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ABSTRACT 

With the increasing awareness of green buildings and 

launch of Energy Conservation Building Code 

(ECBC) 2007, many energy conservation measures 

(ECMs) are now available in Indian market. The 

performance of the available ECMs varies 

significantly in different climatic zones and with 

different construction techniques. Thus, a detailed 

study has been undertaken to understand the 

effectiveness and affordability of available ECMs in 

five climatic zones of India. 

The study started with the collation of different ECMs 

available in the market and populating a 

comprehensive list based on the available possible 

construction techniques. These ECMs were further 

simulated on a baseline model, representing a typical 

construction specification of a small office building, 

in five climatic zones. eQUEST software, Rocky 

Mountain Institute (RMI) model manager, and an 

automation tool to undertake the multiple iterations 

automatically and populate the results in desired 

template support the simulation. 

The analysis result plots the rate of decrease in energy 

consumption for each unit change in material’s 

thermal specification in five climatic zones of India. 

Further, based on the market prices of the materials 

and construction techniques, economic analysis was 

estimated and top recommendations for building 

envelope specifications were concluded. 

INTRODUCTION 

Commercial building space in India was estimated as 

458 million square meters in 2005 with a projected 

growth to 3,435 million square meters by 2030 

(compound annual growth rate (CAGR) of 8.39 %) 

(Satish Kuman et. al. (2010)). Bureau of Energy 

Efficiency (BEE), statutory body responsible for the 

building energy regulations, estimated the energy 

saving potential of 30 - 50 % in new construction and 

existing buildings. Given the rapid industrialization, 

many ECMs for each building components are 

available in the market. These products have their 

respective energy saving potential and financial 

implication – like additional construction cost, 

reduced operational cost, reduced heating, ventilation 

and air conditioning (HVAC) design size, reduced 

lighting energy demand etc. Such a complex financial 

inter-relation of energy efficient (EE) materials calls 

for a detailed understanding of various ECMs with 

respect to baseline specifications (the specifications 

that are predominantly used in current building 

construction practice in India). Conclusion should be 

made based on techno-economics analysis like life 

cycle cost, rate of return, and payback period to ensure 

that the selected measures are not only energy efficient 

but also affordable for the building industry.  

Envelope, comprising of mass wall, glazing, and roof, 

is one of the most critical component of the building. 

A sound exterior envelope acts as a thermal shield, 

reducing demand on heating and cooling energy, 

reducing the HVAC size, improving indoor comfort, 

and extending the lifespan of building components. 

Many products are available in the market to improve 

the thermal performance of the envelope. The broad 

objective of the study are as follows: 

 Undertake a techno-economic analysis of 

each ECM on a small office building in 

different climatic zones.  

 Conclude the most appropriate thermal 

specification for wall, roof, glazing in each 

climatic zone based on the techno-economic 

analysis. 

METHODOLOGY 

The methodology adopted for building envelope 

stringency is as below: 

    

1. Step 1 – Determined a baseline building design 

and specification representing a typical 

construction practice in 5 different climatic zones. 

2. Step 2 – Selected representative city for each 

climatic zone for simulation. 

3. Step 3 – Developed a simulation model with 

baseline specification and undertaken simulations 

using the weather files of selected cities. 

4. Step 4 - Developed an ECMs database for 

envelope construction. All possible construction 

techniques/ available products for wall, roof, and 

glazing were collated along with specific 

technical and financial details.  

5. Step 5 – Technical Analysis – Calculated the 

energy use coefficient with each measure and 

plotted regression graphs for the multiple iteration 

to understand the energy efficiency potential in 

each building component. 
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6. Step 6 - Economic Analysis - Economic analysis 

included assessment of each ECM through life 

cycle cost (LCC), net present value (NPV) of 

savings, internal rate of return (IRR) and simple 

payback. These analyses were used to identify all 

the affordable envelope products or systems that 

are available, and most cost effective. The 

assessment included cost like- initial investment, 

maintenance cost, salvage cost etc. and relates to 

the energy use of a product or component across 

its life cycle.  

7. Step 7 – Conclusion and recommendations – 

based on the entire study, the suitable stringency 

for each envelope component was recommended 

and compared against ECBC 2007.  

 

Formula: 

LCC is calculated based on the initial cost, i.e. the 

construction cost to install the material and the net 

present value of all the energy savings made by the 

respective measures. (Stanford University Land and 

Building (2005)).  

 

LCC = Initial Cost + PV x kWh …………… (i) 

 

Where, 

Initial cost: The construction cost including material, 

labour, and construction. 

PV: The present value of all the electricity charges 

paid until the life span. 

kWh: the energy performance index (kWh/m2) 

While analysing LCC, certain assumptions were 

undertaken:   

 30 year life for the building envelop  

 3% real discount rate.  

 Average energy price for the nation as per 

tariff rates in major cities 

 

Apart from the above key steps, a comprehensive 

template has been developed to extract all the relevant 

information from the simulation results and RMI 

manager, and plot the regression graphs. The extracted 

information is categorized into following sections 

1) Baseline specifications for design, envelope, 

lighting, HVAC system, etc.  

2) Simulation results: Total energy consumption for 

heating, cooling, fan, equipment etc. 

3) Desired results: Energy consumption -/ per built-

up area (kWh/m2), zone wise, each facade area 

(kWh/m2) etc. 

BASELINE BUILDING 

A stakeholder survey of architects and engineers on 

the typical construction practices, industry standard 

design parameters, operational schedule, and most 

commonly used equipment specification used across 

different building prototypes in each climatic zone 

was undertaken. The correlation of different responses 

provided a baseline specification against each 

parameter. The form of building was defined based on 

typical shape, size, and average space distribution of a 

building category. Table 1 specify baseline-building 

specifications.  
Table 1: Baseline building specifications for a small office 

Category Specification  

Building Type  Business 

Building Prototype Small Office Building  

Floor Area (m2) 6,000 

Building shape  Rectangle 

Aspect Ratio  1.8 

Number of Floors 3 

No. of Basement 2 

Basement Area (m2) 4000 

Area Distribution (%)(excluding basement ) 

Services  20% 

Usable office space 80% 

Total  100%  

Floor to floor height 4.2 m 

Floor to false ceiling  2.8 m 

Glazing sill height 0.9 m 

Building Envelope 

Roof Construction CZ1* CZ2* CZ3* 

Construction/ 

Material (Ext. to Int.) 

Concrete with 

Brick Bat Coba 

Inclined 

concret

e roof  

Thickness (mm) 300 300 

Roof cover Reflective  Nil 

U-Value (W/m2/K) 1.65 1.97 

Wall Construction 

Material (Ext. - Int.) Brick with plaster 

Thickness (mm) 250 

U-Value (W/m2/K) 2.15 

Climate Zone 

variation/ U-value 

Block wall in temperate 

(U:1.16 W/m2/K, 220 mm) 

Glazed Construction 

Window Wall Ratio 41% 

Type SGU 

Frame Aluminium 

Specification Reflective Clear 

U, glass (W/m2/K) 5 5.27 

SHGC 0.39 0.82 

VLT  0.41 0.88 

Shading Device No No 

U Effective Calculated by software 

Type semi-unitized 

HVAC 

HVAC Unit type Packaged system 

COP 3.2 

Air distribution system 

Fan control Constant 

fan power (kW/m3/s) 0.85 (0.0004 kW/ cfm) 

Set 

Point 

Summers 24 °C/ 60% RH (CZ1,CZ2) 

Winters 20 °C/ 50% RH (CZ1),  

19 °C/ 50% RH (CZ3) 

Lighting and occupancy 

LPD as per ECBC 2007 and Occupancy as per NBC 

2005 
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Use of sensors No 

Equipment power 

density (W/m2) 

25% of the total electric 

demand of the prototype 

 

*CZ1- Composite, Hot and Dry, and Temperate  

*CZ2- Warm and Humid  

*CZ3- Cold  

REPRESENTATIVE CITIES 

Based on the population estimates, Indian Society of 

Heating, Refrigerating & Air Conditioning Engineers 

(ISHRAE) report, following cities were shortlisted as 

representative city for each climatic zone (ISHRAE 

2012): 

 
Table 2: Showing representative cities for each climatic 

zones 

S. 

No. 

Climatic zone Most populated 

city 

1 Cold (CZ3) Srinagar 

3 Composite (CZ1) New Delhi 

4 Hot and dry (CZ1) Ahmedabad 

5 Temperate (CZ2) Bengaluru 

6 Warm and humid (CZ2) Kolkata 

BUILDING MODELING 

A seven-zone office layout representing typical office 

construction (figure 1) in India was developed in 

eQUEST 3.64. The layout was derived from the 

baseline analysis. The perimeter zone of 5 m depth 

represents usable space. All services and internal 

circulations are clubbed together in the core space 

together with remaining office space. The WWR of 

41% is spread evenly in all 4 directions. The technical 

specifications are given in table 1. Design 

specifications are also set as per the baseline analysis 

study. Individual packaged single zone system is used 

for each zone. 

ENERGY CONSERVATION MEASURES  

Wall 

A comprehensive list of ECMs have been developed 

for opaque wall construction. The ECMs list was 

categorized based on material and construction type. 

Wall was classified into three categories –  

1. Heavy weight mass wall (brick wall, cement 

stabilized brick wall, fly ash brick) 

2. Medium weight mass wall (hollow concrete block 

wall, and ACC block wall, insulated block wall) 

3. Lightweight mass wall (curtain and gypsum 

board). 

Insulation material: Indian insulation market supply 

five types of insulation in different thickness. The 

broad categories of available insulation are as below: 

 Extruded polystyrene (XPS) 25/ 50/ 75/ 100 mm 

 Expanded polystyrene (EPS) 25/ 50/ 75/ 100 mm 

 Polyurethane 25/ 50/ 75/ 100 mm 

 Bonded Mineral wool 25/ 50/ 75/ 100 mm 

 Glass/ mineral fibre 25/ 50/ 75/ 100 mm 

Key combinations 

 Mass wall - single mass wall, with internal 

insulation, and with external insulation 

 Cavity Wall - thick wall at external side, thick 

wall at internal side, and both side equal size. 

 Curtain Wall 

 Lightweight wall 

Based on the above, nearly 300 possible construction 

combinations of wall were collated. 

Glazing 

Glazing technology has developed drastically in last 

decade. The modern technology lists many technical 

parameters. Key parameters are listed in Table 3. 

 
Table 3: showing few parameters for glazing considered for 

data collection 

Technology  Key parameters  

Glazing category single glazed, double glazed 

Thickness 6 mm, 24 mm, 28 mm, etc. 

Coating  Hard coated, soft coated 

Coating type Clear, tinted 

Glass specification Solar control glass, Low-e  

Filler Air gas, argon gas 

Low-e category Non silver, single silver 

Light transmission  0-1 (ratio) 

SHGC 0-1 (ratio) 

U-value (W/m2-K) 1.1 to 5.8 W/m2-K 

A list of all standard glazing products available in the 

market are collated in a template with respective 

details on parameters. Based on this, nearly 85 

different glazing products were shortlisted.  

Roof 

The roof construction ECMs includes two broad 

categories – a) over deck insulation, and b) underdeck 

insulation. Based on this classification, 37 possible 

construction combinations were collated. 

TECHNICAL ANALYSIS 

Technical analysis section is divided into two parts: 

a) Part A - small office is simulated in a composite 

climate and results were analysed. 

b) Part B - the study would further replicate the same 

process/ approach in other climatic zones. 

Part A – result for composite climate 

Mass wall - Small office (8 hours) in composite 

climate 

The variation in total energy consumption with 

corresponding changes to U-value can be reasonably 

Figure 1: Building footprint and 3D model 
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approximated by linear relationship in all the three 

categories. However, the rate of change of energy 

consumption (slope of the equation) is steeper and the 

correlation coefficient (R2) is weakest in lightweight 

wall due to lack of thermal mass. (Figure 2 - Figure 4) 

 
Figure 2: Total Energy Consumption per Total opaque area 

heavy wall (Composite climate) 

 
Figure 3: Total Energy Consumption per total opaque area 

medium wall (Composite climate) 

 
Figure 4: Total Energy Consumption per Total opaque light 

wall (Composite climate) 

Glazing - Small office (8 hours), composite climate 

It was interesting to find that the variation in energy 

performance with the change in SHGC in a composite 

climate could be approximated by a linear relationship 

with a co-relation co-efficient of 0.90 (Figure 5). It 

was also concluded that the rate of change of energy 

consumption (slope of the equation) is steepest for 

south façade followed by east-west orientation. North 

orientation was not much influenced by SHGC. 

 
Figure 5: Total Energy Consumption per Unit Window Area 

(Composite climate) 

 
Figure 6: Total Energy Consumption per Unit Window Area 

(U-Value) (Composite climate) 

 
Figure 7: Total Lighting Energy Consumption per Unit 

Window Area (Composite climate) 

Furthermore, it was interesting to find that the SHGC 

of a glass plays an important role than U-value of the 

same glass in a composite climate. The trend between 

energy consumption and U-value was observed to be 
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scattered with a correlation co-efficient below 0.1 

(Figure 6).  

While, correlating the impact of VLT on the lighting 

energy use of a building, it was observed, that VLT 

shares a polynomial relation with lighting energy 

consumption. The lighting energy use decreases very 

drastically for a VLT range of 0 to 0.2. Thereafter, the 

impact of VLT was found to be very small for a VLT 

range of 0.2 to 0.4 and no impact on lighting energy 

use for  VLT values exceeding 0.4 (Figure 7). This is 

because the amount of daylight factor required to day 

lit a space is adequately received until 0.4 VLT and 

any additional light ray is increasing the daylight 

factor above the required standard. 

Roof - Small office (8 hours) in composite climate 

The variation in total energy consumption with 

corresponding changes to U-value of a roof 

construction can be reasonably approximated by linear 

relationship. Roof was analysed with different 

construction techniques like under deck insulation and 

over deck insulation. The energy saving impact is 

majorly dependent on the system U-value. Energy 

consumption analysis was only conducted for the top 

floor (Figure 8). 

 
Figure 8: Energy Consumption per Total Roof Area 

(kWh/m2) (Composite climate) 

Part B – result for all climatic zones 

Mass wall – Small office (8 hrs), all climatic zones 

 
Figure 9: Total Energy Consumption per total opaque Area 

Heavy Wall (all climatic zones) 

Performance of ECMs vary with climatic zones. The 

rate of change of energy consumption (slope of 

equation) is steepest for the cold climate followed by 

composite, and hot & dry climate. Slope of equation 

coefficient value for the composite, and hot & dry 

climate zones is nearly 1/3rd to that of cold climate 

zone. Slope of equation coefficient for warm & humid 

climate zone is nearly 1/4th and 1/8th respectively to 

that of cold. This relation highlights the importance of 

insulated mass wall in majority of the cities in cold, 

composite, and hot & dry climate to ensure energy 

efficiency. Similar trend was witnessed in all 

categories of mass walls (Figure 9). 

Glazing - Small office (8 hours), all climatic zones 

 
Figure 10: Total Energy Consumption per Unit Window 

Area (all climatic zones, except cold) 

 
Figure 11: Total Energy Consumption per Unit Window 

Area (Cold) 

Significant variations were observed in glazing 

performance across different climatic zones. Rate of 

change of energy consumption (slope of equation) is 

steepest for the hot & dry climate followed by warm 

& humid, and temperate climate zones. This trend is 

majorly due to the higher building heating load during 

the winter season where higher SHGC supports the 

energy efficiency of the building by increasing solar 

gains (Figure 10). As discussed before, U-value plays 

less significance in defining energy efficiency in any 

of the climate zone except for the cold climate where 

the relation has a correlation coefficient (R2) of 0.86. 
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It was concluded that conduction losses are critical in 

cold climate (Figure 11). 

 
Figure 12: Total Energy Consumption per Unit Area 

In terms of lighting energy consumption, the trend of 

lighting energy consumption against VLT is nearly 

similar for all climate zones. Small variation was 

estimated in the total lighting energy consumption of 

cold climate due to less annual solar radiations 

received in that climatic region (Figure 12).  

Roof - Small office (8 hours) in all climatic zones 

 
Figure 13: Total Energy Consumption per Total Roof Area 

(kWh/m2) (all climatic zones) 

The study also estimated the performance of all roof 

ECMs on a small office building for all climatic zones. 

It was concluded that the rate of change of energy 

consumption (slope of equation) is steepest for the 

cold climate followed by composite, and hot and dry 

climate. Warm & humid and temperate climatic zones 

are placed in the 4th & 5th position respectively (Figure 

13). 

ECONOMIC ANALYSIS 

Energy price calculation 

It is understood that the impact is maximum in cities 

with high rate of urbanization. The national average of 

per unit energy price and demand charges of 

electricity was concluded based on the average rates 

applicable in majority of cities with rapid 

urbanization. The national average was estimated to 

energy cost of Rs. 9.50 per unit and demand charge of 

Rs. 140 per kW. This includes a factor for diesel price 

as well (Tariff Reference: Electricity Regulatory 

Commission of different cities – Tariff order – 2013/ 

2014). NPV of the total cost paid for per unit 

electricity is estimated for a period of 10 years, 20 

years, and 30 years at a discount rate of 3%. ECMs 

were considered economically viable if they could 

save 1 kWh /m2 of electricity for an additional cost 

(per m2 in reference to the baseline specification) less 

than the estimated NPV value. For example, targeting 

a return of 30 years, any ECM that could save 1 kWh 

/m2 of electricity for an additional cost of Rs. 202.08 

/m2 compared to the baseline specification of that 

category is economically viable. 

Wall in composite climate 
The LCC is calculated by estimating the cost of 

electricity consumed annually in a life cycle and 

calculating the net present value of the total electricity 

cost in a life cycle. The cost of the product (material, 

labour, and construction cost) is also added to the 

calculated NPV of electricity cost to derive the final 

LCC value. Baseline specification for wall is as per 

Table 1. 

 
Figure 14: U-Value correlation with LCC and Initial Cost – 

8 hours building (Composite climate) 

 
Figure 15: IRR and Payback period – 8 hours (Composite 

climate) 

A graph was plotted to understand the trend of U-value 

of wall construction with LCC, initial cost, and NPV 

of savings (Figure 14). The trend of NPV of savings is 

observed to be linear, i.e. with decreasing U-value, the 

NPV of overall savings increases linearly. However, 

trend of initial cost and LCC against U-value is 

polynomial. The cost of constructing a wall assembly 

with a U-value less than of 0.4 W/m2-K rises steeply 
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resulting in no significant reduction in LCC after the 

U-value of 0.4 W/m2-K.  

Another graph was plotted to understand the trend of 

payback period and internal rate of return (IRR). Since 

the benefit of adding insulation is evident, only 

construction assemblies with U-value less than 0.8 

W/m2-K was considered for the same. It was observed 

that in a composite climate, the U-value range of 0.4 – 

0.5 W/m2-K has the highest IRR and lowest payback 

compared to its peers (Figure 15). 

Glazing 

In a small office, with a WWR of 41% and built in 

composite climate, the VLT significantly affects the 

energy use of the building until a VLT of 0.3 and 

adjust to a constant graph thereafter. The current 

ECBC standards limits the minimum VLT to 0.2 for a 

WWR of 40%. It was interesting to find that many 

single glazed products could also meet the energy 

efficiency requirement of ECBC.  

 
Figure 16: LCC and NPV of savings – composite – 8 hours 

The LCC and NPV of savings were plotted against the 

SHGC of glazing products. The trend of both LCC and 

NPV of savings was observed to be linear with SHGC. 

However, the NPV of savings is negative for all 

SHGC more than 0.3 making the payback of that range 

negative (Figure 16). It was concluded that the VLT 

of 0.3 gives best performance for a SHGC less than 

0.3. The IRR and payback for glazing will not be 

applicable as the cost of glazing depends 

predominantly with glazing type, i.e. single glazed, 

double glazed, low-e, coating etc. Cost changes 

negligibly for different SHGC within a single glazing 

type. 

Roof 

 
Figure 17: U-value correlation with LCC and NPV 

To understand the techno-economic performance of 

roof ECMs, LCC and NPV of savings were plotted 

against the U-value of roof assembly. The LCC 

follows a linear relationship with the U-value whereas; 

the NPV of savings follows a polynomial relationship. 

It was also observed that the IRR and payback was 

best for U-value 0.4 W/m2-K making it the most cost 

effective solution for roof insulation (Figure 17). 

CONCLUSION AND 

RECOMMENDATION 

Based on the simulation results and LCC analysis, the 

best of each wall category were listed together with 

the baseline specification and ECBC 2007 standard. 

Each option is mapped with its LCC (Rs. /m2-K), 

energy saved over baseline specification (W/m2-K), 

additional cost over baseline (Rs. /m2), and additional 

cost to save per unit energy (Rs./kWh/m2).  

There is a significant potential of energy saving with 

a range of 7 to 11 W/m2-K and the cost to save per unit 

energy (Rs./kWh/m2) is less than the NPV of energy 

cost of a span of 10 years.  

As per the stringency analysis, the impact of insulated 

wall is highest in cold climate followed by composite, 

hot & dry, warm & humid, and temperate respectively. 

The prescribed thermal performance of cold climate 

should be stringent given to its maximum saving 

potential. The prescribed thermal performance of U-

value of 0.34 W/m2-K is most effective in techno-

economic performance (Table 4).  

The effect of density plays an important role in 

composite and hot & dry climate together with U–

value. Thus, wall with a U-value of 0.44 W/m2-K is 

most durable in this climate.  

The existing stringency of warm & humid and 

temperate climate could be relaxed to 0.63 W/m2-K 

from existing 0.44 W/m2-K to make the ECBC 

adoption more economical as the cost of save per unit 

energy is not suitable. 

 
Table 4: Recommendation- wall (8 hrs), U-value in W/m2-K 

  ECBC 2007 Proposed  

Composite 0.44 0.44 

Hot and dry 0.44 0.44 

Warm & humid 0.44 0.63 

Temperate 0.44 0.63 

Cold 0.352 0.34 

For glazing category, the estimated baseline 

specification offers a huge potential of energy saving. 

It was concluded that except for the cold climate zone, 

the impact of SHGC and VLT outperforms the 

significance of U-value. ECBC 2007 had fixed the 

minimum VLT value to 0.2 for WWR of 40%. As per 

the analysis, it was estimated that energy savings 

potentials are huge until a VLT of 0.3. Thus, the VLT 

threshold requires a revision.  

The existing U-value of 6.9 W/m2-K for glazed façade 

in temperate climate could also be revised to 3.3 

W/m2-K. The more stringent U-value in cold climatic 

zone is justified, as the conduction losses are 

significant. However, the impact of SHGC is not 

significant and higher SHGC can help in keeping the 
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heating requirement of the building low. Thus, the 

threshold SHGC could be revised. 

 
Table 5:Recommendations on glazing for WWR – 40% (U-

value (U) in W/m2-K, SHGC (S)  and VLT (V)  value is 

maximum limit,) 

  ECBC 2007  Proposed 

  U S V U S V 

Composite 3.3 0.3 0.2 3.3 0.3 0.3 

Hot and dry 3.3 0.3 0.2 3.3 0.3 0.3 

Warm humid 3.3 0.3 0.2 3.3 0.3 0.3 

Temperate 6.9 0.4 0.2 3.3 0.3 0.3 

Cold 2.8 0.5 0.2 2.8 0.7 0.3 

 

Table 6: Recommendation- roof (8 hrs), U-value in W/m2-K  

  ECBC 2007  Proposed  

Composite 0.4 0.4 

Hot and dry 0.4 0.4 

Warm & humid 0.4 0.4 

Temperate 0.4 0.4 

Cold 0.4 0.4 

For roof category, the estimated baseline specification 

is very much inefficient and offers a significant 

potential for saving energy. As per LCC analysis, the 

application of over deck insulation with a U-value of 

0.4 W/m2-K is most energy efficient with maximized 

returns. 

 

NOMENCLATURE 
BEE - Bureau of Energy Efficiency 

BUA- Built up area 

CAGR- Compound Annual Growth Rate  

CZ – Climate zone 

DGU - Double-glazed unit 

EE - Energy efficient 

EPI - Energy performance index 

ECBC - Energy Conservation Building Code 

ECM - Energy Conservation measures 

HVAC - Heating, Ventilation and Air Conditioning 

IRR - Internal rate of return  

ISHRAE - Indian Society of Heating, Refrigerating & 

Air Conditioning Engineers 

LCC - Life Cycle Cost 

LPD - Lighting power Density 

NPV - Net Present Value 

PV - Present value 

RH - Relative Humidity 

SHGC - Solar Heat Gain Coefficient 

SGU - Single glazed unit 

VLT - Visual Light Transmittance 

WWR - Window to wall ratio   
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