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India’s building sector, accounting for 38% (~208 Mtoe) of 
total primary energy consumption and 31% (296 TWh) of total 
electricity use, presents both challenges and opportunities in 
advancing energy efciency. While considerable progress has 
been made in designing energy-efcient new buildings, the 
potential for retrotting existing structures remains largely 
untapped. Retrotting offers a cost-effective and scalable 
solution to reduce energy consumption and greenhouse gas 
emissions, aligning with national sustainability goals. In 
recognition of this potential, the Bureau of Energy Efciency 
(BEE) has developed comprehensive manuals to guide the 
assessment, planning and implementation of energy-efcient 
retrots in both commercial and residential buildings.

The Energy Efciency Manuals for Existing Buildings mark a 
signicant milestone in this effort, offering a robust framework 
for integrating modern energy-efcient technologies while 
addressing structural and operational challenges. This manual 
incorporates industry best practices and technological 
innovations, providing practical, actionable guidance for 
enhancing building energy performance across diverse 
climatic zones.

We acknowledge the extensive contributions of the TERI team 
led by Mr. Sanjay Seth and his team members including Ms. 
Shabnam Bassi, Mr. Deepak Singh Rana, Mr. Utkarsh Singh, 
Ms. Swetha AB, Mr. Vishesh Arora and Mr. S. Vikash Ranjan for 
his invaluable technical support and guidance as a senior 
consultant. Their dedication and expertise were instrumental in 
the successful development of this manual.

We are deeply grateful to the trainers, stakeholders, and 
participants in the training programs whose insightful feedback 
helped in rening this manual, ensuring its practical utility for 
building owners, designers, and policymakers.

We extend our special gratitude to Shri Srikant Nagulapalli, 
Director General, BEE, and former Director General, Shri Abhay 
Bakre, for their visionary leadership in advancing energy 
efciency initiatives. We also extend our acknowledgement to 

Mr. Saurabh Diddi, Director, BEE, for his continued guidance 
and support throughout this endeavor. Heartfelt thanks are also 
extended to Ms. Meenakshi, Project Engineer, BEE, for her 
unwavering commitment and invaluable contributions at every 
stage of the manual’s development. Additionally, we express 
our appreciation to Ms. Meenal Anand, Senior Sector Expert, 
BEE, along with Mr. Mayankraj Prajapat, Project Engineer, BEE, 
and Mr. Pankaj Sharma, Project Engineer, BEE, for their valuable 
support.

This manual stands as a testament to collective expertise and a 
shared commitment to creating sustainable, energy-efcient 
buildings. It serves as a denitive resource to drive the adoption 
of retrotting strategies, fostering a greener, more resilient built 
environment.

(Pravatanalini Samal)

Director

Bureau of Energy Efciency (BEE)
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The Final Stakeholder Survey Report represents a critical step 
towards enhancing energy efciency and sustainability in 
India's building sector. Commissioned by the Bureau of Energy 
Efciency and conducted by The Energy and Resources 
Institute (TERI), this comprehensive survey provides insights 
into stakeholder expectations and technical requirements 
essential for developing energy use benchmarking manuals.

Survey Scope and Objectives

1.Building Aspects: The survey examined a range of building 

components, including building envelope design, lighting 

systems, HVAC systems, service water heating, pumping 

systems, electrical systems, appliances, and renewable 

energy integration.

2. Pan-India Coverage: The survey covered all Indian states 
and union territories, capturing diverse regional practices and 
perspectives to ensure a holistic understanding of the building 
sector.

2. Pan-India Coverage: The survey covered all Indian states 
and union territories, capturing diverse regional practices and 
perspectives to ensure a holistic understanding of the building 
sector.

3. Willingness for Retrots: It assessed the willingness of 
building owners and operators to undertake retrots aimed at 
improving energy efciency, providing valuable insights into the 
feasibility of proposed measures.

METHODOLOGY

For data collection state wise face-to-face interviews were 

conducted. The sampling strategy involved:

• Targeting all 36 states and Uts.

• Focusing on state capitals and Tier I towns.

• Employing a Proportionate to Population Size (PPS) 

sampling strategy.

• Utilizing stratied random sampling to maintain 

randomness.

• Dividing each city into four zones for a balanced selection 

of domestic and commercial respondents.

Key Findings and Observations

RESIDENTIAL SECTOR

1. Awareness and Knowledge: Respondents displayed 

varying levels of familiarity with energy efciency 

concepts, with around 64% being familiar or very familiar.

2. Implementation of Energy Efciency Measures: The 

implementation levels varied widely, with over 55% of 

respondents indicating low levels of implementation.

3. Energy Audits: A signicant number of homeowners had 

never conducted an energy audit, highlighting an area for 

potential improvement.

4. Importance of Energy Efciency: Energy efciency was 

considered important by a majority of respondents, though 

motivations varied.

5. Actions Taken: Many homeowners had taken steps to 

improve energy efciency, but barriers such as nancial 

constraints and lack of information were noted.

6. Willingness to Invest: 60% of respondents were willing to 

invest in retrotting measures.

7. Factors Inuencing Investment: Key factors included 

potential cost savings, government incentives, and 

environmental impact.

8. Importance of ROI and Information: Most respondents 

emphasized the importance of understanding the expected 

ROI and having access to reliable information.

COMMERCIAL SECTOR

1. Awareness and Interest: Many commercial buildings 

lacked load monitoring systems, indicating a need for
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increased awareness and interest in energy efciency.

2. Electricity Bills: Most respondents reported average 

monthly electricity bills ranging between `20,000 to 

`40,000.

3. Current Practices: A variety of energy efciency practices 

were implemented, but there was signicant room for 

improvement.

4. Effectiveness Measurement: Respondents highlighted 

the importance of measuring the effectiveness of energy 

efciency practices.

5. Planned Practices: Many commercial entities planned to 

implement additional energy efciency measures in the 

next 12 months.

6. Drivers for Planned Practices: Cost savings and 

environmental benets were primary drivers.

7. Willingness to Invest: Similar to the residential sector, 

there was a strong willingness to invest in retrotting 

measures.

CONCLUSION

The survey ndings highlight the readiness of commercial 

building owners and operators in India to embrace energy 

efciency and retrotting measures. There is a notable interest 

in implementing a wide range of energy-saving practices, 

driven by the potential for cost savings, environmental impact, 

and improved occupant comfort. Access to information, 

nancial incentives, and clear ROI calculations are seen as key 

factors inuencing investment decisions. 

The survey also reveals opportunities for promoting energy 

efciency through education and awareness, tailored 

incentives, and the sharing of successful case studies. A 

signicant number of commercial buildings lack load 

monitoring systems, indicating a potential lack of awareness 

and interest in energy efciency among building owners or 

operators. While certain measures like energy-efcient lighting 

are well-adopted, there is room for improvement in load 

monitoring and HVAC optimization. The emphasis on tangible 

benets such as cost savings indicates a business-oriented 

approach to energy efciency. 

It was observed that despite awareness of benets, there is a 

gap in understanding specic features, which could be 

addressed through targeted education and information 

dissemination. The survey highlights a need for targeted 

awareness campaigns to bridge gaps in understanding the 

benets of energy efciency measures. Past retrotting 

activities positively inuence current willingness to invest, 

indicating a potential learning curve in recognizing the benets 

of such measures over time. 

Availability of dedicated funds and government incentives 

could signicantly boost the adoption of energy efciency 

practices.
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TABLE 1 DESKTOP DATA COLLECTION PARAMETERS

PROJECT DETAILS BUILDING ENVELOPE LIGHTING SYSTEMS HVAC

Location Architectural Drawings Lighting Layout HVAC System

Size Site Plan and Landscape 
Plan

Installed lighting typology (CFL, LED, 
T5 etc.)

Chiller designed technical 
specication

Typology Floor Plans Wattage of individual lamp type Chiller daily log book 
record

Number of Buildings Elevations Total quantity of lighting xtures 
installed

Low side and high side 
equipment 
design specications

Occupancy Sections Usage hours per year HVAC oor plans & Plant 
schematic drawings

Electrical Systems Door, Window Schedule Types of lighting controls installed, if 
any

Periods of operation and 
annual plant 
and equipment operating 
hours.

Single line diagram (SLD) 
of power supply

Building Materials Detail of Timer switch & daylight 
controls installed, if any

Rating of all the 
transformers

Non-load bearing opaque 
wall construction

Design data of Air 
Handling Unit (AHU)

Roof

Historical electricity bill 
data (for at least one year)

Floor Slabs

LT log book data (for at 
least one year)

Fenestration Details

Metered data from Energy 
Management System (if 
available)

Doors

UPS inventory Finishes

Current Monitoring, 
Reporting 
and Verication framework
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2AAHEPI, Wh/h/m =
EPI

Operating Hours
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Collection
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FIGURE 2 DATA COLLECTION

2EPI,kWh/Annum/m =
(Building Energy Consumption)

(Total Builtup Area,m2)

periods are preferable to longer payback periods. 

Post assessing the option with technical analysis, capital 

payback calculations are needed to be performed. This helps 

choosing best retrot option as per the user requirement and 

budgetary constraints.  Determining cost effectiveness of large 

investments over time would require a life cycle cost or monthly 

ow calculations. This helps to rule out cost intensive 

interventions with very high payback period. Higher the cost 

savings ensures the longevity and success of the 

program/Energy Conservation Measure. Cost savings and 

payback period can be calculated through the followings ways.

Through analysis and energy data, peak demand and Energy 

Cost Index (ECI) (expressed in ̀  per oor area per year) can be 

developed [9]. The attractiveness of an energy retrot 

investment is typically assessed using one or more of the 

following three tools: 

1. Simple Payback, 

2. Net Present Value (NPV) or Internal Rate of Return (IRR) 

IMPLEMENT MEASURES-RETROFIT

After analyzing the energy audit and walk through assessment 

reports, the Energy conservation measures are devised. Each 

ECM is shortlisted after conducting a payback analysis to 

understand cost benets. Implementation of Energy 

conservation measures requires proper project planning in 

terms of assigning appropriate timelines, understanding the 

commitment and involvement mechanism and project nance. 

The primary goal of the implementing the energy conservation 

measures is to maximize building operational efciency along 

with achieving occupant comfort

MONITOR PERFORMANCE

Regularly monitoring the building's performance is essential, 

allowing for the introduction of new energy retrot strategies at 

set intervals to enhance energy savings. Educating 

maintenance staff about building efciency parameters along 

with nancial and non-nancial benets can prove the key 

measure in the Energy Efciency in the existing buildings. 

Collaborative meetings involving the O and M team and other 

occupants should be held to raise awareness and implement 

these strategies effectively.

savings. Walk through Assessment can act as a rst step to 

identify existing energy saving opportunities and implement the 

results followed by a more detailed analysis audit to derive 

more detailed measures for savings including capital intensive 

energy saving opportunities [9].

IDENTIFY ENERGY SAVINGS OPPORTUNITIES

• Implement Training Programs for New Employees on 

Energy Management: Develop and execute training 

sessions aimed at educating new staff members on 

effective energy management practices.

• Ensure Comprehensive Tracking and Reporting of 

Energy Consumption to All Employees: Establish systems 

to monitor and communicate energy usage data to all staff 

members, fostering awareness and accountability across 

the organization.

•  Educate New and Existing Students on the Signicance 

of Energy Management: Develop educational initiatives 

targeted at both incoming and current students to raise 

awareness about the importance of energy conservation 

and sustainability.

• Foster a Culture of Continuous Improvement: Cultivate an 

environment where ongoing enhancements in energy 

efciency are prioritized and embraced throughout the 

organization.

 a) Tracking: Establish mechanisms for monitoring energy 

usage and performance metrics systematically.

 b)  Visibility: Ensure that energy management efforts and 

achievements are prominently communicated to all 

stakeholders.

 c) Provide Incentives: Implement reward systems or 

incentives to motivate individuals and teams to actively 

participate in energy-saving initiatives.

 d) Recognition: Acknowledge and celebrate individuals or 

groups who demonstrate exemplary commitment to 

energy conservation and efciency.

CALCULATING COSTS AND PAYBACKS

Payback period in capital budgeting refers to the time required 

to recoup the funds spent in an investment, or to reach the 

break-even point. Payback period measures the duration of 

investment to pay for itself or break it even. This also helps 

identify the savings from the investment. The shorter payback 
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FIGURE 5
HIGH SRI PAINTS ON ROOF
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Energy-Efcient Transformers:

• Replace outdated 

transformers with newer, more 

energy-efcient models.

Power Factor Correction Devices:

• Implement power factor 

correction devices to enhance 

system efciency.

Smart Meters:

• Integrate smart meters for 

real-time monitoring and 

effective load management.

POWER 
DISTRIBUTION

Energy Star-rated Appliances:

• Replace old appliances with 

Energy Star-rated models for 

improved efciency.

Smart Appliances:

• Integrate smart technologies 

for automated control and 

energy optimization.

Load Management:

• Implement load shedding 

strategies to balance electricity 

demand during peak hours.

APPLIANCE 
UPGRADATION

Power Factor Improvement:

• Enhance power factor 

through capacitor banks or 

other devices.

Energy Optimizer:

• Implement energy 

optimization solutions to 

ensure peak efciency.

Harmonic Mitigation:

• Address harmonics in the 

electrical system to enhance 

stability and efciency.

SMART METERING 
AND AUTOMATION



35 36

Commercial - Four Climate



37

Active Design Strategies 

1. NEW MAHARASHTRA SADAN, NEW DELHI
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2. RETREAT (RESOURCE EFFICIENT TERI RETREAT FOR

ENVIRONMENTAL AWARENESS AND TRAINING CENTER)
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3. INDIA HABITAT CENTRE
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4. INTER GLOBE EDUCATION SERVICE LIMITED, GREATER NOIDA
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5. PWD GUESTHOUSE, KHULTABAD
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