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Abstract: This paper uses a socio-technical building performance evaluation (BPE) approach to assess 
the actual energy and environmental performance of three high-performance certified green office 
buildings located in the composite and hot & dry climates of India. The in-use energy and environmental 
performance of the buildings were examined using a technical building survey, energy consumption and 
generation data, environmental monitoring, along with occupant satisfaction surveys. Results showed 
that two case study buildings used less energy annually than design predictions, while one used about 
5% more. All the case study buildings performed better than comparative benchmarks. However, energy 
generation systems (rooftop photovoltaics) did not perform as intended. Indoor temperatures were 
found to be lower in closed (cellular) offices as opposed to open offices. Occupant survey results 
revealed that though occupants were satisfied with the overall design of the building, comfort levels and 
indoor air quality, they perceived indoor lighting to be more than required. Recommendations are 
provided for fine-tuning the performance of the buildings and the process of BPE for the Indian context. 
Such empirical studies are expected to help build trust in the Indian building industry, which is currently 
shy of exposing itself to liability risk resulting from actual building performance. 

Keywords: Building performance evaluation, office, LEED, IBGC. 

1. Introduction 

According to the Indian Green Building Council (IGBC) India has over 5,327 projects registered for green 
building ratings, of which 1,750 certified and fully functional (as of May 2019) (IGBC, 2019). According to 
the US Green Building Council (USGBC), 899 of these buildings are certified under the Leadership in 
Energy and Environmental Design (LEED) programme. This makes India the fourth country in the world 
with the most LEED certified buildings (Stanley, 2019). Evaluation of green certified buildings in research 
has demonstrated that the certification and branding does not always ensure greater energy 
performance (Sawyer et al., 2008; Sabapathy et al., 2010), occupant satisfaction or better indoor 
environmental quality (IEQ) over conventional buildings (Tham et al., 2015).  

The three most prominent green building rating tools used in India are LEED, IGBC, and GRIHA 
(Green Rating for Integrated Habitat Assessment), that are focussed on enhancing energy efficiency 
mainly during the design and in-use stages (Thanu and Rajasekaran, 2018). However there is growing 
recognition of the issue of energy performance gap (EPG) wherein green certified buildings are shown to 
use from two to nine times the energy beyond model predictions in the USA (Chen et al., 2015) and UK 
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(Menezes et al., 2012; Palmer and Armitage, 2014). In India Sabapathy et al. (2010) demonstrated 
instances where LEED Silver and Gold certified information technology facilities were performing better 
than one certified as LEED Platinum. The EPG may not necessarily indicate poorly designed or failed 
green buildings but simply indicate a lack of rigour in the prediction / certification process. One such 
study demonstrates the way models can create this dilemma by underestimating occupant numbers and 
behaviour in office buildings (Menezes et al., 2012). Another significant problem is attributed to how the 
prediction side of some building regulation only predicts heating and cooling load i.e. regulated energy, 
while the measurement side includes total energy consumption (De Wilde, 2014). Nonetheless, the 
frequency of the performance gap internationally indicates the necessity to demonstrate claims of 
efficiency, sustainability and comfort through evaluation in India. 

Reasons behind the EPG can range from thermal properties of the building envelope, weather, 
selection, proper installation, commissioning, maintenance, and use of systems, and occupant 
behaviour, which can all directly and indirectly affect building performance. To begin to understand how 
these variables play a part in the whole, the approach of Building Performance Evaluation (BPE) can be 
used to identify, quantify and resolve the gap between ‘as-designed’ and ‘built / in-use’ performance. 
This is done through a systematic collection and analysis of qualitative and quantitative information 
related to building fabric performance, energy performance, environmental conditions and occupant 
behaviour (Preiser, 2001). This paper seeks to apply a customised post-occupancy BPE approach (Gupta 
et al., 2019) (I-BPE) for Indian green buildings, to evaluate the actual performance of three high-
performance certified green office buildings in India, from both technical and occupants’ perspectives. 
The paper briefly reviews literature on building performance evaluation in India, and then introduces 
the three case study buildings and methods used to evaluate the case studies. The results from the BPE 
studies are presented, followed by a discussion on future application of BPE in India. 

2. Review of building performance studies in India 

There is a growing body of published research on assessing actual building performance in India. Most of 
these studies are focussed on field studies in thermal comfort (FSTC) utilising thermal comfort 
questionnaires, interviews, temperature and relative humidity (RH) logging, and spot measurement 
tools to evaluate environmental parameters of buildings (Nicol and Roaf, 2005). Interior environment 
assessment in the literature include spot measurements at the time of survey (Kumar et al., 2016; Manu 
et al., 2016), thermal comfort questionnaires (including long-term/seasonal outlook and/or thermal 
sensation and preference votes) (Kumar et al., 2016; Manu et al., 2016; Dhaka and Mathur, 2017; 
Thomas, 2017) and long-term logging/monitoring of temperature, relative humidity (RH) and other 
parameters (Ford et al., 1998; Dhaka and Mathur, 2017). In addition, several studies, of naturally 
ventilated domestic and non-domestic, concluded that occupants are comfortable at temperatures 
greater than comfort ranges recommended by ASHRAE 55, ISO-7730 standards, and the National 
Building Code of India (Indraganti, 2010; Kumar et al., 2016).   

Generally, POE/BPE studies differ from FSTC in that they include the addition of a long range 
questionnaire on such variables as work area satisfaction, lighting, productivity, and health (Manu et al., 
2016); a review of project information, interviews with key stakeholders (Thomas, 2017); the impact of 
material changes on the interior environment (Garg et al., 2016); design and system installation review, 
monitoring plan walkthrough, monthly energy bill collection for one year combined with seasonal 
energy monitoring, data logging of electricity distribution, spot measurements of lighting, temperature, 
RH, and envelope temperature (Bhanware et al., 2017); new technology performance (Rajput et al., 
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2018); and aggregated, sub-metered and appliance energy consumption monitoring (Batra et al., 2013). 
The largest gap in BPE methods relate to those generally applied before post-occupancy, e.g. evaluation 
of systems installation, commissioning, and fabric performance. In summary, most studies are focused 
on thermal comfort and less on energy consumption, with little cross-over between the two subjects. 

3. The case studies and research method 

I-BPE was tested on three green certified buildings in India, as part of postgraduate dissertations (by co-
authors), with the intent to provide feedback on the relevance and effectiveness of the I-BPE methods 
as a research tool in the Indian context. A key aim of the case study is to better understand the 
challenges in applying the methods and tools of the I-BPE methodology, and how these might be 
improved to continue BPE studies in India. 

3.1. Three green office buildings 

The first case study building (B1), a sustainable development research facility located in Gurgaon, India, 
is a LEED Platinum building completed in 2008. The building is constructed of heavy thermal mass with 
double glazed windows, and highly reflective roof surface and exterior paving materials 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. The building also utilizes rainwater harvesting, permeable paving, and wastewater recycling for 
irrigation and toilets. 

The second building (B2) is a GRIHA 5-star and LEED Platinum government office 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 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. 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.  

The third building (B3) is the operational headquarters of a company located in Rajasthan, India. The 
building 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. The building is constructed of reinforced cement concrete (RCC) and masonry to 
create a heavy mass structure. To its benefit, the building is oriented longways along the north and 
south and is designed around a central atrium which allows daylight into the centre of the building. The 
central atrium was originally open to the sky but was covered to restrict bird intrusion. The covering is 
translucent, but it has reduced the level of daylight in the space. The building uses a mix of cassette 
ceiling air conditioning (AC) units and a variable refrigerant flow (VRF) system for cooling; the offices on 
the fourth floor are cooled with split ACs. The stairwells and the lift lobbies & corridors of the fourth 
floor are naturally ventilated. The remainder of the building is mechanically ventilated throughout the 
entire year, and all windows are fixed.  

Table 1 lists important aspects for the case studies. 
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Table 1: Case study building details 

Detail Building 1 (B1) Building 2 (B2) Building 3 (B3) 

Climate Composite Composite Hot and dry 
Green rating LEED Platinum LEED Platinum / GRIHA 5★ IGBC Platinum 
Ownership Private Government Private 
Occupancy (typical) 150 occupants; Monday – 

Friday 8am – 6pm 
900 occupants; Monday – 
Friday 9:30am – 5pm 

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

Built-up area* 2,660m2 19,130m2 9,867 m2 (no basement) 
Programming/ form Offices: ground, 1st and 

2nd levels.  
Ground level: auditorium, 
reception, classrooms, 
conference room, 
cafeteria and kitchen 
Basement: control room 

Four wings around central 
courtyard; ground level 
plus 7 stories & basement. 
Offices, conference rooms, 
meeting rooms, a dining 
room, cafeteria, library 
and auditorium. 

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 Mixed-mode Mixed-mode 
Energy/ renewables Electricity from grid; 

diesel generator backup; 
PV 58kWp, solar thermal 

Electricity from grid; diesel 
generator backup; PV 
930kWp 

Electricity from grid; diesel 
generator backup; PV 
100kWp  

Fabric details (U-values) Wall: 0.36 W/m2K 
Roof: 0.35 W/m2K 

Wall: 0.37 W/m2K 
Roof: 0.26 W/m2K 

U-value data not available 

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

3.2. BPE field study methods 

The building performance evaluations were carried out for one month in the monsoon season (5 July – 
13 August 2018). The primary elements of the studies included design and construction audit, energy 
assessment, environmental monitoring and occupant survey, as drawn from the I-BPE approach 
developed for the Indian context (Gupta et al., 2019). For review of design intent, relevant drawings and 
documents were gathered along with interviews and walkthroughs with key stakeholders (B1, B2, B3). 
Build quality and installed services were reviewed through technical building survey, although a limited 
review of lighting controls was done in B1.  

All buildings were able to provide a full year (1 Apr. – 31 Mar 2018) of monthly energy consumption 
and photovoltaic generation data. Only B1 and B3 allowed temperature and relative humidity (RH) 
logging. As B2 is a Government building, the installation of environmental loggers or photographs of 
workspaces were not allowed. However, all buildings allowed environmental spot readings covering CO2 
and lux levels (Given the limited space, only monitored temperature and RH are discussed in this paper.) 
All BE studies implemented the well-recognised Building Use Studies (BUS) survey (ARUP, 2014). The 
BUS methodology obtains feedback data on building performance through a self-completion occupant 
questionnaire. The response rate for B1 and B3 were high due the high level of interest from the owners 
/ management in the process and survey findings. (B1: BUS (91 of 130 returned) (70%); B2: BUS (270 of 
900 returned) (30%); B3: BUS (78 of 105 returned) (74%)). In B1 and B3, implemented thermal comfort 
(TC) diaries were conducted albeit with a low rate of return. Semi-structured interviews with occupants 
were conducted in B3. 
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4. Results 

4.1. Review of design intent 

For all three buildings occupants and management were satisfied with building design, facilities, image 
of the building, and overall fulfilment of needs. These findings are also confirmed by the BUS survey 
wherein these features were highly satisfactory in B1 & B3 and only moderately satisfactory in B2.  

B1 was designed for mixed-mode operation. All spaces have operable windows; however, it was 
found that for reasons of security, dust, and insects, windows are rarely opened even when conditions 
are ideal. Ceiling fans are available and often used. Despite the design of internal courtyards to help 
provide abundant natural light inside the building and thereby, reduce electrical lighting consumption, 
there were many instances where electrical lighting was left on where not needed. Furthermore, BUS 
survey results indicate there was enough natural and electrical lighting at the time of survey. 

In B2, 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. The green pavers, intended to reduce impervious, hardscaped surfaces has separated 
creating large gaps and safety concerns. There were many instances where electrical lighting was left on 
when not needed. Furthermore, BUS survey results indicate there was enough natural and electrical 
lighting at the time of survey. 

In B3, most of the spaces on the second and third floors are unoccupied and are being used to store 
unwanted things; balconies are used to house split AC units to cool the newly designed office space of 
the fourth floor. Improper wiring, unnecessary spotlights, broken window shade controls, water leakage 
in the false ceiling, lack of storage at the workspace were noted at the time of walkthrough survey. 
Overall, 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 even the plans received from the FM 
consultants did not represent the current state of in-use. 

4.2. Energy assessment 

B1 and B2 were found to consume less energy than prediction (EPG = -0.3% (negligible) and -3% 
respectively), while B3 consumed slightly more than predicted (EPG = +6%). In contrast the PV systems 
of B1 and B2 were performing as intended (EPG = -9% and -19% respectively). The PV performance 
limitations unfortunately offset the net outcome for B1 and especially B2 as it depends on the PV to 
achieve the net-zero status. The PV system on B3 performed better than intended meeting an EPG of 
+21%. Though this brought down the net EPG by half, the building is still consuming more than intended 
overall. B3 received two Energy Efficiency credits for Minimum Energy Performance (mandatory 
minimum) for projecting a 10% reduction in total energy consumption beyond the design baseline of 
817,000 kWh (in-use this is currently 4.6% reduction). The PV system’s capacity goes beyond the 7.5% 
that was required to gain the maximum credits for on-site renewables. The building also gained two 
credits for purchasing 273.5 MW of off-site renewable energy.  

Table 2 shows the results for the as-designed and as-built energy consumption and generation. 
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Table 2: Annual energy data from 1 April 2017 – 31 March 2018 

 B1 Design B1 In-use B2 Design B2 In-use B3 Design B3 In-use 

Total energy use (kWh/yr) 378,266  377,310 1,400,000 1,356,615 735,125 779,789 
Generation (PV) (kWh/yr) 44,571 40,531 1,400,000 1,138,027 115,856 140,671 
Net energy use (kWh/yr) 333,695 336,779 0 218,588 619,269 639,118 
Net energy use/m2 (EPI) 
(kWh/m

2
/yr) 

125.4 126.6 0 11.4 79.4 81.9 

Strong correlation was found between total energy consumption and total degree days (BizEE, 2019) for 
all three buildings (B1: r = 0.82; B2: r = 0.78; B3: r = 0.68). Though still strong, B3 had the lowest 
correlation. Total energy consumption was also observed to proportionally track degree days from Apr. 
– Oct. 2017. However, despite the low degree days for the months of Nov. 17 – Feb. 18, more energy 
was consumed in these months than would be expected, possibly due to continuous mechanical 
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. During the change in facilities management, there was lack of awareness of the BMS system, 
including setting the temperature for the air handling unit.  

Figure 1 shows the case study buildings’ EPIs against relevant Indian benchmarks (Kumar et al., 2010; 
BEE, nd). The buildings are performing better than the Indian Energy Conservation Building Code (ECBC) 
office building benchmark for their respective climate; however, B1 is not performing as well as some 
actual measured benchmarks of public sector buildings, though it is a LEED Platinum rated building.  

 

 

Figure 1: Annual energy data (1 April 2017 – 31 March 2018) with benchmarks. 

4.2. Environmental monitoring and occupant survey 

Table 3 shows descriptive statistics for temperature and RH for the buildings. Note: OO = open office, 
CM = closed meeting room. Overall the buildings’ environmental data are well-aligned except for a few 
observations: a) B3 maximum temperatures range from 4-5oC lower than B1; b) Standard deviation of 
RH in B1 is twice that of B3; c) Difference in RH between rooms measured in B3 is much larger than in 
B1.The acceptable operative temperature range for offices in summer is 24.5oC +/- 2.5) according to the 
Indian Society of Heating, Refrigerating and Air Conditioning Engineers (ISHRAE) standard (2016). Figure 
2 shows the percent of occupied hours ideal (green), within (light blue and yellow) and outside (dark 
blue and red) of the acceptable temperature range for three offices in B1 and four offices in B3. For both 
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buildings there is a notable difference between the temperatures on each floor and enclosed offices 
tend to have the coolest temperatures.  

Table 3: Temperature and RH details in B1 (6 July – 13 August 2018) and B3 (9 July – 3 August 2018) 

 B1 – GF OO B1 – 2F OO B1 – 3F OO B3 – GF OO B3 – 1F CM B3 – 1F OO B3 – 4F OO 
 T

o
C RH% T

o
C RH% T

o
C RH% T

o
C RH% T

o
C RH% T

o
C RH% T

o
C RH% 

Mean 26.3 65.9 25.3 64.9 26.6 67.8 25.2 68.8 26.3 65.9 25.4 70.1 25.9 65.8 
Max 37.2 89.0 36.6 87.0 36.2 90.3 32.1 79.5 32.0 80.0 31.9 87.9 31.6 77.9 
Min 19.9 43.4 18.6 44.7 18.3 44.2 20.7 49.1 20.5 47.7 20.6 54.9 20.6 46.0 
Stan.Dev. 2.7 10.5 3.2 9.5 2.6 11.5 2.4 5.0 2.3 6.8 2.2 5.8 1.9 5.0 

 

 

Figure 2: Temperature ranges for offices in B1 (6 July – 13 August 2018) and B3 (9 July – 3 August 2018) 

 

In B1, on the ground floor, only about 2% of occupied hours are above the threshold but on the first 
floor this is over 25% of occupied hours. Though there are maximums outside the recommend range, 
mean temperatures for all offices are remaining reasonably close to the setpoint and within 
recommended range. This is also true for RH; however, the mean RH in the SF office is close to the 
maximum recommended (70%). This may indicate window opening behaviour. The lower temperature 
and RH in the GF office is likely due to the enclosed nature of the office. Overall warmer temperatures in 
B1 may be attributed to temperature setpoint for the building at 26.5oC. This is 0.5oC below the ISHRAE 
(2016) maximum operative temperature threshold in summer for offices. 

In B3 the comfort temperatures appear well-managed though not consistent from floor to floor. The 
4th floor office has the most occupied hours (80%) within 0.5 degrees of the target temperature. The 
ground floor is well within acceptable range but could experiment with scaling back on the cooling a 
little to reduce energy consumption. RH is not as well managed as temperature. The 4th floor office also 
has 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 concentrations in the air, leading to health problems or allergic reactions. Through BUS 
surveys in B3, lack of control over temperature were noted as issues. 
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Overall comfort is rated moderately high in all buildings for all seasons, highest in B1 (Figure 3). In all 
the seasons, temperature is considered to be on the cooler side and also cooler in winter. Air is 
considered as still, fresh and odourless. In B1 and B2, air was considered dry but in B3, it was considered 
neither too dry nor humid. Though overall comfort is perceived to be satisfactory in the buildings, the 
respondents consider control over cooling and ventilation to be unsatisfactory. Interestingly, in both B1 
and B2 buildings productivity at work is perceived to have increased because of the environmental 
conditions in the building; furthermore, occupants feel healthier when in the building.  

 

 
Figure 3: Comfort and summer temperature BUS results 

5. Discussion 

For total and net consumption, B2 is performing best; however, the PV system is underperforming, 
which should be reviewed. B1 is not performing as well as certain benchmarks; therefore, it brings into 
question what should be expected considering the energy performance of LEED Platinum buildings. In 
the certification process, there are many credit paths to achieve this certification level; however, a 
certain level of energy performance would preferably be expected, e.g. perform better than a Gold 
building of the same type (Sabapathy et al., 2010). Though B3 is performing well with respect to 
benchmarks it is showing a positive EPG. This is a clear case of a Platinum rating that was not dependent 
on energy performance but a significant list of other green building features to qualify for certification 
as it achieved the minimum level for total energy reduction. This raises two questions: (1) Considering 
the potential for such a large gap and that no performance evaluation follow-up took place after the 
certification process, should a 10% reduction on baseline be enough to earn a platinum rating? (2) As 
the building in-use is only performing at a 4.6% reduction on the baseline can it still be considered a 
Platinum-rated building? Recommendations to improve performance include low cost options such as 
awareness campaigns addressing energy-related use of the building among occupants and high cost 
options such as, consider operable windows and or trickle vents to reduce the need for mechanical 
ventilation and possibly cooling in the winter months. 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.  

In conducting the BPEs, the difference between the private (B1, B3) and government (B2) buildings 
presented challenges, wherein B2 had high levels of restriction, barriers and permissions to seek. On the 
other hand, B2 had better design-stage documentation. When assessing an existing building after much 
time has passed, lack of access to design intent data can be common. Expecting this suggests 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. 

It is common to have power outages in India. Monitoring devices that are dependent on Wi-Fi 
connection or outlet connection can suffer interruptions during power outages. This suggests the need 
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to consider, as an option, battery driven logging equipment with built-in storage accessible by Bluetooth 
or manual USB download. Interested owner and management (B1), providing reminders to occupants 
and coordination with management for assistance (B3), helped increase the return rate of BUS 
responses. Selling the concept to the building owner/management is essential to success. Delivering 
recommendations for improvement can help in this regard. The higher rates of return notwithstanding, 
many people were not able to understand questions in the BUS survey. Much time was required from 
the evaluators 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. The TC 
diary was not successful and is not recommended in its current paper form. It was difficult to get 
occupants to fill the longitudinal TC diary. People didn’t find it interesting to fill which led to missing 
blanks, day skipping, and a low response rate. Though again, this may require an incentive, especially to 
install an application on an individual’s smart phone, but TC diaries would be less difficult to complete if 
it were app-based with notifications to prompt simple quick responses. 

7. Conclusion 

This study has tested a socio-technical BPE approach (I-BPE) to assess the actual performance of three 
high-performance office buildings in India. The field studies included design data collection, monitoring, 
walkthroughs and occupant surveys, and were conducted over 30 days in the monsoon season. The 
comparative evaluation of the case studies not only provide empirical data on building performance 
from multiple perspectives, but also produce insights about what works in the Indian context both in 
terms of green building performance and the methods to assess it. Such BPE case studies can also help 
to build trust in the Indian building industry, which is currently shy of exposing itself to liability risk 
resulting from actual building performance. 

Acknowledgements 
The authors gratefully acknowledge the support of the Newton Fund through the Royal Academy of 
Engineering (RAEng) Industry Academia Partnership Programme for financially supporting the Learn-BPE 
project [Grant number IAPPI\74]. 

References 
ARUP (2014) BUS methodology. Available from:  <http://www.busmethodology.org.uk/> (accessed. 
Batra, N., Gulati, M., Singh, A. and Srivastava, M. B. (2013) It's Different: Insights into home energy consumption in 

India,Proceedings of the 5th ACM Workshop on Embedded Systems For Energy-Efficient Buildings, ACM, 1-8. 
BEE (2017) Energy Conservation Building Code (ECBC) 2017,Compliance & Approach, BEE, New Delhi, India, 66. 
BEE (nd) Energy benchmarks for commercial buildings, in B. o. E. Efficiency (ed.), BEE, New Delhi, 2. 
Bhanware, P., Jaboyedoff, P., Chetia, S., Maithel, S. and Reddy, B. (2017) Case study of an energy efficient 

commercial building: Validating deisgn intent and energy simulation results with monitored performance data, 
Inspire, Jaipur, Rajasthan, India, 27 November - 1 December 2017, 34-43. 

BizEE (2019) Degree Days.net - Custom Degree Day Data, BizEE. 
Chen, Q., Kleinman, L. and Dial, A. (2015) Energy performance of campus LEED® buildings: Implications for green 

building and energy policy, Journal of Green building, 10(3), 137-160. 
De Wilde, P. (2014) The gap between predicted and measured energy performance of buildings: A framework for 

investigation, Automation in Construction, 41, 40-49. 

http://www.busmethodology.org.uk/


302 Gupta R., Gregg M., Singla S. and Panchal R. 

 

Dhaka, S. and Mathur, J. (2017) Quantification of thermal adaptation in air-conditioned buildings of composite 
climate, India, Building and Environment, 112, 296-307. 

Ford, B., Patel, N., Zaveri, P. and Hewitt, M. (1998) Cooling without air conditioning: The torrent research centre, 
ahmedabad, India, Renewable energy, 15(1-4), 177-182. 

Garg, V., Kotharkar, R., Sathaye, J., Rallapalli, H., Kulkarni, N., Reddy, N., Rao, P. and Sarkar, A. (2016) Assessment of 
the impact of cool roofs in rural buildings in India, Energy and Buildings, 114, 156-163. 

Gupta, R., Gregg, M., Manu, S., Vaidya, P. and Dixit, M. (2019) Customized performance evaluation approach for 
Indian green buildings, Building Research & Information, 47(1), 56-74. 

IGBC (2019) Green building movement in India. Available from:  <https://igbc.in> (accessed 18/03). 
Indraganti, M. (2010) Thermal comfort in naturally ventilated apartments in summer: findings from a field study in 

Hyderabad, India, Applied Energy, 87(3), 866-883. 
ISHRAE (2016) Indoor environmental quality standard,Indoor Environmental Quality, Indian Society of Heating, 

Refrigerating and Air Conditioning Engineers, 59. 
Kumar, S., Kapoor, R., Rawal, R., Seth, S. and Walia, A. (2010) Developing an energy conservation building code 

implementation strategy in India, Proceedings of the 2010 ACEEE Summer Study on Energy Efficiency in 
Buildings, 8, 209-224. 

Kumar, S., Singh, M. K., Loftness, V., Mathur, J. and Mathur, S. (2016) Thermal comfort assessment and 
characteristics of occupant's behaviour in naturally ventilated buildings in composite climate of India, Energy for 
Sustainable Development, 33, 108-121. 

Manu, S., Shukla, Y., Rawal, R., Thomas, L. E. and de Dear, R. (2016) Field studies of thermal comfort across multiple 
climate zones for the subcontinent: India Model for Adaptive Comfort, Building and Environment, 98, 55-70. 

Menezes, A. C., Cripps, A., Bouchlaghem, D. and Buswell, R. (2012) Predicted vs. actual energy performance of non-
domestic buildings: Using post-occupancy evaluation data to reduce the performance gap, Applied Energy, 97, 
355-364. 

Nicol, F. and Roaf, S. (2005) Post-occupancy evaluation and field studies of thermal comfort, Building Research & 
Information, 33(4), 338-346. 

Palmer, J. and Armitage, P. (2014) Early findings from non-domestic projects, Innovate UK. 
Preiser, W. F. (2001) The evolution of post-occupancy evaluation: Toward building performance and universal 

design evaluation, Learning From Our Buildings A State-of-the Practice Summary of Post-Occupancy Evaluation. 
Rajput, P., Singh, Y. K., Tiwari, G., Sastry, O., Dubey, S. and Pandey, K. (2018) Life cycle assessment of the 3.2 kW 

cadmium telluride (CdTe) photovoltaic system in composite climate of India, Solar Energy, 159, 415-422. 
Sabapathy, A., Ragavan, S. K., Vijendra, M. and Nataraja, A. G. (2010) Energy efficiency benchmarks and the 

performance of LEED rated buildings for Information Technology facilities in Bangalore, India, Energy and 
Buildings, 42(11), 2206-2212. 

Sawyer, L., de Wilde, P. and Turpin-Brooks, S. (2008) Energy performance and occupancy satisfaction: A comparison 
of two closely related buildings, Facilities, 26(13/14), 542-551. 

Stanley, S. (2019) U.S. Green Building Council Announces Top 10 Countries and Regions for LEED Green Building. 
Available from: U.S. Green Building Council (USGBC) <https://www.usgbc.org/articles/us-green-building-council-
announces-top-10-countries-and-regions-leed-green-building> (accessed 28 June). 

Tham, K. W., Wargocki, P. and Tan, Y. F. (2015) Indoor environmental quality, occupant perception, prevalence of 
sick building syndrome symptoms, and sick leave in a Green Mark Platinum-rated versus a non-Green Mark-
rated building: A case study, Science and Technology for the Built Environment, 21(1), 35-44. 

Thanu, H. and Rajasekaran, C. (2018) Critical study on performance of building assessment tools with respect to 
Indian context,IOP Conference Series: Materials Science and Engineering, IOP Publishing, 082011. 

Thomas, L. (2017) Combating overheating: mixed-mode conditioning for workplace comfort, Building Research & 
Information, 45(1-2), 176-194. 

 

https://igbc.in/
https://www.usgbc.org/articles/us-green-building-council-announces-top-10-countries-and-regions-leed-green-building
https://www.usgbc.org/articles/us-green-building-council-announces-top-10-countries-and-regions-leed-green-building



