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ABSTRACT:  With the rapid growth in urban and suburban communities across the world, Energy consumptions has 

become the most important aspect in the day to day life. The terms Sustainability, Energy Efficiency, Energy Savings 

are showing a high significance in Construction Activities. In India, the construction rate has been rapidly increasing 

through which the requirement of energy demand is also increasing significantly. To achieve sustainable and green 

design, performance simulations are often used to verify these criteria and modify the design. In India, the Office 

building sector is growing rapidly at over 9% per year mostly because to the robust expansion in the services sector. 

According to estimates, the country still has over 50% of its building stock that will exist in 2030 unfinished, which 

sets it apart from industrialized nations.This paper demonstrates a model of a G+1 Office Building for Energy 

Simulation. Building energy simulation is carried out by Design Builder software to accomplish the goal by doing 

Building Geometry, Construction Activities and identification of Zones, Energy Simulations and calculations, EPI 

Ratio Comparisons for baseline Case and Proposed Case. The Energy simulation is carried out with the codal 

provisions of ECBC Code Book. The Final Output analyses on a range of design factors in an effort to create a building 

that is both pleasant and energy-efficient. Analysis was done on building-related parameters that affect how differently 

the construction systems behave in terms of energy efficiency. Further simulations were conducted utilizing the 

selected building's shape, material and user behaviour. When base case building models and ECBC building models are 

compared to evaluate energy consumption, it is discovered that by designing ECBC buildings, annual energy 

consumption can be lowered by about 28%, according to the final output of the Energy Simulation. The results show 

that installing thermal insulation in the walls and roof can reduce overall energy consumption in walls by around 15%. 

When paired with other energy-saving measures, this decrease can reach a significant 8.22%. 

  

KEYWORDS: ECBC, Energy Plus, Design Builder  

 

I. INTRODUCTION 
 

Natural Resources have become more prone to the developmental activities. The Growth of the Building Industry is 

experiencing a lot of up gradations in terms of thermal comfort thus making an exploitation to the Natural Resources.  

Lot of Energy is being consumed in the construction development activities due to the significant extraction of Raw 

Materials. So, reduction of Energy consumption has become a key and important factor in achieving the sustainability 

of a building or a neighbourhood. The More use of Energy leads to the More use of Electrical Consumption thus 

making the natural exploitation for the Increased comfort and interest in the sustainability of the building. This is being 

addressed largely in the developing countries where they will be a huge demand for Energy consumption. It is 

anticipated that India's energy needs would increase significantly faster than the 2% global growth rate. Given that 

buildings use more than one-third of all energy, they present one of the biggest opportunities to promote energy 

conservation. India will need to improve its energy efficiency in addition to reassessing its current building stock 

because it has finite energy supplies. India is aiming to provide more and more energy-efficient buildings for the next 

decade. In terms of Urbanization, It is anticipated that over 215 million people would move from rural to congested 

metropolitan areas. This increase in standard of living, building construction leads to drastic increment of energy use 

overall. Building efficiency is crucial to ensuring sustainable urban settings. Secondly, by 2035 Energy Security in 

India's energy consumption is expected to increase or triple. India now imports 59% of its oil, 24% of its natural gas, 

and 17% of its coal needs, as per the Energy Information Administration. India's need on expensive fuel imports will be 

lessened as a result of increased building efficiency, which will allow the country to satisfy its growing energy needs 

with the same or even less energy than it already uses. The next parameter in consideration is Reducing Power outages 
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and taking Climate Change Seriously. The Central Electricity Authority of India reports that there is now a 14.25 

percent nationwide shortfall of electricity and a 19.75 percent shortage during peak demand. This disparity causes 

frequent power outages, particularly in buildings, and in certain regions, shortages of over 24 percent of peak demand. 

According to the Indian government, implementing efficiency measures across the sector would avert a rise in demand 

equal to 24,258 megawatts. From an energy-saving perspective, a Office building is taken into consideration where 

building energy simulation is used to analyse energy usage and energy savings. With the energy modelling application, 

we can reduce our energy costs by five to twenty percent. The export of electricity has increased from 153.53 GWh in 

2012-13 to 9231.63 GWh in 2021-22(P) with a CAGR of 57.64%.  

 

 
Figure1 Trends of Imports of coal, Crude Oil and                  Figure2 Trends of Imports of Natural Gas and Electricity 

in India  

Petroleum products in India as per Energy Statistics 2023
1                       

per Energy Statistics 2023
1
   

  

II. CODAL PROVISIONS AND TERMINOLOGIES 
 
ENERGY CONSERVATION BUILDING CODE:  
ECBC defines norms of energy performance for various building components, and takes into consideration the climatic 

region. The application of these norms lowers the building’s energy requirement without affecting the function, 

comfort, health or productivity of the occupants. BEE has launched a new version of code ECBC 2017 on 19
th

 June 

2017. The newly developed code is futuristic, pragmatic and easy to implement. The new version of Code is geared to 

encourage public and private sectors to not only meet the basic ECBC criteria, but to exceed them as well. Long-term 

success of the ECBC will depend heavily on the collaborative roles that various stakeholders would play towards the 

development, adoption and implementation of building code. 

Having regard to the fact that the rate of growth in the Office building sector is amongst the highest and this sector 

needs to be moderated in its energy consumption, BEE introduced the Energy Conservation Building Code (ECBC) as 

a voluntary policy measure in 2007 to reduce the adverse impact of buildings on the environment
2
. 

AHU -    Air Handling Unit- It is the main component that is responsible for removal of air and dust particles and  

               Supplying the fresh air and comfortable air into the rooms through ducts.   

ACH -    Air Change per Hour – It is a measure that will defines how many times air can be replaced and supplied    

               within a specified time and in specified area. 

COP -     Coefficient of Performance – It is the ratio of useful heating or cooling provided to Energy Required
3
  

HVAC -  Heating Ventilating and Air Conditioning  

SHGC -   Solar Heat Gain Coefficient - Solar heat gain coefficient (SHGC) is the fraction of solar radiation admitted 

                through a window, door, or skylight -- either transmitted directly and/or absorbed and subsequently released 

                as heat inside a home. The lower the SHGC, the less solar heat it transmits and the greater it’s shading 

ability
4
 

U Value- It is the thermal transmittance of a Material – It is a measure of how a material can prevent or obstruct heat  

                between the inner face and outer face of the buildings. 

R Value- It is the capacity or resistance of an insulating material to hold the heat flow generated.  

WWR-    Window Wall Ratio 
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VT –       Visible Transmittance – It is the ratio of the visible sunlight spectrum to the amount of light passed through  

                the Eye of a person.  

BASE CASE: It is the Simulation carried in the Energy consumption of the Building which is carried out as per the 

specifications and prescribed values given in ECBC Case or any other relevant Codes. 

PROPOSED CASE: It is the Simulation carried in the Energy consumption of the building which is carried out to 

meet or reduce the overall performance of the building when compared to Base Case of the Simulation.   

 

III. PROJECT DESCRIPTION 
 

The Building is a G+1 Office Building located in core area of the Nellore City. The Building area is 512 m2. The 

Latitude and Longitude Co-ordinates of the city are 14.45
0
, 79.98

0
. It is located at elevation of 20.0 Mts from Sea Level. 

It is having a Core zone and Perimeter Zone.  

    
Figure3 Building Geometry                                  Figure4 Zonal Classification 

 

The building is having a wall area of 1344.00 m2, window area is 576.00 m2 which is approximate 30% of wall area. 

The windows used in this model are single glazing window type, and ceiling height of both Ground and First floor is 

3.00 m. The Working Schedule is 8:00 A.M. to 8:00 PM. building working hours.  

 

INPUT DATA FOR BOTH BASE CASE AND PROPOSED CASE5: 
Description Units Base Case Proposed Case 
Site     
Location  Nellore Nellore 
Weather File  India- Nellore-ISHRAE India- Nellore-ISHRAE 
Usage of the 
Building 

 G+1 Office G+1 Office 

Floor Area Sq. Mt 512.00  512.00 
Floor Height Mt 3.00 3.00 
WWR   40% 65% 
Shading  No Shading 0.90 Mt Overhang Projection 
Wall U-Value W/ Sq.m.K 0.40 0.27 
Roof U-Value W/ Sq.m.K 0.33 0.25 
Floor U-Value W/ Sq.m.K 2.729 1.80 
Fenestrations 
SHGC  0.635 0.37 
VLT  0.721 0.69 
U Value W/ Sq.m.K 1.934 1.50 
 Lighting 
Controls 

 No Yes 

Power Density W/ Sq.m 10.76 for 100 LUX 7.25 for 100 LUX 
HVAC System  Air Cooled Chiller VRF 
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COP W/W 0.85 2.25 
Cooling COP W/W 1.80 3.60 
 
PROCESS OF DOING SIMULATION 
The methodology adopted in this case study is made up in two steps. In step 1, the base line considerations are adopted 

i.e., Wall, Roof and Glass U Values are defined based upon ECBC codal provisions. The Glazing Fenestration details, 

lighting, Computer equipment’s load, Office loads are taken. The Templates considered in Base case and ECBC Case 

should not change, however material specifications considered in base case will be altered as per ECBC Mandatory 

Compliance during simulation. The Template Considered in this paper is Office- Open Plan. The Occupancy 

considered is 18.58 People/Sq. Mt. The Schedules considered here are 8:00 A.M. to 8:00 PM. Computer and Office 

Equipment loads (W/M
2
) are considered as per the requirements. The Wall Considered in Base case is ACC Block with 

Cement Plaster in between the ACC Block.    

  

BASE CASE PARAMETERS:  
 
Component Materials Used 
Wall ACC Block, Cement Plaster, ACC Block  

Roof Concrete Dense  

Floors Tiles, Cement Plaster, Concrete slab, Insulation Material 

Openings- Fenestration Glazed, 1.50 Meters, Window to Wall Ratio as per Case. 

Shading No Shading is considered. 

HVAC Air Cooled Chiller 

        
Figure5 Activity Classification                                                 Figure6 Wall Construction- Base Case 

             
     Figure7 Roof Construction- Base Case                         Figure8 Visualization of the Model- Base Case 

 
Base Case Simulation Results: 
In Base case, Simulation is carried out annually. The simulation results are also checked for monthly, daily & Hourly 

analysis.  
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Results Obtained from Base Case Model Analysis: 
 

  
Table1: Window to Wall Ratio                                                   Table2: Site and Source Energy 

 

  
Table3: Annual Heat Gain Components                                Graph1: Peak Heating Sensible Heat Gain 
 

    
Graph2: Zone Sensible Cooling                                          Graph3: Zone Summary 
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Table4: Heat Gains in all Zones                                               Table5: Cooling Gains in all Zones 

 
It is evident from the simulation results obtained in the base case of the Building, that the Energy consumed is 258 

MWh. So to reduce the Energy consumption in the building, specification changes in the material are carried out to 

reduce the Overall Energy Consumption of the Building.  

 

ANALYSIS DATA:  
For analyzing the energy consumption in Base case, the building is oriented in all directions i.e., 0

0 
90

0
180

0 
270

0
. 

So, the Energy Consumption generated in all the cases will be taken as average for Base Case Energy Consumption. 

The Proposed case will be compared with the Base case for Energy Consumptions and check whether the Proposed 

case. 

 

Results Obtained from PROPOSED CASE Model Analysis: 

     
Table6: Window to Wall Ratio                                               Table7: Site and Source Energy 

 

   
            Graph4: Peak Heating Sensible Heat Gain                                    Graph5: Zone Sensible Cooling 
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  Graph6: Zone Summary- for selected zones                   Table8: Annual Heat Gain Components 

 
Comparison of Energy Consumption- Energy per Total Building Area- Base Case and Proposed Case [kWh/m2] 
S.No Description AVERAGE BASE CASE  PROPOSED CASE  % of Energy Saving 
  1 Net Site Energy 9200.68 8483.22 7.78% 
  2 Net Source Energy 9885.39 9072.41 8.22% 
 
OBSERVATIONS: 
1. The Utility usage of the building is reduced by 26 [kWh/m2] upon comparison with the Base Case. 

2. The Energy usage by Electricity is lower than the base case.  

3. As U-Value of the material is lower than the base case, the Energy consumption has reduced. 

4. With the addition of Insulation Materials, Rockwool (Standard Board) in the walls has significantly reduced the 

overall energy consumption for the walls.  
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RECOMMENDATIONS: 
The U- value of a Material is having a significant impact in the Energy Consumption of the Building. Lower the U- 

Value, higher will be the performance of the building. The Double Glazing or triple glazing will show most impact in 

the Energy Performance of the glass. The Site location has the highest impact on Energy usage consumption on 

Cooling and Heating Gains for the entire annual usage simulation. Based upon the COP requirements for Heating and 

Cooling, HVAC System is to be selected for Higher Performance of the building.     
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