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FOREWORD 

The green building movement in India is booming, yet there is little evidence about the actual energy and 
environmental performance of green buildings and occupant satisfaction with their design and indoor 
environment.   

The UK-India Newton Fund sponsored Learn-BPE project has provided the opportunity to develop and nurture 
adoption of building performance evaluation in the growing green building marketplace of India. For the first 
time, a customised building performance evaluation (I-BPE) approach for the Indian sub-continent has been 
developed, tested and refined.  

The application of the I-BPE approach to ten green building case studies located across the country has 
generated new knowledge and insights about the actual performance of green buildings, and experiences of 
occupants who work or live in them. It is vital that the outcomes of BPE studies filter through to policy-makers. 

I congratulate the Learn-BPE research team from Oxford Brookes University and CEPT University on the 
successful completion of their project and the publication of this report.  

I hope the I-BPE framework that has been extensively tested in the Learn-BPE project, will be rolled out to not 
just green, but any building in India, so that occupant satisfaction can be maximised and the impact on 
environment minimised.  

 

 

Sanjay Seth 
Senior Director – Sustainable Habitat Programme  

The Energy and Resources Institute (TERI) 
 

Chief Executive Officer  
Green Rating for Integrated Habitat Assessment (GRIHA) Council 
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EXECUTIVE SUMMARY 

In common with many countries, the green building movement in India lacks an important link: ensuring that 
the design intent of such buildings is actually realised. In addition, India’s building industry – compared with 
those of many other countries – has less documentation of design decisions, more freedom during 
construction, fewer tested and certified products, less formalised building operation, and limited access to the 
costly equipment required for performance evaluation. 

This report describes the process and outcomes of Learn-BPE project, a two-and-a-half-year UK-India 
research initiative (2017-2019) sponsored by the Newton Fund through the Royal Academy of Engineering. 
Led by CEPT University in India and Oxford Brookes University in the UK, the Learn-BPE project undertook 
collaborative research and educational activities to develop new knowledge, tools and skills amongst 
researchers, postgraduate students and practitioners of engineering and architecture, to evaluate the actual 
performance of (green) buildings from both technical and occupant perspectives.  

The report begins by providing the background and context on green building movement in India. The need for 
a customised building performance evaluation (BPE) approach for the Indian sub-continent is emphasised, 
and its integration in educational curricula via workshops, summer/winter schools, classrooms-based courses 
and masters level dissertations is demonstrated through the Learn-BPE project. A survey of experts 
(academics, industry professionals), investigates the drivers and barriers for implementing BPE-based 
methods in educational curricula, and reveals that a key challenge to the adoption of BPE is a lack of trained 
people to teach it. The I-BPE framework is formulated for the Indian context comprising of five key study 
elements, comprising review of design intent, technical building survey, energy assessment, environmental 
monitoring and occupant feedback. Each study element in the I-BPE framework adopts a graduated approach 
(from levels 1 to 4) of increasing complexity and detail The I-BPE framework is designed to be easily 
customized for studying different buildings, depending on availability of data and resources. 

The I-BPE approach is tested in ten case studies (six offices, one educational and three residential 
complexes) located in different climatic zones in India, so as to gain insights for refining the underlying 
methods and processes for conducting further BPE studies. The BPE case studies are also intended to build 
trust in the industry, which is currently shy of exposing themselves to liability risk resulting from actual building 
performance. Insights from the BPE case studies demonstrate a positive impact of the case study findings, 
both in terms of finding ways to improve performance and benefit owners where the actual performance falls 
short of expectation, and in terms of recognizing commissioning and operation practices that allow building 
performance to exceed design expectations.  

Finally, reflections and recommendations are made about the application of the I-BPE approach to the case 
studies, what methods were found to be most popular and why. It is hoped that the outcomes of the Learn-
BPE project will encourage a future strengthening of the relationship between the industry professionals and 
researchers in academia. Most importantly the project has developed and nurtured adoption of BPE that is of 
practical use in the booming green building marketplace of India. 
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GLOSSARY OF TERMS 

AC Air conditioning 
BEE Bureau of Energy Efficiency 
BMS Building management system 
BPE Building performance 

evaluation 
BUS Building Use Studies 
CDD Cooling degree days 
clo Clothing thermal insulation 

value 
CO Carbon monoxide 
CO2 Carbon dioxide 
cx Commissioning 
DHW Domestic hot water 
ECBC Energy Conservation Building 

Code 
EPG Energy performance gap 
EPI Energy performance indicator 
FM Facilities manager 
FSTC Field studies in thermal comfort 
GHG Greenhouse gas emissions 
GRIHA Green Rating for Integrated 

Habitat Assessment 
IAQ Indoor air quality 
IEQ Indoor environmental quality 
IGBC Indian Green Building Council 
IPMVP International Performance 

Measurement & Verification 
Protocol 

ISHRAE Indian Society of Heating, 
Refrigerating and Air 
Conditioning Engineers 

kWp Kilowatt peak 
LCT Low carbon technologies 
LEED Leadership in Energy and 

Environmental Design 
NBC National Building Code 
NV Natural ventilation 
PIR passive infrared (sensor) 
PM2.5 / 10 Particulate matter (micrometer 

size) 
PMV Predicted Mean Vote 
POE Post-occupancy evaluation 
ppm Parts per million 
PV Photovoltaic 
RH Relative humidity 
TI Thermal imaging / 

thermography 
VOC Volatile organic compounds 
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1. INTRODUCTION TO BPE  

1.1 BACKGROUND AND CONTEXT 
India has the third largest economy in the world 
and is growing rapidly as energy consumption has 
almost doubled since 2000. Buildings in India 
currently account for 41% of the country’s total 
final energy consumption and there is great 
potential for continued rapid growth and 
urbanization (key drivers for energy trends). Green 
building certification councils have clearly seen 
this as an opportunity. The Indian Green Building 
Council (IGBC) claims that India has the second 
largest registered green building footprint (with 
over 7 billion square feet), and over 5,424 projects 
registered for green building ratings (as of 
September 2019) (IGBC, 2019).  

The most predominant building rating systems 
applied in India are: 

• The Indian Green Building Council (IGBC) 
• Green Rating for Integrated Habitat 

Assessment (GRIHA) 
• Bureau of Energy Efficiency (BEE) 
• Leadership in Energy and Environmental 

Design (LEED India) 

In common with many countries, the green 
building movement in India is lacking an important 
link: ensuring that the design intent of such 
buildings is actually realized. International 
research continually demonstrates that green 
building rating and certification systems do not 
always ensure greater energy performance 
(Sawyer et al., 2008, Gupta and Gregg, 2016), 
occupant satisfaction (Alborz and Berardi, 2015) 
or better indoor environmental quality (IEQ) over 
conventional buildings (Tham et al., 2015). As is 
seen extensively in the UK (Bordass et al., 2004), 
USA (Navarro, 2009), and Germany (Calì et al., 
2016) to name a few, despite improvements in 
building fabric and the deployment of innovative 
services and systems, a significant gap between 
predicted and actual performance in non-domestic 
and domestic buildings is observed, leading to 
higher than expected energy use (Bordass et al., 
2001, Demanuele et al., 2010) among other 
issues.  

Though there is little evidence of this performance 
gap in India (Sabapathy et al., 2010), it is 
hypothesized that it is at least as prevalent as in 
other countries and will persist, as more green 
buildings are built to meet both the demand of 
urbanization and the global concern for 
greenhouse gas emissions reduction.  

One way of identifying and addressing the 
performance gap is through building performance 
evaluation (BPE) which is a process of 

systematically comparing the actual performance 
of buildings (in against expected performance, 
based on feedback and evaluation at every phase 
of building delivery, ranging from strategic 
planning to occupancy, through the building’s life 
cycle (Preiser, 2001). BPE studies are invaluable 
for identifying, quantifying and resolving the gap 
between ‘as designed’ and ‘in use’ performance 
through a systematic collection and analysis of 
qualitative and quantitative information related to 
fabric performance, energy performance (which is 
influenced by a range of factors from equipment to 
occupancy) and environmental conditions.  

BPE can take on various forms and time scales, 
from light touch to more intensive. While BPE can 
cover the entire life-cycle of the building (including 
construction, post-construction, early occupancy 
and in-use stages), Post-occupancy evaluation 
(POE) studies are limited to the in-use stage of a 
building (Preiser, 2005). Although POE/BPE has 
been established since the 1990s and is used 
internationally, no standardized protocol has 
gained international dominance (Li et al., 2018).  

This is why BPE studies should be tailored to 
individual project contexts to measure what is 
defined as important to the client and project 
team. Ideally the whole project team participates 
in the BPE process to promote shared learning 
and responsibility. Once completed, a strategy is 
needed to ensure that knowledge acquired 
through BPE studies informs future, building 
design and performance, and communicated more 
widely (Hay et al., 2016). 

BPE has a number of short-, medium- and long-
term benefits (HEFCE, 2006, Gupta and Gregg, 
2014). Short term benefits include, solutions to 
immediate problems, response to user needs, 
improved space utilisation, and ascertaining 
occupant satisfaction. Medium term benefits 
include, building adaptation to change, finding new 
uses for buildings and accountability for 
performance. Longer term benefits include, 
contextualised performance outcomes – detailed 
hypotheses based on experience that can be 
applied in future buildings; better communication, 
transparency and accountability between design, 
supply, construction and commissioning; and 
quantifying (through monitoring and verification) 
and delivering real returns on investment/reducing 
risk (e.g., improvements in environmental 
conditions). 

Despite these benefits, there are a limited number 
of studies in India on BPE, due to the time, cost 
and resources involved in conducting such studies 
as well as the lack of trained people to teach it. 

There is also professional fear of work being 
judged or limitations exposed, and lack of 
availability of case studies and required data (e.g., 
fuel bills or past energy use). 
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Given this context, the “Learning building 
performance evaluation for improved design and 
engineering (Learn-BPE)” project was designed to 
build upon the BPE work in the UK and 
customising the BPE approach for the Indian 
context.  

1.2 OVERVIEW OF LEARN-BPE 

PROJECT 
Learn-BPE is a UK-India research project that has 
been funded by Newton Fund through the Royal 
Academy of Engineering from April 2017 to 
October 2019 (30 months). Led by CEPT 
University in India and Oxford Brookes University 
in the UK, the Learn-BPE project undertook 
collaborative research and educational activities to 
develop new knowledge, tools and skills amongst 
researchers, postgraduate students and 
practitioners of engineering and architecture, to 
evaluate the actual performance of (green) 
buildings from both technical and occupant 
perspectives.  

The Learn-BPE project began by setting up and 
testing a methodology for measuring and 
understanding actual building performance in India 
(I-BPE). This includes field measurements, 
occupancy surveys, discussions with design 
teams, review of design documents, and analysis. 
The I-BPE framework consists of the methods and 
potential delivery routes for its adoption in 
education, research and industry. The I-BPE 
methods were applied by postgraduate students to 
evaluate the actual performance of ten green 
rated certified residential and non-residential case 
studies, located in different climatic zones of India. 
A range of potential delivery routes were 
developed for the adoption of BPE approach in 
academia through formal and continued 
education, as explained in the following section. 

1.3 INTEGRATING BPE IN 

EDUCATIONAL CURRICULA 
In a rapidly developing country like India, there 
should be a heightened sense of urgency for a 
widespread adoption of BPE, which will likely need 
to happen in both formal education and building 
industry symbiotically, ideally driven by policy 
and/or market transformation. This drive for 
studying real building performance may come 
from current policy initiatives such as the Energy 
Conservation Building Code (ECBC); Ministry of 
New and Renewable Energy’s (MNRE) programs 
focusing on the utilisation of renewable energy 
sources in buildings; as well as Green building 
rating systems which are considered to be the 
most successful market transformation mode for 
high performance buildings in India (Rawal et al, 
2013).  

This is why the Learn-BPE project recommended 
that the primary gateway to the greater use of 
BPE in India is through the formal educational 
system of architecture and engineering (A&E). 
The building industry (e.g. trade organizations) 
needs to support this integration of BPE into 
formal education and likewise industry 
professionals could be educated through a 
continuing education (CE) approach. This will help 
to produce a ‘new’ cadre of building performance 
evaluators (or third-party evaluators) who are 
competent across a relevant range of technical 
and social aspects of building performance.  

To facilitate the adoption of BPE in academia 
(A&E education) and continued education (for 
professionals), the Learn-BPE project developed a 
series of delivery routes to enable rapid and 
deeper learning, as shown in Figure 1. These 
include one day workshops (train the 
professionals); week-long courses (summer/winter 
schools); 8-10 week classroom based 
course/module (A&E education); and 16-week 
intensive Undergraduate/Masters dissertation 
(research).  

It is important to note that the suggested routes for 
integrating BPE in education are not a 

   

BPE delivery route for industry   

Train the experts (Continuing 
education / continuing 
professional development 
courses): 

1 day workshop 

Summer / Winter 
school: 

1 week intensive 
course 

Teaching course: 

8-10 week classroom 
based courses 

Thesis: 

16 week UG / Masters 
dissertation 

 BPE delivery route for academia 
 
Figure 1. Embedding BPE for academia and industry 
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recommendation for a curricula overhaul, but a 
starting point for trialling BPE for the Indian 
context through academia. Since professionals 
(architects, engineers, consultants) are 
constrained by time, a one-day training workshop 
may be more suitable for them in rapidly learning 
about building performance, while deeper learning 
can happen through the week-long summer/winter 
school and teaching course. The four-month 
dissertation offers students and staff a means of 
conducting a deep dive into the subject. 

To test the various delivery routes for integrating 
BPE in academia and industry, a series of one-
day train the expert workshop (continued 
education) and summer/winter schools (intensive 
workshops) were organized in association with 
industry partners and academic institutions to 
enhance the capacity of the educators in BPE. 
CEPT University also ran classroom-based 
courses on BPE as part of the MTech programme. 

The autumn school (intensive workshop) was 
arranged in Manipal University, Jaipur (October 
2018) wherein an introduction to BPE and the 
customised BPE framework along with application 
in multiple case studies were presented (Figure 2 
and Figure 3). Attendees were trained to use 
loggers for measuring indoor environment 
(temperature, relative humidity, CO2 levels) and 
surveys to ascertain occupant experiences of their 
indoor environment. As part of the training, 
attendees in groups of four of five, used the skills 
acquired to assess the performance of a green 
building on campus, and shared the experiences 
with the wider cohort. 

 

Figure 2. Training in Jaipur workshop (October 2019) 

 

Figure 3. Attendees presenting the assessment of a 
case study at the Jaipur workshop 

A train the expert workshop was also held on 15 
October 2018 in the offices of TERI, New Delhi.  

This was a one-day workshop that introduced BPE 
approach along with application in multiple case 
studies (Figure 4 & Figure 5). The day long 
workshop invited experts in building performance 
to share their experiences of studying the actual 
performance in buildings in India.  

 

Figure 4. Train the expert workshop in New Delhi on 
15 October 2018 

 

Figure 5. Discussion about challenges in scaling up 
BPE studies at the workshop in New Delhi 
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The major part of Learn-BPE project was the 
application of the customised BPE approach 
green rated case studies, as part of through 
Masters level dissertations undertaken in Oxford 
Brookes University and CEPT University. Eight 
students applied the Learn-BPE approach to a 
total of 10 residential and non-residential case 
studies. Table 1 shows the details for all instances 
of curriculum integration trials. 

An important aspect of the Learn-BPE project was 
the collaboration with industry partners to identify 
and recruit green rated buildings for BPE studies. 
This report seeks to share the knowledge and 
insights gained from undertaking the BPE studies 
of the ten green rated case studies to identify 
ways of making building perform better. 

The report is henceforth organised to present the 
following elements: 

• Expert survey: The results of an online 
survey of experts conducted to understand 
whether proposed BPE methods are relevant 
in an Indian context and investigate the 
drivers and barriers for implementing BPE-
based methods in architecture and 
engineering educational curricula. 

• Customisation of BPE for India (I-BPE): 
The I-BPE framework is formulated for the 
Indian context, through an assessment of 
established BPE methodology. 

• Learn-BPE case studies: The I-BPE 
approach is tested in 10 case studies to gain 
insights for refining the underlying methods 
and processes for conducting further BPE 
studies.  

• Insights from the case studies: Combined 
analysis of findings to reveal common trends 
in building performance in India and ways to 
make buildings perform better. 

• Reflections about the application of I-BPE to 
the case studies and wider challenges in 
undertaking BPE.  

Table 1: Curriculum integration trial results 

Type  Timeline   Structure 
Number/ profile 
of participants 

Implementati
on 

Train the 
trainer 
workshop  

One day  
• Overview of BPE methods 
• Presentation of case studies  
• Integration BPE in practice 

15-20  
Industry experts, 
academicians, and 
researchers  

TERI, Delhi  

Summer/ 
Winter 
School 

Three days 

• Detailed understanding of BPE 
• Presentation of case studies  
• Hands on measurements 
• Field survey  
• Integrating BPE in practice 

20-25  
Academics, 
researchers and 
post graduate 
students  

Manipal 
University 
Jaipur,  
SVNIT, Surat  

Classroom 
based 
courses 

Two months 

• Detailed understanding of BPE 
• Presentation of case studies  
• Developing monitoring plan 
• Hands on measurements 
• Field survey  

15-20  
Post graduate 
students- 
Semester  

Two 
classroom-
based courses 

Dissertations Six months • Detailed BPE of a case study  
One student per 
dissertation 

10 BPE case 
studies  
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2. INSIGHTS FROM EXPERT 

SURVEY 

An online survey1 was developed to gather expert 
opinion about the methods proposed for the 
customisation of BPE in the Indian context and the 
limitations for their adoption, particularly, their 
incorporation into educational curricula. The online 
survey was distributed via email to experts 
(approximately 400) in the building sector in India 
through a network shared between OBU and 
CEPT. The survey is a qualitative, exploratory 
study to gain a glimpse of the status of BPE in 
academia and industry in India, and to understand 
a level of acceptability regarding common BPE 
methods. 

2.1 SURVEY DESIGN AND 

RESPONSES 
The online survey format was selected to cover as 
much of India as possible. The survey is a non-
probability, convenience sample from a shared 
database of connections; however, prior 
knowledge of BPE of the respondents was 
unknown. The survey was constructed using 
Google Forms and was open for just under four 
weeks from mid-December 2017 to mid-January 
2018. The professional background of the experts 
covered academics, industry professionals 
(architects, engineers, green building consultants), 

 
1 The survey can be viewed online: 
https://goo.gl/forms/I7Hwepgd1FUN9xyo2  

construction professionals and policymakers.  

A total of 75 experts responded to the survey 
(response rate = 18.8%). Of these, seven were 
located outside of India; these were excluded to 
reserve analysis for responses from experts 
currently living and working in India. Interestingly, 
each non-India response was from a different 
country: Australia, Belgium, Germany, Indonesia, 
South Africa, UK, and USA, indicating a 
widespread interest in the subject. This left a final 
response count of 68 experts from India.  

Figure 6 shows the city, state and climatic zone 
represented by the respondents. Most of the 
respondents (80%) are based in the composite 
(n=32) and warm-humid (n=22) climatic zones 
since these have a wide geographical coverage in 
India, with a smaller representation in the hot-dry 
(n=7), temperate (n=5) and cold (n=2) climates.  

Many respondents had an architectural and 
design background, but most considered their 
professional expertise to be a mix of academic 
and industry professional (Figure 7). Most 
respondents also had 10+ years of experience in 
the field of energy efficiency or green building. In 
addition, all but three respondents had some level 
of prior knowledge of BPE. Most of those with 
extensive BPE experience were those with both 
practice (architectural) and academic experience. 
All respondents with extensive BPE experience 
had at least six years of experience in energy 
efficiency / green building; the majority had 10+ 
years of experience. 

Figure 6. City, state and climate zones of respondents 

https://goo.gl/forms/I7Hwepgd1FUN9xyo2
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Architects far outweighed the engineering or 
construction professionals in the survey (note that 
academic is a cross-over category for many 
professionals and therefore not separated from 
the individual’s professional designation).   

A limitation of the survey is the small number of 
respondents, considering the size of India and the 
expected number of professionals in the building 
industry. However, since the survey is meant to 
only provide a glimpse into the knowledge and use 
of BPE methods and to collect opinion on the 
proposed BPE methods, it is considered sufficient 
for the purpose. The small response rate can 
partially be attributed to the short period of time 
within which the survey was to be completed and 
the limited reach of contacts. In addition, web 
surveys are considered to be inferior in response 
rates compared to other modes, whereas one 
meta-analysis (Manfreda et al., 2008) found an 
average response rate of 11% for web-based 
surveys.  

2.2 SURVEY RESULTS 
Sixty-five of the 68 respondents agreed that BPE 
is necessary in India and when asked to comment 
further on this, 50 ‘yes’ respondents provided the 
following reasons why BPE is necessary in India:  

1. Validate assumptions / prove certification 
compliance and design effectiveness (n=17);  

2. Energy performance / management & 
sustainability (n=16); 

3. Improve performance through improved 
design process / feedback to inform practice 
of what works & what does not (n=8);  

4. Raise climatic design awareness (n=6);  
5. Data collection / benchmarking (n=3).  

However, the perceived need for BPE does not 
necessarily mean that it will become common 
practice given the range of following challenges 
revealed by the survey: 

1. Lack of trained professionals to teach BPE 
(n=47); 

2. Lack of funds to purchase tools to perform 
certain BPE tasks (n=38);  

3. Lack of availability of case studies (n=37); 
4. Lack of interest for those that develop 

curricula (n=32); 
5. Lack of professional interest (n=29). 

The following were also added by respondents: 

1. Regulatory limitations;  
2. Overloaded curricula with no room for more 

courses;  
3. Lack of background physics courses to set 

the groundwork for BPE; and  
4. Lack of awareness about the usefulness and 

benefits of BPE. 

While most respondents considered BPE to be 
equally appropriate in both architecture and 
engineering education, a large proportion (85%) of 
the respondents considered BPE education to be 
appropriate as primary coursework in both 

Figure 7. Professional expertise of respondents, experience and prior knowledge of BPE 
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undergraduate and postgraduate (Masters) 
programmes (64%).  

The expert survey explored deeper with 53 
academic respondents, who stated they were 
involved with an academic institution in India. This 
cohort of respondents were given an additional set 
of questions on their institutional arrangements for 
teaching BPE with the purpose to get a glimpse of 
concepts and methods taught given a lack of 
literature on the subject. Only five of these 
respondents were from the same two universities. 
Of the total 50 educational institutions represented 
by the 53 respondents, 89% have programmes 
that teach green building and sustainability, 
whereas 68% and 62% have programmes in 
which building services and building 
physics/science are taught (respectively). Courses 
on energy management are found to be most 
lacking at 30%.  

When queried further regarding what building 
performance related methods were taught in the 
courses (Figure 8), the majority, 49%, responded 
that thermal comfort and occupant survey were 
applied, while only 34% have programmes in 
which environmental monitoring/measurement is 
applied. Again, most lacking was the application of 
energy monitoring/measurement at 25%. This 
finding is corroborated by previous research by 
Manu et al. (2012) which showed that although 
most academic institutions in India have 
laboratories hosting tools and equipment for 
teaching and exploring design concepts, there 
was a lack of diagnostic and performance 
evaluation equipment. Furthermore, despite a 
large interest in BPE from the survey sample, 30% 
of the academic respondents represented 
universities with no course on the BPE methods. 
The larger application of thermal comfort methods 
as opposed to energy monitoring/ measurement 

reflect the focus of building performance studies 
on field studies of thermal comfort, as shown by 
the literature review. 

Figure 9 shows the perceived importance of 
different BPE methods, wherein the most 
important methods were found to be energy data 
collection / monitoring and occupant survey, while 
design team interview and air tightness testing 
were considered least important.  

Table 2 shows the weighted importance of each 
method based on responses for each 
respondent’s BPE experience. To add weight, the 
percentage of respondents for each category was 
multiplied by a weighting factor (5 for extremely 
important, 4 for very important and so on); three 
respondents with no experience were excluded. 
Most levels of experience shared common ideas 
about BPE methods; however, interestingly, those 
with extensive experience in BPE considered the 
building fabric assessment methods to be the 
least important with the least overall weight among 
all experience levels.  

Table 3 does the same but is based on 
respondent’s climatic zone. Air tightness testing 
and thermal imaging was perceived to have a high 
level of importance amongst respondents from the 
cold and temperate climates, while these were 
considered least important amongst all methods 
for the hot-dry climate, indicating the influence of 
local climate on the selection of BPE methods. 
The survey findings reflect the opinions of the 
warm-humid and composite zones as most 
respondents represent these zones (80% 
combined) which geographically cover most of 
India. Post-occupancy (in-use stage) investigation 
period (e.g. energy and environmental monitoring 
and occupant survey) appears to be most 
important for respondents. 

Figure 8. Course availability 
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Figure 9. Relative importance of BPE methods as perceived by the experts  

(TI: Thermal imaging survey) 

Table 2: Weighted importance by respondent experience (n=65).  

Cx = commissioning. Note: the different shades indicate different ranges, e.g. the largest range of 4.3 – 4.7 is the 
darkest shade for easier legibility. 

 

Table 3: Weighted importance by respondent climatic zone (n=68) 
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A key aim of the expert survey was to investigate 
specific barriers to the adoption of common BPE 
methods. Five barriers were pre-defined, along 
with an open-ended option for respondents to add 
any number of barriers for each BPE method. The 
barriers listed below are in the order of highest to 
lowest voted (along with corresponding BPE 
method for which the barrier had the highest count 
in parenthesis); preference for the first two barriers 
far exceeded the others. 

1. Required expertise to perform evaluation 
task (Air tightness testing, System 
installation and commissioning review, and 
energy data collection / monitoring – three-
way tie) 

2. Time required to perform evaluation task 
(Occupancy survey) 

3. Cost of equipment (Thermal imaging)  
4. Availability of equipment on the market (U-

value verification) 
5. Low return on investment (Dissemination of 

findings to professionals and policymakers) 

Air tightness testing and energy data collection are 
found to have the greatest number of barriers, 
while design team interview had the least. 

Overall the key barrier to fostering BPE in 
education and industry (practice), was found to be 
the ‘lack of policy initiatives that require measuring 
real building performance’ (n=47), followed by 10 
less votes for ‘industry is shy of exposing 
themselves to liability risk’. The least voted barrier 
was ‘identifying and recruiting suitable buildings’ 
(n=20). The pre-defined barriers from which to 
choose were (listed in voted order): 

1. Lack of policy initiatives that require 
measuring real building performance,  

2. Industry is shy of exposing themselves to 
liability risk,  

3. Professionals often do not like to have their 
work judged by other experts,  

4. Difficult or expensive to hire experts with the 
necessary skills to teach BPE,  

5. Finding the time and resource to conduct 
BPEs,  

6. Additional fees are required for conducting 
BPE,  

7. Changing the design/construction brief to 
integrate BPE studies in projects,  

8. Making changes in architectural or 
engineering curricula to include is 
bureaucratic and requires approval from 
several parties 

9. Identifying and recruiting suitable buildings 

As an open-ended question, when the 
respondents were asked to provide any additional 
barriers they thought were missing, the most 
mentioned (n=15) barrier was lack of awareness 
of the need for BPE throughout industry and 
policy. This barrier can in fact be the root cause 
for several of the barriers. 

Overall the results of the expert survey affirmed 
the need for integration of BPE in academia and 
industry. The survey also revealed that a key 
challenge to the adoption of BPE was a lack of 
trained people to teach it. 
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3. CUSTOMISING BPE FOR 

INDIA (I-BPE) 

3.1 THE I-BPE FRAMEWORK  
To formulate the I-BPE methodological approach, 
the methods used for performance evaluation of 
buildings in India were considered along with 
those commonly used for BPE studies 
internationally and in the UK (Cohen et al., 2001, 
Watson and Thomson, 2005, Wingfield et al., 
2011, Palmer et al., 2016), including the authors’ 
experience in BPE work, notably through Innovate 
UK’s BPE Programme (Gupta and Gregg, 2014, 
Gupta and Gregg, 2016, Gupta et al., 2013, Gupta 
et al., 2015). Furthermore, input from relevant field 
experts in India helped to prioritize methods and 
indicate which may or may not be relevant for the 
Indian context.  

Table 4 sets forth five essential elements to 
achieving a comprehensive, yet simplified BPE 
study of a building in-use. This is the I-BPE 
framework which was tested in each case study. 
What the authors determined to be five essential 

or ‘need-to-know’ study elements are listed.  

Li et al. (2018) suggest that since the purpose and 
associated methods in POE are highly case-
dependent, it makes it difficult to have a 
standardized protocol for all POE projects. For this 
reason, each study element in the I-BPE 
framework adopts a graduated approach (from 
levels 1 to 4) of increasing complexity and detail 
i.e. level 1 is the basic method to implementing the 
BPE element and higher levels are to be added to 
the preceding levels for a deeper investigation. 
Note that though the design is additive with a 
graduated approach of increased complexity, 
lower levels are not always required to implement 
higher levels.  

The I-BPE framework can be easily customized 
for studying different buildings, depending on 
availability of data and resources. For example, 
Level 1 methods alone could be applied to ‘data 
poor’ buildings (Janda et al., 2014) (for which little 
information is available), while levels 3 and 4 
could be deployed in buildings that are more ‘data 
rich’ (e.g. available design records and high 
resolution BMs monitoring). This flexibility in the I-
BPE framework should help with its adoption. 

Table 4: I-BPE framework developed in the Learn-BPE project 

 Time and expertise required  

No. 
BPE study 
elements 

Level 1 Level 2 Level 3 Level 4 

1 Review of design 
intent 

Collection of available 
design data, metering 
strategy, details of 
building and its use 

Review of 
building services 
and energy 
systems 

Interviews with key 
stakeholders (e.g. designer, 
owner, developer) 

Walkthrough with key 
stakeholders (e.g. 
designer, owner, 
developer) 

2 Technical 
building survey 

Inspection of build 
quality and services 
using photographic / 
video documentation 

Controls interface 
survey  

 

Review of installation and 
commissioning of services - 
performed as walkthrough 
with (or without) 
knowledgeable guide (e.g. 
facility/building manager, 
owner, designer) 

Assessment of 
building fabric using 
infra-red 
thermography 

3 Energy 
assessment 
(consumption & 
generation) 

Meter readings / 
energy bills for one 
year  

Monitoring of 
utility meters: 
analysis of energy 
demand profiles 

 

Sub-metering of energy use 
(e.g. energy generation, 
cooling/ heating, hot water, 
lighting, equipment) 

Electricity plug load 
monitoring of 
individual appliances 

4 Environmental 
monitoring 

Temperature and RH 
spot readings (internal 
and external) (coincide 
with occupant survey) 

Temperature and 
RH loggers/ 
monitoring 
(internal and 
external 
(including 
weather station 
data download)) 

Additional parameters spot 
read/ logged, e.g. CO2, lux, 
noise, wind speed 

Additional parameters 
spot read/ logged, 
e.g. carbon monoxide 
(CO), PM(x) 
(particulate matter), 
bioaerosols, volatile 
organic compounds 
(VOCs) (depending 
on objectives, e.g. 
IAQ studies) 

5 Occupant 
feedback 

Occupant satisfaction 
survey (perception of 
indoor environment 
and control) e.g. BUS 

Semi-structured 
interview 
(individual 
occupants) 

 

Thermal comfort diary 
(thermal sensation and 
thermal preference of 
occupants) 

Focus group 
(collective) with 
occupants to discuss 
common 
questionnaire findings 
in more depth 
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3.2 I-BPE METHODS  

3.2.1 Review of design intent 
Design review helps to establish the design intent 
of the case study and provides the reference 
against which the actual performance can be 
compared with. A design review can include: 

• Review of drawings and construction 
documents / review of energy models: 
Where possible it is helpful to understand the 
discrepancy between ‘as-designed’ and ‘as-
built’ condition. This process would include 
both desktop assessment of drawings and a 
forensic photographic survey of the building. 

• Review of building services and energy 
systems: To further evaluate the energy 
consumption and services contributing to 
environmental management in the building, 
the services and systems need to be itemised 
and evaluated for further investigation. 

• Interview with design and delivery team: 
This helps to provide further detail about 
design intent, and if and why, any design 
changes have been made.  

• Walkthrough interviews with key 
stakeholders such as building owner or 
building manager: Walkthrough interviews  
help to identify the building energy systems 
and how indoor environment is managed, as 
well the degree to which the design intent has 
been followed through in terms of delivery 
and subsequent adoption by the occupant(s). 
It is vital to note where the building is being 
used as intended and where it is not; which 
aspects provide occupant satisfaction and 
which do not meet their needs, result in 
frustration and/or compensating behaviour on 
the part of occupants. The walkthrough 
survey and interviews require participant 
consent. 

3.2.2 Technical building survey 
• Inspection of build quality: Evaluation of 

the building fabric to ascertain the quality of 
construction.  

• Controls interface survey: Control 
interfaces are the meeting point between the 
users and the building technology. The six-
point criteria developed by Buildings Controls 
Industry Association (BCIA) are used to 
visually rate the performance and usability of 
control interfaces of cooling, heating, 
ventilation and lighting systems, as well as 
touchpoints of the building fabric (window 
controls). These criteria include clarity of 
purpose, intuitive switching, usefulness of 
labelling and annotation, ease of use, 
indication of system response, degree of fine 
control as well as accessibility. 

• Review of installation and commissioning 
of services: It is important to note that 
system commissioning and installation review 
can require expertise knowledge of certain 
systems; however, there are different levels of 
this review which may look as follows: 
- Level 1: Walkthrough with design team, 

owner, facility manager simply gaining 
the knowledge that they can pass on 
regarding the systems in the building, 
their operational issues, etc. 

- Level 2: Review relevant documents to 
ensure that systems are installed 
correctly, commissioned correctly 
(through testing) and operational as 
expected. 

• Thermal imaging: Thermal imaging provides 
an infra-red image which gives an indication 
of surface temperatures and can enable 
thermal anomalies in construction to be 
identified. Such anomalies may be the result 
of gaps in insulation layers, different 
insulation characteristics, air movement within 
the structure or, more usually, a combination 
of all three. Thermal imaging can be 
performed in a cooling degree day dominated 
climate like India. It is important to follow 
published guidelines such as internal to 
external temperature difference of 
approximately 10°C and no direct sunlight on 
the façade for four hours before imaging. 
These guidelines can be more difficult to 
follow for naturally ventilated buildings and 
would likely be more restricted to certain 
seasons where the temperature differential 
can be obtained.  

3.2.3 Energy assessment 
• Measuring and monitoring of energy use 

and energy generation is a fundamental 
element of BPE studies. There are a number 
of methods for obtaining energy consumption 
data. These include fuel bills / invoices that 
provide periodic reporting on energy 
consumption. Periodic meter readings can 
be taken whenever convenient to the 
researcher or facility manager. Monitoring of 
energy consumption at high frequency can 
be undertaken using automatic meter reading 
(AMR) or building energy management 
systems (BEMS). Energy data can be 
uploaded immediately for online download.  

• Sub-metering of energy use enables 
monitoring of energy end uses such as 
heating, cooling, lighting, hot water and plug 
loads, which helps to identify where energy is 
used most, and where it can be reduced. 
Whilst ideal, monitoring and sub-metering 
requires not only specialist skills in terms of 
installation but also processing, management 
and analysis of the data. In order to ensure 
reliability, the data gathered requires ongoing 
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checking and review process which is time-
consuming. 

• Electrical appliance metering: Another 
method of assessing the unregulated energy 
use within a dwelling is the use of power-
meters.  

• Energy breakdown audit, reporting and 
benchmarking tools: An energy and 
appliance audit, undertaken by a trained 
individual, can help breakdown the energy 
consumption (mainly electrical) of a building 
and identify areas of over-consumption, when 
the building is occupied.  

• Monitoring the performance of low carbon 
technologies (LCT) such as Solar PV 
systems and Solar thermal systems, to 
assess the amount of power or hot water 
generated. For example, in case of solar PV, 
electricity meters will be required to monitor 
PV electricity generation and export.  

Depending on the specific technologies 
installed, environmental factors affecting their 
performance, for example solar irradiation or 
wind speed also need to be captured 
simultaneously.  

3.2.4 Environmental monitoring 
• Monitoring of indoor environmental 

conditions provides data on indoor 
temperature, relative humidity (RH) and even 
CO2 levels on a continuous basis. Data 
loggers (sensors) such as ‘Hobos’, can log at 
a variety of intervals from one minute to daily. 
The frequency of logging is dependent on the 
level of detail required as well as the length of 
the assessment period. As with energy 
consumption monitoring, half-hourly readings 
are enough for most BPE studies. Sensors 
can be found that integrate temperature and 
RH, and even CO2, into one unit. It may also 
be useful to place sensors on windows or 
doors to record whether they are open or 
closed. It is important that local weather at the 
study site is understood as context for 
analysis and interpretation of results. Data 
can be obtained from weather stations where 
available or external loggers installed to 
measured outdoor temperature and relative 
humidity. 

• Measuring and monitoring indoor air 
quality (IAQ) parameters such as PM10, 
PM2.5 and VOCs can be particularly useful in 
studies looking at the impact of the external 
environment on IAQ of a building (Chithra and 
Nagendra (2012). 

• Environmental spot measurements are one-
off measurements of (for example): 
- Temperature (°C). 
- Relative Humidity (%RH); 
- CO2 (ppm); 
- Light (lux) – ‘nice to have’ and may be 

only necessary in specific studies, e.g. to 
establish the effectiveness of design to 
provide claimed level of daylight for a 
space to meet specific standards; 

- Noise (dB) – ‘nice to have’ and may be 
only necessary in specific studies, e.g. to 
validate claims of noise complaints or the 
impact of a busy road nearby; 

• Occupancy monitoring using motion 
detection is commonly measured using 
passive infrared sensor (PIR), which is 
an electronic sensor that measures 
infrared (IR) light radiating from objects in 
its field of view. 

3.2.5 Occupant feedback 
• Occupant satisfaction survey provides 

feedback from occupants on their perceptions 
and experiences of the building and the 
indoor environment. The Building Use Studies 
(BUS) methodology is widely used to gather 
occupant feedback and has been cited in two 
POE studies conducted in India (Thomas and 
Baird, 2006, Thomas, 2017).  
BUS survey uses a structured questionnaire 
approach wherein respondents rate various 
aspects of performance on a Likert scale of 1-
7. Respondents can also provide comments 
so qualitative feedback is obtained. Over 45 
key variables are evaluated, covering aspects 
such as thermal comfort, ventilation, indoor 
air quality, lighting, personal control, noise, 
space, design, image and needs (ARUP, 
2014). Occupant surveys can be conducted in 
different times of the year to cover seasons. 

• Semi-structured interview with occupants 
helps to identify any generic issues with 
building performance. 

• Thermal comfort / activity logging sheets 
can pick up information relating to occupant 
behaviours over a period of time and allow 
changes in behaviours to be recorded. These 
can be useful as seasonal comfort 
assessments where clothing (clo), activity 
level (met) at a particular time of day can be 
assessed with temperature, RH and air speed 
(where measured) to compare actual mean 
vote (AMV) to predicted mean vote (PMV) 
(Yao et al., 2009, Gallardo et al., 2016).  

• Occupant focus group can promote 
interaction ad consensus amongst occupants 
and provide collective feedback about the 
performance of the building. 
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4. LEARN-BPE CASE 

STUDIES 

The following section presents BPE studies of 10 
case studies undertaken as part of the Learn-BPE 
project. Each case study presents brief 
information about the building, the BPE study 
elements used for evaluating building 
performance, key findings and recommendations  
to improve building performance. Table 5 lists 
these case studies and their key features. 

Most of the case studies are office buildings, along 
with a university campus building and three 
residential complexes. Most buildings are either 
LEED or IGBC Platinum certified and a couple of 
buildings have multiple certifications. The case 
study buildings are located in different climatic 
zones of India – five in composite climate, three in 
warm & humid climate and two in the hot & dry 
climate (Figure 10).  

 

Figure 10. India climate zones 

Table 5: Case study details 

No. Case study Type Green certification Location Climate 

1 Office building 1 Office IGBC Platinum Udaipur Hot & dry 

2 Office building 2 Office 5-STAR GRIHA and  

LEED Platinum 

Delhi Composite 

3 Office building 3 Office LEED Platinum Gurgaon Composite 

4 Office building 4 Office LEED Platinum Gurgaon Composite 

5 Office building 5 Office LEED Gold Mumbai Warm & humid 

6 Office building 6 Office LEED Platinum Mumbai Warm & humid 

7 University campus 1 Education 5-STAR GRIHA and  

LEED Platinum 

Jaipur Composite 

8 Residential complex 1 Residential IGBC Platinum Chennai Warm & humid 

9 Residential complex 2 Residential IGBC Gold Jaipur Composite 

10 Residential complex 3 Residential IGBC Platinum Ahmedabad Hot & dry 

 

All the case study BPEs presented are performed 
as Masters level dissertation projects in Oxford 
Brookes University or CEPT University. Due to the 
nature of student dissertations, there were limited 
resources and time. As an example, the total 
amount of time spent gathering and analysing 
data was likely limited to about two months. Time 
on site, depending on proximity to the site or 
security on site could be limited to four to five 
visits. 

Energy data are presented as energy performance 
indicator (EPI) against benchmarks (Bureau of 
Energy Efficiency, 2011) where applicable. For a 
succinct definition and how to calculate EPI, 

please refer to Bureau of Energy Efficiency (2009) 
& (2017).  

Note: 

EPI shall be kWh/sqm/year in terms of purchased 
& generated electricity divided by built up area in 
sqm. However the total electricity would not 
include electricity generated from on-site 
renewable sources such as solar photovoltaic etc. 
(Bureau of Energy Efficiency, 2009), p2. 
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CASE STUDY 1: 
OFFICE BUILDING 1 
Office building 1, the operational headquarters of 
a company located in Rajasthan, India, was 
originally constructed in 1966 and has been 
retrofitted many times over its life. It was finally 
renovated to receive an IGBC Platinum rating in 
the category of existing building - operation and 
maintenance in 2017. 

 

Building description 
The building is comprised of five levels with a 
gross floor area of 9,867 m2 and a built-up area2 of 
7,800 m2; however, much of the second and third 
floors are currently unoccupied. Occupancy varies 
every day with 80 permanent occupants, 15-25 
part-time occupants, 20-30 daily visitors.  

The building is constructed of reinforced cement 
concrete (RCC) and masonry to create a heavy 
mass structure. To its benefit, the building is 
oriented long ways along the north and south and 
is designed around a central atrium which allows 
daylight into the centre of the building. To each 
side of the central atrium are double loaded 
corridors with open office space in the centre.  

BPE field study methods 
The field study was performed as a MSc 
dissertation for one month in the monsoon season 
(5 July – 6 August 2018). The primary 
components of the study included design and 
construction audit, energy audit, environmental 
audit and occupant survey. Table 7 shows the I-
BPE recommend study elements divided in four 
levels of increased complexity. For each level, the 
table indicates the action taken and/or tools used.  

 

 

 

 
2 Built-up area excluding unconditioned basement is 
used to calculate Energy performance Index (EPI), a 
normalization of energy consumption for benchmarking 
in India represented as kWh/m2/yr (BEE, 2017). 

Table 6: Summary of case study details 

Case study building details 

Climate Hot and dry 

Green rating IGBC Platinum 

Ownership Private 

Occupancy 
(typical) 

80 occupants; Monday – Friday 
9:30am – 6:30pm 

Built-up area  7,800 m2 (no basement)  

Building layout 5 levels: Central atrium with 
double loaded corridors with open 
office space in the centre.  
Ground level auditorium.  

2nd and 3rd, and half of 4th floors 
are unoccupied. 

Cooling / 
ventilation 

Mixed-mode: Mostly AC, except 
stairwells, lift lobbies and 
corridors are naturally ventilated. 

Energy/ 
renewables 

Electricity from grid; diesel 
generator backup; PV 100kWp  

Fabric details 
(U-values) 

U-value data not available 

Review of design intent 
The building received two Energy Efficiency 
credits for Minimum Energy Performance (the 
mandatory minimum) for projecting a 10% 
reduction in total energy consumption beyond the 
design baseline of 817,000 kWh. The PV system’s 
capacity goes beyond the 7.5% that was required 
to gain the maximum credits for on-site 
renewables. Though grid connected, all PV 
electricity generated is consumed by the building. 
To gain further energy credits, the building also 
depends on off-site renewable credit purchasing.  

Variation in use of the building between ‘as-built’ 
and ‘in-use’ stages was most notable on the 
second and third floors of the building. This 
includes unoccupied space being used to store 
unwanted things and balconies used to house split 
AC units to cool the newly designed occupancy of 
the fourth floor. Further observed faults include 
improper wiring, unnecessary spotlights, broken 
window shade controls, water leakage in the false 
ceiling, and lack of storage at the workspace. 

Energy assessment 
The building’s EPI (64.8 kWh/m2/yr) is performing 
well; over 60% better than the Indian Energy 
Conservation Building Code (ECBC) office 
building benchmark for the hot & dry climate (173 
kWh/m2/yr) (Figure 11). The building is not 
performing as well as projected in the pre-
certification calculations. Total in-use consumption 
is showing a +6% EPG; however, because the PV 
is performing over 20% better than expected, the 
fossil fuel consumption is only +3% greater than 
projected.  
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Figure 11. Annual energy data with benchmark 

There is a strong correlation (r = 0.68) between 
total energy consumption and total degree days 
(BizEE, 2019). Total energy consumption 
proportionally tracks degree days from Apr. – Oct. 
2017. However, despite the low degree days for 
the months of Nov. 17 – Feb. 18, more energy is 
consumed in these months than would be 
expected. Part of this is attributed to the 
continuous ventilation and fixed windows in the 
building. The reported lack of handover provided 
to the current FM onsite could also contribute to 
higher than expected energy consumption, 
especially during the winter months. This likely 
resulted in lack of awareness of the extent of 
building management system (BMS) monitoring, 
including air handling unit temperature monitoring.  

Indoor environment 
Figure 12 shows the indoor temperature 
measurements for four spaces during the 
monitoring period. Note: GF = ground floor / 4F = 

fourth floor, OpOf = open office, ClMe = closed 
meeting room. Based on the temperature data 
alone, the comfort temperatures in the spaces of 
the building were well-managed 3  though not 
consistent from floor to floor. The 4th floor office 
had the most occupied hours (80%) within 0.5 
degrees of the target temperature. The ground 
floor was well within acceptable range but could 
experiment with scaling back on the cooling a little 
to reduce energy consumption.  

 

Figure 12. Temperatures (9 July – 3 August 2018) 

Indoor relative humidity (RH) was not as well 
managed as indoor temperature. The 4th floor 
office also had the smallest percentage of hours 
(1%) over 70% RH; however, the 1st floor open 
office has 60% of occupied hours over 70% RH. 
This should be reviewed and monitored as it could 
increase formaldehyde and microbial 

 
3 The acceptable operative temperature range for offices 
in summer is 24.5oC +/- 2.5oC according to the ISHRAE 
standard ISHRAE 2016. Indoor environmental quality 
standard. Indoor Environmental Quality. Indian Society 
of Heating, Refrigerating and Air Conditioning 
Engineers.. 

Table 7: Adaptation of the I-BPE methodology for this study  

(NP = not 
performed) 

Level 1 Level 2 Level 3 Level 4 

Review of 
design intent 

Collection and review of 
design docs.: Plans and 
IGBC credit doc. 

Review of services 
and energy systems: 
NP 

Interviews with key 
stakeholders: facility manager 
(FM) 

Walkthrough with key 
stakeholders: FM 

Technical 
building 
survey 

Inspection of build quality 
and services: photographic 
survey 

Controls interface 
survey: NP 

 

Review of installation and 
commissioning of services: NP 

Thermography of 
building fabric: NP 

Energy 
assessment 

From BMS: Electricity use: 
Jan 2017 – Jun 2018 
monthly & incomplete daily 
data 

Energy monitoring: 
NP 

 

Sub-metering: From BMS: 
Diesel generator (Jan – Dec 
17) & PV (Apr 17 – Mar 18) 
monthly & incomplete daily 
data 

Plug load monitoring 
of individual 
appliances: NP 

Environ. 
monitoring 

Temperature, and RH spot 
readings: tool: WatchDog 
A160 

Temperature and RH 
monitoring: 5-min. 4-
week duration; tools: 
Hobo UX-100, I-
button 

Additional spot read/ logging 
(e.g. CO2, lux, wind speed): 
CO2 spot reading/logging: tool: 
WatchDog A160, Tinytag 

Light reading: Lux meter 

Additional pollutants: 
PM2.5 & VOC:3-hr. 
~4-week duration; tool: 
Foobot 

Occupant 
feedback 

Occupant satisfaction 
survey: BUS (78 of 105 
returned) (74%) 

Semi-structured 
interview: 10 
interviews 

 

Thermal sensation and 
preference survey: self-
completed diary (~15 returned; 
incomplete) 

Focus group: NP 
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concentrations in the air, leading to health 
problems or allergic reactions. 

Each office was measured for a length of six days, 
sequentially with the same IAQ logging device. 
Though mean PM2.5 concentrations were below 
the Indian Society of Heating, Refrigerating and 
Air Conditioning Engineers (ISHRAE) Class A 
threshold, two offices had maximum values which 
reached unacceptable levels. A total of 13% of 
occupied hours combined in these spaces had 
CO2 concentrations between the Class B: 
acceptable and Class C: marginally acceptable 
levels. 3% of occupied hours were beyond 
marginally acceptable. Most of these hours were 
experienced at the end of the workday in the 
fourth-floor open office.  

Occupant survey 
According to BUS survey results (n=78), the 
design, the building’s image to visitors, whether 
the building meets the user’s needs and 
effectiveness of the use of the space of the 
building were considered satisfactory. Overall 
lighting is considered satisfactory. In addition, the 
respondents considered there to be enough 
natural light on the scale toward ‘too much’; 
however, the mean response suggests there is 
little to no issue with glare in the building. 
Measurements showed higher than required levels 
of daylight with exception of ground floor and 
some deeper, central areas of open floor plan 
offices. In these areas, daylight factor was 
consistently below 2% due to internal partitions. 
Control over lighting is considered good, though 
no better than the BUS benchmark mean.  

Overall comfort was rated moderately high for 
both summer and winter. In both seasons the 
temperature was perceived to be on the cooler 
side, cooler in winter, and stable (Figure 13). This 
corresponds with the observations that over 95% 
of occupied hours in all spaces were within the 
ISHRAE standard recommendations for offices in 
summer.  

Summer temperature 

 
Summer temperature stability 

 

Figure 13. Temperature in summer: hot/cold, stability 

Air was considered neither too dry nor too humid, 
somewhat still, and fresh & odourless. This 
corresponds with the mostly acceptable RH and 
CO2 concentration measurements. Though 
comfort and temperatures are considered 
satisfactory, the respondents feel that they have 
little control over cooling or ventilation.  

Overall, comfort perception was high, productivity 
at work was perceived to have increased because 
of the environmental conditions in the building and 
occupants feel healthier when in the building. 

Lessons learnt 
Overall, regarding energy, environment, and 
occupant satisfaction the building is a success. 
The PV is outperforming, and a comfortable 
environment has been provided; however, there is 
always room for improvement. 

Though there is generally a lack of procedure to 
ensure that the design intent of green buildings is 
realized, this certification process was special in 
that a year of pre-certification energy data were 
available with which to compare projection 
calculations. However, no performance evaluation 
follow-up was officially performed after the 
certification process. Though the building is not 
performing as well as it did in 2015, there could be 
external environmental factors, occupancy shifts, 
etc. that contributed to this.  

The design review process proved to be 
challenging as much of the core team responsible 
for the coordination of the certification process had 
left or retired and the plans received from the FM 
did not represent the current state of in-use. More 
time to survey the building and systems would 
have been required to develop a better 
understanding of the difference between as-
designed and in-use.  

Coordination with management in the building 
helped increase the return rate of BUS responses. 
Selling the concept to the building 
owner/management was essential to success.  

Recommendations 
Recommendations to improve performance 
include low cost options such as awareness 
campaigns addressing energy-related use of the 
building among occupants, high cost options such 
as operable windows and or trickle vents to 
reduce the need for mechanical ventilation in the 
winter months, mixed-mode ventilation and or 
night-purging. It was also recommended that the 
BMS system be commissioned on a regular basis 
and that meetings are held to discuss the findings 
of the BMS system amongst facility and building 
management to improve performance. 

BPE study conducted by Rupesh Panchal: Low 
Carbon Building Group, Oxford Institute for Sustainable 
Development, School of Architecture, Oxford Brookes 
University, Oxford OX3 0BP  
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CASE STUDY 2: 
OFFICE BUILDING 2 
Office building 2 is the operational headquarters of 
a Government department.  

 

Building description 
The building is a GRIHA (Green Rating for 
Integrated Habitat Assessment) 5-star and LEED 
Platinum certified building in New Delhi, 
completed in 2014. The building is constructed of 
heavy thermal mass with double glazed windows. 
The roof is a terrace garden with extended 
photovoltaic (PV) panels to provide shade to areas 
of the roof and the upper stories. The exterior shell 
and all paving materials were also designed to 
reduce heat gain. Shading devices reduce solar 
heat gain in the summer but allow solar gain in the 
winter. Access to daylight was designed to reduce 
electrical lighting consumption throughout the 
year. The building utilizes rainwater harvesting 
and a geothermal heat exchange system adopted 
for AC in the building, is contributing to the 
reduction in water consumption by eliminating the 
need for a cooling tower.  

BPE field study methods 
The field study was performed as a MSc 
dissertation for one month in the monsoon season 
(5 July – 13 August 2018). The primary 
components of the study included design and 
construction audit, energy audit, environmental 
audit and occupant survey. Table 9 shows the I-
BPE recommend study elements divided in four 
levels of increased complexity. For each level, the 
table indicates the action taken and/or tools used.  
 

Table 8: Summary of case study details 

Case study building details 

Climate Composite 

Green rating GRIHA 5 star & LEED Platinum 

Ownership Government 

Occupancy 
(typical) 

900 occupants; Monday – Friday 
9:30am – 5pm 

Built-up area  19,130 m2 (excluding basement)4 

Building layout Four wings around central 
courtyard; ground level plus 
seven stories and a basement. 

Offices, conference rooms, 
meeting rooms, a dining room, 
cafeteria, library and auditorium. 

Cooling / 
ventilation 

Mixed-mode: Chilled beam 
system on geothermal heat 
exchange system / mechanical 
ventilation in toilets, storage, 
kitchen, and AC plant room. / NV 
in large atrium 

Energy/ 
renewables 

Electricity from grid; diesel 
generator backup; PV 930kWp 

Fabric details 
(U-values) 

Wall: 0.37 W/m2K 

Roof: 0.26 W/m2K 

Review of design intent 
The occupants and the management team were 
satisfied with the building design, facilities, image 
of the building, and fulfilment of their needs. 
However, many occupants complained about the 
furniture, space at their desk and storage. During 
the walkthrough a serious issue with disposal and 
/ or storage was discovered (Figure 14). The FM 
did not receive proper handover and operation 
manuals and there has been a frequent turnover 
in FM position. This frequent change leading to 
little time to invest in the FM position could be a 
contributing factor to why the installed monitoring 
equipment and BMS remain offline and unrepaired 
since 2013.  

 

Figure 14. Passageways blocked with files and 
electronic waste. 

 
4 Built-up area excluding unconditioned basement is 
used to calculate Energy performance Index (EPI), a 
normalization of energy consumption for benchmarking 
in India represented as kWh/m2/yr (BEE, 2017). 
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Energy assessment 
The building’s EPI (70.9 kWh/m2/yr) is performing 
well; over 60% better than the Indian Energy 
Conservation Building Code (ECBC) office 
building benchmark for the composite climate (179 
kWh/m2/yr) (Figure 15).  

The building is consuming less fossil fuel energy 
than design expectations (EPG = -3%). However, 
the building was designed to generate and export 
as much energy through PV as it was projected to 
consume; i.e. net-zero. Unfortunately, the PV 
system is underperforming (EPG = -19%). 

The overall results are quite good considering the 
building has more occupants than the design 
prediction (over-occupied). There is also a strong 
correlation between total energy consumption and 
total degree days (BizEE, 2019) (r = 0.78) which 
suggests thermal comfort may be well managed in 
relation to climate.  

 

Figure 15. Annual energy data with benchmark 

Indoor environment 
The BMS system that monitored environmental 
data for the building stopped working and as the 
case study is a government building, management 
did not allow the installation of environmental 
loggers; however, spot measurement devices 
were used in spaces designated by management 
to gain a small sample of temperature, RH and 
CO2 concentration measurements. 

Temperature, RH, CO2, and daylight spot 
measurements were taken in six spaces on a 
single afternoon during the study. The 
temperature was observed to be in an acceptable 
range: 23.6 – 25.8oC (The acceptable operative 
temperature range for offices in summer is 24.5oC 
+/- 2.5oC according to the ISHRAE standard 
(ISHRAE, 2016).) RH was also acceptable in the 
range of 53 – 69%. CO2 concentrations in the 
rooms were high in the range of 1212 – 1670 ppm 
(above the ISHRAE high of 1150). Interestingly 
the temperatures were lower in the rooms with 
higher CO2 concentrations, suggesting the theory 
that localised controls may be cooling more in 
response to the elevated CO2. 

Occupant survey 
The BUS survey was distributed to regular 
occupants over three days (2-5 August 2018) due 
to the large number of occupants (response 
n=270).  

Overall comfort was rated positively, with the 
building scoring significantly better than the 
benchmark. Only 10% of respondents had 
negative responses and all others rated the 

Table 9: Adaptation of the I-BPE methodology for this study  

(NP = not 
performed) 

Level 1 Level 2 Level 3 Level 4 

Review of 
design intent 

Collection and review of 
design docs.: Plans and 
green building certification 
documentation 

Review of services 
and energy systems: 
review of 
commissioning 
documents 

Interviews with key 
stakeholders: design team and 
facility manager (FM) 

Walkthrough with key 
stakeholders: FM 

Technical 
building 
survey 

Inspection of build quality 
and services: photographic 
survey 

Controls interface 
survey: NP 

 

Review of installation and 
commissioning of services: NP 

Thermography of 
building fabric: NP 

Energy 
assessment 

Annual / monthly energy 
data: Monthly energy 
consumption, and PV 
generation (1 yr data: 1 
Apr. 2017 – 31 Mar 2018 

Energy monitoring: 
NP 

 

Sub-metering: NP (BMS 
inoperable) 

Plug load monitoring 
of individual 
appliances: NP 

Environ. 
monitoring 

Temperature, and RH 
spot readings: NP 

Temperature and RH 
monitoring: NP 

Additional spot read/ logging 
(e.g. CO2, lux, wind speed): 
CO2 spot reading/logging: tool: 
WatchDog A160, Tinytag 

Light reading: Lux meter 

Additional pollutants: 
NP 

Occupant 
feedback 

Occupant satisfaction 
survey:  BUS (270 of 900 
returned) (30%) 

Semi-structured 
interview: NP 

 

Thermal sensation and 
preference survey: NP 

Focus group: NP 
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building above neutral. The seasonal temperature 
was considered to be on the cooler side and 
cooler in winter. The air was considered dry, still, 
fresh and odourless.  

Though the CO2 measurements were high, the 
overall air quality in both winter and summer was 
rated significantly better than the BUS benchmark. 
It is possible that as the building is over-occupied, 
the mechanical ventilation system is not able to 
cope with the CO2 levels. 

Though comfort and temperatures were 
considered satisfactory (Figure 16), the 
respondents considered control over heating, 
cooling and ventilation to be unsatisfactory. 
However, productivity at work is perceived to have 
increased because of the environmental 
conditions in the building; furthermore, occupants 
feel healthier when in the building.  

Summer temperature 

 
Overall summer comfort 

 
Summer temperature stability 

 

Figure 16. Temperature in summer: hot/cold, comfort 
and stability 

The overall perception of lighting was satisfactory 
and above the benchmark; however, the 
occupants considered there to be a little too much 
‘artificial’ and natural lighting Interestingly, though 
the researcher was limited to where spot 
measurements could be taken, the results were 
found to be below the ISHRAE benchmark in a 
few spaces. There were many instances where 
electrical lighting was left on when not needed. 

The open plan offices do not have good acoustics; 
however, the BUS survey revealed noise from 
colleagues to be as expected, i.e. in line with the 
BUS benchmark.  

Lessons learnt 
Considering absolute energy consumption and 
final net energy, the building is performing well, 
especially as compared to the benchmark. 
However, the PV system is significantly 
underperforming, which should be reviewed.  

As the case study is a government building, 
management did not allow the installation of 
environmental loggers or photographs to be taken 
in workspaces. This hindered a few aspects of the 
study.  

The researcher had high levels of restriction, 
barriers and permissions to seek in every little 

aspect. However, the case study had exceptional 
design-stage documentation and availability to 
design and certification resources, potentially due 
to Government transparency with respect to 
certification expectation. When assessing an 
existing building after much time has passed, lack 
of access to design intent data can be common. 
Expecting this would suggest allocating more time 
and energy in surveying the building, and 
systems, ideally with the designer and or FM, in 
order to develop an idea of the difference between 
as-designed and in-use. 

Recommendations 
It is recommended that the BMS system be 
commissioned on a regular basis and that 
meetings are held to discuss the findings of the 
BMS system amongst facility and building 
management to improve knowledge of its 
operation and performance.  

The PV system (Figure 17) should be reviewed for 
faults and the simulation methods and the 
installed efficiencies of the PV systems should be 
reviewed to understand where the net EPG is 
most affected to avoid repeat results. 

 

Figure 17. PV panels on roof 

As energy performance is considered good, it may 
not be necessary to attempt to improve 
performance; however, it would be prudent to 
evaluate what practices are in place and why the 
building is successful for two reasons. One, so 
that this operation can be marked as a baseline 
from which to judge changing performance in the 
building to understand further improvement or 
potential failure. Two, to create a feedback loop 
into practice so that future buildings can learn from 
this success. 

BPE conducted by Sajal Singla: Low Carbon 
Building Group, Oxford Institute for Sustainable 
Development, School of Architecture, Oxford 
Brookes University, Oxford OX3 0BP 

  



 

20 | P a g e  
 

CASE STUDY 3:  
OFFICE BUILDING 3 
Office building 3, located in Gurgaon, India is the 
headquarters of an NGO.  

 

Building description 
The building site was built in 2 phases. Phase 1 
and 2 were completed in November 2008 and 
2012 respectively. Phase 1 (Figure 18)5 is a LEED 
Platinum building.  

Phase 1 building is constructed of heavy thermal 
mass, double glazed windows, and highly 
reflective roof surface to reduce heat gain. 
Shading devices reduce solar heat gain in the 
summer but permit solar gain in the winter. 
Internal courtyards provide natural light inside the 
building to reduce electrical lighting consumption 
throughout the year. Table 10 lists important 
aspects for the case study building. 

 

Figure 18. Buildings and phasing 

BPE field study methods 
The field study was carried out as a student 
dissertation for one month in the monsoon season 
(6 July – 13 August 2018). The primary 
components of the study included design and 
construction audit, energy audit, environmental 
audit and occupant survey. Table 11 shows the I-
BPE recommend study elements divided in four 

 
5 Phase 1 comprised an office building and a 
guesthouse. The BPE only studied the main office 
building for Phase 1; however, in the design phase, the 
guesthouse was included with the main office building for 
energy consumption simulation; therefore, the 
guesthouse is included in the energy analysis. 

levels of increased complexity. For each level, the 
table indicates the action taken and/or tools used.  

Although the campus is relatively data rich with 
building management system (BMS) submetering, 
some submetering choices made analysis difficult. 
For example, the HVAC energy for both phase 1 & 
2 buildings are metered through a single panel; 
however, the AC air handling unit (AHU) for the 
phase 1 office building is metered separately. The 
design energy simulation breakdown of systems 
for consumption analysis does not match metering 
in the building, making comparison challenging. 

Table 10: Summary of case study details 

Case study building details 

Climate Composite 

Green rating LEED Platinum 

Ownership Private / NGO 

Occupancy 
(typical) 

150 occupants; Monday – Friday 
8am – 6pm 

Built-up area  2,660 m2 (excluding basement)6 

Building layout Offices: ground, 1st and 2nd 
levels.  

Ground level: auditorium, 
reception, classrooms, 
conference room, cafeteria and 
kitchen 

Basement: control room 

Cooling / 
ventilation 

Mixed mode: AC in offices, 
auditorium and canteen 

Energy/ 
renewables 

Electricity from grid; diesel 
generator backup; PV 35kWp, 
solar thermal 

Fabric details 
(U-values) 

Wall: 0.36 W/m2K 

Roof: 0.35 W/m2K 

Review of design intent 
The occupants, building owner and the 
management team were satisfied with the building 
design, facilities, image of the building, and 
fulfilment of their needs. These findings are also 
confirmed by the BUS survey. The FM received 
appropriate handover and operation manuals; 
however, as a non-technical person, the FM has 
established a good working relationship and 
communication with sub-contractors who are 
responsible for maintenance of the building. 

All buildings on the campus were designed for 
mixed-mode operation. For the cool season, all 
spaces have operable windows. There is also the 
designed-in ability to night purge heat when nights 
are cool; however, there is no automated system 
for this. Furthermore, it was found that for reasons 
of security, dust, and insects, windows are rarely 

 
6 Built-up area excluding unconditioned basement is 
used to calculate Energy performance Index (EPI), a 
normalization of energy consumption for benchmarking 
in India represented as kWh/m2/yr (BEE, 2017). 

PHASE 1 PHASE 2 

Guesthouse 
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opened even when conditions are ideal. The 
temperature setpoint for the building is 26.5oC. 
This is 0.5oC below the ISHRAE maximum 
operative temperature threshold in summer for 
offices7. In addition, all spaces have ceiling fans 
as it was anticipated that those who find the space 
too warm would turn on ceiling fans. The fans 
were in fact observed to be used in this way. 

Energy assessment 
Overall, the Phase 1 8 EPI (102.5 kWh/m2/yr) is 
performing 43% better than the benchmark (179 
kWh/m2/yr) and 28% better than the modelling 
projection (142 kWh/m2/yr). However, the 
renewable systems are not performing as 
intended resulting in an EPG - generating 9% less 
annually. Figure 19 covers in-use data for the 
period 1 April 2017 – 31 March 2018.  

Unfortunately, final sub-metering designations did 
not match the simulated consumption for specified 
uses (e.g. lighting, HVAC), therefore, as-designed 
and in-use comparisons could not be made at the 
sub-meter level.  

 
7 The acceptable operative temperature range for offices 
in summer is 24.5oC +/- 2.5oC according to the ISHRAE 
standard (2016).  
8 In the design stage, the guesthouse was modelled as 
one with the office building; therefore, guesthouse 
energy consumption is included in both as-designed and 
in-use results. 

 

Figure 19. Annual energy data with benchmark 

Figure 20 shows the relationship between energy 
consumption of the office building’s AC AHU and 
cooling degree days (CDD) (BizEE, 2019).  

 

Figure 20. Monthly energy & CDD relationship April 
2017 – March 2018 

Table 11: Adaptation of the I-BPE methodology for this study  

(NP = not 
performed) 

Level 1 Level 2 Level 3 Level 4 

Review of 
design intent 

Collection and review of 
design docs.: Drawings, 
occupancy details, 
applicable standards, and 
green bldg. cert. docs. 

Review of services 
and energy systems: 
review of 
commissioning 
documents 

Interviews with key 
stakeholders: facility 
manager (FM) 

Walkthrough with key 
stakeholders: FM 

Technical 
building 
survey 

Inspection of build quality 
and services: photographic 
survey 

Controls interface 
survey: limited review 
of lighting controls  

Review of installation and 
commissioning of services: 
NP 

Thermography of building 
fabric: NP 

Energy 
assessment 

Annual / monthly energy 
data: Monthly energy 
consumption, and PV 
generation (1 yr data: 1 
Apr. 2017 – 31 Mar 2018 

Energy monitoring: 
NP 

 

Sub-metering:  Daily energy 
use for all systems 
(lightning, power, etc.) 
through BMS 

Plug load monitoring of 
individual appliances: NP 

Environ. 
monitoring 

Temperature, and RH 
spot readings: NP 

Temperature and RH 
monitoring: Hobo UX-
100 reading temp. 
and RH (4 weeks at 
5-min. freq.); I-button 
reading temp. (4 
weeks at 5-min. freq.) 

Additional spot read/ 
logging (e.g. CO2, lux, wind 
speed):  

Watchdog measuring 
internal CO2, environmental 
meter reading lux levels and 
noise. 

Additional pollutants:  
Foobot reading 
particulate matter (PM2.5) 
(μgm3), CO2 (ppm) and 
VOC (ppb) (4 weeks at 3-
hr. freq.); Tinytag reading 
CO2 (ppm) (2 weeks at 5-
min. freq.) 

Occupant 
feedback 

Occupant satisfaction 
survey: BUS (91 of 130 
returned) (70%) 

Semi-structured 
interview: NP 

 

Thermal sensation and 
preference survey: thermal 
comfort (TC) diary (37 of 
130 returned) (28%) 

Focus group: NP 

     

R=0.71 

Sept. 2017 
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There is a strong correlation; indicating 
responsiveness to climate. This can be seen in the 
way that most months are close to the trendline 
except for Sep. 2017. If Sep. 2017 were removed 
the correlation would be very strong, r=0.91. 

Indoor environment 
Figure 21 shows the percent of occupied hours 
within and outside (red) of the acceptable 
temperature range. Note: GF = ground floor / 2F = 
second floor, OpOf = open office, ClMe = closed 
office. There is a notable difference between the 
temperatures on each floor. On the 2F only about 
2% of occupied hours were above the threshold 
but on the 1F this was over 25%. 

 

Figure 21. Office temperature measurements 

[percent of occupied hours at specific temperature 
ranges for the period 6 July – 13 August 2018] 

Overall, temperatures are remained reasonably 
close to the setpoint and mostly within 
recommended range. Though there were 
maximums outside the recommend range, mean 
temperatures were being maintained at or just 
below the setpoint.  

Mean PM2.5 concentrations in the 2F office were 
above the ISHRAE Class C threshold but CO2 was 
lower. As with higher RH also measured in the 
space, this may indicate a higher frequency of 
window opening or access to open windows and 
crossflow ventilation in the open plan 2F office. 

Occupant survey 
According to BUS survey results (n=91), the 
design, the building’s image to visitors, whether 
the building meets the user’s needs and 
effectiveness of the use of the space were all 
considered highly satisfactory. Overall lighting is 
considered satisfactory. In addition, the 
respondents considered there to be enough 
natural light on the scale toward ‘too much’; 
however, the mean response suggests there is 
little to no issue with glare in the buildings. Control 
over lighting is considered good and better than 
the BUS benchmark mean. 

Overall comfort is rated moderately high for both 
seasons. In both seasons the temperature is 
considered to be on the cooler side (Figure 22) 

and the air is considered dry and still but also 
fresh and odourless. Though comfort and 
temperatures were considered satisfactory, the 
respondents consider control over heating, cooling 
and ventilation to be unsatisfactory. Productivity at 
work was perceived to have increased because of 
the environmental conditions in the building; 
furthermore, occupants feel healthier when in the 
building. 

Summer temperature 

 
Winter temperature 

 

Figure 22. BUS temperature responses 

Lessons learnt 
The building owner showed great interest in the 
process of the BPE. This helped in survey 
response rate and gathering data needed for the 
BPE. However, many people were not able to 
understand questions in the BUS survey. Much 
time was required to explain the meaning of 
questions. For this reason, it is recommended that 
the BUS questionnaire be modified and tested for 
the Indian context to simplify language and/or 
translate the forms.  

Many occupants simply refused to take the BUS 
survey and TC diary. People are generally busy, 
especially in a workplace environment; for a 
higher rate of return an incentive would be ideal. It 
was difficult to get occupants to fill the long and 
monotonous TC diary and even when people 
attempted to fill it there were many blanks and day 
skipping. A reminder from the management team 
to each occupant was set three times a day but 
this was only possible provided the interest of the 
owner in the project.  

Recommendations 
The simulation methods and the installed 
efficiencies of the PV systems should be reviewed 
to understand where the EPG is most affected to 
avoid repeat results. In addition, explore what can 
be done to improve the performance of the 
renewable systems in place. As PV 
underperformance has also been seen, relatively 
close by, in case study 2, there is reason to 
believe that weather may have impacted 
performance to a certain degree during this time. 

BPE conducted by Sajal Singla: Low Carbon 
Building Group, Oxford Institute for Sustainable 
Development, School of Architecture, Oxford 
Brookes University, Oxford OX3 0BP 
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CASE STUDY 4:  
OFFICE BUILDING 4 
The campus of office building 3, in addition to their 
headquarters office, has a building leased to 
tenants. This office building was constructed in 
2012 as phase 2 of the development. 

Building description 
Phase 2 (Figure 23)9 is a LEED Platinum building. 
Like phase 1, the building is constructed of heavy 
thermal mass, double glazed windows, and highly 
reflective roof surface to reduce heat gain. As with 
phase 1, rainwater is harvested or recharged into 
the ground via open grid pavers. All solid waste is 
segregated at the source and wastewater is 
recycled for irrigating a nursery for endangered 
plants and flushing toilets. The sewage treatment 
plan is located on the top floor of phase 2 office 
building. Soil excavated while making the 
basement has been made into bricks and is used 
in the building itself Figure 23 lists important 
aspects for the  case study. 

 

Figure 23. Buildings and phasing 

BPE field study methods 
The field study was carried out as a student 
dissertation for one month in the monsoon season 
(6 July – 13 August 2018). The primary 
components of the study included design and 
construction audit, energy audit, environmental 
audit and occupant survey. Table 13 shows the I-
BPE recommend study elements divided in four 
levels of increased complexity. For each level, the 
table indicates the action taken and/or tools used.  

Although the campus is relatively data rich with 
building management system (BMS) submetering, 
some submetering choices made analysis difficult. 
For example, the HVAC energy for both phase 1 & 
2 buildings are metered through a single panel; 
however, only the AC air handling unit (AHU) for 
the phase 1 office building is metered separately. 

 
9 Phase 1 comprised an office building and a 
guesthouse. The BPE only studied the main office 
building for Phase 1; however, in the design phase, the 
guesthouse was included with the main office building for 
energy consumption simulation; therefore, the 
guesthouse is included in the energy analysis. 

The design energy simulation breakdown of 
systems for consumption analysis does not match 
metering in the building, making comparison 
challenging. 

Table 12: Summary of case study details 

Case study building details 

Climate Composite 

Green rating LEED Platinum 

Ownership Owned by office building 3 – 
leased to occupants 

Occupancy 
(typical) 

120 occupants; Monday – Friday 
8am – 6pm 

Built-up area  1,440 m2 (excluding basement)10 

Building layout Offices: ground plus four levels  

Office and meeting rooms 

Fourth level: sewage water 
treatment plant 

Cooling / 
ventilation 

Mixed mode: Radiant cooling from 
slab in offices, displacement 
ventilation and fresh air supply 

Energy/ 
renewables 

Electricity from grid; diesel 
generator backup; PV 23kWp. 

Fabric details 
(U-values) 

Wall: 0.45 W/m2K 

Roof: 0.35 W/m2K 

Review of design intent 
Like phase 1, the occupants, building owner and 
the management team were satisfied with the 
building design, facilities, image of the building, 
and fulfilment of their needs. These findings are 
also confirmed by the BUS survey. The FM 
received appropriate handover and operation 
manuals; however, as a non-technical person, the 
FM has established a good working relationship 
and communication with sub-contractors who are 
responsible for maintenance of the building. 

All buildings on the campus were designed for 
mixed-mode operation. For the cool season, all 
spaces have operable windows. There is also the 
designed-in ability to night purge heat when nights 
are cool; however, there is no automated system 
for this. All spaces have ceiling fans as it was 
anticipated that those who find the space too 
warm would turn on ceiling fans. The fans were in 
fact observed to be used in this way. 

 

 
10 Built-up area excluding unconditioned basement is 
used to calculate Energy performance Index (EPI), a 
normalization of energy consumption for benchmarking 
in India represented as kWh/m2/yr (BEE, 2017). 

PHASE 1 PHASE 2 

Guesthouse 
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Energy assessment 
Like Phase 1, the Phase 2 EPI (80.5 kWh/m2/yr) is 
performing 55% better than the benchmark (179 
kWh/m2/yr) and 11% better than the modelling 
projection (142 kWh/m2/yr). However, the 
renewable systems (shared with Phase 1) are not 
performing as intended. Figure 24 covers in-use 
data for the period 1 April 2017 – 31 March 2018. 

 

Figure 24. Annual energy data with benchmark 

Indoor environment 
Figure 25 shows the percent of occupied hours 
within and outside (red) of the acceptable 
temperature range. Note: GF = ground floor / 2F = 
second floor, OpOf = open office. There was a 
notable difference between the temperatures on 
the second floor and the other floors. On floors 
ground and third, almost 20% of occupied hours 

were greater than the ISHRAE temperature 
recommended threshold.11 This was lower on the 
second floor wherein temperatures were more 
effectively maintained within recommended range.  

 

Figure 25. Office temperature measurements 

[percent of occupied hours at specific temperature 
ranges for the period 6 July – 13 August 2018] 

The mean RH in all spaces measured were 
consistently 65%. However, the average hourly 
RH for occupied hours tended to rise sharply 
above the recommended 70% after 14:00 
indicating likely window opening in the ground and 
3rd floor offices. As this did not happen in the 2nd 
floor office, this corroborates the temperature 

 
11  The acceptable operative temperature range for 
offices in summer is 24.5oC +/- 2.5oC according to the 
ISHRAE standard ISHRAE 2016. Indoor environmental 
quality standard. Indoor Environmental Quality. Indian 
Society of Heating, Refrigerating and Air Conditioning 
Engineers.. 

Table 13: Adaptation of the I-BPE methodology for this study  

(NP = not 
performed) 

Level 1 Level 2 Level 3 Level 4 

Review of 
design intent 

Collection and review of 
design docs.: Drawings, 
occupancy details, 
applicable standards, and 
green bldg. cert. docs. 

Review of services 
and energy systems: 
review of 
commissioning 
documents 

Interviews with key 
stakeholders: facility 
manager (FM) 

Walkthrough with key 
stakeholders: FM 

Technical 
building 
survey 

Inspection of build quality 
and services: photographic 
survey 

Controls interface 
survey: NP  

Review of installation and 
commissioning of services: 
NP 

Thermography of building 
fabric: NP 

Energy 
assessment 

Annual / monthly energy 
data: Monthly energy 
consumption, and PV 
generation (1 yr data: 1 
Apr. 2017 – 31 Mar 2018 

Energy monitoring: 
NP 

 

Sub-metering:  Daily energy 
use for all systems 
(lightning, power, etc.) 
through BMS 

Plug load monitoring of 
individual appliances: NP 

Environ. 
monitoring 

Temperature, and RH 
spot readings: NP 

Temperature and RH 
monitoring: Hobo UX-
100 reading temp. 
and RH (4 weeks at 
5-min. freq.); I-button 
reading temp. (4 
weeks at 5-min. freq.) 

Additional spot read/ 
logging (e.g. CO2, lux, wind 
speed):  

Watchdog measuring 
internal CO2, environmental 
meter reading lux levels and 
noise. 

Additional pollutants:  
Foobot reading 
particulate matter (PM2.5) 
(μgm3), CO2 (ppm) and 
VOC (ppb) (4 weeks at 3-
hr. freq.); Tinytag reading 
CO2 (ppm) (2 weeks at 5-
min. freq.) 

Occupant 
feedback 

Occupant satisfaction 
survey: BUS (64 of 120 
returned) (53%) 

Semi-structured 
interview: NP 

 

Thermal sensation and 
preference survey: NP 

Focus group: NP 
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differences in the offices, i.e., remaining cooler in 
the 2nd floor office and warmer in the ground and 
3rd floor office.  Corresponding with this theory, 
average hourly CO2 readings on the ground floor 
appeared to peak between 13:00 and 14:00 and 
fall off around 14:30. Overall, however, CO2 
concentrations were in the acceptable range of 
ISHRAE standards.  

Occupant survey 
According to BUS survey results (n=64), the 
design, the building’s image to visitors, whether 
the building meets the user’s needs and 
effectiveness of the use of the space were all 
considered highly satisfactory. Overall lighting is 
considered satisfactory. In addition, the 
respondents considered there to be enough 
natural light on the scale toward ‘too much’ (even 
more than Phase 1). Control over lighting is 
considered good and better than the BUS 
benchmark mean. 

Overall comfort was rated moderately high for 
both seasons. In both seasons the temperature 
was considered to be quite cool (Figure 26) and 
the air was considered somewhat dry and still but 
also fresh and odourless. Though comfort and 
temperatures were considered satisfactory, the 
respondents consider control over heating, cooling 
and ventilation to be unsatisfactory. Productivity at 
work was perceived to have increased because of 
the environmental conditions in the building; 
furthermore, occupants feel healthier when in the 
building. 

Summer temperature 

 
Winter temperature 

 

Figure 26. BUS temperature responses 

Lessons learnt 
Gaining permission to do an evaluation of the 
building is the first and biggest challenge. Regular 
visits to the building are a necessary part of the 
process. Access to design data are essential; 
however, in the case of both phases there was a 
difference in how the energy consumption of the 
buildings and their submeters were simulated and 
implemented. This can cause difficulty in parsing 
correct results and be time consuming. 

Phase 1 was easier to access, install data loggers 
and get BUS responses because Phase 1 was 
owner occupied and the owner showed great 
interest in the project. Phase 2 provided much less 
interactive as it was leased and occupied by other 
businesses. 

Recommendations 
The simulation methods and the installed 
efficiencies of the PV systems should be reviewed 
to understand where the EPG is most affected to 
avoid repeat results.  

Lighting in phase 2 was not well managed; 
recommendations to switch off lights when not in 
use should be made by facility management. 
Occupancy daylight sensors may also be helpful 
in certain spaces. 

The extent of feeling too cold in the summer is 
surprising but may lead to opening windows in the 
afternoon. Given these findings facility 
management may have room to reduce cooling 
energy use in the building by increasing the set 
point by 1-2oC or more. 

BPE conducted by Sajal Singla: Low Carbon 
Building Group, Oxford Institute for Sustainable 
Development, School of Architecture, Oxford 
Brookes University, Oxford OX3 0BP 
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CASE STUDY 5: 
OFFICE BUILDING 5 
Office building 5 is self-owned by one of India’s 
leading advertising and media agencies. The 
office complex, located in Santacruz, Mumbai, 
offers easy access to nearby stations and public 
transport and has an advantage of being near 
domestic and international airports.  

 

Building description 
The 8-storey building is LEED Gold rated by 
IGBC, completed in September 2010.  

The building is constructed of autoclaved aerated 
concrete (AAC) blocks and glass curtain wall. 
Specific areas of glazing are punch windows 
which are recessed to provide protection from the 
heavy monsoon and summer sun. The building is 
coated with dry cladding of terracotta stone on all 
solid surfaces. The building includes a terraced 
roof garden designed to decrease the heat island 
impact. A canopy spreading over the entire 
building, designed in response to microclimatic 
studies including sun and wind paths, acts as a 
shading device for all the terraces and for the 
atrium. 

BPE field study methods 
The field study was performed as a MSc 
dissertation for one month in the monsoon season 
(8 July – 16 August 2019). The primary 
components of the study included design and 
construction audit, energy audit, environmental 
audit and occupant survey. Table 15 shows the I-
BPE recommend study elements divided in four 
levels of increased complexity. For each level, the 
table indicates the action taken and/or tools used.  
 

Table 14: Summary of case study details 

Case study building details 

Climate Warm & Humid 

Green rating IGBC LEED Gold (2010) 

Ownership Private – single organisation 

Occupancy 
(typical) 

470 occupants; Monday – Friday 
10am – 6:30pm 

Built-up area  3906 m2 (excluding basement)12 

Building layout Offices: Ground, 1st to 5th Floor 
and 7th, 8th Floor.  

Ground Level: Reception, Office.  

Lower and Upper Basement: 
Parking, BMS Room  

6th floor – Cafeteria, Library. 

Cooling / 
ventilation 

Fully air conditioned 

Energy/ 
renewables 

Electricity from grid; diesel 
generator backup; no renewables 

Fabric details 
(U-values) 

Wall: 0.70 W/m2K 

Roof: 0.36 W/m2K 

Review of design intent 
The occupants, owner, and the management team 
were satisfied with the building design, facilities, 
and image of the building. They were also overall 
highly satisfied with the services and systems 
available to them as the building caters to all their 
needs. One exception is that the building is 
relatively far away from the main transport station, 
therefore, some occupants have connectivity 
issues. 

The building does well to maximise daylight whilst 
avoiding overheating and there is little need for 
electric lighting. The building is fully air 
conditioned; however, there are some areas 
where people feel too far from the air supply vents 
and therefore consider ventilation to be 
insufficient. The building management system 
(BMS) is operational and the management team 
are responsive to occupant needs. 

Energy assessment 
Overall, the building’s EPI (313 kWh/m2/yr) is 
consuming 42% more energy than the benchmark 
(182 kWh/m2/yr) and 11% more energy than the 
modelling projection (280 kWh/m2/yr) (Figure 27). 
The building was awarded four energy and 
atmosphere points for projecting a 22% reduction 
over the baseline design of 358 kWh/m2/yr. 
However, the building is currently only performing 
at 13% reduction over the baseline.  

 

 
12 Built-up area excluding unconditioned basement is 
used to calculate Energy performance Index (EPI), a 
normalization of energy consumption for benchmarking 
in India represented as kWh/m2/yr (BEE, 2017). 
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Figure 27. Annual energy data with benchmark 

Note: diesel and grid electricity data were not 
supplied separately; it is possible there was no DG 
use for the period reported. 

The sub-metered cooling energy was not 
available; however, there was a strong correlation 
between total energy consumption and total 
degree days (BizEE, 2019) (r = 0.87) which 
suggests thermal comfort may be well managed in 
relation to climate.  

Indoor environment 
Figure 28 shows the percent of occupied hours 
within and outside (red = above; dark blue = 
below) the acceptable temperature range. Note: 
2F = second floor, etc; OpOf = open office, ClOf = 
closed office. The temperatures in these spaces 
appear to be remarkably different. Whereas the 5th 
floor office appears to be maintained at an ideal 
temperature for 75% of the time, the 3rd floor office 

is perhaps kept too cool over 60% of the time, and 
the 2nd floor conference room is too warm with 
over 20% of the occupied hours greater than the 
ISHRAE temperature recommended threshold.13  

 

Figure 28. Temperature measurements 

[percent of occupied hours at specific temperature 
ranges for the period 9 July – 16 August 2019] 

The mean RH in all spaces ranged from 65 – 
76%. The 2nd floor conference room and the 3rd 
floor office had RH readings above 70% for more 
than 80% of occupied hours. This is above the 
ISHRAE acceptable threshold and would suggest 
that there is a problem with the HVAC system or 
controls and that levels like this could result in 
health issues in these spaces. As conference 
rooms are not often used every day, the higher 
temperatures and RH in the conference room 
could suggest the appropriate use of the AC in 

 
13  The acceptable operative temperature range for 
offices in summer is 24.5oC +/- 2.5oC according to the 
ISHRAE standard (2016). 

Table 15: Adaptation of the I-BPE methodology for this study  

(NP = not 
performed) 

Level 1 Level 2 Level 3 Level 4 

Review of 
design intent 

Collection and review of 
design docs.: Plans and 
green building certification 
documentation, simulation 
report 

Review of services and 
energy systems: 
commissioning docs., 
metering strategy 

Interviews with key 
stakeholders: facility 
manager (FM) 

Walkthrough with key 
stakeholders: FM team 

Technical 
building 
survey 

Inspection of build quality 
and services: photographic 
survey 

Controls interface 
survey: 2nd – 6th floor 
AC, lighting and 
windows 

Review of installation 
and commissioning of 
services: NP 

Thermography of building 
fabric: NP 

Energy 
assessment 

Annual / monthly energy 
data: Monthly energy 
consumption (1 yr data: 
Sep 2018 – Aug 2019 

Energy monitoring: NP 

 

Sub-metering: 7th 
floor data only (0.7% 
of total) (>1 yr data: 
Jan 2018 – Aug 2019 

Plug load monitoring of 
individual appliances: NP:  
however, appliance audit 
performed in select spaces 

Environ. 
monitoring 

Temperature, and RH 
spot readings: Extech 
device used during 
thermal comfort surveys 
to measure air 
temperature, RH and wet 
bulb temp. 

Temperature and RH 
monitoring: Hobo UX-
100 reading temp. and 
RH (5 weeks at 5-min. 
freq.); I-button reading 
temp. (5 weeks at 5-
min. freq.) 

Additional spot read/ 
logging (e.g. CO2, lux, 
wind speed):  

Watchdog measuring 
internal CO2 

Additional pollutants:  
Foobot reading particulate 
matter (PM2.5) (μgm3), CO2 
(ppm) and VOC (ppb) (2 
days per space over 2 
weeks at 30min. freq.) 

Occupant 
feedback 

Occupant satisfaction 
survey:  BUS (150 of 417 
returned) (36%) 

Semi-structured 
interview: 15 
occupants interviewed 

Thermal comfort 
survey: 350 entries 

Focus group: NP 
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that space; however, maintained levels of high RH 
could lead to mould growth. 

CO2 concentrations measured in eight spaces 
throughout the study were found to be well within 
acceptable ranges for most of the time. Only a 
couple of rooms had measurements for short 
periods of time above the marginally acceptable 
measurement of 1100 ppm. VOC and PM2.5 
readings are within ISHRAE recommended ranges 
indicating that the air quality was good inside the 
building. 

Occupant survey 
Overall comfort was rated positively; however, it 
scored only slightly higher than the BUS 
benchmark. The seasonal temperature was 
considered to be on the cold side in both summer 
and winter; however, comfortable (Figure 29). The 
air was considered humid and stuffy in the 
summer corroborating the environmental 
monitoring results in some of the spaces as 
described above. As would be expected from the 
feeling of humid and stuffiness, control over 
ventilation was perceived to be on the lower end 
of the BUS benchmark. 

Summer temperature 

 
Summer humidity 

 

Figure 29. Temperature and humidity in summer 

Lessons learnt 
Building management staff, occupants and 
building owner were fairly satisfied by the building 
performance but were highly satisfied with the 
design, look, function and facilities provided. 
Services and systems are well planned and 
connected directly to one main meter; however, 
there is one sub-meter on the 7th floor, as that 
floor is leased. Maintenance happens on a regular 
basis; however, there are leakage issues in the 
building when it rains. Recessed windows with 
glass façade are performance glass that has heat 
gain reduction quality whilst allowing good quality 
daylighting. 

Annual energy consumption is higher than 
predicted as well as higher than the ECBC 
benchmark. The energy consumption pattern is 
generally the same for all seasons as the building 
is a fully air-conditioned building (average external 
temperature ranges from 28 – 32oC). 

Gaining permission to carry out frequent site visits 
and access to sensitive areas in buildings can be 
challenging. Give the scale of the building, the 
time restriction of a little over two months was 
noted as a significant challenge in this study. 

Additionally, the study only covered the monsoon 
season and does not provide findings for the 
remaining times of the year. 

Access to the occupants to perform surveys and 
interviews was easy and cooperation with the 
process was high. Survey forms were distributed 
personally but the only concern was they found 
the survey form too lengthy which might have 
resulted in misleading responses due to loss of 
interest or lack of knowledge in some cases. 
Movement around the building was challenging in 
some areas, as most spaces had card access 
entry and the researcher therefore, had to be 
accompanied by office staff who had access. 

Recommendations 
The Evaluation and benchmarking of current 
energy use and comparing it with predicted energy 
is beneficial for the designers and owner and 
management so that they can understand where 
the building stands and begin evaluating future 
change to practice in order to resolve this issue. 
Use of energy in different areas of the building can 
and should be studied long-term to reduce 
consumption; however, an immediate solution to 
reducing the greenhouse gas emissions of the 
building’s impact would be to install photovoltaic 
(PV) panels on the roof, perhaps as a shading and 
rain protection canopy over the roof terrace space 
(Figure 30). 

 

Figure 30. Roof terrace – potential for PV 

Surveyed occupants noted that both summer and 
winter temperature are on the side of too cool. 
This may provide area for reduction in cooling 
energy use; however, this should be tested over a 
long period of time with survey follow ups to 
review the impact on thermal comfort. As some 
spaces demonstrated high levels of RH and 
surveyed occupants noted a feeling of high 
humidity and stuffiness, this issue will need to be 
reviewed, and dehumidification may need to be 
installed as this has an impact on the health and 
subsequent productivity of the occupants. 

BPE conducted by Shalaka Wani: Low Carbon 
Building Group, Oxford Institute for Sustainable 
Development, School of Architecture, Oxford 
Brookes University, Oxford OX3 0BP 
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CASE STUDY 6: 
OFFICE BUILDING 6 
Office building 6 is the headquarters for a 
diversified conglomerate located in Mumbai, India. 
The 11-storey building is a LEED Platinum office 
building completed in early 2014.  

 

Building description 
The building is constructed of steel frame with 
glass panels. All office floors are aligned around 
the atrium space which begins from the first floor. 
The atrium is naturally lit by the glass façade. 
Most of the office spaces are either exposed to the 
light coming inside from the atrium or light from 
the exterior façade. 

During the time of study, the owner was aiming for 
IGBC health and wellbeing Platinum rating. 
Though there are no specific energy targets or 
benchmarking, there has been a lighting 
replacement plan over time using LEDS. 

BPE field study methods 
The field study was performed as a MSc 
dissertation for one month in the monsoon season 
(19 July – 20 August 2019). The primary 
components of the study included design and 
construction audit, energy audit, environmental 
audit and occupant survey. At the time of study, 
the building was only accessible up to the 7th floor 
as these were the floors occupied by the building 
owner, the remaining top floors were leased. 

LEED certification was gained through such 
measures as low flow plumbing fixtures, sewage 
treatment plant for water and reuse, reduced 
energy, renewables, and rainwater harvesting. 
Table 17 shows the I-BPE recommend study 
elements divided in four levels of increased 
complexity. For each level, the table indicates the 
action taken and/or tools used.  

Table 16: Summary of case study details 

Case study building details 

Climate Warm & Humid 

Green rating LEED Platinum (2014) 

Ownership Private – single organisation 

Occupancy 
(typical) 

1400 occupants (ground to 7th 
floor); Monday – Friday 9am – 
6:00pm (café to 8:30 pm) 

Some offices are occupied 24/7 

Built-up area  49,196 m2 (excluding basement)14 

32,797 m2
 for ground to 7th floor 

Building layout Nine stories of offices; four leased. 

Ground: Cafeteria, data centre, 
day care 

First: Conference and meeting 
rooms, laboratories, café 

2nd – 7th: offices, meeting rooms, 
meeting rooms (gymnasium on 
6th) 

Cooling / 
ventilation 

Fully air conditioned: 2 AHUs per 
floor serving offices and common 
areas 

Energy/ 
renewables 

Electricity from grid; diesel 
backup generator; CNG pipeline 
to kitchen; PV 78.2 kWp 

Fabric details 
(U-values) 

Wall: 0.70 W/m2K 

Roof: 0.31 W/m2K 

Review of design intent 
The general layout meets the user requirements 
except the cafeteria. The cafeteria gets crowded, 
reportedly stuffy and difficult to accommodate 
seating for everyone. Otherwise, the spaces are 
well connected in terms of daily usage, with quick 
easy access to services like the toilet areas or fire 
exits or the common lift and lobby spaces.  

The entire building is dependent on the electrical 
ventilation system. Some windows in the offices 
are operable though not all. Those that are must 
be manually opened and closed. Though 
overhangs help in cutting down the amount of 
direct sunlight, most workspaces located near the 
façade face glare issues and sometimes heat gain 
from direct sunlight. 

Though the FM team do not use benchmarks and 
don’t have specific targets, they do try and 
minimize consumption of energy by regulating 
light and air conditioning usage. The BMS is 
utilised to make changes in the cooling set point 
and lighting. It reportedly malfunctions often and 
requires manual control. 

 
14 Built-up area excluding unconditioned basement is 
used to calculate Energy performance Index (EPI), a 
normalization of energy consumption for benchmarking 
in India represented as kWh/m2/yr (BEE, 2017). 
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Energy assessment 
The building energy consumption is performing 
almost precisely on target. the building’s EPI 
(177.7 kWh/m2/yr) is performing 2% better than 
the benchmark (182 kWh/m2/yr) and 4% better 
than the modelling projection (184.5 kWh/m2/yr). 
Figure 31 covers in-use data for the period 1 April 
2017 – 31 March 2018.  

The PV, however, are not performing as intended 
resulting in an EPG - generating over 70% less 
than projected daily. That is, PV should be 
generating a minimum of 300kWh per day but is 
generating 80kWh per day. According to a 
member of the energy system management 
department this is due to dust accumulation and 
an insufficient frequency of cleaning. 

 

Figure 31. Annual energy data with benchmark 

Note: The graph starts at 120 kWh/m2 in order to 
present the small PV generation quantities. Diesel 
and grid electricity data were not supplied 
separately; it is possible there was no DG use for 
the period reported. The data and graph represent 
only the G-7 floors as data were only available for 
these floors; the top 4 floors are leased to tenants 
with separate meters, not accessed by the 
researcher. 

Indoor environment 
In occupied areas where there are no local 
controls (e.g. open offices). The minimum set 
point is reportedly 23 - 24 degrees Celsius (26o C 
for unoccupied). In these spaces, to request a 
change the occupant will need to call reception to 
be forwarded to the facility management office. 
The change is them implemented via the BMS. 

Figure 32 shows the percent of occupied hours 
within and outside (red = above; dark blue = 
below) the acceptable temperature range. Note: 
1F = first floor, etc; Conf. = conference room, ClOf 
= closed office. The temperatures in these spaces 
were on the cooler side of the ISHRAE 
recommendations.15  In the spaces monitored, it 
appears that temperatures were well maintained 
at the setpoint, though at the lower end. In the 

 
15  The acceptable operative temperature range for 
offices in summer is 24.5oC +/- 2.5oC according to the 
ISHRAE standard ISHRAE 2016. Indoor environmental 
quality standard. Indoor Environmental Quality. Indian 
Society of Heating, Refrigerating and Air Conditioning 
Engineers.. 

Table 17: Adaptation of the I-BPE methodology for this study  

(NP = not 
performed) 

Level 1 Level 2 Level 3 Level 4 

Review of 
design intent 

Collection and review of 
design docs.: Plans and 
green building certification 
documentation, simulation 
report 

Review of services and 
energy systems: 
commissioning docs., 
metering strategy 

Interviews with key 
stakeholders: facility 
manager (FM) 

Walkthrough with key 
stakeholders: FM team 

Technical 
building 
survey 

Inspection of build quality 
and services: photographic 
survey 

Controls interface 
survey: select spaces 
on 1st – 7th floor 
thermostat and lighting 

Review of installation 
and commissioning of 
services: NP 

Thermography of building 
fabric: NP 

Energy 
assessment 

Annual / monthly energy 
data: Monthly energy 
consumption (1 yr data: 
Apr 2018 – Mar 2019 

Energy monitoring: NP 

 

Sub-metering: office 
space, common area, 
HVAC (yr data: Jan 
2018 – Aug 2019 

Plug load monitoring of 
individual appliances: NP; 
however, appliance audit 
performed in select spaces 

Environ. 
monitoring 

Temperature, and RH 
spot readings: Extech 
device used during 
thermal comfort surveys 
to measure air 
temperature, RH and wet 
bulb temp. 

Temperature and RH 
monitoring: Hobo UX-
100 reading temp. and 
RH (4 weeks at 5-min. 
freq.); I-button reading 
temp. (4 weeks at 5-
min. freq.) 

Additional spot read/ 
logging (e.g. CO2, lux, 
wind speed): NP 

Additional pollutants: 
Watchdog CO2 (ppm) 
monitoring in 8 spaces (2 
days at a time every 15 min. 
freq.) 

Occupant 
feedback 

Occupant satisfaction 
survey:  BUS (36 of 250 
returned) (14%) 

Semi-structured 
interview: 8 occupants 
interviewed 

Thermal comfort 
survey: 238 entries 

Focus group: NP 
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enclosed offices there are local controls. In the 
ground floor offices almost 40% of occupied hours 
were below the ISHRAE recommended 
temperature range. In this space there appears to 
be room for cutting back in cooling energy used; 
however, as it is locally controlled, this may be 
preference. 

 

Figure 32. Temperature measurements 

[percent of occupied hours at specific temperature 
ranges for the period 22 July – 19 August 2019] 

The mean RH in all spaces ranged from 54 – 
75%. The 1st floor meeting and conference room 
had RH readings above 80% and above 70% for 
more than 70% of occupied hours. This is above 
the ISHRAE acceptable threshold and would 
suggest that there may be a problem with the 
HVAC system or controls and that levels like this 
could result in health issues in these spaces. 
These prolonged periods of high RH could also 
lead to mould growth. 

CO2 concentrations measured in eight spaces 
throughout the study were found to be well within 
acceptable ranges for most of the time. Only a 
couple of rooms (enclosed offices) had 
measurements for short periods of time above the 
marginally acceptable measurement of 1100 ppm. 
In large spaces the CO2 concentrations were 
averaging around 600ppm and hitting maximums 
of only 750 - 800ppm. 

Occupant survey 
According to BUS survey results (n=36 16 ), the 
design, the building’s image to visitors, whether 
the building meets the user’s needs and 
effectiveness of the use of the space were all 
considered highly satisfactory. Overall comfort 
was rated positively and higher than the BUS 
benchmark.  

The seasonal temperature was considered to be 
too warm (beyond the benchmark) in the summer 
and a bit cool in winter; however, comfortable in 
both seasons. The air was considered humid 
although fresh in the summer corroborating the 
environmental monitoring results in some of the 

 
16 The number of returned responses represent a low 
sample of the occupant population. 

spaces as described above. There was also a 
feeling of no control over the ventilation (much 
lower than the benchmark. 

Electrical lighting is managed by the BMS system 
by daylighting. Lighting was overall highly 
satisfactory with satisfactory electrical lighting and 
little glare; however, the natural light was found to 
be lacking (just below the BUS benchmark). 

Lessons learnt 
The building is performing well overall. Energy 
consumption is almost precisely on target; 
however, the PV system is underperforming.  

As the building is the headquarters of a large 
company, security was found to be high but 
appropriate. This created some difficulty in 
accessing spaces. The days and times allowed to 
visit the building were restricted and assigned to 
the research which made the process difficult. 
Access to data and photography was also limited 
for security reasons. 

Monitoring equipment that was dependent on 
remaining plugged in and switched on was 
constantly switched off by mistake. In addition, as 
a security measure internet access was denied 
onsite, limiting some monitoring equipment that 
could be used. 

The researcher also felt that due to security 
issues, occupants were rigid with their responses 
to the questionnaire and interview. 

Recommendations 
Diffusing direct sunlight onto the ceiling using 
white or lightly coloured blinds could help enhance 
the natural light in the space whilst reducing 
electrical lighting during working hours.  

As some of the smaller individually controlled 
meeting or office rooms were showing much lower 
temperatures, occupancy sensors could be used 
in these spaces to control the cooling and reduce 
energy consumption when the rooms are not 
being used during occupancy hours. The 
processes and systems responsible for 
dehumidification for the building needs to be 
reviewed and additional systems need to be 
added or updated in order to meet the RH load in 
several spaces. 

The PV system needs to be checked for issues 
and needs to be cleaned if that is the reason for 
the underperformance. A 70% shortage is 
significant; resulting in 85,000 kWh/yr taken from 
the grid as opposed to the PV and 1.5% of energy 
costs that could have been saved.  

BPE conducted by Sonika Kumta: Low Carbon 
Building Group, Oxford Institute for Sustainable 
Development, School of Architecture, Oxford 
Brookes University, Oxford OX3 0BP 
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CASE STUDY 7: 
UNIVERSITY CAMPUS 1 
The four-storey academic block building is a LEED 
Platinum office building completed in early 2014.  

 

Building description 
The heavyweight building was designed to provide 
shade and breeze. Windows on south façade are 
covered by the traditional “Jali” which cuts off 
glare and provides shading. LED light fixtures are 
used in all spaces (flat panel, tube lights, and 
downlighters). 

There is no BMS system; energy meter readings 
for are manually recorded daily. The Photovoltaic 
(PV) system is handled by a third party and the 
electricity is purchased from them. For essential 
services such as fire and emergency, the 
university has a one kVA capacity backup diesel 
generator set. 

BPE field study methods 
The field study was performed as a MSc 
dissertation for one month (2 weeks on site), 
February 2018. The primary components of the 
study included design and construction audit, 
energy audit, environmental audit and occupant 
survey.  

LEED and GRIHA certifications were gained 
through such measures as light pollution 
reduction, optimized energy performance, on-site 
renewables, measurement and verification (proper 
installation assurance), and increased ventilation. 
Table 19 shows the I-BPE recommend study 
elements divided in four levels of increased 
complexity. For each level, the table indicates the 
action taken and/or tools used.  

Table 18: Summary of case study details 

Case study building details 

Climate Composite 

Green rating LEED Platinum & GRIHA-5 Star 

Ownership Manipal University 

Occupancy 
(typical) 

Up to 4000 occupants (3700 
students) / Prime occupancy: 
8:00am – 6:00pm 

Built-up area  31,055 m2 (excluding basement)17 

Building layout Four floors: labs, classrooms, 
tutorial spaces, faculty areas, 
seminar halls, workshops and 
boardroom 

Cooling / 
ventilation 

Mixed-mode: labs, kitchen, 
boardrooms have stand-alone 
systems (VRF and split units- 1.5 
tons). Other spaces: 8 air cooled 
chillers with 40 tons capacity 
each. 

Naturally ventilated in winter 
months 

Energy/ 
renewables 

Electricity from grid; diesel 
backup generator; PV 850 kWp 

Fabric details 
(U-values) 

No data 

Review of design intent 
It is hard to maintain set point temperature at 24°C 
in summers due to varying number of occupants 
and frequent opening/closing of doors by students.  

Classroom spaces had no ceiling fans in the 
original design. Upon request from some faculty, 
ceiling fans were provided in the classrooms near 
the blackboard space for their comfort.  

All computer labs have dedicated VRF system due 
to high internal load. 

 

 

 
17 Built-up area excluding unconditioned basement is 
used to calculate Energy performance Index (EPI), a 
normalization of energy consumption for benchmarking 
in India represented as kWh/m2/yr (BEE, 2017). 
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Energy assessment 
The building is performing better than design 
expectation and benchmarks. The building’s EPI 
(20.4 kWh/m2/yr) is performing 83% better than 
the benchmark (117 kWh/m2/yr) and 47% better 
than the modelling projection (38.6 kWh/m2/yr). 
Figure 33 covers in-use data for the period 1 Jan 
2017 – 31 Dec 2017.  

The PV are owned, managed, metered and billed 
by a third-party operator to the University. Annual 
solar generation was found to be 3% higher than 
required by LEED Platinum rating. After onsite 
review it was discovered that 850 kWp were 
installed on site, whereas only 665 kWp were 
provided for the design stage estimated. Based on 
energy generation per power rating for the system 
installed vs. system designed, the installed PV 
system is performing 18% better than projected. It 
is possible; however, that more efficient panels 
were installed vs. what was originally specified. 

 

Figure 33. Annual energy data with benchmark 

Indoor environment 
The building is operated in natural ventilation 
mode during winters (time of study). According to 
the National Building Code (NBC) (BIS, 2016)., 
the monitored spaces in the case study building 
were found to be thermally comfortable for the 
monitored period. All spaces had temperatures 
below 30°C and RH readings less than <60%. 

The average daily temperatures ranged from 19 - 
24°C with peaks in all spaces around 5pm. 
Average RH levels were notably low in all spaces, 
ranging from 30 – 45% RH. The RH levels would 
noticeably fluctuate based on occupancy in the 
spaces. 

Most spaces had acceptable noise levels, except 
for open office spaces and classrooms on the 
second and third floor. Average illuminance levels 
according to NBC were met, and 82% of 
occupants surveyed felt satisfied with the overall 
lighting. The control interface survey showed that 
while fan and lighting controls were perceived to 
be well-designed and easily accessible, lecture 
rooms and offices did not have access to 
thermostat control, which affected the local 
management of the thermal environment. 

Occupant survey 
According to BUS survey results (n=174), the 
design, the building’s image to visitors, whether 
the building meets the user’s needs and 
effectiveness of the use of the space were all 
considered highly satisfactory. Overall comfort 
was rated positively and in line with the higher end 
of the BUS benchmark.  

Table 19: Adaptation of the I-BPE methodology for this study  

(NP = not 
performed) 

Level 1 Level 2 Level 3 Level 4 

Review of 
design intent 

Collection and review of 
design docs.: Plans and 
green building certification 
documentation, simulation 
report 

Review of services and 
energy systems: 
commissioning docs., 
metering strategy 

Interviews with key 
stakeholders: facility 
manager (FM) 

Walkthrough with key 
stakeholders: FM team 

Technical 
building 
survey 

Inspection of build quality 
and services: photographic 
survey 

Controls interface 
survey: representative 
rooms: classroom, 
office, lab, corridor 

Review of installation 
and commissioning of 
services: NP 

Thermography of building 
fabric: FLIR TG165 - during 
evening hours: no direct solar 
radiation on the facades 

Energy 
assessment 

Annual / monthly energy 
data: Monthly energy 
consumption (1 yr data: 
Jan – Dec 2017 

Energy monitoring: NP 

 

Sub-metering: NP 
(N/A) 

Plug load monitoring of 
individual appliances: NP 

Environ. 
monitoring 

Temperature, and RH 
spot readings: 
Temperature & RH 
readings 

Temperature and RH 
monitoring: 
Temperature & RH 
monitoring – Hobo 
loggers 

Additional spot read/ 
logging (e.g. CO2, lux, 
wind speed): Lux, air 
speed and decibels 

Additional pollutants: Tinytag 
CO2 (ppm) monitoring. 

Occupant 
feedback 

Occupant satisfaction 
survey:  BUS (174 of 220 
returned) (79%) 

Semi-structured 
interview: NP 

Thermal comfort 
survey: NP 

Focus group: NP 
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The seasonal temperature was perceived as 
neutral in the summer and a bit cool in winter (but 
within the BUS benchmark) and comfortable in 
both seasons (Figure 34). Temperature were mid-
range between stable and varying in both 
seasons, likely dependent on the extent of natural 
ventilation and weather. The air in summer was 
considered dry and fresh but somewhat draughty. 
In winter, the air was considered dry, fresh and 
still. 

Summer temperature 

 
Summer temperature stability 

 
Winter temperature 

 
Winter temperature stability 

 

Figure 34. Summer and winter temperature 

Lighting was overall highly satisfactory; however, 
the occupants considered there to be too much 
electrical lighting and slightly more than enough 
natural light. There is little to no problem with glare 
in the spaces. 

The perception of control was moderate for 
cooling and ventilation. The perception of control 
over lighting was high but loss of control appeared 
to be with noise. Fan and lighting control in all 
spaces were well designed; however, certain 
spaces (classroom, personal cabin, and open 
office) did not have access to thermostat control. 
This caused discomfort for some occupants. 

Lessons learnt 
Due to the occupied status of the case study 
building and length of study the handover process 
was not observable; this is typical for any building 
that has already been in operation. In addition, for 
these reasons, other types of evaluations were not 
implementable, e.g., U-value testing was 
considered too difficult and disruptive to carry out. 

For a smoother operation, it was important to 
create a daily activity schedule which was 
submitted to the facility manager to arrange 
appropriate personnel to accompany and arrange 
access permission to all the required areas and 
building systems.  

Collection and review of all available design 
documents was essential to understanding the 
design intent of the building, to evaluate 
documentation on how the building should have 
been constructed and how it is expected to 
perform.  

Another crucial step is in preparing a monitoring 
plan prior to the site visit which can be improved 
or altered if needed following a walkthrough with 
facility management. The personal interview with 
the facilities manager to understand the systems 
and usage is crucial to performance evaluation. To 
effectively cover all elements of the study, multiple 
walkthroughs were required to understand the 
entire building and all systems.  

Convincing occupants to respond to the surveys 
can be done prior to the site visit by informing 
them about it on an initial visit and consent of the 
owner and occupants is helpful for ease of 
process and more robust data. In addition, pilot 
runs for survey and analysis of small dataset is 
helpful to validate the questionnaire. Occupants’ 
consent for the survey was essential, for this a 
brief introduction of the survey form was provided 
to the occupants. This helped in gathering more 
data.  

Third party maintenance of PV ensures clean and 
maintained panels that will maximise profit for the 
owner and ensure best performance of the 
system. 

Recommendations 
For the building to perform better, 
recommendations included introduction of a 
properly commissioned building management 
system that can provide the FM team with real-
time environmental and energy data, provision of 
local thermostat controls and optimising the use of 
blinds (unless direct glare is caused) to increase 
daylight in the building.  

BPE conducted by Maaz Dixit: Centre for 
Advanced Research in Building Science and 
Energy, CEPT University, Ahmedabad, India 
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CASE STUDY 8: 
RESIDENTIAL COMPLEX 1 
The residential complex is an affordable housing 
development completed in 2015 (phase 1) located 
on the outskirts of Chennai, South India. 

 

Building description 
The first phase of the development was awarded a 
Platinum Rating by the IGBC. The housing 
development consists of six blocks comprised of 
604 households with three types of units, 1 
bedroom (two different configurations) and a 2-
bedroom unit. The blocks were designed to 
accommodate public amenities like children's play 
area, an open gym, and jogging tracks. 

BPE field study methods 
The field study carried out in 29 selected 
residential units was performed as a MSc 
dissertation for one month in the monsoon season 
(4 July – 4 August 2018). The primary 
components of the study included design and 
construction audit, energy audit, environmental 
audit and occupant survey.  

 To find appropriate households for the study, a 
walkthrough of the development was performed 
with a public relations (PR) manager. The PR 
manager was able to suggest households that 
would be open to the study. This helped in gaining 
the householder’s trust in the research as well as 
developing interest in this study.  

Table 20: Summary of case study details 

Case study building details 

Climate Warm & Humid 

Green rating IGBC Platinum 

Occupancy  Residential 

Built-up area  1 BHK = 35m2; 2-BHK = 45m2 

Building layout Six blocks of four stories over 
garage. 604 dwellings total 

Cooling / 
ventilation 

Designed to be naturally 
ventilated; AC installed by 
occupants in some units 

Energy/ 
renewables 

Electricity from grid; diesel 
backup generator 

Fabric details 
(U-values) 

Wall: 1.2 W/m2K 

Roof: 0.5 W/m2K 

Review of design intent 
The case study flats were designed to maximise 
cross-ventilation for comfort (not installed with 
AC); however, some occupants have since 
installed AC (Figure 35), potentially changing the 
overall as-designed energy target of the 
development. As an effort to optimise thermal 
efficiency, the window-to-wall ratio was maintained 
to less than 30%; therefore, window U-value 
(value not mentioned in design documents) did not 
require a minimum value to comply.  

 

Figure 35. Installed AC in bedroom 

To optimize lighting energy use, the common 
areas were designed and maintained with 
specified low energy lighting and the flats were 
provided with recommended specifications of 
lighting fixtures in a Home User Guide provided 
during handover; however, few occupants 
followed this recommendation while others 
selected fixtures according to personal choices 
and/or affordability. Rainwater harvesting, water-
efficient fixtures, and on-site sewage treatment for 
reuse were used as green design features to 
obtain certification.  
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Energy assessment 
In total there were 19 flats with AC installed and 
10 flats which remain naturally ventilated (NV). AC 
use in the flats varied widely, with long periods of 
time when the ‘AC’ flats were naturally ventilated. 
The reasons given range from financial concerns 
to varied occupancy. When assessing total annual 
energy consumption for the flats combined, AC 
flats were found to use 32% more energy on an 
annual basis and 42% more for the month of July 
2018 (temperature monitoring period): 

Figure 36 shows the energy consumption/m2 
indicating that the consumption is not as 
significant in difference when considering the area 
of the flats. When normalized for floor area, mean 
AC flat consumption was only 12% greater. 
Though there is a positive trend in the correlation 
of number of occupants and annual energy use, 
the relationship is weak (r = 0.36). 

 

Figure 36. Annual energy data with benchmark 

Indoor environment 
Temperature data for both AC and NV flats 
showed periods of common temperature shifts 
also indicating free-running behaviour for even 
high energy using AC flats.  

Both NV and AC flats experienced an average 
range from 31-33oC, max ranges from 33-36oC, 
and minimum ranges from 24-30oC. Interestingly, 
however, it is a few AC flats that experienced the 
greatest maximum readings above 36oC, up to 
37oC. Overall, the difference in the average of the 
means between AC flats and NV flats is negligible 
at 0.2oC (31.9oC and 32.1oC respectively).  

When comparing the top three high energy AC 
flats against the top three high energy NV flats 
(Figure 37), the difference of their mean 
temperatures is less at 0.07oC. The difference of 
their mean consumption/m2 is -0.7 kWh/m2.  

 

Figure 37. Temperature statistics 

Table 21: Adaptation of the I-BPE methodology for this study  

(NP = not 
performed) 

Level 1 Level 2 Level 3 Level 4 

Review of 
design intent 

Collection and review of 
design docs.: Plans and 
green building certification 
documentation 

Review of services and 
energy systems: NP 

Interviews with key 
stakeholders: PR 
manager 

Walkthrough with key 
stakeholders: PR 
manager 

Technical 
building 
survey 

Inspection of build quality 
and services: photographic 
survey 

Controls interface survey: 
NP 

Review of installation 
and commissioning of 
services: NP 

Thermography of 
building fabric: NP 

Energy 
assessment 

Annual / monthly energy 
data: Monthly energy 
consumption for 29 flats  
(1 yr of bi-monthly data) 

Energy monitoring: NP 

 

Sub-metering: NP Plug load monitoring of 
individual appliances: 
NP 

Environ. 
monitoring 

Temperature, and RH 
spot readings: Watchdog 
A160 temperature 
readings 

Temperature and RH 
monitoring: Hobo UX-100 
reading temp. and RH (4 
weeks at 5-min. freq.); I-
button reading temp. (4 
weeks at 5-min. freq.) 

Additional spot read/ 
logging (e.g. CO2, lux, 
wind speed): Watchdog 
A160 

Additional pollutants: 
NP 

Occupant 
feedback 

Occupant satisfaction 
survey:  BUS (83 of 100 
returned) (83%) 

Semi-structured interview: 
28 householders 
interviewed 

Thermal comfort 
survey: self-completed 
diary (2 of 29 returned) 

Focus group: NP 
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The above would either suggest negligible use or 
impact of AC (during this period) on overall energy 
consumption and comfort temperatures in the 
flats, whether due to ineffective equipment, or low 
frequency of use for the reasons given above. 
Contrary to expectation, AC flats have slightly 
higher RH than NV flats (mean = 59.9% and 
57.5% respectively; max = 81.9% and 74.6% 
respectively). 

CO2 concentrations in the dwellings measured 
between 600 and 1000ppm, categorised as 
aspirational – acceptable by ISHRAE standards. 

Occupant survey 
According to BUS survey results (n=83), the 
building’s location, design, appearance, and layout 
were all voted satisfactory within the BUS 
benchmark. Overall the building was lacking most 
in provision of storage and whether the building 
meets the needs of the occupants the building 
was rated just below the benchmark. The building 
was, however, considered to have a positive effect 
on the health of the occupants. 

The flats were designed to provide maximum 
daylight and ventilation, partly through the 
provision of balconies. According to BUS results, 
satisfactory provision of daylight was achieved; 
however, natural ventilation was not maximized. 
This is seen through the opinion that the spaces 
were considered stuffy with little air movement. 
Through interviews it was found that there was 
acceptable natural ventilation in the flats located 
on the 3rd and 4th floor, whereas the flats located 
on the 1st and 2nd floor had little air movement 
due to the surrounding buildings.  

The summer season is generally considered harsh 
in this hot and humid region of India. Overall, 
summer was considered uncomfortable with hot 
temperatures and stuffy. As was shown through 
RH measurements; however, the occupants 
consider the humidity to be neutral. Overall, winter 
was considered comfortable though temperatures 
were perceived to be a little too cold. Again, the 
humidity is neutral, and the air was fresh. 

Summer temperature 

 
Summer humidity 

 
Winter temperature 

 
Winter humidity 

 

Figure 38. Summer and winter temperature and 
humidity 

Lessons learnt 
The researcher found it necessary to educate the 
concerned authorities and people related to the 
building about the entire process of BPE. To do 
this, a meeting was arranged, and the concerned 
people were briefed about their role in the activity 
along with the timeline. A question and answer 
session also helped to address the queries and 
familiarise the researcher with the householders 
and management. Only a few of the residents who 
were acquainted with the idea of green buildings 
could grasp the need for the study and were fully 
supportive. Other occupants were provided with 
more relatable concepts to encourage 
acceptance. As an example, the relationship 
between thermal comfort, indoor air quality and 
their daily routine. This helped people 
comprehend the process and importance of the 
study.  

To further ease concerns, householders were 
shown the data loggers and the researcher 
allowed them to install the loggers in desired but 
approved locations in front of the researcher. This 
helped in gaining their confidence in the 
researcher and assuring them of the simple 
function of the data loggers. Regardless of effort 
to gain trust, including data privacy promises, 
most of the occupants did not allow the researcher 
to record the conversation.  

Occupants required the researcher to ask 
questions from questionnaires and were not 
interested in filling in questionnaires on their own, 
likely due to a language barrier or illiteracy. This 
limitation, coupled with the lack of knowledge 
about the importance of the study and/or 
disinterest, resulted in the low return rate of 
thermal comfort diaries.  

Recommendations 
A survey would be helpful during the design stage 
in order to understand the behavioural pattern of 
the occupants, which can help in developing a 
better layout that suits the lifestyle of the 
occupants. 

As Indian culture inclines towards community 
gatherings and a strong social structure, the 
design should give some freedom for the 
occupants to embrace this in their routine. 

There should be a provision made for installing 
different cooling systems in order to beat the 
harsh summers in that region. 

BPE conducted by Shashwata Joshi: Low 
Carbon Building Group, Oxford Institute for 
Sustainable Development, School of Architecture, 
Oxford Brookes University, Oxford OX3 0BP 
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CASE STUDY 9: 
RESIDENTIAL COMPLEX 2 
The residential complex is a high-rise apartment 
building, completed in August 2017, and located 
on the outer edge of Jaipur, India 

 

Building description 
The building’s walls are constructed of fly ash 
blocks and the roof assembly is constructed of 
XPS insulation. The building utilises a solar hot 
water system to meet 58.4% of the hot water 
requirement.  

Total runoff from the roof and non-roof areas is 
119 m3 (considering average normal rainfall). 
There are four rainwater harvesting pits with a 
capacity of 56.55 m3/day which amounts to 226 
m3. The overall rainwater harvesting is above 
90%. The building also saves up to 50.6% of 
baseline water consumption with low flow fixtures 
and reuse of treated water for flushing. 

BPE field study methods 
The evaluation was performed as an MSc 
dissertation for one month in the monsoon season 
(16 July – 18 August 2019). The primary 
components of the study included design and 
construction audit, energy audit, environmental 
audit and occupant survey.  

The field study was composed of BUS surveys in 
84 apartments, household survey in 50 
apartments, energy assessment in 18 apartments, 
interviews in 14 apartments, and environmental 
monitoring in 15 spaces. 

The building manager gave an initial overview of 
occupants who might be interested in the study. A 
consent letter from management was obtained for 
distributing to the occupants before initiating the 
survey to inform them and to gain the trust. After 
getting consent from the occupants, 15 flats were 
shortlisted for installing the instruments.  

 Table 22: Summary of case study details 

Case study building details 

Climate Composite 

Green rating IGBC Gold 

Occupancy  Residential 

Built-up area  2 BHK = 125m2; 3-BHK = 162m2 

Building layout 216 flats in four apartment blocks 
and commercial area; each block 
includes stilt garage + 14 floors 

Cooling / 
ventilation 

Mixed mode: natural ventilation 
and air conditioning 

Energy/ 
renewables 

Electricity from grid; solar hot 
water system 

Fabric details 
(U-values) 

Wall: 0.75 W/m2K 

Roof: 0.66 W/m2K 

Review of design intent 
The building was designed to provide abundant 
daylight to the occupants. The building received 
two credits for enhanced daylighting in the 
apartments. According to occupants, all rooms 
receive enough daylight. Many occupants do not 
require electrical lights during the daytime. For all 
rooms in the apartments, most household survey 
responses said they ‘never’ use electrical light 
during the daytime (34 for living & dining room, 23 
for kitchen, 33 for bedrooms and 23 for bathroom). 

All the building blocks have double loaded 
corridors with openings on opposite end of 
corridors which allow in light and air. Each 
apartment in the building has operable windows 
i.e. slider windows with 45-48% openable area. 
However, the building did not receive credit for 
enhanced ventilation. 

It can be difficult to estimate the energy 
consumption of a residential complex as 
occupants can install and use any appliance that 
they feel will enhance their comfort, e.g. air 
conditioners or desert coolers (Figure 39). 

 

Figure 39. Desert cooler in flat 
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Energy assessment 
All flats measured had AC units installed. Two had 
additional desert coolers. Considering all 
apartments, the highest consumption was 
observed between the months of May to July. 
From the interviews, use of AC seems to vary 
between apartments ranging from only May – 
June or April – October, and sometimes in 
January. Daily use ranged from 2-4 hours/day to 
8-10 hours/day. The most common length of time 
for AC to be used was 6-8 hours/day. 

Figure 40 shows the energy consumption/m2 for 
the measured apartments. When all data are 
combined to collectively assess the 
responsiveness of total energy use to the climate 
(using cooling degree days (CDD)), the month 
March, May and July are most responsive. The 
energy consumption is much higher than would be 
expected in January and lower than expected in 
September. 

 

Figure 40. Annual energy data with benchmark 

Indoor environment 
In general, the measured temperatures remained 
in the range of 25-30°C. It was observed that 
weekend temperatures were lower than weekdays 
for most of the spaces.  

Mean temperature in bedrooms ranged between 
27 to 31°C across the measured apartments. Four 
out of five flats had a mean bedroom temperature 
above 29°C. The lowest mean and minimum 
temperature were recorded in flat C-1203, a flat on 
the higher end of the consumption chart (fifth from 
the top). For the bedrooms, occupants felt 
comfortable using AC to maintain a lower 
temperature. 

The mean temperature for living rooms ranged 
between 29 to 31°C. Flat B-1301 had the highest 
mean temperature of 30.79°C recorded, this flat 
was far lower on the consumption chart (fourth 
from the bottom) as would be expected. In flat C-
1203 living room, the mean temperature was 2°C 
higher than in the bedroom possibly due to higher 
solar and internal gains during the day.  

According to the household survey the most 
occupied space was the living room where 
occupants feel most comfortable spending their 
time. In living rooms occupants used AC for a 
limited number of hours as most of them agreed 
that they don’t require electrical cooling all the 
time and found it sufficient to keep windows open 
for many hours during the day. 

To assess weekly temperature variation, the living 
room in C-1203 was reviewed. To demonstrate a 

Table 23: Adaptation of the I-BPE methodology for this study  

(NP = not 
performed) 

Level 1 Level 2 Level 3 Level 4 

Review of 
design intent 

Collection and review of 
design docs.: Plans and 
green building certification 
documentation 

Review of services and 
energy systems: Brief data 
sheet 

Interviews with key 
stakeholders: NP 

Walkthrough with key 
stakeholders: NP 

Technical 
building 
survey 

Inspection of build quality 
and services: photographic 
survey 

Controls interface survey: 
NP 

Review of installation 
and commissioning of 
services: NP 

Thermography of 
building fabric: NP 

Energy 
assessment 

Annual / monthly energy 
data: Monthly energy 
consumption for 25 flats  
(1 yr of monthly data: May 
2018 – Jun 2019) 

Energy monitoring: NP 

 

Sub-metering: NP Plug load monitoring of 
individual appliances: 
NP; however, appliance 
audit performed 

Environ. 
monitoring 

Temperature, and RH 
spot readings: Watchdog 
A160 temperature 
readings 

Temperature and RH 
monitoring: Hobo UX-100 
reading temp. and RH (4 
weeks at 5-min. freq.); I-
button reading temp. (4 
weeks at 5-min. freq.) 

Additional spot read/ 
logging (e.g. CO2, lux, 
wind speed): Watchdog 
A160 

Additional pollutants:  
Foobot reading 
particulate matter 
(PM2.5) (μgm3), CO2 
(ppm) and VOC (ppb) 
(10 days over at 4 hour 
freq.) 

Occupant 
feedback 

Occupant satisfaction 
survey:  BUS (84 of 130 
returned) (65%) 

Semi-structured interview: 
14 householders 
interviewed 

Thermal comfort 
survey: researcher 
recorded (84) 

Focus group: NP 
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working person’s occupancy, average temperature 
during weekdays (30 to 32°C) was found to be 
higher than the average temperature during 
weekends (27 to 30°C).  

Relative humidity of occupied hours for the first 
week of study was below 70% for most spaces. 
This was found to increase when the weather 
changed to long periods of heavy rainfalls. 

CO2 concentrations for seven spaces were in an 
acceptable range according to ISHRAE standards. 
In four spaces, the levels much higher likely due to 
cooking, occupancy, and low ventilation rates. The 
building did not receive credit for enhanced 
ventilation. Half of respondents sleep with the 
bedroom windows open and half do not.  

Occupant survey 
According to BUS survey results (n=84), the 
building’s location, design, appearance, and layout 
were all voted satisfactory, above or within the 
high end of the BUS benchmark. The building was 
also considered to have a positive effect on the 
health of the occupants. 

The flats were designed to provide enhanced 
daylight and energy efficient lighting throughout. 
Overall lighting is considered satisfactory. In 
detail, according to BUS results, satisfactory 
provision of daylight was achieved; however, the 
responses were on heavily on the side of the scale 
marked ‘too much’ daylight. 

In the design process natural ventilation was not 
maximized; however, air in the flats in summer 
and winter was considered fresh (above the 
benchmark), neither overly still nor draughty, and 
overall satisfactory. Surprisingly in both seasons 
the air was considered overly dry in the flats even 
though the questionnaire was administered in the 
monsoon season. 

Overall, summer was considered comfortable with 
warm-neutral temperatures. Winter was 
considered comfortable though temperatures are 
perceived to be too cold (Figure 41).  

Summer temperature 

 
Summer humidity 

 
Winter temperature 

 
Winter humidity 

 

Figure 41. Summer and winter temperature and 
humidity 

Lessons learnt 
Most flats in the study experienced the 
temperature range 25 -30°C and high RH because 
of heavy rainfall during the monitored period, 
despite overall voting that the air is overly dry in 
the flats. It was also observed that weekend 
temperatures were lower than weekdays. In 
bedrooms, temperatures during occupied hours 
were lower than the living room as most of the 
occupants preferred use of AC to maintain 
comfortable temperature while sleeping. 

Due to language barriers occupants required the 
researcher to fill the questionnaires for them. In 
addition, occupants tended to get impatient with 
long questionnaires. Installation of data loggers in 
the flats is also difficult as it is not easy to gain 
trust and people lack knowledge about the subject 
matter. In some of the flats position of data 
loggers were disturbed and a few times occupants 
turned off loggers which were connected through 
power.  

There are no data on residential benchmarks. The 
green rating certification systems also do not 
include energy benchmarks for residential 
buildings. This limitation results in incomplete 
comparison or inability to make recommendations 
for improvement. 

Recommendations 
More time would be recommended for residential 
BPE as careful timing and effort is needed to 
explain the process and gain the trust of many 
unfamiliar householders (as opposed to an office 
building). Working with a housing manager or 
known resident (liaison) would likely result in a 
more successful uptake. 

Before designing the layout of the building, a deep 
survey should be conducted to understand the 
behavioural patterns and lifestyle of occupants or 
local people in similar residential buildings. 

Green rating systems should conduct regular 
evaluations of building performance after the 
certificate has been awarded to close the 
performance gap. 

As design documentation can be difficult to obtain, 
it should be a compulsory agenda to maintain 
proper documentation of housing performance. 

BPE conducted by Saloni Garg: Low Carbon 
Building Group, Oxford Institute for Sustainable 
Development, School of Architecture, Oxford 
Brookes University, Oxford OX3 0BP  
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CASE STUDY 10: 
RESIDENTIAL COMPLEX 3 

Building description 
The case study is a residential complex located in 
Ahmedabad, Gujarat. This building was awarded a 
platinum rating from IGBC Green Homes under 
version-1 in 2016. The total site area is 1.25 
acres, and the complex comprises six blocks, four 
of which have G+3 floors and the remaining two 
have G+7 floors, making a total of 88 apartments. 
There are two types of apartments in the building - 
3BHK (Bedroom, Hall, Kitchen) and 4BHK.  

The building envelope is made up of concrete 
walls and all the apartments face the central 
courtyard for natural ventilation.  

BPE field study methods 
The building was monitored which included on-site 
measurements of PM & CO2 levels, illuminance 
levels and instantaneous spot measurement of 
environmental parameters along with interviews 
and surveys. Measurements were taken based on 
the criteria requirement of the rating system and 
as per the methodology suggested by UK-BPE. In 
the third stage, all the data was extracted and 
analysed. In the last stage, performance of the 
building was analysed and critical analysis was 
done to assess the relevance of UK–BPE 
methodology for Green-rated residential buildings 
in India. 

The project’s green building rating documentation 
was reviewed to understand the design intent of 
the building. The review helped in identifying the 
performance metrics and criteria which needed to 
be evaluated. The evaluated criteria were 
envelope, daylighting, lighting power density of the 
project, energy metering, captive power 
generation, fresh air ventilation, cross ventilation, 
CFC free equipment, and energy-efficient air 
conditioners 

The field study was composed of a thermal 
comfort survey in 5 apartments, energy 
assessment in 2 apartments, and environmental 
monitoring in 2 apartments. There were 18 
respondents to the occupant survey. 

For monitoring, five apartments were selected on 
different floors (ground, intermediate and top) 
facing different orientations and with different 
occupancies. This analysis discusses results for 
two apartments out of the five, named as 
residence-1 (R1- Third floor of G+3 building) and 
residence-2 (R2- Ground floor of G+3 building). 

Table 24: Summary of case study details 

Case study building details 

Climate Hot & dry 

Green rating IGBC Platinum 

Occupancy  Residential 

Built-up area 3BHK-131m2, 4BHK-182m2 

Building layout 88 flats in six apartment blocks, 4 
G+3 and 2 G+7 

Cooling / 
ventilation 

Mixed mode: natural ventilation 
and air conditioning 

Energy/ 
renewables 

No data 

Fabric details 
(U-values) 

Wall: 0.75 W/m2K 

 

Review of design intent 
As the designer and consultants opted for the 
prescriptive compliance approach, all IGBC 
criteria were cross-checked and verified on site. 
Minor differences were observed between the 
design drawings and the actual building. For 
example, a few window sizes and positions had 
changed in one apartment.  

For daylighting, 2% glazing factor was achieved in 
all regularly occupied spaces. For fresh air 
ventilation, operable windows were provided per 
the IGBC requirement. For energy efficiency, LED 
and sensor-based lighting were provided in the 
common spaces. Further, actual lighting power 
density achieved 30% less than the IGBC 
requirement. All systems installed were BEE 
certified and had no CFC/HCFC components in 
them. Energy meters were provided on-site for 
water pumping from a bore well and common 
space lighting. The project met all the IGBC 
requirements that were documented for the rating. 

Energy assessment 
The energy consumption in two apartments were 
evaluated.  

• Residence-1 ‘R1’ had an EPI of 24.3 
kWh/m2/yr in 2017 and 43 kWh/m2/yr in 2018.  

• Residence-2 ‘R2’ had an EPI of 40.9 
kWh/m2/yr in 2017 and 29.8 kWh/m2/yr in 
2018.  

Bi-monthly energy consumption for both the 
residences is shown in Figure 42. 
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Indoor air quality 
R1 data were collected on 23 Jan, R2 data were 
collected on 21 Jan and ambient data were taken 
on 24 Jan. Most of the time in R1, indoor PM2.5 
levels were either poor or severe. PM2.5 levels in 
the bedroom were lower as compared to the living 
room and kitchen, since the kitchen has an open 
plan and is connected to the living room. This 
leads to higher PM2.5 levels due to activities in 
kitchen and living room, e.g. cooking, burning an 
incense, etc.  

In R1 PM2.5 concentrations start increasing in the 
evening around 6 PM and in the morning around 8 
PM. The likely reason for this was that this was 
the time when residents do “Pooja” and burn 
incense in the dwelling. In contrast, PM2.5 levels 
were in satisfactory limits in R2 as they do not 

burn incense inside the dwelling. 

In R1 indoor CO2 levels were not in an acceptable 
range during the entire period and at night in the 
bedroom, CO2 concentrations were reaching a 
maximum of 3500 ppm. In R2, CO2 levels were 
near the safe band. In context, external CO2 
concentrations were between 700 to 950 ppm. 

Occupant comfort 
Comfort sensation responses were taken on 
weekdays and weekends. Only one response lies 
below the comfort band and remaining 17 are 
within the comfort band. Based on the survey, five 
respondents reported they were feeling 
uncomfortable, out of which four respondents 
mentioned they want their thermal environment to 
be warmer and one respondent wanted the 
thermal environment to be cooler. 

Table 25: Adaptation of the I-BPE methodology for this study  

(NP = not 
performed) 

Level 1 Level 2 Level 3 Level 4 

Review of 
design intent 

Collection and review of 
design docs.: Plans and green 
building certification 
documentation 

Review of services and 
energy systems: NP 

Interviews with key 
stakeholders: Facility 
manager, energy 
consultant, and 
developer 

Walkthrough with key 
stakeholders: NP 

Technical 
building 
survey 

Inspection of build quality and 
services: photographic survey 

Controls interface 
survey: NP 

Review of installation 
and commissioning of 
services: NP 

Thermography of 
building fabric: NP 

Energy 
assessment 

Annual / monthly energy data: 
Monthly energy consumption 
for 2 flats  
(2 yr of bi-monthly data: 1 Jan 
2017 – 31 Dec 2018) 

Energy monitoring: NP 

 

Sub-metering: NP Plug load monitoring of 
individual appliances: 
NP 

Environ. 
monitoring 

Temperature, and RH spot 
readings: globe and air 
temperature 

Temperature and RH 
monitoring: NP 

Additional spot read/ 
logging (e.g. CO2, lux, 
wind speed): lux on 
750mm grid; air velocity 
using Fluke 922 

Additional pollutants:  
AirVeda reading 
particulate matter 
(PM2.5) (PM10); 
TinyTag reading CO2 
(ppm)  

Occupant 
feedback 

Occupant satisfaction 
survey:  Researcher 
designed (18 respondents) 

Semi-structured 
interview: NP 

Thermal comfort 
survey: researcher 
recorded (18) 

Focus group: NP 

     

 

 
 
Figure 42. Annual energy data with benchmark 
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Lessons learnt 
During the case study, daily thermal comfort diary 
was provided to the occupants to record their 
comfort at different times in a day, however, none 
of the occupants maintained it. Thermal comfort 
dairy is an important aspect of BPE, however, 
convincing the occupants to fill the form regularly 
would be a challenge to the researcher.  

BPE conducted by Sahil Verma: Centre for 
Advanced Research in Building Science and 
Energy, CEPT University, Ahmedabad, India 
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5. INSIGHTS FROM THE 

BPE STUDIES 

5.1 ENERGY ASSESSMENT 
The real energy performance of one educational 
(University Campus 1) and six office buildings 
were benchmarked against the corresponding 
ECBC standards. Interestingly, six out of the 
seven case study buildings performed better than 
the benchmarks, while five case studies 
performed better than the projected EPI. Figure 43 
shows the comparison of the case study building 
EPIs (in grey/black) against relevant benchmarks.  

Most case study buildings had solar PV systems 
installed for renewable electricity generation; 
however, solar PV performance was often not as 
expected. Only two out of the six PV systems 
performed better than design projections. The 
likely reasons for underperformance were systems 
not being kept clean and maintained regularly. 
The solar PV system that performed well was 
owned, monitored and maintained by a third-party.  

The EPIs of the apartments of the residential 
complexes are shown in Figure 44, with a mean 
EPI of 35 kWh/m2/yr. This compares favourably 
with the study by Swiss Agency for Development 
and Cooperation, wherein the mean EPI for 836 
dwelling units was to be in the range of 45-50 
kWh/m2/year (Rawal and Shukla (2014). 

The average EPI was found to be much lower in 
Residential complex 2 (RC2) (i.e. 17 kWh/m2/yr) 
than Residential complex 1 (RC1) (51 kWh/m2/yr). 
One reason for this could be that RC1 is located in 
a warm & humid climate (Chennai) whereas RC2 
is located in the composite climate (Jaipur) which 
has 1226 less cooling degree days (CDD) than 
Chennai (location of RC1) and the daily CDD 
mean is a difference of three. Another reason for 
this difference in energy use could be that RC1 is 
a low-income group (LIG) development with only 
some apartments having air conditioning, while 
RC2 is a high-income group (HIG) development 
that is designed and constructed with air 
conditioning in all bedrooms. 

Also, there is a significant difference in apartment 
sizes across the two residential complexes. RC1 
as LIG development, has an average apartment 
size of 40m2 (range of 35-44m2), while in RC2 as 
a HIG development, the average apartment size is 
189m2 with a range of 133-223m2. This difference 
in income groups becomes evident when energy 
use is normalised by occupant count. For RC1 the 
kWh/occupant/year is 671 while for RC2 the result 
is 1133.  

 

 

 

 

 

Figure 43. Comparison of actual energy performance of case study buildings with relevant benchmarks 
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Figure 44. Annual energy performance of case study apartments in residential complexes 1 and 2 

5.2 INDOOR ENVIRONMENT 
Most case studies had well-maintained and 
acceptable indoor temperatures, however, some 
spaces in buildings were found to be either overly 
cool or too warm according to ISHRAE standards. 
Generally, the measures indoor environment 
corresponded with occupant perception of their 
environment. Some buildings would benefit from a 
reduction in cooling set point temperature. In 
intermittently used spaces such as meeting 
rooms, air conditioning was left on; a combination 
of occupancy sensors and timers could help in 
managing the indoor environment of such spaces. 

Relative humidity was often found to be too high in 
some buildings. As this can impact health and 
wellbeing of occupants, the systems responsible 
for dehumidification may need to be inspected and 
additional systems added to maintain acceptable 
levels of relative humidity. 

Indoor CO2 levels were found to be generally in 
acceptable range, sometimes a little high in the 
most occupied spaces indicating a need to 
ventilate more to meet occupancy demand. 

5.3 OCCUPANT PERCEPTION 
A total of 863 occupants were surveyed across the 
six office buildings and one educational building. 
For the two residential complexes, where BUS 
questionnaire survey was undertaken, the total 
responses gathered were 167. The mean rate of 
return on the survey distribution for all case 
studies was 41%. 

Majority of the respondents perceived to have high 
levels of satisfaction with the building design, 
image to visitors, building meeting user’s needs 

and effectiveness of the use of space. This 
reaffirmed the fact that these case studies were 
flagship buildings designed to be high performing. 
Many respondents were however, not satisfied 
with storage space in the buildings as well as 
perceived control over their environment. 

5.3.1 Occupant perception in non-
residential case studies 
Table 26 shows the statistics for the combined 
BUS data for the non-residential case studies. 
Overall the results are satisfactory in terms of 
indoor temperature and indoor air, except for 
perception of control over cooling and ventilation.  

Table 26: BUS survey statistics for six offices and 
one educational building (n=863 responses)  

 Mean Median Mode Std. 
Dev. 

Design 5.8 6 7 1.3 

Meets needs 5.5 6 7 1.4 

Image to 
visitors 

6.1 6 7 1.2 

Storage 4.7 5 5 1.7 

Winter     

Temp. overall 5.6 6 7 1.3 

Temp. too cold 
/ too hot 

4.6 4 4 1 

Air overall 5.3 5 6 1.3 

Summer     

Temp. overall 5 5 5 1.6 

Temp. too cold 
/ too hot 

4.1 4 4 1.3 

Air overall 4.9 5 5 1.5 

Monsoon     

Temp. overall 5.1 5 7 1.6 
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Temp. too cold 
/ too hot 

4.7 4 4 2.5 

Air overall 5.1 5 5 1.5 

Control     

Cooling 3 3 1 2 

Ventilation 3.1 3 1 2.1 

Note: All variables in the table are on a Likert scale 
from 1 – 7. All cases but those coloured blue are 
effectively classified as 1 = unsatisfactory / 7 = 
satisfactory. The variables in blue are classified as 1 = 
too hot / 7 = too cold. 

The above results are confirmed by the fact that 
occupants in the seven non-residential buildings 
were satisfied with the overall air quality. Most 
case studies were found to have indoor air that is 
dry in the winter but neutral in the summer. 

Overall air quality 

 

While occupants perceived the indoor summer 
temperature to be satisfactory, winter indoor 
temperatures were found to vary during the day, 
possibly dur to the fact that none of the case study 
buildings were centrally heated in the winter 
season. 

Winter temperature stability 

 

Despite this, respondents in all non-residential 
case studies perceived themselves to be healthy 
in the buildings.  

Perception of health in the building 

 

5.3.2 Occupant perception: residential 
Table 27 shows the statistics for the combined 
BUS data for the residential case studies. Overall 
the results are satisfactory except for perception of 
summer temperature and indoor air quality. 
Summer temperature trends towards too hot with 
a mode of 2. 

Table 27: BUS survey statistics for residential 
apartments (n=167 responses)  

 Mean Median Mode Std. 
Dev. 

Layout 5.6 6 6 1.1 

Meets needs 4.8 5 6 1.7 

Appearance 5.7 6 6 1.2 

Storage 4.4 5 6 1.8 

Winter     

Temp. overall 5.8 6 6 1.1 

Temp. too cold 
/ too hot 

4.7 5 4 0.9 

Air overall 5.3 5 6 1.1 

Summer     

Temp. overall 4 4 4 1.8 

Temp. too cold 
/ too hot 

3 3 2 1.5 

Air overall 4.2 5 5 1.8 

Monsoon     

Temp. overall 5.3 6 6 1.4 

Temp. too cold 
/ too hot 

4.6 4 4 1.1 

Air overall 5.2 5 6 1 

Control     

Cooling 5.2 6 6 1.5 

Ventilation 5.5 6 6 1.3 

 

Majority of the respondents were satisfied with 
overall air quality in winter, while satisfaction with 
air quality in the summer was lower in RC1 than 
RC2, wherein air in summer was considered 
stuffy, as compared to fresh in RC2. 

Overall winter air quality 

 

Interestingly wintertime indoor temperatures were 
considered to be cold in RC1 and RC2. 

Winter temperature 

 

However, occupants in RC1 with limited air-
conditioning perceived summer temperatures to 
be too hot and unsatisfactory, while RC2 
respondents considered summer temperature to 
be comfortable. 

Despite this, occupants perceived overall comfort 
to be satisfactory, and found homes to be healthy. 

Overall comfort 

 

Perception of health in the building 
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6. REFLECTIONS AND 

RECOMMENDATIONS 

Important lessons have emerged from the BPE 
case studies that can help to inform the process 
and methods for conducting further BPE studies in 
India. These lessons arise from a context, where 
Indian buildings are built in a design and 
construction environment that has fewer 
documentation of design decisions, larger degrees 
of freedom during construction to change design 
specifications, fewer tested and certified products 
used in construction, less formalized building 
operation, and a limited access to expensive 
equipment for doing performance evaluation.  

The I-BPE framework was developed and applied 
to green buildings in the Learn-BPE project. 
However, it is important to point out that the I-BPE 
framework and I-BPE methods can be applied to 
assess the real performance of any building in 
India - new, existing or refurbished. Furthermore, 
the I-BPE framework is designed to be flexible and 
customisable in line with the requirements of the 
green building rating system being assessed. For 
example, some green rating systems in India 
require minimum ventilation rates, for which CO2 
decay test can be carried out in typical spaces of a 
building to measure actual ventilation rates.  

Before selecting a building for the BPE study, it is 
vital to ensure that there is adequate and 
accessible design documentation available, which 
includes targets on expected energy performance 
(and where possible calibrated energy models) 
with which to compare actual performance. 
Moreover, adequate access and permission to the 

building, its occupants, facility management, and 
the design team is necessary to affirm whether the 
building is worth bothering with. Adequate amount 
of time should be allocated for review and analysis 
of the green rating system documentation, to 
establish the design intent of the building and 
understand any unique design features of the 
building for evaluation.  

Since most Indian buildings are mixed mode, 
using air conditioning (AC) in extreme seasons 
and operating in naturally ventilated (NV) mode 
when outdoor conditions are favourable, it is 
preferable to conduct the field study in both AC 
and NV modes to assess building performance as 
the outdoor conditions change. Drawing 
conclusions based on observations from one 
operation mode may lead to incomplete 
assessment.  

Table 28 shows the various I-BPE methods and 
their frequency of application (shown by the 
number next to the method) across the ten BPE 
studies. As observed, certain methods such as 
review of installation and commissioning of 
services, and energy monitoring, were not popular 
in the BPE studies, since they require a high level 
of knowledge, time and resources than what 
masters students can offer. Nonetheless these are 
worthwhile methods and would have been useful 
in inspection of building systems such as solar PV 
which were found to underperform.  

Table 29 provides further detail about the 
frequency and usefulness of the I-BPE methods in 
the context of the Learn-BPE project, and the 
ease of implementation. Cost for applying different 
methods is estimated as low, medium or high.  

 

 

Table 28: Frequency of application of I-BPE methods in the ten Learn-BPE project case studies 

 Level 1 Level 2 Level 3 Level 4 

Review of 
design intent 

Collection and review 
of design docs 

(10) 

Review of services 
and energy systems 

(7) 

Interviews with key 
stakeholders 

(9) 

Walkthrough with key 
stakeholders 

(8) 

Technical 
building 
survey 

Inspection of build 
quality and services 

(10) 

Controls interface 
survey 

(4) 

Review of installation 
and commissioning of 

services 

Thermography of 
building fabric 

(1) 

Energy 
assessment 

Annual / monthly 
energy data 

(10) 

Energy monitoring 

 

Sub-metering 

(5) 

Plug load monitoring of 
individual appliances 

(1) 

Environ. 
monitoring 

Temperature, and 
RH spot readings 

(7) 

Temperature and RH 
monitoring 

(8) 

Additional spot read/ 
logging (e.g. CO2, lux 

levels, wind speed) 

(9) 

Additional pollutants 

(8) 

Occupant 
feedback 

Occupant satisfaction 
survey 

(10) 

Semi-structured 
interview 

(5) 

Thermal comfort 
survey 

(7) 

Focus group 
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Table 29: Review of I-BPE methodologies following application in the Learn-BPE project 

 Frequency of use and usefulness of method Cost 

Review of design intent    

Collection and review of design 
docs 

Simple, depends on interest of stakeholders, essential to 
success 

Low 

Review of services and energy 
systems 

Simple depends on gained knowledge and documentation, 
highly informative 

Low 

Interviews with key stakeholders Simple depends on interest of stakeholders, highly informative Low 

Walkthrough with key 
stakeholders 

Simple, depends on interest of stakeholders, highly informative, 
often essential 

Low 

Technical building survey    

Inspection of build quality and 
services 

Simple depends on gained knowledge, collected documentation 
and / or time with facility management, highly informative 

Low 

Controls interface survey Not commonly carried out though simple and informative 
(guided methodology available) 

Low 

Review of installation and 
commissioning of services 

Not carried out due to lack of training; specialist, depends on 
knowledge and tools available, informative 

Low – high 

Thermography of building fabric Often not carried out due to lack of training / access to tools; 
specialist, depends on knowledge and tools available, 
informative but not essential in context 

Med. – high 

Energy assessment    

Annual / monthly energy data Simple, depends on interest and helpfulness of stakeholders / 
householders, essential to success of energy analysis 

Low 

Energy monitoring Not carried out due to lack of time and access to tools; 
disruptive, specialist to install, informative for long term analysis 

Med. – high 

Sub-metering (review of) Simple, depends on interest and helpfulness of stakeholders / 
householders, highly informative for deeper energy analysis 

Low 

Plug load monitoring of 
individual appliances 

Often not carried out due to time required; simple and 
informative for deeper energy analysis 

Low – med. 

Environmental monitoring    

Temperature, and RH spot 
readings 

Simple, depends on access to space and tools required, 
informative 

Low – med. 

Temperature and RH monitoring Simple, depends on access to space and tools required, highly 
informative for analysis of indoor environment and cross-
relation to energy consumption and occupant behaviour 

Med. – high 

Additional spot read/ logging Simple, depends on access to space and tools required, 
informative for deeper analysis environmental quality 

Low – med. 

Additional pollutants Simple to somewhat specialist, depends on access to space 
and tools required, informative for deeper analysis 
environmental quality and material quality 

Med. – high 

Occupant feedback    

Occupant satisfaction survey Simple, depends on interest of stakeholders / occupants; often 
required more time than expected to explain questions 

Low – med. 

Semi-structured interview Time intensive but simple, depends on interest of stakeholders / 
occupants 

Low 

Thermal comfort survey Time intensive but simple, depends on interest of stakeholders / 
occupants 

Low 

Focus group Not carried out due to lack of time and lack of interest; though 
less disruptive than individual interview may be difficult to 
coordinate, informative 

Low 
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The Learn-BPE case studies revealed that lack of 
access to design documentation can be 
commonplace, especially after much time has 
passed after design and certification of green 
rated buildings. In such cases, the walkthrough 
interview with the facilities manager to understand 
energy systems and their usage, becomes crucial 
in performance evaluation.  

It was also realised that the environmental 
monitoring plan should be designed well before 
the site visit for installing the sensors (data 
loggers) to ensure that all formal permissions from 
various stakeholders (building owner, FM team, 
occupants) are gained beforehand. The 
monitoring plan should offer flexibility for revision 
in line with feedback from the FM team, and 
customization to verify specific performance 
aspects (such as ventilation rates, illuminance 
levels) included in green building rating systems 
and certification.  

To understand the working of the entire case 
study building, its energy and management 
systems, multiple walkthroughs of the building 
were necessary along with a series of meetings 
and interviews with the FM team, which needs to 
be adequately resourced in the BPE study. On-
site data gathering about the operation and control 
of the energy systems, in the form of written notes, 
photographs or videos provided valuable 
contextual data to the researcher while analysing 
the monitoring data. Despite green rating systems 
encouraging sub-metering to disaggregate energy 
use, sub-metering was not a common feature in 
green buildings in India, so more information 
needs to be gathered through walkthrough 
surveys and/or interviews with the building 
managers. 

The application of the I-BPE approach to the ten 
case studies revealed the discrepancy between 
design stage energy models which focus on asset 
performance and make assumptions about the 
building operation (that are best guesses at the 
time of design or mandated by the enforcement 
authorities) and BPE studies that focus on 
operational performance. This will need to be 
addressed, by using the model inputs to focus on 
the causes that may lead to sub-optimal 
performance. This will also avoid the rush to 
compare (uncalibrated) design stage models with 
in-use energy performance, thereby eluding a 
false sense of energy performance gap. 

As experienced in a few cases, monitoring devices 
dependent on Wi-Fi connection suffered 
interruptions during power outages which 
frequently occur. This suggests the need to 
consider, battery driven logging equipment with 
built-in storage accessible by Bluetooth.  

To perform occupant survey, an already 
customized ‘monsoon’ version of the BUS survey 

was obtained for use from Usable Buildings Trust 
(UBT) which included questions about occupant 
perception of their indoor environment in the 
monsoon season, in addition to summer and 
winter seasons. It was realised that imported 
questionnaires such as BUS survey required 
modification for climate and cultural considerations 
for implementation in the Indian context, and pilot 
runs with small groups of occupants were found to 
be helpful in validating the revised questionnaire.  

To have a good response rate for the occupant 
survey, it was vital to inform occupants about the 
purpose and relevance of the survey during a 
previous visit, by providing a brief introduction to 
the survey form. This helped to secure occupant 
‘buy-in’ and gain ‘informed consent’ for the survey. 
The BPE researcher could not simply drop and 
collect the questionnaires but had to ‘hang around’ 
while respondents completed the survey 
questionnaire to assure them that their response 
was important for the study.  

Interview questions (for occupants and facility 
manager) were customized for the Indian climate 
context. This customization required the removal 
of questions pertaining to heating and the addition 
of questions pertaining to cooling and humidity 
control. As an example, a question was added to 
assess whether the occupants experienced over-
cooling in the building. An example of 
customization for the FM /design team interview 
was the inclusion of a question exploring whether 
there were changes to the wall assemblies or 
internal layout of the building, since wall 
assemblies can change from design during 
construction in India and internal layout is almost 
always different from what is proposed in the 
design drawings, due to large degrees of freedom 
during design and construction. 

It was also realized that organising an occupant 
focus group was not practically possible on site 
due to space and time constraints, although 
interviews with a sample of occupants helped to 
gather insights about the reasons for their 
(dis)satisfaction with the case study building.  
Irrespective of the feedback methods used, 
occupants needed to be constantly encouraged to 
talk about their perception of the building, its 
facilities and indoor environment. 

It is hoped that the Learn-BPE project has been 
able to demonstrate the impact of BPE studies of 
case study buildings, both in terms of finding ways 
to improve performance and benefit owners where 
the actual performance falls short of expectation, 
and in terms of recognizing commissioning and 
operation practices that allow building 
performance to exceed design expectations. Most 
importantly the project has developed and 
nurtured adoption of BPE that is of practical use in 
the booming green building marketplace of India.  
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