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Abstract 

Energy is one of the major drivers of a growing urban infrastructure development. The consumption of energy by 

different sectors of urban infrastructure are very high and the amount of energy produce is not enough to meet the huge 

demand of energy. According to several types of research, it is found that building sector is consuming about 40% of 

energy which is very significant. For heating and cooling of building sector 32% energy is used and its major impact is 

greenhouse gas emission. This study presents a simulation model that combines building properties and energy 

consumption of an existing commercial Building in Ahmedabad city (India). This research targets to study how to 

integrate active design strategies and energy-efficient building materials to improve the building performance and reduce 

energy consumption towards Net Zero Energy Building (NZEB). This research will suggest few changes in materials of 

building will be considered as retrofitting and it can lead to the concept of Net Zero Energy building (NZEB). For the 

analysis and simulation of energy, Design- Builder software is used. 
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1. Introduction 

 

Energy is a basic requirement for economic development in almost all major sectors of Indian economy-agriculture, 

industry, transport, commercial, and residential. In India, 33% of the total energy is used by the buildings, out of which 

24% by residential and 9% commercial as shown in Figure 1. Buildings are one of the major consumers of energy and 

are the third largest consumers of energy, after industry and agriculture.  
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Figure 1. Consumption of Electricity by Sectors in India during 2016-2017 

 

The absolute figure is rising fast, as construction booms, especially in developing countries such as India. Currently, 

approximately 659 million m² spaces are used as commercial space and in 2030, it is estimated that it would increase to 

1,900 million m² and by then more than 60% of the commercial built space would be air-conditioned as shown in Figure 

2. [1] 

 

 

 

Figure 2. 66% building stock is yet to be constructed 

Mentioning the harmful emissions in India, the CO2 per capita emissions reached 1.73 Metric ton/year in the latest [2]. 

For this reason, the building sector represents a large potential for significantly reducing energy demand and harmful 

emissions. 

In commercial buildings, the high demand for energy used for lighting, heating, ventilation, and air conditioning leads 

to a significant amount of carbon dioxide emissions. To control this escalating reliance upon fossil fuels and tackle 

future climate change, it is important to apply effective techniques to upgrade the existing commercial buildings, 

developing energy efficient commercial buildings based on the integration of advanced energy-saving concepts and 

adaptive reuse methods. On one hand, taking Net-Zero Energy Building (NZEB) concept into commercial retrofits will 

improve the energy efficiency levels in existing commercial buildings, exploring the possibilities of involving renewable 

energy sources in order to reduce their dependence on external energy infrastructure. On the other hand, since the life 

of commercial buildings is extended and possible demolition waste is avoided, net-zero energy commercial retrofits also 

contribute to the development of a sustainable urban regeneration form [3].  
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The idea of NZEB has been widely explored and implemented during the last few years as a way to achieve energy 

efficiency in the building sector and encourage renewable energy incorporation on-site. “Net or nearly zero site energy 

buildings (NZEB) are highly efficient buildings with extremely low energy demand, which is met by renewable energy 

sources. Such buildings produce as much energy as they consume, accounted for annually” as shown in Figure 3. 

 

Figure 3 “Net Zero Site Energy Concept” 

 

Through reusing and upgrading existing buildings, the performance of the existing commercial buildings can be 

improved, thus bringing more opportunities to reinvigorate the large stock of existing commercial buildings and benefit 

local economies in the long run. Typically, achieving net-zero energy goals can be realized through improving building 

enclosures, implementing passive design strategies, installing high-performance HVAC systems to reduce heating and 

cooling loads, reducing lighting and other electric loads, thus making it possible to offset the required energy balance 

with renewable means, such as solar photovoltaics or wind turbines. Achieving net-zero energy goals is a challenging 

objective, especially when it comes to retrofit projects, because more constraints are typically imposed on existing 

buildings than new construction. This paper presents the effective ways to address those physical and economic 

constraints in commercial retrofits and investigates applicable strategies to achieve NZEBs [3]. 

Energy-efficient measures, applied to existing buildings during minor/major retrofits, reducing their energy 

consumption, building envelopes can be grouped into three categories: 

1. wall thermal insulation and thermal mass 

2. windows/glazing (including day- lighting) 

3. reflective roof /green roofs 

This study examines the potential of retrofitting an office building in order to become NZEB using DESIGN BUILDER 

software. 

 

2. Methodology 

Firstly, make the present building in DESIGN BUILDER software and simulate its energy consumption was examined. 

The second step was the minimization of energy consumption applying energy-efficient measures. Finally, the 

minimized energy was covered applying renewable energy technologies on the building in order to achieve the 

conversion of the present building into NZEB Figure 4. 

 

Figure 4 Step of the Project 

The minimization of energy consumption requires the application of energy-efficient measures. Energy-efficient 

measures can be classified into three categories: measures which could be applied in building envelopes. Four scenarios 
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were examined aiming at minimizing the energy consumption of the building and three more in order to cover this 

minimized energy with renewable energy technologies. Those scenarios are presented in Table 1. 

        Table 1 Description of Scenario 

Description of Scenarios 

Scenario – 1 Combination of 

following 

improvements on 

building envelopes 

 

Insulation on 

Walls 

 

Replacement of Windows 

Scenario – 2 Combination of 

following 

improvements on 

building envelopes 

 

Insulation 

of Ceiling 

Scenario – 3 Combination of Scenario 1 & 2 

Scenario – 4 Installation of Photovoltaic Panels 

Scenario – 5 Combination of Scenario 3 & 4 

 

3. Case Study 

3.1 Description of the study area 

The building IB Law House located in the Navrangpura, Ahmedabad, Gujarat, India. For Indian climate, the comfort 

range of still air corresponds to 23-41 ºC dry bulb temperature with 30– 60% relative humidity. In India Winter, 

occurring from October to February then Summer season, from April to June and Monsoon or rainy season, from July 

to September. 

Ahmedabad’s comes under the mostly hot & dry or all year round. Ahmedabad’s Mean Monthly temperature (ºC)>30, 

its Relative Humidity>50. 

Weather Data Sources: - 

This report illustrates the typical weather station at Sardar Vallabhbhai Patel International Airport, based on hourly 

weather reports and model reconstructions from January 1, 1980, to December 31, 2016. 

Temperature: - 

The hot season occurs in 3 months, from April to June, with an average daily high temperature above 38°C. The hottest 

month of the year is May, with an average high of 42°C and low of 28°C. The cool season occurs in 3 months, from 

December to February, with an average daily high temperature below 30°C. The coldest month of the year is January, 

with an average low of 13°C and a high of 27°C as shown in figure 5. 

 

Figure 5  Average High and Low Temperature 
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The "mean daily maximum" (solid red line) shows the maximum temperature of an average day for every month for 

Ahmedabad. Likewise, "mean daily minimum" (solid blue line) shows the average minimum temperature. Hot days and 

cold nights (dashed red and blue lines) show the average of the hottest day and coldest night of each month of the last 

30 years as shown in figure 5. 

3.2 Building data gathering 

The building IB Law House is situated in the Navrangpura, Ahmedabad, Gujarat, India, its coordinates are 72.57o 

Longitude 23.03o latitude. The building was constructed in 2011 and it is a two-story building with a total height of 

10.50m and total length of 20m.  

The ground floor (258 m2) and the first floor (262 m2) consist of two main offices, entry lobby, waiting hall, two prayer 

room, conference room, record room, toilets, and pantry room. The second floor (34 m2) accommodates for the storage 

area, toilet, and stair cabin as no employees work there. The building has ground floor, first floor and second floor with 

terrace with a total 28 numbers of zones, 12 numbers of zones are fully air-conditioning and others are naturally 

ventilated.  

Building operating schedule is from 10:00 am until 7:00 pm every day only Sunday close, office work is light work such 

as typing, consulting, meeting, it can include internal corridors providing access to the office space, tea/coffee making 

facilities or kitchenettes within the office space and also area for photocopiers, building general information is shown 

in Table 2. 

           Table 2 Building summary  

 Description 

Location IB Law House, Navrangpura, 

Ahmedabad, Gujarat 

Orientation West East (WE) 

Use Office Facility 

Office Occupancy  30 (with Owners and Employees) 

Stories Ground Floor, First Floor and 

Second Floor with Terrace 

Total Area 1026 sq.m 

Building Area 544.52 sq.m 

Structure Mixed Type Structure with RCC & 

Bricks 

Building Height 10.5 m 

HVAC System Split AC + Mechanical ventilation 

system without heat recovery 

Lighting System All are LED Lights 

 

Based on architectural drawings and specifications, the original design was simulated using the program Design Builder 

to investigate the energy efficiency Figure 6. The typical floor plan of the ground floor, first floor, second floor with 

terrace and 3d model for the prototype are as seen in Figures 6a and 6b respectively.  

 

 

 

 

 

Figure 6a Typical floor plan for the case study building 

https://doi.org/10.3311/CCC2019-096


Aakash Patel/ Proceedings of the Creative Construction Conference (2019) 096 

https://doi.org/10.3311/CCC2019-096 

704 

 

 

 

  

 

 

 

 

Figure 6b 3d model for the case study building 

3.3 Building data analysis 

The most important data to be considered in this case is the energy consumption data because it has a direct impact on 

the amount of energy to be saved either through retrofit or to be generated by the renewable energy system. The 

electricity consumption data form Torrent Power, Ahmedabad, Gujarat, India is used, an average consumption monthly 

rates were detected as seen in Figure 7 from the actual electricity bills of the case study building. 

 

Figure 7 Monthly electricity consumption of the case study office building – 2018 

3.3 The initial condition of the Building 

The case study has been analyzed via computer software tools (Design Builder) according to its original orientation 

and weather conditions. 

By analyzing the data provided in the previous section and through visual investigation, it was found that the 

building’s energy performance can be categorized as poor due to the following:  

▪ The building is only insulated by the traditional thermal insulation on the roof of the top floor as provided by 

the owner.  

▪ There is traditional shading over the windows to prevent direct sunlight from entering the interior space.  

▪ The windows are single glazed.  
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▪ The windows are leaking, so the amount of heat energy transferred from the outside to the inside is 

significant.  

▪ The HVAC system is a split system not central, and mostly in a moderate condition. 

Cross-section view of wall, roof and window with overhang and internal blinds as shown in Figure 8a, Figure 8b and 

Figure8c. 

 

 

 

 

 

 

Figure 8a Cross-section view of the        Figure 8b Cross-section view of roof       Figure 8c Cross-section view of a window with overhangs and 

internal blinds 

The electricity consumption data form simulation in design builder software. The energy consumption is approximately 

24,113 kWh (45 kWh/m2) for cooling, 11,439 kWh (21 kWh/m2) for auxiliary, for lighting and computers & equipment 

is 4,413 kWh (8 kWh/m2) and 3,357 kWh (6 kWh/m2) and for miscellaneous is 167 kWh (0.31 kWh/m2) respectively 

as shown in Figure 9. 

 

Figure 9 Energy simulation data of original office building 

4. Building Components 

4.1 Wall 

Walls constitute a major part of the building envelope and receive a large amount of direct solar radiation. The resistance 

to heat flow through the exposed walls may be increased by increasing the thickness (thermal mass), through the cavity 

wall, by the use of insulating material or by applying light-colored whitewash or distemper on the exposed side of the 

wall. As per Energy Conservation Building Code (ECBC), recommended U Value wall assembly for 24-hour use 

building and for daytime use building are given in Table 3.[4] 
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Table 3 Opaque Wall Assembly U-Factor and Insulation R-value Requirements 

Climate Zone Hospitals, call centres 

(24-hours) 

Other Buildings 

(Daytime) 

 Maximum U-factor 

of the overall 

assembly 

(W/m2*K) 

Minimum R-factor 

of the overall 

assembly (m2*k/W) 

Maximum U-factor 

of the overall 

assembly 

(W/m2*K) 

Minimum R-factor 

of the overall 

assembly (m2*k/W) 

Composite U-0.440 R-2.10 U-0.440 R-2.10 

Hot and Dry U-0.440 R-2.10 U-0.440 R-2.10 

Warm and Humid U-0.440 R-2.10 U-0.440 R-2.10 

Moderate U-0.440 R-2.10 U-0.440 R-2.10 

Cold U-0.369 R-2.10 U-0.352 R-2.35 

 

4.2 Roof 

The roof of a building receives a significant amount of solar radiation. Thus, its design and construction play an 

important role. The heat gain through roofs may be reduced by the use of insulating materials may be applied externally 

or internally to the roofs. According to ECBC the recommended U-value of roof assembly should be 0.261 and the R-

value 2.10 for 24-hour use building and 0.409 and the R-value 2.10 for daytime use building, recommended roof 

Assembly U-Factor and Insulation R-value Requirements for 24-hour use building and for daytime use building are 

given in Table 4.[4] 

Table 4 Roof Assembly U-Factor and Insulation R-value Requirements 

Climate Zone Hospitals, call centres 

(24-hours) 

Other Buildings 

(Daytime) 

 Maximum U-factor 

of the overall 

assembly 

(W/m2*K) 

Minimum R-factor 

of the overall 

assembly (m2*k/W) 

Maximum U-factor 

of the overall 

assembly 

(W/m2*K) 

Minimum R-factor 

of the overall 

assembly (m2*k/W) 

Composite U-0.261 R-3.5 U-0.409 R-2.10 

Hot and Dry U-0.261 R-3.5 U-0.409 R-2.10 

Warm and Humid U-0.261 R-3.5 U-0.409 R-2.10 

Moderate U-0.409 R-3.5 U-0.409 R-2.10 

Cold U-0.261 R-3.5 U-0.409 R-2.10 

 

4.3 Vertical Fenestration 

Fenestration includes products with glass or other transparent or translucent materials. Fenestration, Vertical: Windows 

that are fixed or movable, opaque doors, glazed doors, glazed block, and combination opaque and glazed doors installed 

in a wall. In ECBC there are some criteria like: 

▪ Maximum allowable Window Wall Ratio (WWR) is 40%. 

▪ Minimum allowable Visual Light Transmittance (VLT) is 0.27. 

▪ Assembly U-factor includes both frame and glass area weighted U-factors. 

▪ Assembly SHGC includes both frame and glass area weighted SHGC (Solar Heat Gain Coefficient) 

as per ECBC the recommended U-factor and SHGC requirements shown in Table 5.[4] 
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     Table 5 Vertical Fenestration Assembly U-factor and SHGC Requirements for ECBC 

 Composite Hot and 

dry 

Warm 

and 

humid 

Temperate Cold 

Maximum U-

factor(w/m2 .k) 

3.00 3.00 3.00 3.00 3.00 

Maximum SHGC 

Non-North 

0.27 0.27 0.27 0.27 0.62 

Maximum SHGC 

North for 

latitude>15oN 

0.50 0.50 0.50 0.50 0.62 

Maximum SHGC 

North for latitude< 

15oN 

0.27 0.27 0.27 0.27 0.62 

 

4. Case Study Simulation: Findings and Analysis  

As it has been stated before in the Methodology section, the case study has been analyzed via computer software tools 

(Design Builder) according to its original orientation and weather conditions. By entering the building envelope 

parameters and material specifications and glazing transparency, the program can analyze the inputs and provide 

accurate data on an annual basis which helps to evaluate different passive design elements that influence the energy 

efficiency of the building. The results show more U-factor and R-factor in wall, roof and windows shows a high above 

that required, as seen in Figure 10a, Figure 10b and Figure 10c. 

        

Figure 10a U-value and R-value of wall           Figure 10b U-value and R-value of Roof         Figure 10c Effect of U-value, SHGC and VT in window 

 

In terms of the interior environment, on an annual basis, Figure 11 shows hourly temperatures which are examined to 

define the temperature variable between seasons in the interior spaces. These are used to calculate the cooling/heating 

load demanded that provides thermal comfort for occupants, and determines the total heat gain according to the building 

construction materials (walls and windows). The results are as follow: 

1) From November to March (winter season): the average external temperature is between 21.3 ◦C and 34.9 ◦ C. 

2) From April to October (summer season): the average of external temperature increases to between 31.1 ◦C and 41.1 

◦C. 

3) From November to March (winter season): the average internal temperature is between 20.7 ◦C and 30.2◦ C. 

4) From April to October (summer season): the average of internal temperature increases to between 30.9 ◦C and 41 

◦C. 
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Figure 11a Outside Temperature of the building Including Top, Front, Left, Right and Back View 

 

 

Figure 11b Ground floor Inside Temperature of the building 

 

 

Figure 11c First floor Inside Temperature of the building 
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5. Scenarios of minimizing the energy consumption of the building 

➢ Scenario-1 

In this scenario, changes in the building envelope were examined. These changes include, firstly, the increase in wall 

insulation and windows aiming at the reduction of the thermal transmittance between the internal and the external 

environments, i.e. the U-value, SHGC, VT. The next measure, applied, was the replacement of present windows with 

more energy-efficient ones with lower U-value, SHGC and VT. These measures are presented in Table 6 and Figure 12. 

                    Table 6 Wall Insulation Assembly 

Building Component 
Thermal Transmittance/U 

value (W/m2*K) 

Thermal Resistance/R 

value (m2*k/W) 

Wall     

Glassfibre wool(50mm) 

0.534 1.871 
1.5cm Cement plaster + 

23cm Burned brick + 5cm 

Glassfibre wool insulation + 

1.5cm Cement plaster 

 

 

Figure 12 Window Replace into Low Electrochromic Reflected Coloured Double Glazing with Argon Gas (6mm/13mm Argon Gas) 

➢ Scenario-2 

In this scenario, changes in the building Roof. These changes include, firstly, the increase in roof insulation aiming at 

the reduction of the thermal transmittance between the internal and the external environments, i.e. U-value and R-value. 

These measures are presented in Table 7. 

    Table 7 Roof Insulation Assembly 

Building Component 
Thermal Transmittance/U value 

(W/m2*K) 

Thermal Resistance/R value 

(m2*k/W) 

Roof     

XPS Sheet HFC/CO2 Blowing(70mm) 

0.361 2.767 
4cm Concrete Flooring + 7cm XPS 

Extruded Polystyrene Sheet + 5cm 

Cement Motar Mix + 12cm RCC with 

2% steel + 1.5cm Cement plaster 

➢ Scenario-3 
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In this scenario it was examined how much energy consumption can be achieved by applying measures on building 

envelopes and internal conditions. Figure 13 describes the combination of Scenario 1 & 2. Form the combination of the 

scenario 1 & 2 the building energy reduces and the model output is 32265.73 kWh/year shown in Figure 13.  

 

Figure 13 Reduction of energy consumption applying different scenarios 

➢ Scenario-4 

Average solar irradiation in GUJARAT state is 1,266.52 W/sq.m 1kW solar rooftop plant will generate on an average 

over the year 5.0 kWh of electricity per day (considering 5.5 sunshine hours). In this case, the building has an accessible 

working roof area is round about 250sq.m. As per Ministry of New and Renewable Energy in the solar rooftop calculator, 

25.0 kW feasible plant size as per site area. Total electricity generation from the solar plant in Annual is 37,500 kWh/year 

and life of the Photovoltaic panel is 25 years that means solar plant Life-time generation is 9,37,500 kWh (Ministry of 

New and Renewable Energy). 

➢ Scenario-5 

From Scenario 3, the reduced energy consumption is 32265.73 kWh/year. The PV panels installed on the rooftop 

building produce approximately 37500 kWh/year but there is always any system constraints and also the electricity 

generation is may vary from location condition during on site. So, renewable energy technologies in total produce almost 

the same quantity of energy consumed.  

6. Conclusions 

This research investigated how to achieve net-zero energy in existing buildings. And the objective was how commercial 

buildings in Ahmedabad can reach net-zero energy goals, by taking a commercial two-story building as a research target, 

the results show an almost 30% reduction in annual energy consumption after applying a combination of scenario to 

reduce the annual consumption and increase the building energy performance. Most of the energy savings were obtained 

just through optimizing the existing situation, without replacing or increasing efficiencies. 

Focusing only on the energy reduction, by applying energy-efficient measures without considering the cost required, it 

is the combination of the four energy-efficient scenarios each causing a reduction in the required energy. 

Scenario 1, according to which changes on Building Envelope were applied on wall and windows, proved the most 

energy-efficient among the first four scenarios. The main reason for this effectiveness is because it managed to reduce 

the cooling needs, which are the main source of consuming energy in the building, by 69%. The less effective scenario 

proved Scenario 2, as well as, it brought about only a slight reduction in required energy. 

In conclusion, the energy-efficient measures with descending efficiency order are the following; 
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▪ Increasing the insulation on the walls in Internal and External, improve Thermal Transmittance and Thermal 

Resistance. 

▪ Replacement of Windows with increasing the airtightness of the building. 

▪ Increasing the insulation on the roof and reducing the heat gain effect on the building. 

Concerning the renewable energy, the PV panels produce energy (37,500 kWh/year) it is contributing to achieving 

NZEB. The PV panels produce the most significant quantity of energy from March to September. Therefore, the energy 

production derived from renewable energy sources has the same quantity as the energy consumption of the building. 

Subsequently, by applying the best-case scenario (energy-efficient measures in combination with renewable energy 

sources), the retrofitting of the present building in order to become an NZEB is achieved. 
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