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Abstract—Burgeoning energy bills and environmental 

damage due to buildings creates an urgency to improve buildings 

in developing countries. Due to rapid construction in such 

developing economies, there is a need to create easily accessible 

models to evaluate retrofit and design strategies that can be 

applicable to new construction and help create new energy 

efficiency standards. The paper analyses a representative  

built-form (new construction) in Mumbai (India) for its energy 

consumption. Sefaira© energy assessment tool is used to create a 

baseline model as per the current structure and usage profile of 

an institutional building. Energy efficient strategies are evaluated 

that showcase potential savings of 30% in energy consumption if 

minimum requirements of Energy Conservation Building Code 

(ECBC) of India were implemented. 

Keywords—building design; energy efficiency; energy 

simulation; retrofit strategies; tropical climate 

I. INTRODUCTION 

A whopping 40% of global energy consumption and over 
half of the greenhouse gas emissions are attributed to the 
construction industry [1]. Green buildings can reduce 
approximately 2 billion tons of CO2 emissions per year, more 
than twice the amount scheduled for reduction under the Kyoto 
protocol [2]. The answer to the current scenario cannot be 
fewer buildings, an unrealizable option for developing 
countries like India. Rather, it must be one that enforces the 
resilient plea for better buildings. This can be achieved from a 
holistic approach that targets all stages of infrastructural 
growth. An estimated 700 million m2 of commercial and 
residential space needs to be built in India by 2030 to keep up 
with development [3]. Additional advantages include that 
energy conservation measures often provide better indoor air 
quality (IAQ) and enhance occupancies productivity [4, 5]. 

In this paper, the focus is on one such newly constructed 
semi-institutional-commercial building used as the study 
specimen that embodies the current prominent trends observed 
in the regional building industry. The retrofit strategies as well 
as energy efficient design solutions derived for this building 
through modeling can be adapted to a large extent for other 
buildings.  

II. CHOOSING A TROPICAL CLIMATE CONTEXT 

The National Building Code (2005) of India [6] classifies 
the entire expanse of the country into five major climatic zones 

amongst which the perceived comfort levels, and subsequently 
the design methodologies, vary tremendously. To understand a 
few combinations of these dynamics, Mumbai (located in the 
warm and humid zone on the west coast of the Indian 
peninsula) is chosen as the representative city to perform the 
energy assessment study due to its climate which is 
experienced in vast areas of the country, as well as its 
significance as an enlarging urban metropolis. 

Within the concrete jungle of the city, a building (Victor 
Menezes Convention Centre - VMCC) inside the tree-adorned 
campus of the Indian Institute of Technology, Bombay (IITB) 
is chosen for further analysis. The VMCC, completed in 
December 2011, comprises of an auditorium with a seating 
capacity of 380, 6 lecture halls with a capacity of 150 each, 10 
lecture halls with a capacity of 75 each and facilities that offer 
a world class venue for meetings, conferences, lectures and 
other events. The top two floors of the building have 
laboratories and conference rooms. VMCC (the entire building) 
has 6 floors with a built-up area of approximately 13,000 m2 
and a height of around 30m. The building is oriented 86˚ from 
North. 

III. ENERGY ASSESMENT 

A. Introduction to the Modelling Tool and Approach 

Simulation software makes it possible to optimize the 
design and retrofit strategies while taking into account the 
environmental and economic criteria. Building Information 
Modeling (BIM) allows for greater data collection and 
exchange between designers, consultants, users and 
contractors. A variety of analysis tools are available to aid this 
process though transferring from the original model to the 
analysis model, or vice versa, is often complicated and has its 
limitation [7]. As a result, the analysis tool(s) must be selected 
based on the efficiency of the workflow and convenience in 
exporting from modeling tools to analysis tools with minimal 
refinement [8]. 

In this study, we use Sefaira as the energy assessment tool. 
Sefaira performs integrated whole-building analysis of energy, 
carbon, water, thermal comfort, and renewables via cloud 
computing which allows multiple parallel runs. Independently, 
it is understood that occupancy variation, space uses and 
operation patterns play a critical role in determining energy 
costs [9] which Sefaira enables in a user-friendly manner. It 
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adheres to energy standards like the ASHRAE 90.1 [10] which 
refer to standard diversity profiles for performance-based 
compliance. 

B. Methodology: Deriving the Baseline and Energy-Efficient 

Concepts 

In the case of constructed buildings, retrofit measures such 

as passive cooling techniques, shading devices and variation 

of landscape of the built-form’s micro-environment to suit 

warm or wet settings have been well documented [11]. The 

attributes of the building were studied under four major 

typologies – Envelope, HVAC, Water and Renewables. The 

first step involved documenting an inventory of the installed 

fixtures and properties of the physical elements of the 

building. The second step consisted of validating the accuracy 

of the modeling software through actual energy bills. It is 

necessary to ensure proper modeling of architectural, 

mechanical and electrical systems and their accurate 

integration for estimating the energy performance of the 

building [12]. According to ASHRAE Handbook 1999, 

models can be accepted with the comparison of energy 

consumption of the real building and the simulated building if 

they differ from one another within an acceptable range of 

20%. As the energy consumption figures for the actual 

building (170,726 kWh) and the baseline model  

(180,236 kWh) differed by only 5%, Sefaira was sustained as 

the assessment tool for the energy efficient model as well. 

 

To assert a greater interest in the research for builders, the 

energy-efficient model was benchmarked to be compliant with 

the Energy Conservation Building Code (ECBC) prescribed 

by the Bureau of Energy Efficiency, India. The building model 

was developed in Sefaira with the different spaces and their 

characteristics as described in Table 1. The baseline concept 

attempted to reconstruct the original building to the highest 

possible accuracy with the help of an intricate inventory of 

building structure (envelope parameters), schedule 

(occupancy) and appliances. A 3D-model of the building was 

built in Sketchup 8.0 to determine the wall to window ratios 

and percentage of building envelope shared by various 

elements, such as walls, glazing, roofs and floors. The energy-

efficient building (EEB) model strove to create a structure 

which was environmentally sensitive, resource-efficient and 

would consume less energy than the baseline model. 

IV. RESULTS AND DISCUSSIONS 

A. Building Model Energy Analysis 

For the scope of this research, improvements are targeted 

in the identified areas –envelope fabric and HVAC systems. 

Input variables are partially taken from Sefaira 

Knowledgebase. Wherever more relevant, especially for the 

energy-efficient model, they are substituted for values from 

the ECBC guide for the baseline or ECBC-compliant building. 

The differences in characteristics of each façade are also 

detailed as Sefaira allows such a provision (Table 2). 

 

Four primary strategies are considered for the energy 

efficient model: 

1. The HVAC system will consist of an economizer and 

have better coefficient of performance (an increase of 

2 units in this case). 

2. The glass used for the façade glazing will be replaced 

with double-glazing and low-e glass that allows 

transmission of visible light and not heat. 

3. An additional layer of insulation to bring down the 

U-Factor of the walls. 

4. A cool roof to reduce heat gain into the building by 

way of reflectance or alternatives like bermed clay 

tiles. 

Fig. 1 shows the monthly consumption of the baseline 

model, where cooling, lighting, fan and appliance load are the 

major contributors in descending order of consumption. With 

each modification (change in wall & roof U-factors, change in 

glazing properties, and the comprehensive EEB), the peak 

demand for cooling reduces by upto 15% (Fig. 2). What is to 

be noted is that the benchmarks against which the U-Factors 

have been changed for ECBC compliance are the minimum 

requirements. Hence, there is tremendous scope for more 

reduction in annual energy consumption. 

        TABLE I.           SPACE CLASSIFICATION AND CHARACTERISTICS OF BASELINE MODEL DEVELOPED IN SEFAIRA TO EMULATE THE ORIGINAL BUILDING 
 

Name 

Characteristics of Baseline Model 

Space Class 

Percentage 

Massing Perimeter or Core Occupancy Pattern 

Lighting 

Power 

Density 

Ventilation 

Type 

Foyer Ground Hallways & Lobbies 7.0% 32/68 Irregular, high during lecture 

hours 

5 Natural 

Other Foyers Hallways & Lobbies 40.0% 50/50 2 Natural 

75-Seater Lecture Halls Classroom 8.0% 53/47 15% FTE 3 Mechanical 

150-Seater Lecture Halls Classroom 15.0% 100/0 1 Mechanical 

Auditorium Assembly 6.0% 60/40 380 Capacity, 5% FTEa 3 Mechanical 

Labs Laboratory 9.0% 76/24 50-60 Occupancy, 50% FTE 6 Mechanicalb 

Labs (Air-Conditioned) Laboratory 3.0% 50/50 50-60 Occupancy, 80% FTE 6 Mechanical 

Conference Rooms Conference 2.0% 85/15 40 Capacity, 5% FTEa 2 Mechanical 

VIP Lounges & Pantry Hallways & Lobbies 1.0% 25/75 10 Capacity, 5% FTEc 2 Mechanical 

Restrooms Core Services 4.0% 100/0 10% FTE 3  

Lift & Stairs Core Services 5.0% Single-Zone 50% FTE 1  
a. Based on event schedule 

b. Ceiling fans 
c. Based on usage 
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A majority of fabric conduction is via walls (45%), 

followed by floor (30%) and glazing (18%), in the baseline 

case. With a simple addition of insulation to bring down the 

U-factor (from 0.8 to 0.34 for roof, 1.2 to 0.44 for walls), the 

EEB shows 36% reduction in heat gain through walls (Fig. 3). 

As no modification has been made to the floor slabs, the 

conduction gain is maintained.  

 

Continuing to reduce the demand for cooling, the monthly 

heat gain due to solar (12%), which is primarily from window 

glazing, is targeted. By changing the SHGC (from 1 to 0.1) 

and U-factor (from 6 to 3.3) with double-glazed glass and 

coating, the factor decreases by almost 70%, as seen in Fig. 4. 

The biggest heat gain is through ventilation, followed by 

conduction and solar gain. Strategies, such as the above, have 

been analyzed, to tackle the latter two. Since a lot of the space 

on each floor comprises of open lobbies, they experience 

hotter temperatures, hence large heat gain through the floors. 

On the whole, as shown in Table 3, by implementing even 

the minimal prescribed requirements, the energy consumption 

of EEB falls to just 70% that of the baseline model. More 

importantly, CO2 emissions reduce by 30% from the baseline 

case to the EEB. An assumed rate of INR 9/kWh for 

commercial buildings [13] shows savings of 50,000 USD 

(INR 5 lacs) per year. 

 

B. Limitations of the Energy Assessment Tool 

Sefaira as an energy assessment tool was beneficial to a 

large extent. However, it is noticed that there is no provision 

for indigenous strategies like jaali walls, a common 

architectural feature in India that is very similar to a perforated 

wall.  

 

The influence of internal walls cannot be calculated in the 

model as noted by an earlier study [13]. The calculations that 

lead to the results in the software are not available. Hence, it is 

not possible to know how occupancy pattern, lighting power 

density and plug load, to name a few factors, affect internal 

heat gains and energy consumption.  

 

TABLE II.  COMPARISON OF THE TWO MODELS AND THE ECBC PRESCRIBED CODES FOR MAJOR ATTRIBUTES OF BUILDING ELEMENTS 

Attribute Baseline Model (as 

built) 

Energy Efficient Building (EEB) Benchmark values in order to 

procure ECBC Compliance 

(for Warm-Humid Climate) 

Wall Type Brick Brick with Insulation  

24-Hour or Day-time Use: 0.44 U-Factor (W/m2K) 1.2 0.44 

Roof Type Concrete Cool Roof  

24-Hour Use: 0.261 

Day-time Use: 0.409  

U-Factor (W/m2K) 0.8 0.34 

Floor-Slabs Type Single-skin Concrete Single-skin Concrete  

U-Factor (W/m2K) 2.82 2.82 

Glazing Type Single, Clear Glass Double, Low-E  

U-Factor: 3.3 

 

SHGC: 

WWR<40%: 0.25 

40%<WWR<60%: 0.20 

U-Factor (W/m2K) 6 (7.1 for ‘A’ from 

ECBC for Unrated 
Windows)a 

3.30 (6 for ‘A’) 

SHGC 1 (Without overhang 

adjustment factor) 

0.1 (With Overhang adjustment factor) 

Surface 

Reflectance 

Value & Paint Colour  0.6 (Dark Beige) 0.8 (Light Cream or Off-white)  

Roof PV 
Efficiency  

 10% (Thin film 
technology – Sefaira 

Knowledgebase) 

20% (Non-standard, high quality mono-crystalline 
panels) 

Water Closet Flowrate (L/flush) 6 3.5 

Faucet Flowrate (L/min) 7.6 4 

Duration (s) 10 10 

a. ‘A’ is the north façade which has open lobbies with no enclosing walls 

 
Fig. 1, Monthly energy consumption of Baseline model 

243



 

V. CONCLUSIONS AND FUTURE SCOPE 

The study of VMCC and its assessment for energy 

consumption shows that with relatively easy retrofits, a 

building can achieve significant reductions in resource 

demand and annual bills. Since the commercial buildings will 

form a large part of the new construction, these strategies 

should become part of the code. An energy reduction of 30% 

and a savings of approximately USD 50,000 is achieved by 

implementing minimum ECBC standards, hence there is a 

scope for further improvement of new building construction. 

These strategies can be applicable for building stock in several 

resource-stressed developing countries which come in the 

tropics. 

 

The future target is to perform financial feasibility analysis 

of the suggested strategies and deduce their paybacks to make 

them more appealing to developers and builders. We also plan 

to equip the building for real time data monitoring and 

collecting microclimatic data to validate the models and 

further assess and implement the suggested retrofit strategies. 
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Fig. 2, Peak space-cooling demand for baseline model, implementation of 

individual strategies and the EEB model 

 
 

Fig. 4, Monthly heat gain via solar and conduction for selected months 

for Baseline and EEB models 

 
 

Fig. 3, Fabric conduction gain through roof, walls, floor and glazing for 

Baseline and EEB models 

TABLE III. ANNUAL ENERGY CONSUMPTION AND SAVINGS 

GENERATED BY BASELINE MODEL AND IMPLEMENTATION OF EACH 

STRATEGY 

Strategy Annual Energy 

Consumption 

(kWh) 

Savings 

(kWh) 

Baseline 180,236  

Better HVAC system with Economizer 133,697 46,539 

Improved Glazing 176,942 3,294 

Wall with Insulation 177,661 2,575 

Increasing Surface Paint Reflectance 178,873 1,363 

Cool Roof 179,447 789 
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