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Abstract  Energy - efficient building design has 

become an important factor to be considered in 

Architecture, Engineering and Construction (AEC) 

industry to develop sustainable structures as a result of 

other environmental issues and the ongoing rise in global 

warming. The necessity of the hour is to predict the 

building's energy use and use an appropriate energy-saving 

solution and construction design. Commercial buildings 

are a significant energy consumer and a primary factor of 

CO2 emissions during the course of their existence. As a 

developing country, the practice on energy efficient 

building in India is not as much as in developed countries. 

In the present study, a commercial composite building 

located in five regions in India with different climatic 

conditions assist its energy consumption using Building 

Information Modelling (BIM) tools. Modelling of the 

structure is developed using Autodesk Revit Architecture. 

ETABS is used to analyze the structural stability of the 

proposed composite commercial building. Further for 

energy analysis, Autodesk Green Building Studio (GBS) 

and Autodesk Insight are used. From the GBS results, 

commercial building which is located in Dispur, Assam has 

less EUI 863.8 MJ/m2/year compared with other four 

regions of India. The building in the Assam region is 

further examined using Autodesk Insight to determine the 

various design strategies with regard to Energy Use 

Intensity (EUI). The EUI for the Assam region has been 

shown to vary by a significant amount due to small 

variations in design strategies. Through energy analysis, 

the cost of energy could be significantly decreased by using 

BIM, which helps implement better design alternatives 

prior to building construction by optimizing yearly energy 

budget when compared to conventional techniques. 

Keywords  Building Information Modeling (BIM), 

Energy Analysis, Energy Use Intensity, Energy Cost, 

Greenhouse Gas Emission, Composite Commercial 

Building 

1. Introduction

The most recent IPCC (Intergovernmental Panel on 

Climate Change) AR6 (sixth Assessment Report), 

buildings were shown to be the primary source of energy 

consumption and greenhouse gas emissions worldwide. 

Due to global warming, these have a harmful influence on 

the environment and communities. It is not unexpected that 

the building sector now began to respond to the increasing 

demand for energy-efficient structures. A case study of 

domestic small-scale building, which is located in United 
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Kingdom, is modelled using Autodesk Revit and exported 

to Green Building Studio (GBS) via gbXML format to 

change the orientation of the existing building. Savings of 

$878 over a 30-year period are possible by turning the 

orientation of building to 180o [1]. Water conservation, 

energy efficiency, sustainable material sourcing, industrial 

growth, recycling, waste management, climate change, 

transportation systems, and biodiversity are all aspects of 

sustainable development. In order to determine the 

financial impact and Cost-Benefit Ratio (CBR), Ahmed 

and Ghadge conducted an analysis of a hotel building that 

takes into account a number of factors, including sun-path, 

location, orientation, heating and cooling loads, thermal 

properties of materials, ventilation, and daylighting [2]. 

The commercial building located in vadodara city, 

Gujarat, India was modelled using Autodesk Revit 

architecture for the energy analysis (EUI and energy cost) 

that is evaluated using Autodesk Insight, using different 

design strategies (Window Wall Ratio, operating schedule, 

lighting efficiency, plug load efficiency, orientation and 

HVAC) with respect to Energy Use Intensity (EUI) and 

energy cost based on ASHRAE 90.1 standards. As 

Window Wall Ratio (WWR) increases, EUI and energy 

cost also increase. With a minor increase in operating 

schedule, lighting efficiency, plug load efficiency of 

building both EUI and energy cost increase drastically and 

huge amount of energy and cost can be saved [3]. 

A G+6 Residential building located in Kolhapur was 

modelled by Jadhav using BIM tools, to view the realistic 

model of the structure before the construction and easy to 

reduce the construction wastage cost. The materials take 

off and cash flow was also studied. The clash deduction 

before and after construction is evaluated [4]. 

A small building with living room and bathroom is 

modelled by Rania and Neveen. The energy plus software 

is utilized to estimate the annual energy consumption. 

Different orientations are analyzed and it is found that 

southern faced houses result in lower energy consumption 

[5]. Using BIM to assess the sustainability performance of 

green office buildings, green building model and 

conventional building are modelled in Bangalore. 15% of 

energy is saved and 21% of carbon is reduced in green 

building compared to conventional building. 4.7% energy 

cost is saved and 38.6% carbon is reduced in green 

building compared to existing design by Anju [6]. 

Similarly, a multi - family residential building in 

Afghanistan is modelled by Yarramsetty and the 

orientation of the building changed to 315º from the actual 

orientation results in cost saving of $1393 in its life cycle 

span of building [7]. 

Abdullah and Cross compared the Vasari/GBS and 

Sefaira energy analysis software results are compared with 

actual annual utility data of Research laboratory building 

located in Tacoma, Washington. Vasari/GBS energy 

analysis results are 63% higher than actual value due to 

advanced lighting and HVAC system, Safaira provides 

comparable energy values which are 1% slightly higher 

than actual building energy consumption [8]. A survey was 

conducted by Salman among the Architecture, Engineering 

and Construction (AEC) people to find leading software 

for energy analysis. Based on the survey. The Virtual 

Environment (VE) software appears to be most versatile 

and powerful software [9]. 

Shivsharan analyzed a G+9 residential building at 

Vakola, Maharashtra, energy analysis is carried out using 

Autodesk GBS. To integrate the BIM energy analysis in 

predicating the energy consumption of the building and to 

avoid the wastage of energy [10]. An educational building 

at University of Kirkuk, Iraq was modelled with Autodesk 

Revit and energy analysis done using Autodesk GBS. In 

correct direction, insulating materials are exposed to solar 

radiation. Arrangements of rooms (warehouses, bathrooms, 

toilets and stairs) to the direction of sun light can reduce the 

operational cost of the building [11]. A residential building 

with a normal brick wall and air-filled wall is modelled and 

GBS is used to perform the energy analysis. Air filled wall 

reduces the energy consumption up to $110 when 

compared with normal brick walls [12]. 

Autodesk Insight energy analysis tool suggested few 

materials to be used to reduce the energy consumption in 

study of uninsulated materials. Thermal comfort of 

building is improved by reducing the heat gain of the 

building envelope [13]. Jorge evaluated a two-story 

residential building evaluated in five different locations 

using Autodesk Insight. The lighting efficiency, plug-load 

efficiency, and HVAC systems are considered in the study. 

Higher the efficiency of lighting and applications, the 

lower the electric demand. In addition, type of climate and 

thermal characteristics of materials used in building 

envelope significantly affect the energetic performance 

[14]. 

Farah analyzed Autodesk Insight and Autodesk GBS for 

Diyala University building, Iraq. The daylight in a building 

with 29 lamps worth 6500 ID is reduced. Using of 

Photovoltaic (PV) panels 44% of annual energy 

consumption is obtained [15]. Autodesk Insight 360 and 

green building studio cloud-based service are used to find 

the energy performance of a multi-story residential 

building. In design stage the changes can be altered to 

various configurations to optimize the maximum energy 

consumption, which is suggested by Abhilash [16]. 

Nalamwar analyzed a building orientation in Nagpur on 

the solar radiation, annual cooling and total energy load 

calculated. In 0 degree cooling load, there are a minimum 

of 14643.15 KWh and maximum of 14934.84KWh 

orientation of 60 degree respectively [17]. To find 

optimum WWR of an office building which is assumed to 

be located in three different cities of Iran. The optimum 

WWR, solar heat gain, cooling load, heating load and 

lighting consumption are studied. From the results 20 - 100% 

maximum and minimum energy consumption in Bushehr 

and Shiraz and 16 - 25% in Tabriz [18]. Building 

orientation and window-glazing (Visual Transmittance, 

Solar Gain Heat Coefficient and U - Factor) are the major 
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reason for Heating, Ventilation and Air-Conditioning 

system in buildings. Based on the location of the building 

and climatic conditions, the window glazing affects the 

energy usage [19]. By using Inter Building Effect (IBE), 

the residential building annual cost is reduced. For a walk - 

in clinic, both internal and external factors (orientation, 

WWR, wall and roof materials and HVAC system) are 

examined to assess the effect on annual cost [20]. 

Based on Saudi vision 2030 existing unsustainable 

residential buildings are energy retrofitted. By altering 

Eight Energy Efficiency Measures (EEMs), cooling set 

point temperature, using energy efficient appliances, 

replacing conventional lights with more efficient lights, 

applying window shading, improving glazing type, 

improving air tightness, using more efficient air 

conditioning system, and adding envelope insulation. 

Maximum 56.9% and 58.5% energy consumption can be 

reduced in a villa and apartment respectively for a year [21]. 

Energy retrofit for a residential building in Saudi Arabia 

(KSA) envelope energy conservation measures which 

included wall insulation, roof insulation, window area, 

window glazing, window shading, thermal mass, and 

location (Riyadh, Jeddah, Dhahran, Tabuk and Abha) are 

altered to find the optimal energy consumption [22 - 24]. 

Effective parameters of energy consumption are altered 

in a multi-story residential building and 16.30% of energy 

use intensity for a period of 30 – years is optimized by BIM 

tools [25]. 

In a case study of double story bungalow house in 

Malaysia, the walls are reverse brick veneer, windows to 

double glazed timber frame, doors to Glass sliding door 

and ceiling as plaster insulation. The indoor temperature as 

23 - 27℃ has an annual energy consumption reduced from 

17,600 kWh to 12,580 kWh, which makes a building 

sustainability building and reduces the operational energy 

[26]. 

Janata Bank building in Bangladesh is modeled using 

Autodesk Revit 2017 to optimize the energy systems. High 

insulated materials with low thermal conductivity, high 

performance glass, green roof and WWR less than 30% 

were considered in the analysis. The electricity 

consumption reduced by 9% and annual carbon dioxide 

emission reduced from 14 tons per year to 3 tons per year 

[27]. Energy analysis for a five-storey office commercial 

construction in Boston. Providing acoustic ceiling tile and 

gypsum wallboard tile instead of no ceiling 19.48% energy 

consumption is reduced. Use of concrete wall, brick and 

window wall increase energy consumption in 5.25% and 

13.02% respectively. Double-glazed with aluminum 

frames, simple glazed with timber frames and half of 

windows increase in energy consumption 3.73%, 7.12% 

and 2.44% respectively when compared to total double 

glazed timber. Timber floors increase in energy 

consumption 1.34% when compared with concrete floors 

[28]. 

Energy use and emission percentage of Baghdad 

international airport terminal building is modeled and 

energy analysis is carried out. Solar panels fixed in 

different locations of the building to reduce the energy use. 

PV panels reduced 45%, 13%, 23% of energy consumed. 

In addition, by using double glazing and foam material the 

CO2 emission is reduced and energy is saved [29]. 

Composite column technologies are wildly used in tall 

buildings and commercial structure, composite column is 

unbending, cost effective, etc. composite column are made 

up of two different materials. For composite building 

structural analysis Etabs is most advanced software that 

has been used nowadays [30]. Saleem and shrivastava 

studied G+15- story building with similar base plan and 

same floor height, three geometric forms of rectangular, 

triangular and a plus shape are validated to find the 

maximum story displacement, maximum story shear and 

maximum story moment [31]. S. S. Charantimath 

compared RCC structures with composite structures for tall 

structures and found that composite structures are the best 

solution when compared with RCC structures [32]. 

2. Methodology 

 

Figure 1.  Flowchart of Energy analysis 

The research methodology utilized for the present study 

is presented as a flowchart, as shown in Figure 1. In 

various sections of the article, the explanation of research 

methods is explained. The methods are modified to 

calculate the planned commercial building's energy usage, 

which is spread throughout five different regions of India. 
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When a commercial building is 3D modelled using 

Autodesk Revit Architecture and Autodesk Revit 

Structure, it is taken into account for energy usage. 

ETABS is used to do the structural analysis in order to 

examine the structural stability of commercial composite 

structures. Additionally, Autodesk Green Building Studio 

(GBS) and Autodesk Insight are used for energy analysis. 

3. Linear Static Analysis of Composite 
Commercial Building Using ETABS 

In reality, composite columns combine the two 

traditional approaches of steel and concrete construction. 

To put it another way, they are made of both steel and 

concrete. The composite column is a very efficient 

companion for the building and bridal constructions 

because of the exterior and interior behaviors of the 

structural steel and concrete materials. It is also 

sufficiently squashy, cost-effective, and unbending. 

Regarding the construction sector, composite column 

construction has sufficiently revolutionized the industry. 

The design process does not take the staircase into 

account. The basic information of the proposed composite 

commercial building is tabulated in table 1. To avoid the 

conditions of eccentricity, the beams are resting centrally 

on the column. In ETABS, this is accomplished 

automatically. The M40 grade of concrete, ISWB550 

(I-Section), and Fe415 grade of steel for composite 

column structural elements are tabulated in table 2. 

Table 1.  Fundamental facts about the composite commercial building 

Building parameters Specifications 

Region 
Northern region – Delhi, north eastern region – Assam, eastern region - west 

Bengal, western region – Gujarat, southern region - Tamil Nadu. 

Type of structure Frame structure (composite column, RCC beams and RCC slabs) 

Structure and wall construction 
Composite (steel and RCC) framed building, interior brick masonry, and exterior 

glass panels 

Duration of service 60 – 80 years 

Number of floors Five floors with two basements 

Building height Ground +28 m, Ground −10 m 

Story height 
5 m (Basement 1, Basement 2 and 3rd floor - Theatre) 

3.5 m (Ground, 1st, 2nd, 4th and 5th floor) 

Floor area 5080 m2 

No. of shops 63 shops and with 2 theatres capacity of 150 seats each 

No. of offices 1 office – with capacity of 150 employee and 4-conference room. 

Table 2.  Specification of composite column 

S.No Shape of Column Size 

(mm) 

Cross Section Reinforcement detailing Total (Nos) 

1 Rectangular column 650 x 700 

 

1 Nos – ISWB550 

(I-section) 

6 Nos – 20 mm# 

10mm# @ 150mm C/C 

104 

2 Circular column 1200 dia 

 

1 Nos – ISWB550 

(I-section) 

8 Nos – 20 mm# 

10mm# @ 150mm C/C 

8 
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Element of the Fe415 grade of steel and concrete of 

M40 grade are utilized to construct beam element. There 

is no design for the footing. Fixed supports are used to 

allocate supports. Dead load, live load, and wind load are 

considered as per IS 875. The factor of safety 1.2 applied 

along with dead, live and wind load is considered for load 

combination. Figure 2 represents the 3D model of the 

proposed composite commercial building in ETABS. 

Figure 2.  Composite commercial building model in ETABS 

4. Modelling Composite Commercial
Building

BIM is a collection of integrated regulations, processes, 

and technologies that are used to manage the vital project 

and building design data. Revit architecture is a specialist 

programme for 3D modelling with many capabilities that 

support BIM processes. The three-dimensional model of 

the proposed composite commercial building modelled for 

energy analysis as shown in Figure 3. 

Figure 3.  3D view of the composite commercial building in Autodesk 

Revit 2021 

The commercial building's component parts' U (thermal 

resistance) and SHGC (solar heat gain coefficient) values 

are as follows. The roofs are made of lightweight concrete 

(U - 1.2750 W/(m2.K)). Exterior lightweight concrete 

block walls are utilized (U-0.8108 W/(m2.K)), as are 

internal framed partition walls with 34 inch gypsum board 

(U-1.4733 W/(m2.K)), ceilings made of lightweight 

concrete (U-1.3610 W/(m2.K)), passive flooring 

(U-2.9582 W/(m2.K)), and metal doors (U-3.7021 

W/(m2.K)). Utilized are sizable double-glazed windows 

with U-values of 2.9214 W/(m2.K) and 0.13 SHGC. Large 

windows with single glazed panes of glass (U-3.6898 

W/(m2.K), SHGC-0.86) or double glazed panes (U-3.1956 

W/(m2.K), SHGC-0.13). 

Rendering is a cloud based advantage of virtually 

infinite computing power and has the ability to quickly 

create a photorealistic image, and high-resolution images 

of a building before the construction. Figure 4 represents 

the rendered view of the proposed composite commercial 

building. 

Figure 4.  3D Rendering view – Autodesk cloud rendering 

4.1. Energy Simulation in Autodesk Revit 

After the 3D model has been created, tools for energy 

simulation and optimization are used as illustrated in figure 

5. The "Analyze" panel of Autodesk Revit building's

geographic location is selected using an "Internet Mapping 

Service". The proposed composite commercial building's 

project address is as illustrated in figure 6. 

Geographically, India is divided into five regions: the 

Northern region, the Northeastern region, the Eastern 

region, the Western region, and the Southern region. From 

each region, one major city is selected for this case study: 

Delhi, Dispur (Assam), Kolkata (West Bengal), 

Gandhinagar (Gujarat), and Chennai (Tamil Nadu). 

Figure 5.  Energy optimization in Autodesk Revit 2021 

https://www.google.com/search?sxsrf=ALiCzsZ03t-3BbFu2VA-T08QPL_nqBLvdQ:1671440703182&q=Kolkata&stick=H4sIAAAAAAAAAONgVuLQz9U3SC4rt3zEaMwt8PLHPWEprUlrTl5jVOHiCs7IL3fNK8ksqRQS42KDsnikuLjgmngWsbJ75-dkJ5YkAgBPzp8HTAAAAA&sa=X&ved=2ahUKEwi5gIHrqYX8AhXaEbcAHTzoDrcQzIcDKAB6BAgeEAE
https://www.google.com/search?rlz=1C1RXQR_enIN1026IN1026&sxsrf=ALiCzsbyYaK9ULqXpYXsjsH-Wh7xGD91Hw:1671529861542&q=Gandhinagar&stick=H4sIAAAAAAAAAONgVuLUz9U3MEwxzi1_xGjCLfDyxz1hKe1Ja05eY1Tl4grOyC93zSvJLKkUEudig7J4pbi5ELp4FrFyuyfmpWRk5iWmJxYBAP1GRmVSAAAA&sa=X&ved=2ahUKEwjCroP99Yf8AhWwSWwGHSC5ClEQzIcDKAB6BAgKEAE
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Figure 6.  Defining geographical location of building in Revit 

 

Figure 7.  Energy setting in Revit 
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Figure 8.  Advanced energy settings in Revit 

After the building has been positioned in five regions, 

the nearest weather station and details about the project site 

area are discovered. The following step is "energy setting," 

which is shown in figure 7 and describes the parameters to 

produce the energy analytical model. In "advanced energy 

setup," shown in figure 8, building data can be selected, 

such as building type, building operating schedule, HVAC 

system, etc. 

 

Figure 9.  3D energy model in Revit 

The "conceptual types" option is given as lightweight 

construction for all the exterior and interior wall. High 

mass construction used for underground exterior wall and 

lightweight construction are used for floors under the 

"advance energy setting," where some values are assumed 

to modify specific construction components. After adding 

all the energy parameters into the application, the creation 

of an energy analysis model as well as design possibilities 

are examined utilizing the "create" option. The "optimize" 

option in Revit 2021 is then used to generate an energy 

model so that insight and the green building studio may get 

data on energy and environmental performance. Figure 9 

displays the final three-dimensional energy model that was 

produced by the entire procedure. 

5. Energy Analysis Using Autodesk 
Green Building Studio (GBS) 

Green Building Studio is a web-based simulation engine 

for comprehensive building energy analysis, allowing 

users to examine the environmental implications of 

building components at the design stage. GBS can be used 

to assess the analyses of water efficiency, costs, and energy. 

It powers the DOE-2 simulation engine-based BIM Based 

Energy/Sustainability. 

Integrating energy analysis tools into every Autodesk 

product, the legible way by GBS, which functions as the 

back end of DOE 2. Since it can analyze any gbXML file. 

GBS requires an Autodesk subscription to fully explore its 

potential. It cannot be installed on a host PC as it is 

cloud-based. The benefit is that it is accessible from any 

location with an internet connection. 

Data such the Project Name, Building Type, Schedule, 

Project Type, Project Location, Time Zone, Currency, 

Weather Station, HVAC system, and Utility Information 

(Electric Cost $ 0.1 / kWh and Fuel Cost $ 6.65 / Therm) 

need to be updated in order to build a new project to do 

energy analysis. After project creation, an energy analysis 

file in gbXML format is to be uploaded. The project details 

are tabulated in table 3 and also depicted in figure 10. 
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Table 3.  Project details 

S.No Building type Schedule Location Time zone Currency 

1 Retail 12/7  Dispur IST USD 

2 Retail 12/7  Chennai IST USD 

3 Retail 12/7  Delhi IST USD 

4 Retail 12/7  Gujarat IST USD 

5 Retail 12/7 Kolkata IST USD 

 

Figure 10.  Project Details in GBS - Assam 

6. Energy Analysis of Assam Region 
Building in Autodesk Insight 

By coordinating energy, lighting, and solar studies, a 

cloud-based energy analysis method called Autodesk 

Insight is used to improve the energy and ecological 

assessment across the whole life cycle. 

After creating the model for the proposed composite 

commercial building in Revit 2021, an energy analysis is 

conducted. Building characteristics and appropriate 

structural data are supplied as inputs. Energy simulation is 

carried out using Autodesk Insight, a built-in feature in 

Revit, which also produces an energy model of the building. 

The MEP details are not considered in this study. Autodesk 

Insight presents the outcomes of the energy analysis 

process in the form of EUI and energy cost based on the 

energy settings (inputs) of the project. Using the graphical 

data and the current energy rate for each constituent 

separately. According to GBS results, the energy 

consumed by commercial buildings in Assam is 

comparatively lower when compared to buildings in other 

regions.  

The first step after login into the Autodesk Insight 

Application is to specify the utility rates, which are 0.10 

USD for electricity per kWh and 2.35 USD for gas per 

cubic metre. The building in the Assam region's energy 

model in Autodesk Insight is depicted in Figure 11. 

 

Figure 11.  Energy model in Autodesk insight - Assam 

7. Results and Discussion 

7.1. Static Analysis of Composite Structure Using 

ETABS 
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Following from the ETABS static structural analysis for 

the proposed composite commercial building maximum 

story displacement, maximum story shear (in kN), 

maximum story moment (kN-m) along x axis and y axis are 

studied as show in the figure 12,13,14. 

 

Figure 12.  Story displacement 

 

Figure 13.  Story shear 



 Civil Engineering and Architecture 11(4): 1776-1794, 2023 1785 

 

 

Figure 14.  Story overturning moment 

Maximum displacement along the x-axis is 2.05mm and 

y-axis is 4.3mm at roof level of the building, which is 28m 

from the ground level. Maximum shear along global y axis 

is 5.36 KN at the base. Overturning Moment is minimum in 

roof floor 3.83 KN-m and maximum in base floor 45.6 

KN-m along global y axis. Along the global x axis is 

minimum in 1.38 KN-m at the roof floor and maximum at 

base 16.3 KN-m.  

7.2. Optimization of EUI Using Autodesk Green 

Building Studio (GBS) 

The results of the five region are extracted in pictorial 

form, North-eastern region - Dispur, Assam results are 

depicted in Figures 15, 16 and 17. 
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Figure 15.  Simulated Base Run results in the Green Building Studio software 

 

Figure 16.  Energy, Carbon & Cost Summary 
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Figure 17.  Energy End Use Charts 

From the GBS results, when the proposed commercial 

building is located in Dispur, Assam consumes less amount 

of energy in terms of EUI when compared with other four 

region buildings. From the table 4 and figure 18 the Energy 

use intensity of commercial building which is located in 

Dispur, Assam consumes 863.8 MJ/m²/year which is 2.8% 

lesser when compared to the EUI 888.4 MJ/m²/year of the 

same commercial building which is located in Gandhinagar, 

Gujarat with same material properties. 

Energy use intensity of the Assam region building is 

comparatively less but the fuel consumption and annual 

CO2 emission are high when compared with other regional 

buildings. The life cycle energy cost and CO2 emission for 

all five regions of the India are tabulated in table 5, Assam 

building emits 103.0 Mg of CO2 annually, buildings that 

are environmentally friendly and energy efficient are the 

primary goals of this study. Since the Assam building 

consumes less energy, further study is carried out in 

Autodesk Insight only for the Assam region building to 

reduce the CO2 emission and to find the alternative 

materials to reduce the energy consumption. 

From the table 6 annual electric end use chart, it is 

obvious that the majority of the energy is used for cooling 

applications, lighting and Misc. equipments. The proposed 

commercial building is fully covered with glass panels, by 

using optimum glass materials that direct heat radiation 

from the sunlight is reduced. Therefore, the energy used for 

cooling system can be reduced. The usage of glass panels 

can allow the sun light to enter into the building and 

therefore the lighting energy is also reduced during day 

time. 

The energy consumption and carbon emissions for the 

proposed composite commercial building can be estimated 

using the BIM tool prior to construction. Multiple models 

can be created and analyzed throughout the design phase to 

pick the most suitable design but energy concept cannot be 

applicable to all buildings. 
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Table 4.  Simulated Base Run results in the Green Building Studio software 

S.No. City  

Energy use 

intensity 

MJ/m²/year 

Total annual cost Total annual energy  

Electric in 

$ 
Fuel in $ Energy in $ Electric (kWh) Fuel (MJ) 

1 Dispur, Assam 863.8 4,32,858 1,30,224 5,63,082 43,28,580 20,66,108 

2 Delhi 866.1 4,55,861 80,871 5,36,732 45,58,610 12,83,081 

3 
Kolkata, West 

Bengal 
882.2 4,80,991 44,700 5,25,691 48,09,907 7,09,204 

4 
Gandhinagar, 

Gujarat 
888.4 4,84,631 44,318 5,28,950 48,46,313 7,03,148 

5 
Chennai, Tamil 

Nadu. 
883.8 4,96,453 11,671 5,08,124 49,64,531 1,85,176 

 

Figure 18.  Energy use intensity for different regions 

Table 5.  Energy, Carbon & Cost Summary 

S.No. City 

Lifecycle Energy 
Lifecycle cost 

in $ 

Annual CO2 emissions 

Electric kW fuel MJ onsite fuel Large SUV equivalent 

1 Dispur, Assam 12,98,57,400 6,19,83,240 76,69,552 103.0 Mg 10.3 SUVs/Year 

2 Delhi 13,67,58,300 3,84,92,430 73,10,521 64.0 Mg 6.4 SUVs/Year 

3 Kolkata, West Bengal 14,42,97,210 2,12,76,105 71,60,038 35.4 Mg 3.5 SUVs/Year 

4 Gandhinagar, Gujarat 14,53,89,390 2,10,94,428 72,04,423 35.1 Mg 3.5 SUVs/Year 

5 Chennai, Tamil Nadu. 14,89,35,930 55,55,277 69,20,689 9.2 Mg 0.9 SUVs/Year 
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Table 6.  Annual electric end use 

S.No Specifications Dispur, Assam Delhi Kolkata, West Bengal Gandhinagar, Gujarat Chennai, Tamil Nadu. 

1 Space Heating 0.4% 0.2% 0.1% 0.1% 0% 

2 Pumps & Aux 1.0% 0.5% 0.5% 0.5% 0.5% 

3 Fans 12.1% 12.2% 12.3% 12.5% 12.4% 

4 Space Cooling 29.6% 33.1% 36.0% 36.1% 39.4% 

5 Misc. Equip. 27.2% 25.8% 24.4% 24.3% 21.8% 

6 Lights 29.7% 28.2% 26.8% 26.6% 25.9% 

 

Figure 19.  Benchmark comparison of Assam region building in terms of EUI 

7.3. Optimization of EUI Using Autodesk Insight 

Based on the project's energy parameters, a benchmark 

comparison between the building's energy usage 

(measured in kWh/m2/year) and ASHRAE 90.1 and ARCH 

2030 requirements is generated. The building's total gross 

floor area is divided by its annual energy consumption to 

get the building's energy usage intensity. 

In terms of energy cost and EUI, benchmark 

comparisons indicate the minimal requirements outlined in 

ASHRAE 90.1. The EUI in the present case study 

commercial building is observed to be 228 kWh/m2/year, 

which is within the allowable range, as shown in Figure 19. 

Consequently, the structure is energy-efficient. 

Numerous design factors, including window wall ratio, 

operating schedule, building orientation, HVAC system, 

window shades, lighting efficiency, window glass type, 

wall and roof construction, and plug load efficiency, are 

available in the insight energy report to measure the 

building's energy consumption. However, these methods 

can be employed to reduce energy usage if the building is 

not energy-efficient or if energy costs are too high. 

Alterations in a small design criterion in Autodesk 

Insight will result in a significant change in energy 

consumption in terms of EUI and energy cost. This allows 

for the creation of the most suitable energy building model 

with a decrease in the building's energy consumption. 

Additionally, with Autodesk Insight, many energy models 

may be compared to choose the optimal one for planning a 
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structure before construction. 

Various design strategies are shown pictorially in the 

energy report suggested by Autodesk Insight operating 

schedule, building orientation, HVAC, window shades, 

window glass type, etc. 

7.3.1. Operating Schedule 

The operation schedule gives information on the typical 

hours of use by building occupants when performing an 

energy analysis. The type of building and the intended 

purpose of the structure have a drastically effect on the 

schedule. For illustration, a school building typically 

operates for 8 to 10 hours per day, five to six days per week, 

but a hospital or residential structure operates 

around-the-clock. As part of the case study, Figure 20 

depicted the building’s working schedule with respect to 

EUI. 

7.3.2. Building Orientation 

Building orientation denotes the building's rotation 

around a center line in a clockwise direction. This aids in 

receiving the least amount of radiation, which reduces the 

building's heat gain and amount of air conditioning used. 

Through enhancing the use of sunshine and ventilation, it 

reduces energy loads. Building orientation is determined 

by the sun’s path and the wind’s direction, which vary 

according to local climate conditions. Building orientation 

in relation to EUI is shown in figure 21. 

7.3.3. Heating, Ventilation, and Air Conditioning System 

The region, location and type of the structure’s climatic 

circumstances have the most impact on the HVAC 

system’s efficiency. Internal temperatures are influenced 

by the exterior environment through a building’s design 

and operation. Therefore, HVAC systems deliver thermal 

comfort and acceptable requirements of indoor air quality 

through the appropriate regulation of temperature, 

humidity, airflow and air filtration. Figure 22 illustrates the 

building HVAC system in relation to EUI. 

 

Figure 20.  Operating schedule 
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Figure 21.  Building orientation 

 

Figure 22.  Heating, Ventilation, & Air Conditioning System 

7.3.4. Window Shades 

The direct sun light through windows will affect the 

cooling efficiency of the structure. To reduce the structure 

direct heating window shades should be provided, which 

reduces energy consumption for heating and cooling. The 

influence depends on the size of the windows and the 

amount of daylight. In the present study, commercial 

building window shades with relation to EUI are depicted 

in figure 23. 

 

 

7.3.5. Window Glass Type 

The selection of glass type is essential since the current 

study in construction is on reducing energy use, costs 

associated with energy usage, and raw material costs. Glass 

properties have a significant influence in reducing the 

amount of natural sunshine and warmth caused by direct 

sunlight within the building, thereby lowering the cost of 

cooling and electricity. Low solar heat gain coefficient 

glazing is preferable when ideal orientation or external 

shading is not attainable. Figure 24 illustrates the building 

window glass type in the present study with respect to EUI.  
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Figure 23.  Window shades 

 

Figure 24.  Window glass type 

8. Conclusions 

In this article, various studies were incorporated for 

estimating energy analysis and to assess the factors that 

influence the structure's energy, which includes the 

location, building envelope, building component, tenant 

occupancy, building orientation, building scale, and 

structure. The proposed composite commercial building 

model underwent static analysis to ascertain its structural 

stability for a better understanding of the proposed 

commercial building. The analyzed structures have a 

maximum displacement of 4.3 mm along the Y-axis, which 

meets within the limitations established by the Indian 

Standard codal provisions. Energy analysis is carried out 

for the five different regions by using the Autodesk Green 

Building studio. From the GBS results, commercial 

buildings in Dispur, Assam region consume less energy of 

863.8 MJ/m2/year EUI as compared to the other four 

regions of India. Since the climatic condition in Assam - 

North Eastern region is between 24o C to 33o C which is 

comparatively less when compared to the other regions of 

the India. The annual carbon emission is 103.0 Mg which is 
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comparatively higher than the other four regions. 

With the utilization of Autodesk Insight, it can be 

understood that the energy consumption at operational 

phase can be reduced which has a direct impact on 

reduction of life cycle carbon emission. From the Autodesk 

Insight, the annual energy consumption of the Assam 

commercial building is $228 KWh/m2/yr. When it comes 

to the design strategies, the operating schedule is changed 

to 12 hours and 5 days a week, and the energy consumption 

is reduced, but in the present study, the commercial 

building needs to be operated for 12 hours a day and 

throughout a week. In the orientation analysis of the 

building, it is concluded, that by rotating the building at the 

interval of 45° from 0° to 360°, the amount of EUI and 

energy cost is slightly varying when the building is rotated 

to 90°. On behalf of using HVAC system, it is benefited to 

use ASHRAE package terminal heat pump (APTHP) to 

reduce both EUI and energy cost in the building. In 

window shades analysis as the window height is decreasing, 

EUI and energy cost also are slightly increased in all 

directions. The exterior part of the building has been 

covered by triple low-clear glass material. The proposed 

study cannot be generalized to all commercial structures in 

India, This is one of the BIM technology-based strategies 

that may be used to cut carbon emissions and improve the 

composite commercial building's yearly energy budget. 
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