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Abstract: The built environment is responsible for 40% of the global energy demand. Efforts are to be 

made in existing buildings, namely in office buildings, which are statistically more energy consuming than 

residential buildings. One of the main components of achieving a more sustainable built environment is to 

improve the performance of the existing building stock by retrofitting to increase the energy efficiency and 

improve quality of life (Low Carbon Innovation Coordination Group 2012). The retrofit of building envelope 

can help in saving 50–60% of the buildings’ energy consumption used for HVAC purposes. Secha Sadan is a 

50 year old government office building in Bhubaneswar. Proposing a building envelope retrofitting for this 

structure will not only help in reducing the energy consumption of this structure but would also shed light on 

how this can be implemented in other such existing government office buildings in Bhubaneswar. The 

existing envelope has been documented and analyzed using U-Value calculations and simulation softwares 

like OPAQUE and Form it. A number of envelope retrofitting techniques have been studied and shortlisted 

through literature, desktop and case studies to propose the best strategies. It was found that 40% savings can 

be achieved by the retrofit strategy implemented. Also the live proposal of an extension of the existing block 

to accommodate a new division has been taken into consideration. An attempt has been made to design this 

block appropriately keeping in mind the required thermal performance standards. 
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1. THESIS PROPOSAL 

1.1. Background 

India is the 7th largest country in the world and home to over 1 billion people living 

across five different climatic zones. India is a rapidly growing economy with construction 

sector contributing to around 7.74% to the total GDP of the country. Commercial and 

residential development remains a priority for the construction industry due to its market 

potential/market demand/profit margins. These sectors also consume a large amount of 

energy over their life cycle, thus becoming one of the major sources of GHG emissions. 

Literature and current policy framework suggest that energy saving and its conservation 

is of prime importance to the government of India. The government is in a continuous 

process of suggesting and implementing policy frameworks to manage the energy usage 

from various sectors including the buildings sector. The government came out with a 

suggestive list of voluntary and mandatory programs and policies such as Energy 

Conservation Building Code (ECBC) for commercial buildings, Standards and Labelling 

ARCHEO SCIENCES JOURNAL (ISSN : 1960-1360) VOLUME 17 ISSUE 2 2024

109 of 130



 

 

 
 
 

 
Bhubaneswar 

(S&L) program for appliances, Star rating program for existing building etc. to monitor 

and optimize the energy consumption from the sector. 

1.2. Statement of problem 

Retrofitting of building envelope to improve thermal performance refers to how well a 

building responds to the changes in external temperature during daily and seasonal cycles 

with respect to the building envelope (walls, roof, floor, windows, doors, skylights and 

other openings). 

1.3. Aim of the paper 

To Retrofit Existing old government office Building to improve the Thermal performance 

of the building to achieve thermal comfort 

1.4. Objectives of thesis 

 To study the principles of retrofitting technologies. 

 To energy audit the existing govt. building and analyze current energy 

consumption. 

 To find out different technologies and components of the building and ways to 

implement them. 

 To formulate the application of retrofitting components to the building. 

 To simulate and analyze the post retrofitting conditions and furnish final report. 

 
1.5. Description of the project or the study area 

1.5.1. Location and climatic zone classification 
 

 
Figure 1 location of site 

The office building is located in Bhubaneswar, Odisha. Secha Sadan (Water resources 

department) Bhubaneswar, Odisha was established in the year 1993. 

1.5.2. Typology of the project or study area 
 

Figure 2 Secha Sadan building 
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1.5.3. Proposed methodology 
 

 
1.5.4. Limitation of the thesis 

 Project is limited to providing thermal insulation to building envelope. 

 There are some assumptions in the simulation modelling. 

 For example, the data of internal gains from occupants, lighting and other 

appliances are taken from benchmarks and typical scenarios. 

 The embodied energy is not simulated, which may be considered a limitation. 

 
2. INTRODUCTION 

A building once operational, continues to consume energy and increase its carbon 

footprint throughout its life. Retrofitting existing buildings can lead up to 15-20 % 

savings over the benchmark energy consumption. Retrofitting existing buildings to ensure 

energy efficiency and mitigate GHG emissions has been identified as one of the most 

effective mechanism by governments of various countries to reduce their energy 

consumption and mitigate GHG emissions. 

In India major stock of office buildings was built before the implementation and access to 

modern energy saving technologies. According to the 17th EPS report published, it was 

estimated that electricity demand is estimated to increase by 37.5% by 2021-22 over a 

baseline of 2016-17. An ECBC Cell has been established in BDA to ensure energy 

efficiency in the buildings in the city through implementation of Odisha ECBC Code, 

2011. A consultation meeting has been held to discuss and take feedback of all the major 

stakeholders vendor list has prepared who provide ECBC Compliant materials in state. 

Studying the historical growth in consumption levels and population growth projections 

until the year 2018, it has been assessed that the energy consumption in Bhubaneswar in 

2013 can be ascertained under the highest growth scenario as 1570.10 MU. The 

guidelines on “Retrofitting Existing commercial Buildings” presents a step by step 
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approach to access the saving potential in the existing building and then stimulate 

implementable options and method to achieve required numbers in term of energy 

savings and GHG mitigation 

3. LITERATURE REVIEW 
3.1. Building Envelope 

A building envelope is the physical separator between the conditioned and unconditioned 

environment of a building. The building envelope of a house consists of its roof, sub 

floor, exterior doors, and windows and of course the exterior walls. A building envelope 

is normally referred to as either 'tight' or 'loose'. A loose envelope allows air to flow more 

freely through the building, whereas a tight envelope restricts air or controls how it is 

admitted. From an energy efficiency point of view, the envelope design must take into 

consideration both the external and internal heat loads, as well as daylighting benefits. 

External loads include mainly solar heat gains through windows, heat losses across the 

envelope surfaces, and unwanted air infiltration in the building 

3.2. Heat transfer in building 

Heat transfer takes place through walls, windows, and roofs in buildings from higher 

temperature to lower temperature in three ways-conduction, convection, and radiation. 

Table 1 Definition 

 CONDUCTION CONVECTION RADIATION 

DEFINITION The transfer of heat 
through a solid 
material. 

The transfer of heat by 
moving air 

The transfer of heat In 
the form of 
electromagnetic waves 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3 wall section showing heat transfer 

3.3. Thermal properties 
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3.3.1. Thermal Conductivity of insulating materials 

Thermal conductivity, also known as Lambda (λ), is the measure of how easily heat flows 

through a specific type of material, independent of the thickness of the material in 

question. The lower the thermal conductivity of a material, the better the thermal 

performance. It is measured in Watts per Meter Kelvin (W/mK). 

3.3.2. R-Values 

The R-value is a measure of resistance to heat flow through a given thickness of material. 

So the higher the R-value, the more thermal resistance the material has and therefore the 

better its insulating properties. 

R=l/ λ 

Where: 

l is the thickness of the material in meters and λ is the thermal conductivity in 

W/mK. The R-value is measured in meters squared Kelvin per Watt (m2K/W) 

3.3.3. U-Values 

The U value of a building element is the inverse of the total thermal resistance of that 

element. The U-value is a measure of how much heat is lost through a given thickness of 

a particular material, but includes the three major ways in which heat loss occurs – 

conduction, convection and radiation. 

U = 1/ [Rsi + R1 + R2 +… + Rso] 

In practice this is a complicated calculation, so it is best to use U-Value calculation 

software. 

3.4. Retrofitting Envelope 

3.4.1. Opaque Wall 

Insulation of walls is also important for reducing conduction losses especially where 

significant difference exist between inside and outside temperature. Many insulation 

materials require an Air Barrier and Weather Resistive Barrier to prevent air and moisture 

movement into and out of the conditioned space, as well as for maintaining their installed 

R-value. Opaque Wall Assembly U-Factor and Insulation R-value Requirements (ECBC 

Table 4.2). 
 

 

 
Table 2 opaque wall assembly recommendation 
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Table 3 recommended materials by IGBC 

 

 

3.4.2. Roof 
Roof can be insulated either over the deck or under the deck. Generally, over deck 

insulation is preferred, so as to avoid the absorption and retention of heat by the concrete 

surface. Under deck insulation can also be considered but the thickness of insulation 

should be higher. 
Table 4 Recommendation for roof 

Climate Zone 24-Hour use buildings Hospitals, 

Hotels, Call Centers etc. 

Daytime use buildings Other 

Building Types 

Maximum U- 

factor of the 

overall assembly 

(W/m ·K) 

Minimum R-value 

of insulation alone 

(m ·K/W) 

Maximum U-factor 
of the overall 
assembly (W/m ·K) 

Minimum R- 

value of 

insulation alone 

(m ·K/W) 

Composite U-0.261 R-3.5 U-0.409 R-2.1 

Hot and Dry U-0.261 R-3.5 U-0.409 R-2.1 

Warm and Humid U-0.261 R-3.5 U-0.409 R-2.1 

Moderate U-0.409 R-2.1 U-0.409 R-2.1 

Cold U-0.261 R-3.5 U-0.409 R-2.1 
 

3.4.3. Fenestration 

Most large commercial buildings are dominated by cooling loads, so window selection 

for commercial buildings is usually an exercise in maximizing daylighting and keeping 

summer heat out. Today’s best windows block heat transfer more than five times better 

than single-pane glass, the standard windows of just two decades ago. High-performance 

ARCHEO SCIENCES JOURNAL (ISSN : 1960-1360) VOLUME 17 ISSUE 2 2024

114 of 130



 

 

windows are not only a wise investment for new construction, but sometimes can be cost- 

effectively retrofitted, especially when timed with planned replacement and downsizing 

of HVAC equipment. Glazing products (windows, skylights, etc.) can be specified to 

reduce solar heat gain and control light levels and glare. As a rule of thumb, double 

glazing should always be preferred over single glazing since facades with double glazing 

not only offers superior thermal performance but can also help in significantly reducing 

unwanted external noise of traffic. 

Windows are affected by many factors, which in turn affect the comfort and energy 

performance of buildings. Understanding these factors is critical to designing buildings 

that meet the needs of building owners and users. Once these factors are identified, a 

designer can then apply the appropriate technology to address them. 
Table 5 Fenestration global recommendation 

 

 

3.5. Insulation Strategies 
Table 6 minimum U value for wall and roof 

 

 
Table 7 measures for reduction of heat gain 
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4. DESKTOP STUDY 

4.1. Alexandria National Refining & Petrochemicals Co.(ANRPC) 
Alexandria National Refining & Petrochemicals Co. (ANRPC) is a refinery based office 
building in El-Max, Alexandria, Egypt. The company has an administrative building. It 
was designed in 1995 and construction in 2000 
finished. 

 

Figure 12 location of project and Building 

4.1.1. Building typology 

Office Building 

Total construction area of 3370 Sq.m. 
22% reduction in both energy consumptions and 
Carbon emissions. 

Figure 13 plan 
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4.1.2. Energy Data for the building 
 

Figure 14 Electricity consumption pattern 

 

Table 8. Strategy Used 
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5. CASE STUDY 

5.1. Vastukar design studio, Bhubaneswar 

5.1.1. Building Location 

Figure 17 Building Location 

 

5.1.2. Building Basics 

 
5.1.3. Building Strategy 
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Figure 18 ground floor plan 
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5.1.4. SUMMARY 
It was observed that facade on the south, east and west should be shaded by any shaded 

device and must be insulated properly to have a lower U value. Windows must be double 

glazed for good thermal performance and air leakage must be checked in air conditioned 

spaces. Green roof is better option as it gives a satisfactory decrease in surface 

temperature. Insulation can be applied to the exterior as the project is not of any heritage 

importance, which will also leave the internal space unharmed. 

6. SITE ANALYSIS 
6.1. Secha Sadan(Water Resources Department), Bhubaneswar 

Figure 20 Location 

6.2. Building Basics 
 

Figure 21 Building View 

 

Figure 22 & 23 Existing Site & Wind Wheel 
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Figure 24. Site section AA 

Figure 25. Site section AA 

6.3. Site proximity 
 

Figure 26 Proximity 

 
6.4. Problems 
 The South side of the office gets heated up which brings uncomfortable situations. 

 The air conditioners are split and window type and they demand a lot of 

maintenance. 

 Not much daylight enters into the building and current lights are not energy 

efficient. 

 Uncontrolled thermal performance. 

 Building is installed with older technology hence does not fit the energy saving 

compliance 

6.5. Solar Insolation 
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Figure 27 Insolation simulation 

South-West Facade receives maximum insolation in year cumulative, followed by NW, 

SE and in the last NE. South-West Facade being the longest and front facade needs 

Envelope Retrofitting to increase thermal performance of the building. 

6.6. Shadow analysis 

 
Figure 28 Shadow Analysis 

 

7. THERMAL PERFORMANCE OF THE ENVELOPE 

7.1. Wall 

L 1 = 0.01M, K 1 = 0.721 W/M.K L 2 = 0.36M, 

K 2 = 0.811 W/M.K, L 3 = 0.01M, K 3 = 0.721 W/M.K, 

hI = 8.3 W/M2.K, hO = 22.7 W/M2.K, 

RT = 1/8.3 + 0.01/0.721 + 0.36/0.811 + 0.01/0.721 + 

1/22.7 =0.636, U = 1/ RT =1/0.636 = 1.57 
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Figure 29 wall cut view and wall section 

 

7.2. Roof 

L 1 = 0.01M, K 1 = 0.721 W/M.K L 2 = 0.15M, K 2 =1.580 W/M.K L 3 = 0.01M, 

K 3 = 0.721 W/M. hI = 6.1 W/M2.K, hO = 22.7 W/M2.K 

RT = 1/6.1 + 0.01/0.721 + 0.15/1.580 + 0.01/0.721 + 1/22.7=0.331 

U = 1/ RT =1/0.331 = 3.02 
 

Figure 30 Roof cut view and section 

7.3. Fenestration 
Uncoated single-glazed windows are considered to be the weakest thermal component in 

the building envelope, transmitting large amounts of heat into and out of a building. 

 

Figure 31 Window 

7.4. Comparative analysis 
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8. STRATEGY ANALYSIS 
 

Figure 32. Site plan 

9 RESULT 

9.1 Heat Gain Simulations 
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