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ABSTRACT 

This study is conducted to project the increase in energy consumption due to the change in 

floor area of residential and commercial buildings and how the implementation of the Energy 

Conservation Building Code (ECBC 2017) can limit this increase in energy consumption. The site 

selected for this study is the Central Business District (1.3Km2) of the city of Ahmedabad. This 

was done using a bottom-up approach, which is using urban scale energy modeling (USEM). To 

carry out this study, weather files are generated for each year of the decade until 2050. This was 

done by considering the scenario of higher emissions of RCP 8.5, which predicted there would be 

a 2°C temperature rise in 2050 when compared from 2020.  

The other projection concerned is the increase in floor area, which was taken from the 

existing development plan for the city of Ahmedabad, which had allowed a maximum floor area 

index of 5.4 defined in Gujarat development control regulations for the Central Business District. 

To consolidate the energy consumption projections, historical patterns are observed, and for 

aggressive and moderate growth scenarios. The results obtained show that there is a fivefold 

increase in energy consumption in 2050. The scenarios developed with the susceptive approach 

towards energy consumption helps in identifying the energy-saving potential for each of these 

cases, thus providing flexibility in understanding the effects of each of them when applied 

individually. 

 

Keywords – Urban Scale Energy Modelling, Weather Prediction, Energy Forecasting 
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Nomenclature 

PBαt = Building price per unit of floor space in time period t 
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α, β = are price and income elasticities of the demand for the building 

kD = Unobserved effects captured in calibration parameter 

i = per capita income 

Pj = price of an energy service 

µj = saturation impedance  

i/Pj = process of prioritizing various energy services within the budget 
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1. Introduction 

1.1 Background 

       Climate change is a significant challenge for developing countries like India that face 

large scale climate variability and are exposed to enhanced risks from climate change. Almost all 

the macroeconomic models predict that anticipated needs in the future will be significant. Rapid 

urbanization in the country will be one of the most dominant trends in the coming years. It is 

expected that about 40% of the population in 2030 would be urban as against 30% currently. As 

the population expands and incomes grow, this shift will likely be realized alongside demographic 

changes that will exponentially increase the demand for urban amenities like housing and energy. 

The energy consumption is projected to increase from 1130 TWh in 2017 to 2499 TWh by 2030. 

To achieve India’s Intended Nationally Determined Goals (INDG) of reducing emissions, which 

is imperative to reduce this demand. 

Table 1: Existing and Proposed Scenario for the  

Ahmedabad City Center 

  The city of Ahmedabad has been at the forefront of progressive and innovative urban 

development in India. The city of Ahmedabad is a major urban center in Gujarat and the seventh-

largest city in India. The city has experienced rapid spatial expansion and tremendous population 

growth in the last decade. The Ahmedabad Municipal Corporation (AMC) and Ahmedabad Urban 

Development Authority (AUDA) have been tackling rapid urbanization (Figure 1), which has 

caused the increase in floor space in the metropolitan area by adopting innovative mechanisms 

Parameter Existing Future 

FAR (Plot) 1.8 5.4 

FAR (Gross) 1 5 

Total Built Up 

Area  

1275000  

m2 

5400000 

m2 

Population 85000 200000 

Street Coverage 

(Public Domain) 

22% 40% 

Number of blocks 31 76 

Average block 

perimeter 

743m 416m 

Green Cover in 

Public Domain 

6% 30% Figure 1:Overlaid existing and proposed Built form for city of 

Ahmedabad (Source: HCP) 
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such as town planning schemes, the levy of development charges, and the use of Floor Area Ratio 

(FAR) incentives. The projected changes are shown in Table 1. 

The increase in floor space in conjunction with an increase in population and consumer 

buying power will lead to a surge in energy consumption, majorly due to air conditioning 

equipment. The Figure 2 shows the energy consumption projections for residential and commercial 

buildings. 

Figure 2: Energy consumption projections of residential and commercial buildings up to 2050 (Source: GBPN) 

From Figure 2, it is estimated that residential consumption will rise to 85% in 2050 from 

75%. This increase in consumption will lead to an increase in emissions if not combatted through 

energy-efficient measures. 

1.2 Purpose statement 

The purpose of this study is to develop scenarios that can be used to develop policies for 

the city of Ahmedabad to reduce energy consumption as well as peak demand for each building 

use category, which is yet to be constructed using energy-efficient products. 

 

1.3 Research question 

To develop solutions for limiting energy consumption of buildings due to socio-economic, 

technological, and floor-space evolutions. 
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1.4 Research objectives  

• To find the impact of socio-economic, technology, and floor-space evolution on building 

energy use using the Global change assessment model (GCAM) for the city of Ahmedabad. 

• Build Urban Building Energy Model (UBEM) for the selected area for the current year as 

Base case and the year 2030, 2040, 2050 (Base and Forecasted for all years). 

• Implement ECBC in the UBEM for future years considering the impact of socio-economic, 

technology and floor-space evolutions and find a reduction in energy demand. 

• Develop UBEM with various levels of ECBC implementation and assess its energy-saving 

potential. 

• Build UBEM scenarios for future years using multi-objective optimization (Cost, Energy 

use).     

• Perform a sensitivity analysis for the final optimal solutions. 

 

1.5 Significance of the study 

Of the total consumption of electricity in the 2017-2018 building sector accounted for 35% 

(Energy Statistics, 2019). Electricity consumption has increased at a much faster pace compared 

to other sectors during 2008-2009, with CAGR of 7.58% (CSO, 2019). Buildings are the sector 

with the greatest potential and lowest cost for carbon reductions (IPCC,2007); hence it is 

imperative to implement existing policies of energy conservation (ECBC,2017).  
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2.  Literature Review 

2.1 Urban Scale Energy Modelling (USEM) 

To understand urban scale energy modeling initially, three review papers were studied to 

find out how urban energy modeling can be done and the effects of various parameters to achieve 

desired results.  

Initially (Abbasabadi & Mehdi Ashayeri, 2019) was referred to as understanding the 

current modeling methods, tools, and techniques in urban energy use modeling. It also helped in 

examining the strengths and limitations of different approaches to urban use energy modeling.  

It was understood that the top-down approach treats the residential sector as an energy sink 

as it is not concerned with individual end-uses. The bottom-up approach extrapolates the energy 

consumption at regional or national levels using statistical or engineering method (Swan & Ugursal, 

2009). The engineering methodology has the highest degree of flexibility and capability of 

modeling new technologies. Three engineering methods are distribution, archetype, and sample. 

Using distribution method, end-use ownership and appliance ratings are used to calculate the 

energy consumption of each end-use. Using the Archetype method, the housing stock is classified 

according to usage types according to which the inputs in the model are defined. The energy 

consumption estimates are scaled up by regional or national housing stock by multiplying the 

results by a number of units. The sample technique captures a wide variety of stock, requiring a 

large dataset of representative buildings. 

Various available tools are used for USEM (Sola, Corchero, Salom, & Sanmarti, 2019) that 

aim at modeling the dynamic interaction among energy demand, generation, and distribution in a 

city or district through the interaction of various sub-models. USEM faces complex problems such 

as multi-scale heat and mass transfer, land-use, transportation, Urban morphology, local 

availability of energy resources, and user behavior. These complex problems are solved by using 

the sub-model approach for each one of them. Previous studies have neglected USEM and focused 

on UBEM as it is a potential tool that can eventually evolve towards the integration of other urban 

energy systems in the simulation. There are three types of USEM (1) Sequential (Pre-processing) 

(2) Co-simulation (3) Integrated. 

(Zhu, Yan, Sun, An, & Huang, 2019) developed an EM model of space heating and cooling 

loads of the American building stock using 16 multifamily and 45 single-family ‘‘prototypical’’ 

residential buildings. Building heating and cooling loads were disaggregated to show the 
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contributions from the walls, roof, windows, infiltration, and internal gains by setting the thermal 

conductivity of each component to zero. They also included plant efficiencies, accounting for part-

load efficient and air-conditioner efficiency. (Jones et al.) developed energy and environmental 

prediction model which utilized GIS techniques. To reduce information collection time and effort, 

residences with similar characteristics were grouped and modeled by an archetype. Using the 

developed archetypes with individual characteristics, the energy consumption of each dwelling 

unit was illustrated with also defining the high and low consumption areas. Other studies with 

respect to residential end-use energy consumption were studied using the archetype method (Kim 

et al., 2019). 

The bottom-up sampling methodology was also used to find energy consumption and check 

for energy conservation measures. The major limitation of this methodology is that it is data-

intensive, and its application is limited. (Ramirez Camargo & Stoeglehner, 2018) modeled 2800 

commercial premises using e-quest building simulation software. The model was calibrated, and 

while doing this, it was found that occupancy and operating schedules play a very important role 

in assessing energy consumption. 

Other than this, there are many studies where energy consumption is calculated using the 

bottom-up approach. With increased computational power and with a proper definition of different 

archetypes with detailed end-use energy inputs, the urban scale energy modeling will help in 

finding out the energy consumption of the selected area, which can be further calibrated with 

electricity bills. The difference in the modeling result and electricity bill will be assessed by 

following a weighted approach, thus identifying input variables causing these. 

After creating an urban scale energy model, it is required to develop a model for years 2030, 

2040, 2050. These models will have inputs that will vary because of various socio-economic, 

technological, and floor space changes. The energy-consumption for the future years are to be 

identified and checked with the city energy demand estimates for finding the robustness of the 

model. This estimate of the energy demand of buildings is addressed using the Global Change 

Assessment Model (GCAM). (Chaturvedi, Eom, Clarke, & Shukla, 2014) GCAM is an energy 

sector focused model incorporating complex interactions between energy, land-use, and climate 

systems.  
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2.2 Integrated Assessment Framework 

There are very few studies which examine how the energy demand of buildings in an urban 

area will change due to change in income levels, population distribution, and urbanization. (Zhou, 

Eom, & Clarke, 2013) have projected change in floor-space and electrification for the population 

for different population categories. However, they have not focused on the commercial sector and 

are limited to household appliances than space cooling technologies. (Chaturvedi et al., 2014) 

found building energy demand by embedding a detailed building energy model within an 

integrated assessment framework (GCAM) As shown in Figure 3. 

The scenarios further developed regarding evolution was done under two assumptions of 

climate change and two assumptions of climate policy. (Zhou et al., 2013) developed integrated 

building energy model framework with four major requirements to be followed  

(1) Urbanization and resulting changes on the population and income in urban and rural areas  

(2) Expansion of floor-space in urban, rural and commercial buildings  

(3) Increase in demand of building energy services  

(4) End-use technologies consuming different fuels endogenously determined by GCAM.  

(Chaturvedi et al., 2014) derived equations which can be used for finding out the effect of 

socio-economic factors, technology and floor-space change on energy consumption which are 

• Floor space expansion is assumed to be dependent on per capita GDP and population. Per 

capita demand for a building (m2/capita) in time period “t” is given by 

qB,t = kD*PBαt*iβt  

where, 

Figure 3: Integrated Assessment Framework (Source:(Chaturvedi et al., 2014)) 



7 

 

PBαt = Building price per unit of floor space in time period t 

iβt = per capita income in time period t 

α, β = are price and income elasticities of the demand for the building 

kD = Unobserved effects captured in calibration parameter  

The building floor space price also includes the price of the services delivered to the floor space 

• Floor Space Supply considered and assumed to be of current year as well as one-year 

lagged values of floor space prices 

qs,t = ks*PBФt*PBρt-1 

PBФt = Prices at time t  

PBρt-1 = Prices at time t-1 

The parameters for demand and supply equations as specified above have been estimated in a 

simultaneous equation framework. In this set of logged regression equations simultaneously 

determined variables, and income and lagged value of floor space are exogenous variables. 

Elasticity values for estimated floor space and income were calculated. 

• Increase in demand for Building Energy Service:  Demands for building energy services 

allow for a satiation with energy service comfort so that the magnitude of the income and price 

effects declines as income grows. There are two main elements constituting the demands: satiated 

demand and economic choice. 

Satiated Demand:  The maximum that consumers can demand as a function of technical parameters 

• Demand per unit of floor space for space heating service, space cooling service are 

represented as follows 

dH = kH*(HDD*n*r – λHIG) *[1-exp ((-ln2/µH) *(i/PH))] 

dC = kC*(HDD*n*r – λCIG) *[1-exp ((-ln2/µC) *(i/PC))] 

The first coefficients are usual calibration parameters, while the second agreement terms represent 

the satiated demand (the maximum level of heating, cooling or other services required) and the 

third term represents the economic adjustment for these services. 

i = per capita income 

Pj = price of an energy service 

µj = saturation impedance (extent to which the saturation of an energy service is impeded) 

i/Pj = process of prioritizing various energy services within the budget 
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2.3 Forecasting using trends in electricity demands 

(Bharadwaj Aarti & Meeta, 2001) analyzed various methods for forecasting demands 

which depends upon the nature of data available and level of detail of the forecasts. 

Trend method, End-use method, Econometric approach, Time series methods are some of 

the approaches defined to forecast demands. Trend method has been used by Central Electricity 

Authority to forecast power consumption as shown in Figure 4. The main advantage of this 

approach is its simplicity and ease of use, but it ignores the possible interactions of various other 

factors only considering time as a factor determining the value of the forecast. 

Figure 4 maps the change in the country’s Electrical Energy Requirement and electrical 

energy met during the years 2002-03 to 2016-17. The electrical energy not met as measured by the 

gap between these two electricity measures has been decreasing over the years. The other drivers 

for projecting energy demand are GDP, population, electricity price, periods of structural change, 

and temperature variables (HDDs, & CDDs). 

2.4 Climate Scenarios 

(McNeil et al., 2016)(Zhou, Eom, & Clarke, 2013) developed HDD/CDDs scenarios using 

an Integrated Assessment Framework by  forming two concentration pathways one reference and 

the other which continues to rise throughout the century, three climate models knowing the 

uncertainty Global climate models (GCM) are used to represent the differences and how the 

population distribution in the future might look in three way. A total of 18 scenarios was analyzed. 

The results were interesting as in both China and US the cooling demand increased depending on 

Figure 4: All India electricity demand and availability (FY 2003-FY 2017) (Source: CEA) 
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the climate models, but the energy consumption did not increase as demand of heating energy 

reduced which offsets the energy demand. 

Hence from Figure 5 various climate models with respect to the variation in the emissions 

are clubbed with population scenarios which vary from moderate to aggressive scenarios, further 

integrating within the framework for  energy forecasting. 

2.5 Optimization Methods 

2.5.1 Construction Constructions are straightforward area to optimize as materials can be 

switched for others from a database without encountering conflicts. 

(Bouchlaghem & Letherman, 1990) applied simplex and the non-random complex method 

to minimize discomfort level by varying fabric properties. (AL-HOMOUD, 1997) optimized 

energy consumption using both simplex method and non-linear programming. (Leskovar & 

Premrov, 2011) minimized energy use by varying glazing area using brute force search based on a 

dynamic thermal model in passive house planning package (PHPP). Though the results 

incorporated dynamic effects the brute force method is computationally very expensive, and so 

limits the number and resolution of variables. (Sahu, Bhattacharjee, & Kaushik, 2012) minimized 

energy use using GA by varying construction selection for an A.C building in a tropical climate 

using admittance method 

Optimization at the urban scale (Kämpf, Robinson, & Lausanne, 2009) was performed to 

minimize thermal load across an urban area by varying constructions of different groups of 

buildings using a hybrid CMA-ES HDE algorithm which was developed to overcome the very 

large design space of urban optimization. 

 

Figure 5: Scenarios determining effect on CDD/HDD 
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2.5.2 Form The form of a building is one of the most contentious areas of design, with 

architectural, aesthetic, structural and sustainability influences. Regarding sustainable design, 

form affects solar gains, daylight and fabric heat loss. (D’cruzf, Radford, & Gero, 1983) used brute 

force to optimize cost, thermal load and usable area by varying the building shape and glazing 

properties based on steady-state thermal calculation. A multi-objective optimization for examining 

the trade-off between LCC and life cycle environment (W. Wang, Rivard, & Zmeureanu, 2006) 

using GA was performed by varying the floor shape of the building 

2.5.3 Double-skin façade (Evins, 2013) analysed heating and cooling load trade-offs using 

GA. Performance was simulated using EnergyPlus combined with Building controls virtual test 

bed (BCVTB) which allowed advanced control logic to be implemented. Design variables included 

placement of openings, flow rate and glazing types the control variables were temperature set point 

for activation of different control regimes. 

2.5.4 Systems   

1) Design (Wright, 2012) A multi-objective optimization of HVAC system design and control 

using GA was performed with objectives of minimizing energy consumption and PPD. 11 

design variables and 189 control variables were tested for finding the optimized solutions. 

(Wright, 2012) also conducted and extensive optimization work examining the configuration 

of HVAC components. A GA was performed to design an ‘ageing operator’ to solve the 

constrained topological problem. 

2) Control (Wang & Jin, 2000) minimized the running cost of an HVAC system using dynamic 

models that were designed to self-tune the system using parameters optimized by GA. (Fong 

et al.) minimized energy use in HVAC system using Evolutionary programming. The variables 

were CHW temperature and air supply temperature. Evolutionary programming was used due 

to highly constrained nature of the problem. 

2.5.5 Lighting (Cassol, Schneider, França, & Silva Neto, 2011) performed a multi-

objective optimization of lighting energy use and lighting level provided by varying light locations 

and powers. The optimization method used was Generalized Extremal Optimization, and the 

simulation used the radiosity method.  
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2.5.6 Optimization Tools  

There are various tools such as GENopt and CEA which are used to optimize buildings at 

an urban scale. (Fichera, Frasca, Palermo, & Volpe, 2018) developed a tool that combines spatial 

and energy issues with optimization methods to support urban planners in decision making for 

urban-energy scenarios. The results show the development of spatial-energy maps which also help 

finding the renewable energy potential. 

Whole building simulation programs are coupled with GenOpt (generic optimization 

program). Its major field of application is building energy use and cost optimization. It 

automatically finds the values of user defined independent variables that minimize the objective 

function. The independent variables can be continuous, discrete or both. GenOpt initiates the 

simulation program, checks for possible simulation errors, reads the value of the objective function 

to be minimized from the simulation output file and then determines the new set of input 

parameters for the next run. The whole process is repeated iteratively until a minimum of objective 

function is achieved. 

(Nguyen, Reiter, & Rigo, 2014) analyzed various optimization tools based on constraints 

such as multi-objective algorithm, handling discrete/continuous variables, parametric analysis, 

sensitivity analysis, cost flexibility and surrogate models.  

With the help of optimization scenarios can be made for each level of ECBC 

implementation and their potential impact on energy consumption and cost effectiveness can be 

analyzed. The work will help in developing detailed pathways which can be used by the 

policymakers to understand the importance of energy savings through buildings and implications 

of these pathways if implemented at various levels and usage types. Further this work will give a 

confidence to Urban local bodies to implement ECBC and contribute in the Intended Nationally 

Determined Goals. 
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3. Research Methodology 

This chapter explains the detailed methodology employed for carrying out the research 

work. The methodology is briefly divided into two parts one where the Urban Energy Model is 

generated and its simulation aspects, and the latter part deals with the creation of various scenarios 

for estimating energy consumption projections for the site selected.  

3.1 Urban Energy Model Generation and Simulation Methodology 

1. To develop the baseline model for the year 2020 for the selected site of Central Business 

District (CBD) (Figure 6) of the city of Ahmedabad ICD was used. The site comprises of 927 

buildings (Appendix Section 7.4 Survey) with 52:48 percent of commercial to residential buildings 

ratio with site area of 1.33Km2. For the development of baseline model with LOD1 (Level of 

Detail) model a site surveyed data is used. The data, which is used are number of floors, building 

height, building usage, building footprint area and building age. All this data is assigned as 

attributes to the shapefile for each building. This shapefile is further imported to ICD (Intelligent 

Community Design) platform for creation of the building 3D model. 

 

2. After the development of model the building energy model inputs are inserted based 

upon the two archetypes defined which are for residential and commercial buildings. The model 

inputs are same for every commercial and residential building as shown in Table 2. 

 

Figure 6: 3D Model of Central Business District LOD 1 



13 

 

 

3. A base case simulation is run using 2020 weather file of Ahmedabad city to find out the 

total site energy consumption. 

 

4. For prediction of energy consumption of future that is for years 2030, 2040 and 2050 

two major requirements are generation of weather files for the future and change in floor space. 

 

5. For generation of weather files for the year 2030, 2040 and 2050 constant offset method 

is used with fixing the Reciprocated Concentration Projections (RCP)8.5 (Figure 7) for the highest 

emission scenario. 

Table 2: Modelling Inputs for Baseline Commercial building 

Figure 7: Surface Temperature Projections (IPCC: Intergovernmental Panel on Climate Change) 
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6. For change in floorspace extreme development scenario is considered for each decadal 

years as shown in Figure 8. 

 

a) For 2030 it is considered development will take place along the Bus and Metro transport 

corridors which bifurcates the site and along the node points. The FSI utilization considered for 

these plots are maximum that is 5.4. 

 

b) For 2040 it is considered that the development will take place along the minor roads 

proposed in the town planning scheme. For these areas the FSI for both residential and commercial 

buildings are 5.4. 

 

c) For 2050 it is considered that the western 

and eastern region of the area will develop due to 

delay in availability of town planning schemes of 

these areas as well as all the area where new roads 

were proposed buildings across those areas are also 

considered with 5.4 FSI. 

 

7. The simulations are performed for each 

year by changing the modelling parameters for 

ECBC, ECBC Plus and Super ECBC compliance. 

At each compliance level the simulations are 

further broken with only envelope (roof and wall) 

and system (HVAC) to find the sensitivity. 

  

Figure 8: (a) 2030 Nodal points Buildings  (b) 2040 Buildings along Internal Roads             (c) Whole site with FSI 5.4 

Figure 9: Methodology Flowchart 
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3.2 Scenarios 

Scenarios are the energy consumption projections which are made for the years 2030, 2040 

and 2050 with different levels of ECBC compliance the detailed scenarios are explained (Table 3). 

 

1. Energy Conservation Building Code (ECBC, 2017), ECBC+ 

and Super-ECBC with incremental variations will be used for developing 

scenarios. 

2. For each decadal year the three will be broken up and envelope, 

system and lighting scenarios will be developed individually to estimate 

the energy savings potential for each one. 

3. Other than this for each decadal year ECBC, ECBC+ and Super-ECBC scenarios will 

be developed based on literature for finding the energy saving.  

To evaluate the calculation of Energy projections using simulations a trend analysis was 

performed to assess the confidence of projection. For these two scenarios of population growth 

rate and two scenarios of floor space variations was considered and energy consumption was 

projected for future years. 

The evolution of HVAC for residential buildings are considered with efficient split units 

installed that is higher BEE star ratings while for commercial buildings centrifugal chillers are 

considered as a replacement of scroll with high efficiency heat exchangers, flooded evaporators 

and variable speed compressors (Model Inputs can be found in Appendix Section 7.2).  

Table 3: Scenarios 
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4. Results 

4.1 Pilot Study Results 

The base urban energy model is being 

made for CBD area (1.2 sq. km) (Figure 10). The 

shape file is being made by using ArchGIS Pro.  

The first step requires creation of building 3-D 

models which is done once attribute file is added 

which contains building height and footprint. 

This is then converted into pandas data frame for 

further execution using python codes. 

In the initial study the 3-D model was 

generated. The shapefile was exported from the 

given attribute table which must be used for next 

step. But this failed for the 943 buildings as shape files are required to be cleaned and then only it 

can be used further. 

 To test the performance of the codes initial study was performed on 122 buildings whose 

shape files are cleaned the below map shows the area for which the study was conducted. 

To analyze the effect of 

energy saving potential for the 

selected site all the buildings 

annual energy consumption was 

found in Figure 11. This involved 

comparison between the total 

energy consumption of buildings 

with Business as usual and ECBC 

complied construction 

characteristics. 

 

 

 

                               Figure 10: Study Area 
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Figure 11: Total Energy Consumption Comparison Base and ECBC case 
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When analyzed from an urban point of view by summing up energy consumption of every 

building and comparing against Base and ECBC cases 0.23 GWh of difference was found. This 

result only depicts the difference of envelope. It is assumed that with compliance of ECBC+ and 

Super-ECBC cases there is a huge potential of energy savings. 

The annual simulation was carried out to find the change in cooling EPI and comparison 

was done with the base case for different building usage types as shown in Figure 12.  

 

This reduction in energy consumption was further tested with the different building usage 

types to find out the sensitivity with the envelope configurations as shown in Figure 12. 

It was found that the maximum reduction of 16% was found for institutional buildings 

while the lowest reduction of 0.3% was found for residential buildings. The commercial buildings 

with variable usages have reduction of 3%. The average energy consumption reduced by 3% for 

the whole site.  

The results obtained through the pilot study have confirmed that the energy saving at 

city/urban level are enormous. Hence a detailed work was performed to find out the potential of 

energy saving with various compliance levels of ECBC which are explained in the next section. 
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4.2 Concluding result and analysis  

This section is divided into three parts which are future weather prediction, energy 

consumption projections using USEM (Urban Scale Energy Model) and future energy projection 

using historic patterns. 

4.2.1 Future Weather Prediction  

Constant Offset Method is employed for generating future hourly weather data. This 

method uses TMY (Typical Meteorological Year) to be used directly or used as base for further 

modification. The advantage of this method is that only two sets of input data that is the current 

reference year weather data and projected change of weather variables due to global warming are 

required. 

This method uses constant increase in dry bulb temperature as a method for finding future 

weather conditions. The increase in the dry-bulb temperatures was chosen for RCP8.5 high 

emission which suggested that mean annual temperature will rise by 2◦C in 2050. Figure 13 shows 

the cumulative frequency of temperature for the years 2020, 2030, 2040 and 2050 

In Figure 13 the annual mean temperature variations are of 1.2, 1.4 and 2.2 from the base 

year. The extreme part of the climate is subjected to most of the changes for the different future 

climate scenarios while the middle part will is parallel which indicates similar climate change in 

climate scenarios. 
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4.2.2 Energy projection using USEM 

ICD (Intelligent Community Design) is used for generation of building energy model. In 

Figure 14 a simulated baseline energy model is shown. 

The simulated baseline model shows the variation of energy consumption for the site for 

each building respectively differentiated through colors. The road in the center which is divides 

the area into two halves. Most of the buildings adjacent to this road are commercial buildings with 

annual energy consumption above the average of 254MWh.  

The region in the east is dominated by residential buildings. From Figure 15 it is evident 

that the buildings in the east consume far less power and are below the average annual energy 

consumption. The total energy consumption of the site for the year 2020 is 266GWh.  With the 

Figure 14: Baseline Annual Energy Consumption Model for year 2020 
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generation of weather files for each year the site was first simulated to find out the energy 

consumption for the baseline scenarios of 2030, 2040 and 2050 as shown in Figure 15 

As explained above for each decadal year of simulation a weather file is generated which 

is used for simulation. There is 430% increase or 5 times in annual energy consumption from 2020 

to 2050. This can be attributed as there is no application of energy efficient strategies in building 

construction and operation. The change in floor area is with respect to rise in the building floor 

space index (FSI) which is set to its maximum value of 5.4. 

To further analyze the energy saving potential energy modelling inputs were changed as 

per prescriptive norms defined by ECBC (Energy Conservation Building Code) for ECBC, 

ECBC+ and Super ECBC. These are further divided into three scenarios each  

1. Only Envelope Compliance 

2. Only System Compliance 

3. Full Compliance  

The results are as follows: 

The  Figure 16 shows the energy saving potential for the year 2030. All ECBC approaches 

are checked. It can be observed that maximum saving is possible for Super ECBC full compliance 

scenario with 82 GWh less consumption than the baseline case of 366 GWh. It is also observed 

that there is 8% reduction in demand for energy consumption for all the three cases when compared 

between the scenarios of ECBC, ECBC+ and Super ECBC for only envelope or only systems. If 

only ECBC is employed the increase in base case demand from 38% can be reduced to 27% if 

ECBC, 17% if ECBC+ and 7% if Super ECBC is used for construction. There is a significant 
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difference among the compliant scenarios because the area whose FSI was increased had 

commercial buildings reacting effectively to ECBC. 

 

As shown in Figure 17 for the year 2040 also the highest reduction in energy consumption 

is for fully complied Super-ECBC case that is from 752GWh to 688GWh. The important thing to 

notice here is that there is very less difference among the scenarios for all the three compliance 

cases with difference as low as 4GWh. The major reason was because the area whose FSI was 

increased that is inline roads these had majority of residential buildings causing an ineffective 

absolute difference.  

Figure 17: 2040 Energy Saving Potential 
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It is evident from Figure 18 that there is maximum saving from Super ECBC case with 

consumption reducing to as low as 746GWh which is 4GWh lower than the baseline consumption 

for the year 2040. Whole area was subjected to FSI change of 5.4 which comprised equal 

proportions of the residential and commercial buildings. This has led to about 16% drop in energy 

consumption demand when only system level energy conservation measure is applied. 

The Figure 19 evaluates the amount of reduction in the energy consumption. It is observed 

that if the site is complied with ECBC the reduction is by 4 times than the base line while for 

ECBC+ case it is by 3 times and only 2 times if Super ECBC is employed to the model. 

4.2.3 Future Energy Projection using Historic Patterns 

To consolidate the case of energy consumption projection using simulation historic patterns 

are assessed to find the variance among the both. This approach is performed using variation in 

population and floor space. The CAGR for Ahmedabad city has been recorded at 6.1% annually 

between FY2008/2009 and FY2018/2019. As shown Figure 20 Per Capita Consumption for the 

city was 1839KWh/yearly during FY 2014-2015 which was much higher than the national average. 

Population of the city during FY2011-2012 was 55,77,940. Projected growth rate of the city was 

4.6%and 3.1% annually based on two different reports. In FY2018-2019 total energy consumed 

by the state was 116TWh. 

Figure 19: Projected Energy Consumption for BAU vs ECBC vs ECBC+ vs SECBC 
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The projected energy consumption for city of Ahmedabad for 3.15% and 4.6% growth rate 

is from 19TWh and 21 TWh in 2020 to 290TWh and 500TWh in 2050. These values are used for 

projecting the energy consumption with respect to change in floor area of the site.  

Figure 21 shows the energy consumption for the site for growth rate of 4.6% and 3.15% is 

174GWh and 154 GWh in 2020 to 1433GWh and 831GWh in 2050. The energy consumption 

projection of the simulation result shows proximity with the results of 4.6 % CAGR for city of 

Ahmedabad.  
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5. Conclusion  

 

This study is done to project the increase in energy consumption due to change in floor 

space of residential and commercial buildings and how the implementation of the Energy 

Conservation Building Code can limit this increasing energy consumption. The site selected for 

this study is the Central Business District (1.3 km2) of the City of Ahmedabad. This was carried 

out using the bottom-up approach that is with the help of building energy simulations. 

To carry out this study, weather files are generated for each decadal year until 2050. This 

was done considering the highest emission scenario of RCP 8.5, which had projected that there 

would be an average 2◦C in the temperature till 2050. The other projection was with respect to 

floor space increase, which was taken from the existing development plan for the city of 

Ahmedabad, which had allowed 5.4 maximum floor space index defined in the Gujarat 

development control regulations for the CBD. For the year 2030, it is predicted that as the metro 

and bus lines cross the site, early development will take place in these areas and all buildings along 

these lines will have FSI of 5.4, with the inclusion of inline roads in the year 2040 the buildings 

along all the minor roads except those in the residential area are expected to be constructed with 

FSI of 5.4 and all the buildings in the area in the year 2050 are considered to have max FSI. The 

scenarios were made for incremental ECBC compliance with sensitivity towards envelope, system, 

and full compliance. 

The energy consumption for the Central Business District mounts up to 1400 GWh in the 

year 2050 from 266 GWh in 2020. To limit this high demand in energy consumption, various 

ECBC compliance approach was tested, which resulted in only twice the increase in energy 

consumption in 2050 when Super-ECBC full compliance approach is followed. This study also 

helps in finding how building energy simulations can help in accurately quantifying energy 

consumption when compared with various top-down approaches. With optimized results solutions 

can be made if cost factor is also included which was limited due to computational aspects. 

This study can be used by policymakers to understand the importance of implementation 

of energy efficiency codes on buildings at an urban or city level and by power utility companies 

to identify the hot spots for future energy demand. Thus, all these measures can help in 

significantly help in achieving India’s Intended Nationally Determined Goals. 
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5.1 Limitation 

The study is exposed to several limitations which are at various levels and are explained 

below 

Model 

1) The 3-D model generated is a LOD 1 (Level of Detail) with a constant glazing percentage of 

40% 

2) The model inputs are limited to building height, building footprint area, building age and 

building usage types 

3) HVAC system is considered to be Unitary DX for residential buildings while CAV with Dry 

cooled Chiller for Commercial Buildings 

Weather 

The weather file generated is made for only single scenario which is very aggressive 

Projections 

For floor space are considered for very aggressive scenarios of 5.4 only for each decadal year 

Energy Model validation 

It is not performed with the site data. 

 

5.2 Future Scope 

With proper information on the future development and appropriate knowledge of end-use 

equipment with a greater level of detail model, more exact consumption can be predicted, and saving 

scenarios can be assessed. Future scope of work with an addition of cost will be beneficial in finding 

out and assessing the economic nature too. This will help not only in energy-saving potential but also 

help in saving future excess expenditure on infrastructure costs associated if no policies are brought 

for making buildings efficient.  
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7. Appendix 

7.1 Weather 

Temperature Bins for Years 2030, 2040 and 2050 

                                                                 Table 4: DBT frequency for year 2030 and 2040 

 

                                                                

Bin Frequency 
Cumulative 
% 

0 1 0.01% 

5 2 0.03% 

10 9 0.14% 

15 120 1.51% 

20 891 11.68% 

25 1149 24.79% 

30 2788 56.62% 

35 2570 85.96% 

40 955 96.86% 

45 273 99.98% 

50 2 100.00% 

More 0 100.00% 

 

Bin Frequency 
Cumulative 
% 

  0 1 0.01% 

5 2 0.03% 

10 10 0.15% 

15 137 1.71% 

20 931 12.34% 

25 1144 25.40% 

30 2900 58.50% 

35 2505 87.10% 

40 895 97.32% 

45 234 99.99% 

50 1 100.00% 

More 0 100.00% 
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                                                                       Table 5: DBT frequency for year 2050 

 

 

 

 

 

 

 

 

 

 

 

7.2 Model 

 

1. Shapefile data conversion to pandas data frame 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bin Frequency 
Cumulative 
% 

0 1 0.01% 

5 2 0.03% 

10 8 0.13% 

15 66 0.88% 

20 764 9.60% 

25 1124 22.43% 

30 2440 50.29% 

35 2806 82.32% 

40 1193 95.94% 

45 346 99.89% 

50 10 100.00% 

More 0 100.00% 

Figure 22: Script for Shapefile to Pandas Data frame Conversion 
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2. Allocation of various HVAC systems 

3. Generating IDF file 

Figure 23: Script for HVAC system selection 

Figure 24: Script for Generating IDF 
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4. ICD 3D Model Generation for Years 2020, 2030, 2040 and 2050 

 

 

5. Results 

                                                             Table 6: Energy Consumption for various Scenarios 

 
Scenarios 2020 2030 2040 2050 

BAU 266 366 752 1409 

       

ECBC_ENV 266 360 746 1371 

ECBC_SYS 266 348 738 1276 

ECBC_FULL 266 337 725 1070 

       

ECBC+_ENV 266 330 731 1358 

ECBC+_SYS 266 322 716 1146 

ECBC+_FULL 266 311 703 980 

       

SECBC_ENV 266 304 717 1337 

SECBC_SYS 266 296 702 1112 

SECBC_FULL 266 284 688 746 

Figure 25: 2020 3D Model of CBD 
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Table 7: ECBC Scenarios Modelling Inputs 

Units ECBC ECBC+ S_ECBC ECBC ECBC+ S_ECBC

Location Ahmedabad Ahmedabad Ahmedabad Ahmedabad Ahmedabad Ahmedabad

Weather Hot & Dry Hot & Dry Hot & Dry Hot & Dry Hot & Dry Hot & Dry

WWR % 40 40 40 30 30 30

Construction

Plaster + AAC 

(210mm) + XPS 

(15mm)

Plaster + 

AAC(210mm) + 

XPS (30mm)

Plaster + 

AAC(210mm) + 

XPS (85mm)

Plaster + AAC 

(210mm) + XPS 

(15mm)

Plaster + 

AAC(210mm) + 

XPS (30mm)

Plaster + 

AAC(210mm) + 

XPS (85mm)

U-Value W/m2.K 0.4 0.34 0.22 0.4 0.34 0.22

Construction

Roof Tile + 

Concrete 

(180mm) + XPS 

(160mm)

Roof Tile + 

Concrete 

(180mm) + XPS 

(120mm)

Roof Tile + 

Concrete 

(180mm) + XPS 

(160mm)

Roof Tile + 

Concrete 

(180mm) + XPS 

(160mm)

Roof Tile + 

Concrete 

(180mm) + XPS 

(120mm)

Roof Tile + 

Concrete 

(180mm) + XPS 

(160mm)

U-Value W/m2.K 0.33 0.26 0.2 0.33 0.26 0.2

Reflectivity % 0.6 0.6 0.6 0.6 0.6 0.6

VLT 0.27 0.27 0.27 0.27 0.27 0.27

Non-North 0.27 0.25 0.25 0.27 0.25 0.25

Max. SHGC North 

latitude>15°N
0.5 0.5 0.5 0.5 0.5 0.5

Max. SHGC North 

latitude<15°N
0.27 0.25 0.25 0.27 0.25 0.25

U-Value W/m2.K 3 2.2 2.2 3 2.2 2.2

EPD W/m2 18 15 14 12 9 8

LPD W/m2 9.5 7.6 5 7.7 6.1 3.8

Type
Centrifugal 

Chiller CAV

Centrifugal 

Chiller CAV

Centrifugal 

Chiller CAV
Split Unit (DX) Split Unit (DX) Split Unit (DX)

COP 6.3 6.5 6.7 2.8 3.2 3.4

CommercialInputs Residential
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7.3 Projections 

1. Energy Consumption Projection for annual population growth rate is 4.6% 

Year Population CAGR Population Growth
Avg Annual Energy 

Consumption Per capita
Energy Consumption

2011 5577940.00 0.046 256585.24 0.06

2012 5834525.24 0.046 268388.16

2013 6102913.40 0.046 280734.02

2014 6383647.42 0.046 293647.78 1839.00

2015 6677295.20 0.046 307155.58 112.18 1951.18

2016 6984450.78 0.046 321284.74 119.02 2070.20

2017 7305735.51 0.046 336063.83 126.28 2196.48

2018 7641799.35 0.046 351522.77 133.99 2330.47

2019 7993322.12 0.046 367692.82 142.16 2472.63

2020 8361014.93 0.046 384606.69 150.83 2623.46

2021 8745621.62 0.046 402298.59 160.03 2783.49

2022 9147920.22 0.046 420804.33 169.79 2953.28

2023 9568724.55 0.046 440161.33 180.15 3133.43

2024 10008885.88 0.046 460408.75 191.14 3324.57

2025 10469294.63 0.046 481587.55 202.80 3527.37

2026 10950882.18 0.046 503740.58 215.17 3742.54

2027 11454622.76 0.046 526912.65 228.29 3970.83

2028 11981535.41 0.046 551150.63 242.22 4213.05

2029 12532686.03 0.046 576503.56 257.00 4470.05

2030 13109189.59 0.046 603022.72 272.67 4742.72

2031 13712212.31 0.046 630761.77 289.31 5032.03

2032 14342974.08 0.046 659776.81 306.95 5338.98

2033 15002750.89 0.046 690126.54 325.68 5664.66

2034 15692877.43 0.046 721872.36 345.54 6010.21

2035 16414749.79 0.046 755078.49 366.62 6376.83

2036 17169828.28 0.046 789812.10 388.99 6765.82

2037 17959640.38 0.046 826143.46 412.71 7178.53

2038 18785783.84 0.046 864146.06 437.89 7616.42

2039 19649929.89 0.046 903896.78 464.60 8081.02

2040 20553826.67 0.046 945476.03 492.94 8573.97

2041 21499302.70 0.046 988967.92 523.01 9096.98

2042 22488270.62 0.046 1034460.45 554.92 9651.89

2043 23522731.07 0.046 1082045.63 588.77 10240.66

2044 24604776.70 0.046 1131819.73 624.68 10865.34

2045 25736596.43 0.046 1183883.44 662.79 11528.12

2046 26920479.86 0.046 1238342.07 703.22 12231.34

2047 28158821.94 0.046 1295305.81 746.11 12977.45

2048 29454127.74 0.046 1354889.88 791.62 13769.08

2049 30809017.62 0.046 1417214.81 839.91 14608.99

2050 32226232.43 0.046 1482406.69 891.15 15500.14

Table 8: Energy Consumption Projection with 4.6% population growth rate 
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2. Energy Consumption Projection for annual population growth rate is 3.15 % 

Year Population CAGR Population Growth
Avg Annual Energy 

Consumption Per capita
Energy Consumption

2011 5577940.00 0.032 175705.11 0.06

2012 5753645.11 0.032 181239.82

2013 5934884.93 0.032 186948.88

2014 6121833.81 0.032 192837.76 1839.00

2015 6314671.57 0.032 198912.15 112.18 1951.18

2016 6513583.73 0.032 205177.89 119.02 2070.20

2017 6718761.61 0.032 211640.99 126.28 2196.48

2018 6930402.60 0.032 218307.68 133.99 2330.47

2019 7148710.29 0.032 225184.37 142.16 2472.63

2020 7373894.66 0.032 232277.68 150.83 2623.46

2021 7606172.34 0.032 239594.43 160.03 2783.49

2022 7845766.77 0.032 247141.65 169.79 2953.28

2023 8092908.42 0.032 254926.62 180.15 3133.43

2024 8347835.04 0.032 262956.80 191.14 3324.57

2025 8610791.84 0.032 271239.94 202.80 3527.37

2026 8882031.79 0.032 279784.00 215.17 3742.54

2027 9161815.79 0.032 288597.20 228.29 3970.83

2028 9450412.98 0.032 297688.01 242.22 4213.05

2029 9748100.99 0.032 307065.18 257.00 4470.05

2030 10055166.17 0.032 316737.73 272.67 4742.72

2031 10371903.91 0.032 326714.97 289.31 5032.03

2032 10698618.88 0.032 337006.49 306.95 5338.98

2033 11035625.38 0.032 347622.20 325.68 5664.66

2034 11383247.58 0.032 358572.30 345.54 6010.21

2035 11741819.88 0.032 369867.33 366.62 6376.83

2036 12111687.20 0.032 381518.15 388.99 6765.82

2037 12493205.35 0.032 393535.97 412.71 7178.53

2038 12886741.32 0.032 405932.35 437.89 7616.42

2039 13292673.67 0.032 418719.22 464.60 8081.02

2040 13711392.89 0.032 431908.88 492.94 8573.97

2041 14143301.76 0.032 445514.01 523.01 9096.98

2042 14588815.77 0.032 459547.70 554.92 9651.89

2043 15048363.47 0.032 474023.45 588.77 10240.66

2044 15522386.92 0.032 488955.19 624.68 10865.34

2045 16011342.10 0.032 504357.28 662.79 11528.12

2046 16515699.38 0.032 520244.53 703.22 12231.34

2047 17035943.91 0.032 536632.23 746.11 12977.45

2048 17572576.14 0.032 553536.15 791.62 13769.08

2049 18126112.29 0.032 570972.54 839.91 14608.99

2050 18697084.83 0.032 588958.17 891.15 15500.14

Table 9: Population Growth Rate for Population Projection of 3.15% 
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3. Floor Space Projections 

 

 

7.4 Survey  

Inline with the data available from CARBSE a survey was performed to find out the details of 

the building stock of the area. The link  https://forms.gle/tJXGMZqntatvuDzbA provides access to the 

detailed survey form. Figure 26 and Figure 27 display the collection of data through the survey 

although the study was limited to LOD (Level of Detail) 1 the data collected is more than the required. 

The data was also gathered through walkthrough surveys as well for the Central Business District 

(CBD). 

 

 

Year Residential Commercial Residential Commercial 1000000.00 4.60 3.15

fllor space  Mm2 fllor space  Mm2 0.04 0.03 m2 TWh TWh

2020.00 106.47 60.61 167080000.00 21.93 19.35

2021.00 110.31 62.54 3.84 1.93 172850965.00 24.34 21.17

2022.00 114.30 64.53 3.84 1.99 178821974.03 27.02 23.17

2023.00 118.42 66.58 4.13 2.05 184999985.11 29.98 25.36

2024.00 122.70 68.70 4.28 2.12 191392199.10 33.28 27.75

2025.00 127.13 70.88 4.43 2.18 198006068.14 36.93 30.37

2026.00 131.72 73.13 4.59 2.25 204849304.47 40.98 33.24

2027.00 136.47 75.46 4.75 2.33 211929889.54 45.48 36.38

2028.00 141.40 77.86 4.93 2.40 219256083.43 50.48 39.82

2029.00 146.50 80.33 5.10 2.48 226836434.61 56.02 43.57

2030.00 151.79 82.89 5.29 2.55 234679790.03 62.17 47.69

2031.00 157.27 85.53 5.48 2.64 242795305.61 69.00 52.19

2032.00 162.95 88.25 5.68 2.72 251192456.98 76.58 57.12

2033.00 168.83 91.05 5.88 2.81 259881050.77 84.99 62.51

2034.00 174.92 93.95 6.09 2.90 268871236.17 94.32 68.42

2035.00 181.24 96.93 6.31 2.99 278173516.91 104.67 74.88

2036.00 187.78 100.02 6.54 3.08 287798763.71 116.17 81.95

2037.00 194.56 103.20 6.78 3.18 297758227.13 128.92 89.68

2038.00 201.58 106.48 7.02 3.28 308063550.89 143.08 98.15

2039.00 208.86 109.86 7.28 3.39 318726785.65 158.79 107.42

2040.00 216.40 113.36 7.54 3.49 329760403.25 176.23 117.56

2041.00 224.21 116.96 7.81 3.60 341177311.51 195.58 128.66

2042.00 232.31 120.68 8.09 3.72 352990869.50 217.05 140.81

2043.00 240.69 124.52 8.39 3.84 365214903.34 240.89 154.11

2044.00 249.38 128.48 8.69 3.96 377863722.62 267.34 168.66

2045.00 258.39 132.57 9.00 4.09 390952137.33 296.69 184.58

2046.00 267.71 136.78 9.33 4.22 404495475.40 329.27 202.01

2047.00 277.38 141.13 9.66 4.35 404495475.40 365.43 221.08

2048.00 287.39 145.62 10.01 4.49 404495475.40 405.56 241.96

2049.00 297.77 150.25 10.37 4.63 404495475.40 450.09 264.80

2050.00 308.52 155.03 10.75 4.78 404495475.40 499.51 289.81

Table 10: Floor Space Projection for CBD 

https://forms.gle/tJXGMZqntatvuDzbA
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Figure 26: Survey Form 

Figure 27:  Energy Bill 


