 100 KW or contract demand 
of 120 kVA in terms of Energy Conservation 
(Amendment) Act, 2010.

• Harmonization of ECBC with National Building 
Code (NBC) is also under progress by including 
a chapter on “Approach to Sustainability” in 
NBC-2005. BEE has developed ECO-nirman 
conformance check tool with an objective of 
helping architects and design professionals to 
assess the conformance of their designs with code 
requirements.

• Labelling programme for 3 categories of buildings 
(day use office buildings/BPOs/shopping malls) has 
been developed and put in public domain. Till now, 
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136 buildings have been found eligible for issue 
of label while ESCO model is being promoted for 
carrying out energy efficiency measures in existing  
buildings through performance contracting.

Managing the user behaviour is also one of the 
important things that needs to be focused for 
increasing energy efficiency in buildings.
Occupant presence and behaviour in buildings 
have been shown to have large impacts on space 
heating, cooling and ventilation demand, energy 

consumption of lighting and space appliances, and 
building controls. Careless behaviour can add one-
third to a building’s designed energy performance, 
while conservation behaviour can save a third.

Taking one example about, the company 3M at their 
headquarters in Minnesota: office workers are asked 
to switch off all office devices, lights, etc., not in use 
during peak-price periods. The results of such that 
experiment were profound: the building’s electricity 
consumption dropped from 15 MW to 13 MW in 15 
minutes and further to 11 MW over two hours. This 
corresponds to a saving of 26% in electrical energy.
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Annexure 1: Building Data Collection Form 1

PROJECT INFORMATION

Contact Person Details Name

	 Designation

Email Id

Phone Nos.

Type of building □	Office	 □ BPO □	Retail

□	Mall □	Hotel □	Hospital

Date of occupancy (Since when is the building 
fully	operational?)

Working hours □	Day	time	 □	24 hour 

Working days/week □ 5 □ 6 □ 7

Building occupancy Fixed……………….… Floating……………….……

Area of the building  
(exclude parking, lawn,  
roads,	etc.)

Built	Up	Area	(sqm)	 
(Excluding	Basement)

Conditioned	Area	(sq.m.)

Conditioned	Area	(as	%	of	built	up	
area)

Is	there	a	BMS	installed	in	the	building? □ Yes  □	No

BUILDING DOCUMENTS: Can	following	buildings	documents	be	provided	to	TERI	for	reference?

Architectural drawings of the building □ Yes  □	No

Electrical drawings of the building □ Yes  □	No

HVAC drawings of the building □ Yes  □	No

Design	basis	report	(HVAC	&	Electrical	Systems) □ Yes  □	No

Energy	simulation	report □ Yes  □	No

Electricity bills for last 1 year □ Yes  □	No



19

Energy Efficiency in Buildings

Annexure 2: Building Data Collection Form 2
Building Envelope Sample Questionnaire

Building Envelope

Fenestration	(Glass	Type)

Window	to	Wall	Ratio	(%)

Glazing	SHGC

Glazing	U-Factor	(W/m2-°C)

Visible	light	transmittance	(VLT)	

Air	leakage	rates	(l/s-	m2)

Horizontal	shading □	Yes □	No  
If Yes, provide 
Projection	Factor:

Vertical	Fins □	Yes □	No  
If Yes, provide 
Projection	Factor:

Skylight	to	Roof	Ratio	(%)

Skylight	SHGC

Skylight	U-Factor	(W/m2-°C)

Opaque Assembly

Roof	U-Factor	(W/m2-°C)

Roof	Insulation	details	(Type,	thickness,	
R-value)

Roof	finish

Wall	U-Factor	(W/m2-°C)

Wall	insulation	details	(Type,	thickness,	R-value)
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HVAC Sample Questionnaire

Heating Ventilation and Air Conditioning (HVAC)

Is	Natural	Ventilation	in	the	building	provided?

Air	Conditioning	System:	Central	Plant

Type of chillers and their nos.

Rating	of	chillers	(TR)

Chiller	efficiency	(Rated)	COP/	+IKW/TR

Chiller	efficiency	(Operating)

No. of chilled water pumps

No. of condenser water pumps

No. of cooling towers

Whether two speed motors are installed in cooling towers

Whether	Variable	Frequency	Drives	(VFD)	are	installed	in	cooling	
towers

No.	of	Air	handling	units	(AHUs)

Designed	flow	rate	of	AHUs	(cfm)	

Operating	flow	rate	of	AHUs	(cfm)

Whether two speed motors are installed in AHUs

Whether VFD are installed in AHUs

No.	of	Fan	coil	units	(FCUs)

Designed	flow	rate	of	FCUs	(cfm)	

Operating	flow	rate	of	FCUs	(cfm)

Whether three speed motors are installed in FCUs

Unitary System

No.	of	packaged	ACs	and	their	rating

No.	of	split	ACs	and	their	rating

No.	of	window	ACs	and	their	rating

Whether	thermostats	are	installed	in	the	zones	where	air	
conditioning	is	provided

Controls

Are	all	mechanical	cooling	and	heating	systems	controlled	by	a	time	
clock?

Do	all	cooling	towers	and	closed	circuit	fluid	coolers	have	either	
two speed motors, pony motors or variable speed drives controlling 
the	fans?
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Piping and ductwork

Provide	R-value	of	piping	insulation

Provide	R-value	of	ductwork	insulation

System balancing

Is	system	balancing	done?

Condensers

Location	of	the	condenser?	

Is	soft	water	used	for	condensers?

Is	the	HVAC	system	complying	with	ASHRAE	Standard	90.1-2007?

Economizers

Are	Air	Side	Economizers	provided?

Are	economizers	capable	of	providing	partial	cooling?

Are	economizers	tested?
Variable Flow Hydronic Systems

Are	the	chilled	or	hot	water	systems	capable	of	variable	fluid	flow?

Are	two-way	automatic	isolation	valves	provided?

Are	Variable	Speed	Drives	provided?
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Hot Water and Pumping Sample Questionnaire

Service Hot Water and Pumping

Daily	hot	water	requirement	of	the	building	(Litres)

Type	of	service	water	heating	system	installed	in	the	building

Capacity	of	system	(Litres)

Efficiency	of	service	water	heating	equipment

R-Value	of	Piping	insulation

Is	vapour	retardant	cover	provided	for	the	pool?

For	pools	heated	to	more	than	32	°C,	is	pool	cover	with	minimum	
R-2.1	insulation	provided?

Lighting Sample Questionnaire

Lighting

Total	Lighting	load	(kW)

Is	there	a	dedicated	feeder	for	lighting?

Are	meters	are	installed	to	measure	lighting	consumption?	

Type	and	wattage	of	lamps	predominantly	used	

Type	and	number	of	Lighting	fixtures	used

Type	and	wattage	of	ballasts	(copper	or	electronic)	used

Controls

Are	lighting	controls	provided?

Occupancy sensors

Manual switches

Daylight sensors

Timer controls

Exterior	lighting	controls	(Photo	sensor/Astronomical	time	switch)

Specify	wattage	of	exit	signs

Specify	lamp	efficacy	of	lighting	for	exterior	building	grounds	 
luminaires

For	exterior	lighting:	Wattage	of	lamp	and	ballast	and	number	of	 
fixtures
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Electrical Sample Questionnaire

Electrical Power

Connected	Load	(kW)	or	Contract	Demand	(kVA)

DG/	GG	Sets	(kVA	/	kW) Number

Capacity

	Transformers	(kVA) Type

Number

Capacity

Whether	transformer	test	certificates	are	
available	(Transformer	losses)

Capacitors Number

Rating
Whether Auto Power Correction Relay is 
installed

Motors Type

Number

What all parameter are shown in the energy metering (PF, V, I,  
THD,	etc.)?

Power	distribution	system	losses

Energy Performance Sample Questionnaire

INFORMATION ON OTHER PARAMETERS THAT INFLUENCE ENERGY PERFORMANCE

Equipment	Power	Density	(W/sq.m.)

Schedule	of	Operation	of	Building	Systems

Lighting

HVAC

Water pumping

Operation	&	Maintenance	schedule	(Provide	details	of	O&M	 
schedule)

Are	all	the	lighting	controls	operating	as	designed?

Are	all	the	HVAC	controls	operating	as	designed?

Surface	to	volume	ratio	(To	be	derived	from	building	drawings)

Energy	Cost	Index	(ECI)	–	(Rupees	per	floor	area	per	year)
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Annexure 3: Sample Energy Survey Agenda

Sample  Day-1 

Activity Timings

1 Discussion	on	energy	survey	objective

10:30	AM	to	11:30	AM2 Discussion on required building documents and energy 
bills

3 Visit	of	Electrical	facility	and	Main	LT	Panel	room

4 Installation	of	power	analyser	on	building	main	panel	
and	segregation	of	different	loads	of	the	building 11:30	AM	to	12:30	PM

5 Installation	of	sensors	for	thermal	comfort	survey 11:30	AM	to	12:30	PM

6 Lighting	level	measurement	 11:30	AM	to	1:00	PM

Lunch 01:00	PM	to	02:00	PM

7 Measurement	of	electrical	parameters	on	distribution	
boxes/equipment 02:00	PM	to	05:00	PM

8 Visit of HVAC Plant room, AHU’s, Cooling Towers, STP, 
Firefighting	system,	etc.,	for	primary	data	collection 02:00	PM	to	05:00	PM

9 HVAC	log	book	data	collection 02:00	PM	to	04:30	PM

       

 Sample Day-2

Activity Timings

1 Review of data collected on day 1and remaining data 
collection 10:30	AM	to	01:00	PM

 2 Lunch 01:00	PM	to	02:00	PM

3 Removal of power analyser from the building main 
panel 02:00	PM	to	03:00	PM

4 Removal of sensors 02:00	PM	to	03:00	PM

5 Briefing	about	collected	survey	data 03:00	PM	to	04:30	PM

       
Note Involvement of electrical and HVAC technician would be required to assist energy audit team 

during the electrical power analyser and thermal comfort sensor installation. 
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Company Profile
Grundfos Pumps India Pvt.  Ltd (Grundfos India), a wholly owned subsidiary of Grundfos Holdings, was 
established on March 13, 1998. Grundfos India is responsible for sales of Grundfos products in India, 
Bangladesh, Bhutan and Maldives. Currently, Grundfos India has more than 250 employees and works with 200 
distributors and dealers with 20 offices across India. Grundfos India provides pumps and pumping solutions for 
various applications—heating and hot water service systems, cooling and air-conditioning systems, industrial 
applications, pressure boosting and liquid transfer, groundwater supply, domestic water supply, sewage and 
wastewater, dosing, chlorination systems, disinfection systems and pumps running on renewable energy. 

The Business Challenge as an Opportunity/Choosing Motivation
At Grundfos Sustainability is a core value. To practise what we preach, we got our building certified as LEED 
Gold-rated Green building, the first in India from USGBC. We have been monitoring the performance of 
the building on a continuous basis with respect to energy and water conservation, air quality and waste 
management. Based on the savings, we are the first to go for voluntary recertification as a way of validating 
our efforts. We are now a Platinum-rated Green building as per USGBC LEED – EB. The pay back on our efforts 
due to energy savings was about two years, which ensured that we had a business case to intervene.

Choosing the Intervention—The Process and Business Justification
Our motivation was to ensure that we are one among the best buildings in the world in terms of energy & 
efficiency. We also wanted to keep up the Green agenda both in letter and spirit. So we decided to go from 
Gold-rated Green building to Platinum-rated Green building based on the following retrofit activities:

I. Power saving in air conditioning (HVAC): 
a.  Variable frequency drives were retrofitted in the existing AHU. VFD on the chilled water pumps were 

originally fitted. VFD drives in the AHU helped in conserving more energy. 

b.  Thermal shield: Even though we had under deck insulation, we retrofitted the rooftop with the High albedo 
roof coatings. This thermo shield exterior system effectively dissipates and reflects solar radiation back 
into the atmosphere, resulting in an impressive reduction of Solar loading.

c.  Retrofit with Additives: Frigi-tech a boundary lubricant was added to the chillers to reduce the energy 
consumption & improve the efficiency of the A/c plant. Frigi-Tech reduces the friction in the compressor. 
After introduction of this additive, the kW/TR changed from 1.21 to 1.15. The power savings contributed 
to 5%.

II. Power saving in waste water treatment: 
Process water from the test bed, i.e.,11000 litres/day was let into the sewage treatment plant, treated and then 

Site of the Intervention
Headquarters of Grundfos Pumps India 
Private Limited, Chennai

Type of Intervention
Resource efficient measures

Industry
Pumps

Optimizing Energy Efficiency: Going 
from Gold-rated Green Building to 

Platinum-rated Green Building
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used for gardening. Sewage treatment plant was running at full load capacity round the clock. New method 
was proposed and the process water is let into the rainwater collection tank and then this water is pumped into 
the raw water tank. From the raw water tank, the water is filtered, softened and again used for process. In this 
method, STP operation is reduced by 30% /day and hence there is energy savings.

III. Power saving in lighting
Energy saving is done by replacing the sodium vapour lamp with LED based street light system. Ten 120 W & 
fifteen 70 W sodium vapour lamps have been replaced with 40 W LED lights. This leads to power savings of 
5478 kWh/year.

IV. Renewable energy
a.  Solar energy is introduced for powering the lights in the car shed & name board lights. This system 

contains a solar panel of 1000 W capacity (2 nos), battery and an inverter, which gets charged in the 
daytime. The stored energy in the battery is used for lighting during the night.

b.  The company has also successfully installed a rooftop solar power plant without batteries at its 
headquarters in Chennai. The estimated annual power generation from this plant will be 78000 kWh, 
leading to a reduction of 25,000 litres of diesel consumption annually, with annual savings of `14 lakhs.

V. Power for manufacturing
Inside the premises, 13 no’s of eff2 motors ranging from 2.2 kW to 5.5 kW were replaced with eff1 motors. This 
also leads to savings in power.

Strategy Employed/Brief Description of the Intervention

Solution identified Advantages Disadvantages

• Power saving in Air 
conditioning

• Power saving in Waste 
water treatment

• Power saving in Lighting
• Renewable Energy
• Power saving in Manufacturing

• Energy savings
• Energy savings by reducing 

30% of STP operation
• Energy saving: 5478 kWh/year
• Solar energy: 78000 kWh/year
• Energy savings

Initial investments on these might 
be slightly higher; however, 
the payback is guaranteed.

Devising the Intervention/Intangible or Tangible Benefits Accrued

Total investment (in `) Month & Year of Implementation

Plant room retrofit `1,97,08,547 May, 2012

Lighting system retrofit `1,80,00,000 March, 2013

Unitary air conditioning retrofits `94,37,500 May, 2013

Building envelope retrofit `1,93,369 May, 2013

Conventional UPS retrofit `53,50,000 August, 2013
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Savings Accrued over the lifetime of the project through the intervention (in `)
a. Variable frequency drive: `50,000

b. Thermal shield paint: `6,00,000

c. Additive to chillers: `1,60,000

Savings in waste water treatment: `60,000

Power savings in Lighting: `2,50,000

a. Car shed /name board lighting: `5,00,000

b. Roof top solar: `65,00,000 

Other savings or benefits accrued to the organization 
(Tangible or intangible)

• During the revalidation of the Green building, the monitored energy consumption utility wise and the 
performance of the installed systems and equipment were verified with the international standards. The 
project has proven its savings in energy and has achieved 95 as the EPA score.

• Rain fall of 52.5% has been mitigated through storm water management strategies for both an average 
weather year and for the two year, 24-hour storm design. 

• The entire potable water usage for the project has been reduced to 55.68% below the LEED-EBOM 
baseline by using efficient indoor plumbing fixtures and fittings. 

• The project diverted 97.21% of the ongoing consumable waste stream during the performance period. 

• The project has diverted 99.3% of the durable goods waste stream during the performance period. 

• The project diverted 96.9% of waste (by volume) generated by facility alterations and additions during the 
performance period.

For more information, please contact:
Mahathi Parashuram; Email: mahathi@grundfos.com
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Company Profile
Infosys is a global leader in consulting, technology and outsourcing solutions. As a proven partner focused 
on building tomorrow’s enterprise, Infosys enables its clients in more than 30 countries to outperform the 
competition and stay ahead of the innovation curve. With $8.25 bn in FY14 revenues and 160,000+ employees, 
we provide enterprises with strategic insights on what lies ahead. We help enterprises transform and thrive 
in a changing world through strategic consulting, operational leadership and the co-creation of breakthrough 
solutions, including those in mobility, sustainability, big data and cloud computing.

The Business Challenge as an Opportunity: Choosing Motivation
Sustainability issues are dominant in the world and it has become pivotal for corporates to take responsibility 
of the environmental impacts of their business operations. We believe that we can play a role of a catalyst in 
dealing with the issues of sustainable development. Sustainability is embedded in our core business strategy 
and is the cornerstone of our business activities driving innovations. Our top management is actively involved 
in initiating sustainability practices and has set internal goals of becoming carbon neutral and achieving 
50% reduction in per capita energy consumption by 2018 against the baseline year 2008. The sense of 
responsibility towards protecting the environment coupled with the internal goals we set for ourselves is the 
trigger directing our efforts towards optimizing energy performance of our buildings.

We identified that buildings, if efficiently managed, offer enormous opportunities to achieve huge amount of 
energy savings and in turn considerable reduction in the related energy costs. A major chunk of energy in 
buildings is consumed by HVAC (Heating, Ventilation and Air Conditioning), lighting and computer systems. 
Most of the old buildings are over-designed and are inherently inefficient in terms of energy use. Right sizing 
of equipment, correct orientation and efficient building envelope are some of the points that can significantly 
eliminate operational inefficiencies of a building. Hence, we not only focused on improving energy performance 
of our new buildings, but made efforts to set examples by improving building design and operations of our 
existing buildings. 

Retrofitting existing buildings is a low-cost strategy resulting into highly improved energy performance of 
buildings. It leads to tremendous reduction in energy consumption and wastage with significant reduction in 
operational costs. Another major benefit of retrofits is that the new systems have a life span of more than ten 
years, making it all the more viable. 

With an aim to eradicate the detrimental impacts of our building operations on the environment and also 
reduce considerable amount of energy costs, we concentrated our efforts in improving our existing buildings 
and undertook massive deep green retrofit projects. 

Site of the Intervention
Sholinganallur (Shols), Chennai Campus

Type of Intervention
Retrofits in Energy Systems

Industry
IT & Consulting

Retrofits in HVAC (Heating, 
Ventilation, and Air Conditioning), 

Lighting, Building Envelope, 
Unitary Air Conditioning System and 

Conventional UPS
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Choosing the Intervention: The Process and Business Justification
We have undertaken major energy efficiency retrofits in key energy intensive areas to efficiently manage 
the energy performance of our buildings. The main advantage of retrofits is that the new equipment can be 
accurately sized based on measured operating parameters over a period of time, thereby improving energy 
efficiency to a large extent. Deploying these retrofits reduces the connected load and energy consumption by 
great numbers.

We analysed two years of plant energy data and observed that three chillers were running throughout the year 
and four chillers during summers. Also, due to high condenser approach and high condenser temperature, 
chillers were not able to load above 70% of its design capacity and in addition, all the secondary pumps were 
being used to meet the air handling unit (AHU) flow demand. These are some of the points that compelled 
us to undertake retrofitting of systems to achieve high energy efficiency, eliminate unwanted wastage and 
achieve drastic reduction in costs.

We have undertaken retrofits in our entire central air conditioning system, lighting systems, unitary air conditioning 
system, building envelope and conventional UPS. The heating, ventilation and air conditioning systems are a 
critical part of the building and constitute over 40% of total energy consumed by a commercial building. The 
air conditioning plant offered huge scope for improvement, hence we chose to develop innovative designs 
to optimize energy use of the existing system. This scope extended to reduced energy use, connected load, 
expansion of space availability due to elimination of extra valves and pipes along with considerable monetary 
savings. 

We retrofitted the entire lighting system of the Chennai campus. We recognized that by undertaking this initiative 
we will achieve dramatic reduction in costs enhanced lux level, thereby improving the indoor environment 
quality and employee comfort. Also, ensuring that our systems are in accordance with the indoor environment 
quality standards, lighting retrofits were extensively carried out. Lighting retrofit has a potential of reducing 
the lighting energy consumption and providing a healthy indoor lighting environment to the employees in an 
economic way. 

With an aim to reduce our carbon emissions and the related harmful effects on the environment, we replaced 
our unitary air conditioning system (Dx units) with new chilled water based units. This new system significantly 
reduces the usage of CFCs and HCFCs, in turn, reducing carbon emissions and the related ill effects on the 
environment. 

Efficient building envelope forms the core of an energy efficient building. Old buildings are over designed 
without considering the efficiency of its building envelope. After studying our buildings, we found that there is 
a considerable amount of scope in the roofs and facades of buildings for achieving energy efficiency. If the 
cooling requirement is less, then the air conditioning load will inevitably reduce. With this, we decided to paint 
our roofs with high albedo paints (white) to reduce the heat island effect and heat ingress in the buildings.

These retrofit projects not only revolve around deriving environmental benefits, but at the same time make 
economic sense to our business. The payback period of our retrofit projects is attractive with the life of 
systems of over 15 years, making a compelling business case for others to adopt. These initiatives are also 
an opportunity for us to achieve our goals of reducing carbon emissions and energy consumption; hence, we 
have proactively undertaken these projects in our campus.
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Strategy Employed: Brief Description of the Intervention

Solution identified Advantages Disadvantages

HVAC retrofits • Reduces energy consumption
• Reduces carbon emissions
• Reduces connected load
• Results in reduced energy costs
• Eliminates energy wastage

Retrofit projects require 
temporary shutdown of 
systems, which needs 
meticulous planning for 
an operational building.

Lighting retrofits • Reduces lighting energy consumption
• Enhances lux level
• Improves indoor environmental quality
•  Improves work station lighting level 
• Reduce energy costs 
• Eliminates energy wastage
• Improves employee comfort
• Reduces air conditioning load
• Reduces energy consumption
• Reduces heat ingress
• Leads to reduced energy costs

Building envelope enhancement • Reduces harmful refrigerant 
usage- CFCs and HCFCs

• Lowers the greenhouse gas emissions
• Reduces energy consumption
• Reduces energy costs

Replacement of unitary air 
conditioning system

• Facilitates efficient energy use
• Eliminates wastage
• Reduces energy consumption
• Reduces energy costs

Replacement of conventional UPS 
with modular UPS in all SDBs

• Reduces operational energy usage
• Optimum power quality

Devising the Intervention: Intangible or Tangible Benefits Accrued

Total investment (in `) Month & Year of Implementation

Plant room retrofit `1,97,08,547 May, 2012

Lighting system retrofit `1,80,00,000 March, 2013

Unitary air conditioning retrofits `94,37,500 May, 2013

Building envelope retrofit `1,93,369 May, 2013

Conventional UPS retrofit `53,50,000 August, 2013

Savings accrued over the lifetime of the project through the intervention (in `)
• HVAC retrofit: `1038 Lakhs over a life of 20 years

• Lighting system retrofit: `132 Lakhs over a life of 10 years
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• Unitary air conditioning retrofit: `201 Lakhs over a life of 15 years

• Building envelope: `45 Lakhs over a life of 20 years

• Conventional UPS retrofit: `262 Lakhs over a life of 10 years

Resource savings accrued through the intervention (in terms of efficient utilization of natural 
resources)
• Chiller plant room/HVAC retrofit: 11610 MWh over a life of 20 years

• Unitary air conditioning retrofit: 2470 MWh over a life of 15 years

• Conventional UPS retrofit: 3580 MWh over a life of 10 years

• Lighting system retrofit: 1810 MWh over a life of 10 years 

• Building envelope: 500 MWh over a life of 20 years

• 17.5% of energy savings achieved in 18 months of operation

• Reduction in monthly per capita energy consumption by 21% in two years

• Chiller plant room retrofits have resulted into a 30.3% energy savings in two years

• Piping routing optimization, adding directly coupled in line pumps and eliminating balancing & other valves 
have led to pumps head reduction in chilled water by 53% & condenser water by 18%.

• Created 32% additional space with pipe routing optimization and direct chiller coupled inline vertical pumps.

• Lighting retrofit has improved the work station average lux level by 51%.

• Modular UPS systems have led to nearly 32% reduction in energy consumption.

• UPS installed capacity has reduced by 25%.

• Increase in average efficiency of UPS systems by 19%.

Other savings or benefits accrued to the organization 
(Tangible or intangible)

• Control measures on water quality through RO water blending and auto tube cleaning system help in 
maintaining the condenser tubes clean

• Reduction in CFCs and HCFCs

• Mitigated carbon emissions

• Significant reduction in energy consumption and connected load

• Improved indoor environment quality

• Improved lux level of workstations

For more information, please contact:
Deepali Dhuliya; Email: deepali_dhuliya@infosys.com
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Company Profile
Mahindra Reva Electric Vehicles Private Limited, formerly known as the Reva Electric Car Company, is an 
Indian company based in Bangalore, involved in designing and manufacturing of compact electric vehicles. 
Reva was acquired by Indian conglomerate Mahindra & Mahindra in May 2010. In 2013, MAHINDRA REVA 
was selected as one of “The World’s 50 Most Innovative Companies 2013” by Fast Company (magazine).

The Business Challenge as an Opportunity: Choosing Motivation
The business drivers which led the organization to undertake the energy efficiency intervention are:

1. Commitment to protecting the environment while promoting sustainable growth

2. To reduce the energy consumption of the building as much as possible

3. To make use of renewable sources of green energy

Choosing the Intervention: The Process and Business Justification
To reduce the power consumption of the manufacturing plant by replacing conventional sources of power with 
renewable sources like solar energy

Also, to prevent energy wastage through regenerative power methods

Strategy Employed: Brief Description of the Intervention

Solution identified Advantages Disadvantages

1. Use of Solar Energy : 35% of the 
power load is supplied by Solar 
Energy. Also, the first charge of 
the newly manufactured cars is 
provided by solar panels.

2. Natural Lighting and Ventilation. 

3. Eco-Friendly Captive Power 
Generation for Factory 
Building Requirement.

4. Use of equipment with 
high energy savings: 5 
star rated equipments.

1. Renewable Energy Source 
 
 
 

2. Energy saved for lighting 
and ventilation purposes

3. Green Energy Generation 
 

4. High efficiency

1. Setting up of solar panels is 
expensive. 
 
 

2. Amount of light and air flow 
is weather dependent.

Site of the Intervention
Bommasandra Industrial Area / MREVA 
Manufacturing Plant

Type of Intervention
Use of solar energy

Industry
Automotive

Optimizing Energy Efficiency: Going 
from Gold-rated Green Building to 

Platinum-rated Green building
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Devising the Intervention: Intangible or Tangible Benefits Accrued 
`10,00,000/- ( 2 years)

1. Efficient use of water.

2. Up to 30% reduction in power consumption due use of solar energy.

3. The company has received much acclaim nationally as well as internationally for employing such green 
methods and practices for energy conservation.

For more information, please contact:
Jaganur Sangamesha; Email: Jaganur.Sangamesha@mahindrareva.com
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Business Challenge or Business Opportunity Identified
Air Conditioning in Automated Teller Machines (ATMs) is a major contributor to energy consumption. It needed 
intervention from an energy conservation in addition to the cost. We needed a system that would optimize the 
usage of AC without reducing the overall experience of using an ATM.

Strategy Employed
Solution identified Advantages Disadvantages

1. Use of Solar Energy: 35 
% of the power load is 
supplied by Solar Energy. 
Also, the first charge of the 
newly manufactured cars is 
provided by solar panels

2. Natural Lighting and Ventilation 

3. Eco-Friendly Captive Power 
Generation for Factory 
Building Requirement

4. Use of equipments with 
high energy savings: 5 
star rated equipments

1. Renewable energy source 
 
 
 
 

2. Energy saved for lighting 
and ventilation purposes

3. Green energy generation 
 

4. High efficiency

1. Setting up of solar panels is 
expensive. 
 
 
 

2. Amount of light and air flow 
is weather dependent.

Choosing the Intervention: The Process and Business Justification
The intervention was chosen on the account of a cost-benefit analysis. The Site Environment Management 
System (SEMS) had several advantages over manual intervention and was chosen for all our offsite ATMs.

Brief Description of the Intervention
In our offsite lobby ATMs, YES BANK LIMITED has implemented a device called SEMS. This device is connected 
to all the electrical equipment installed at the ATMs such as ACs, UPS, Lights, Signage lights, UPS Batteries. 

• SEMS is controlled from Yes Bank Outsourcing Partner Prizm Payments/AGS monitoring center

• All the ACs are timed through SEMS which also includes controlling of the temperature centrally individually 
for each ATM. This also comes handy with specific geographies like NCR where it’s extremely hot during 
summers and extremely cold during winters.

Site of the Intervention
All Offsite Lobby ATMs

Type of Intervention
Optimisation of Air Conditioning usage

Industry
ATMs / Banking

Site Environment  
Management System (SEMS)
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• All the lights are connected through SEMS for auto on/off of lights, signage lights, etc., at an ATM level.

• The device also controls the battery levels of the UPS and sends auto alerts to the monitoring centre.

• The SEMS also throws an alert when any lights /signage are not working. 

Total investment (in `) Month & Year of Implementation

Per ATM `400 per month  
(Opex mode for a period of 6 years)

2011 September

Savings accrued over the lifetime of the project through the intervention (in `)
Based on the estimated monthly savings of `4000 per month per ATM since when the project was first 
implemented.  In the 560 branches, YES BANK has saved more than I`22,40,000 in FY 2013–2014.

Resource savings accrued through the intervention (in terms of efficient utilization of natural 
resources)
There is no process currently to measure the resource savings, as the ATMs are located all across geographies, 
and electricity units consumed by the ATMs are separately not captured to provide the resources saved.

Other savings or benefits accrued to the organization 
(Tangible or intangible)

SEMS is also designed to replace the need for having security personnel at the unmanned ATMs as they a 
number of features such as alarms, motion sensors amongst others. This has resulted in ensuring enhanced 
safety at our offsite ATMs without having to hire security personnel.

Brief Company Overview 
YES BANK, India’s fourth largest private sector Bank is an outcome of the professional entrepreneurship of its 
Founder, Rana Kapoor and his highly competent top management team, to establish a high quality, customer 
centric, service driven, private Indian Bank catering to the “Future Businesses of India”. YES BANK is the only 
Greenfield license awarded by the RBI in the last 17 years, associated with the finest pedigree investors.

Since its inception in 2004, YES BANK has fructified into a ‘“Full Service Commercial Bank” that has steadily 
built Corporate and Institutional Banking, Financial Markets, Investment Banking, Corporate Finance, Branch 
Banking, Business and Transaction Banking, and Wealth Management business lines across the country, and 
is well equipped to offer a range of products and services to corporate and retail customers. YES BANK has 
adopted international best practices, the highest standards of service quality and operational excellence, 
and offers comprehensive banking and financial solutions to all its valued customers. Today, YES BANK has 
a widespread branch network of over 560 branches across 375 locations, with 1139 ATMs and 2 National 
Operating Centers in Mumbai and Gurgaon.

For more information, please contact:
Namita Vikas; Email: Namita.Vikas@yesbank.in
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