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ABSTRACT 

 

The world has already been started to pay the consequences of Global warming. 

In every region of the planet, climate is charging , causing seasonal weather 

disruptions , natural disasters etc. And many possible solutions for greenhouse 

gas neutralization have been proposed via various International summits. 

Electric conversion of conventional fuel powered vehicles is one of the possible 

solutions as per various national international level research. Developed nations 

like USA, UK, EU has already made this possible to some extent by actively 

adopting EVs into their lifestyle and commercial purpose. However many 

upfront challenges arisen during the adoption and so after adoption and they 

managed to tackle many of them. However , When it comes to developing 

nation like India , Upfront challenges might becoming more challenging due 

factors like huge population , diverse economic and educational disparity and 

may more. So , for example, if one EV adoption strategy which is successful in 

Delhi might not be successful in Kolkata because of their different localized 

behavioral and administrative differences. So, it is very important to analyze 

and implement EV adoption strategies and their consecutive sectors like power 

sector, transport sector separately according to their locality. So, a predictive 

study has been done to provide, possible impact of EV in load scenario of 

Kolkata only if successfully adopted according to target , which in this case is 

30 percent of total sales. Surveyed data showed significantly less Specific 

energy consumption of currently operating EV compared to conventional 

counter parts. Distributing charging schedule of considered converted plug in 

battery electric vehicles to possible realistic way without considering smart 

charging or quick charging , it causes average 2.37% of total load of Kolkata in 

2030 at the demand side and also significant pollution impact due to poor 

renewable energy mix. 
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Chapter 1 

 

Introduction 

1.1   Overview 

Now , we are living in 2022 ,  global warming and climate change that once in 

the theories and projections now became a reality . The global average mean 

surface temperature for the period from 2017–2021 (based on data until July), 

estimated at 1.06°C to 1.26°C above pre-industrial (1850–1900) levels , is 

among the warmest on record. CO2 emissions have largely bounced back to 

pre-pandemic levels , greenhouse gas concentrations continue to rise to new 

record highs. As a result extreme heat, droughts, heavy rain and floods are more 

likely because of climate change, sea-level rise has accelerated threatening lives 

and livelihoods. It will continue for centuries. Observing these concerns The 

Paris Agreement comes into place. It is a legally binding international treaty on 

climate change ,was adopted by 196 Parties at COP 21 in Paris, on 12 

December 2015 then entered into force on 4 November 2016. Its goal is to limit 

global warming to well below 2, preferably to 1.5 degrees Celsius, compared to 

pre-industrial levels. To achieve this long-term  goal, countries aim to reduce 

greenhouse gas emissions as soon as possible to achieve a climate neutral world 

by mid-century. As implementation of this agreement made countries to adopt 

all possible expensive and non-expensive options to meet the goal upto some 

extent. As research found that a large amount of green house gas is being 

generated from transportation sector by fossil fuel run vehicles only. Keeping in 

mind current technological development Electric vehicles adoption seems to be 

the only practical solution. So, different countries decided different goals for 

adoption of Electric Vehicle. In case of India , 30 per cent of new vehicle sales 

in India will be electric by 2030, as per the International Energy Agency in its 

global EV outlook. FAME II policy of the central government has been 

proposed and deployed as fulfillment of the outlook. As per IEA , electric 

vehicle deployment in India will mainly be achieved through the electrification 

of two/three-wheelers, which will reach a sales share of almost 50 per cent. But, 

there is a catch. To achieve this 30% EV there are so many barriers in 
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technological , economical ,  geographical , political , commercial , 

psychological point of view .To overcome these barriers government , Original 

Equipment Manufacturer(OEM) , citizens need to work together . But now the 

question comes , if we somehow managed to overcome these barriers and meet 

the 2030 EV goal , are we ready to manage and take on the direct and indirect 

consequences in every industry. One the directly major affecting sector will be 

power sector , as large amount of EVs will consider electricity grid as charging 

source. As grids are fed by conventional power generation, it will be truly 

pollution free if we can met the EV demand by renewables. Even in present 

timeline in many places India, power plants sometimes can’t met the peak 

demand because of unorganized domestic and industrial load scheduling. In the 

upcoming years there will be unavoidable overall increase in demand due to key 

parameters like Population , GDP etc. And most of the demand will be met by 

conventional power generation. Currently 39.20%  of the India’s total installed 

capacity is from renewables by March,2022[17]. And the eastern region has 

18.94% of total installed capacity as renewables[17]. In 2016, India set an 

ambitious goal of reaching 175 GW of renewable energy by 2022, and as of 

April 2022, it had 95 GW of operating solar and wind power. This implies a 

target slippage of about 51 GW[23]. However the government has set a target of 

increasing non-fossil power capacity to 500 GW by 2030[24]. It wants non-

fossil fuel power sources to provide half of its electricity supply by 

2030.Whether the target will be met successfully , remains to be seen. However 

this study explores the demand caused by upcoming EV in Kolkata. 

1.2   Literature Review 

A survey has been done observing lifestyle pattern of Kolkata choosing 500 

households distributed across the city , across various income class distribution 

which presents a clear relation between household’s income and per capita 

carbon footprint from transport use , that is increasing with income. Although 

low, lower middle and middle income sections generate high total footprints, 

owing to a larger representation in the total population, it is actually the high 

income group in the city, whose per capita footprint is increasing and gradually 

approaching very high levels [12]. No doubt household’s income will increase 

with each passing year , so the carbon footprint. A study shows that road 

transport sector of Kolkata has an emission level of 65.59 tons of NOx , 129.54 

tons of CO , 51.02 tons of HC , 10.13 tons of PM in a single day. Only 2% 

replacement of public transport with BEV can reduce CO2 level 26.27t per day 



3 
 

[15]. A detailed comparative study has been done[8] between China and Korea 

in some selected areas, on psychological and behavioral factors affecting EV 

(electric vehicle) adoption and satisfaction. Results show that for the Chinese 

early majority , environmental concern is one of the important determinant 

factor of EV purchase, whereas for the Korean early adopters, minimal 

operating cost goal is the most important determinant factor. For both cases 

usage satisfaction is high , with this factor Korean early adopters being higher 

for the than for the Chinese early majority. Usage satisfaction is also found to 

be related to the original purchase motive. However battery range and battery 

charging are the main reason the electric vehicle owners in both countries are 

not satisfaction. Reducing acquisition cost to reducing vehicle operating cost 

and increasing convenience is suggested . A study has been done on implication 

viability assessment to shift to EV at present power generation scenario in India. 

Where an emission comparison between EV and ICEV shows that NO 

emissions from electric vehicle are 4 times more than the BS IV standards for 

I.C. engine vehicles. The indirect Sulphur dioxide (SO2) emissions from the 

electric vehicle are 30 times more than I.C. engine vehicles. According to BS IV 

standards, there should not be any SO2 emissions from I.C. engine vehicles. 

The CO emissions are less in electric vehicles as compared to I.C. engine 

vehicles. The CO2 emissions from electric vehicles are approximately 40% 

higher than I.C. engine vehicles. These results are because India 56% of power 

generates from coal power plants & 46% from other source including renewable 

source. And EV draws electricity from these GHG emitting sources. On the 

other hand ICEV runs on gasolines , and The emissions in coal burning are 

higher because of the difference in the calorific value of coal and gasoline. That 

is why energy mixing is necessary and indicates that India’s current energy mix 

ratio of 57% thermal and 43% renewable is somewhat viable (0.9) to implement 

EVs over ICEVs [6]. However, A study has been done following Nationally 

Determined Contributions(NDC) emission, cost minimizing and energy mixing 

target for India to meet its electricity demand in 2030. Electricity demand for 

2029-2030 in India is projected to be 2351.505 BU including additional 82 BU 

demand due to EV which can be met by India by exceeding its NDC of 

producing forty percent electricity from non-fossil fuel sources [5].A very 

detailed study has been done[4] about enablers and disablers to plugin electric 

vehicles adoption in India from a survey of experts. The study reveals that 

expected share of PEV sales by 2030 is an average of 24.8% where 76% of 

respondents (total 51 respondents) think that India will fail to achieve 30% 
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market share goal of PEV and 24% of respondents thinks the opposite. Lack of 

clarity on PEV support policies observed as major reason followed by High 

upfront price of PEVs, lack of charging infrastructure, Lack of manufacturing 

investment of automakers, Lack of local supply chain as other reasons for 

underachieving PEV market share goal. And Higher market share of two and 

three wheelers  observed as major reason followed by Environmental 

friendliness, PEV support policies, Low operation & maintenance cost, 

upcoming business models as other reasons for overachieving PEV market 

share goal. Higher upfront price of PEV observed as major factor followed by 

Lack of charging infrastructure, Fewer PEV options, Battery life concerns as 

other factors for enabling of consumer adoption. And Financial incentives to 

reduce upfront costs observed as major factor followed by Lower operation & 

maintenance cost, Reoccurring financial incentives for owning PEV as other 

factors for disabling of consumer adoption. The respondents also showed 

agreement and disagreement with stents related to public charging infrastructure 

and addressed  Lack of land availability in cities and high land rent prices as 

major factor followed by high setting up cost of PEV charging station, Lack of 

distribution company engagement, Lack of local supply chain as other factors as 

the greatest barriers of PEV charging infrastructure build up. Agreement and 

Disagreement of Respondents and their beliefs about National-level & State-

level policy measures to achieve 2030 targets also demonstrated here. PV 

mandate seems to be best policy measurement both in national & state level 

followed by Fee bate , non-financial & financial incentives, higher credit for 

PEV sales in CAFE form, Investment in charging infrastructure, New ICEV 

sales ban as other policy measurements to achieve 2030 targets. About the 

factors that influence domestic PEV manufacturing in India , respondents 

addressed Incentives for reducing upfront investment cost as main factor 

followed by Tax cut incentives, ease of business incentives as other factors to 

influence domestic PEV manufacturing. And Lack of local consumer demand 

for PEV in India as major factor followed by Lack of local supply chains, Lack 

of clarity on support policies, Lack of readiness of PEV after sales ecosystem as 

other factors to disable the influence of domestic PEV manufacturing in India. 

Influencing factors for domestic PEV battery manufacturing are similar to 

domestic PEV manufacturing influencing factors. Some extent of the expected 

societal gains from achieving PEV sales target by 2030 are also discussed here 

by the respondents , where they addressed city level air quality improvements as 

major gain followed by Fuel(petrol/diesel) savings ,GHG emissions reduction, 
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crude oil import savings as other societal gains [4]. A case study has been done 

in Bengaluru, Delhi and Kolkata about vehicle ownership and travel behavior. It 

shows that (20-30) % of 2-wheeler trips was drove alone throughout the week 

for all kind of purposes, and for 4-wheelers it was (22-40)% . Whereas (8-27)% 

trips are ridden with others, (3-5)% trips were walk ,(1-7)% trips were 

bicycle,(5-18)% trips were public transport [13]. This reflects a large number of 

trips were made solo , making them less viable due to their high 

sp.energy/passenger.km consumption. A study has been done on light duty 

electric 2-wheeler,3-wheeler and 4-wheeler in India considering Five Indian 

driving cycle and three US certified driving cycle. Different  parameters such as 

air conditioning ,ancillary components , motor efficiency ,vehicle mass , 

passengers have shown good impact on electrical consumption. In city driving 

conditions, the average electrical consumption is: 33 Wh/km for the scooter, 61 

Wh/km for the 3-wheeler, 84 Wh/km for the low power 4-wheeler, and 123 

Wh/km for the high power 4-wheeler. For highway driving conditions, the 

average electrical consumption is: 133 Wh/km for the low power 4-wheeler, and 

165 Wh/km for the high power 4-wheeler [3].Performance of electric two 

wheeler is measured in the traffic condition of Kolkata which shows that 

whether experimental data of energy consumption(155.64kJ/km) or surveyed 

data of energy consumption(114.5kJ/km) , it is way lesser than the conventional 

two wheeler energy consumption(810kJ/km). However the electric two 

wheelers are observed to be only used for short range around the residence 

because of charging and range constraints [11].A detailed study has been done 

on the behavior of BEV users about their charge timing in Japan. The study 

reflects that there is significant behavioral differences between commercial and 

private vehicle owners charge timing. In both cases most of the owners do not 

tend to charge their vehicle immediately after arrival , Night time charging after 

11 P.M spikes due to low electricity price tariff. Also if the owner charge their 

vehicle or not depends on factor like SOC level, vehicle-kilometers of travel 

(VKT) on next travel day, Interval days before next travel day , experience of 

fast charging etc. [9] . These observations can provide a little prerequisites 

about owners behavior for the places where EV is not popularized yet. A power 

consumption modelling has been done in Japan to show its impact on power 

demand. Quick charging and night time charging is normally distributed 

according to type of vehicle in four different scenarios of EV replacement. 

Results depicts a significant influence on power demand and load peaks , which 

further suggests betterment of charge scheduling, operation model and charge 
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rate revision [1].A modelling of Weekly demand caused by plug-in hybrid 

electric vehicle has been done in Germany which shows different travel choice 

behaviors for different purpose. Results shows that 60%-70% mileage is 

covered by battery only indicting reduced emission, however uncontrolled 

charging of PHEVs causing peaks when general electricity demand is already 

high [2].A PV assisted Fuzzy charge scheduling has been done[14] for demand 

side energy management by an approach of smoothing Load curve using EV 

and battery charge scheduling during off peak and feeding grid with charging 

station integrated PV generation during peak . The smoothing of load curve 

comes out to be 37.8 percent. Another value proposition study of all EV sales in 

India 2030 [16] shows that the additional load added due to BEV charging by 

2030 is less than 3% of the total electricity load in India (by energy). BEVs can 

avoid importing 177 million barrels/yr (8% of total crude oil consumption in 

2030). The study also find that in the NDC compliant scenario, on a gCO2/km 

basis, BEVs can offer a reduction of nearly 35-37% in case of cars (Vans, 

Compact Sedans and Subcompact Hatchbacks) and nearly 50% in case of two-

wheelers. A study has been done[19] on real-world performance of electric two-

wheelers and three-wheelers under heterogeneous traffic conditions of Kolkata . 

The study reveals that sp. energy consumption for Electric two wheeler and 

electric three wheel found to be 0.043 kwh/km and 0.075kwh/km respectively. 

Whereas sp. energy consumption per passenger kilometer found to be 0.02867 

kwh/pkm and 0.04325 kwh/km respectively.  However for conventional two 

wheeler & three wheeler  , sp. energy consumption is quite higher , 0.233 

kwh/km  for conventional motorcycle and 0.402 kwh/km for LPG three 

wheelers , and so, their sp.energy consumption per passenger km is 0.1559 

kwh/pkm and 0.2302 kwh/pkm respectively. 

Though many research has been done on environmental impacts, vehicles 

energy consumption pattern and overall demand from EV in India  , But there 

was no real world behavioral EV charge scheduling scenario or solution 

proposed for a million plus city like Kolkata for the future energy demand of 

EVs when EV reaches its adopted stage from adoption stage. This study 

explores the same. 
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1.3   Aims and Objectives 

 To predict , year wise increase of conventional vehicle registration from year 

2021 to year 2030 in Kolkata. And replacement of the same with certain 

percentage of EV every year which will reach 30% of total sales for two 

wheeler, three wheeler, four wheeler individually and 100% for bus in 2030.  

 To estimate the future electricity demand and load for replacement of future 

I.C.engine based vehicles by electric vehicles in Kolkata from year 2021 to 

year 2030. 

 Scheduling of the load for the respective EVs according to their type. 

 To Predict future electricity demand from year 2021 to year 2030 using 

historical data and compare it with demand due to EVs on respective year. 

 To estimate fuel cost, emission impact and viability due to replacement of 

present I.C.engine based vehicles by electric vehicles in Kolkata from year 

2021 to year 2030. 
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Chapter 2 

 

Methodology & calculations 
To give a brief idea of the methodology , at first , consumption data of currently 

operating conventional and electric vehicles are collected from questionnaire 

based survey. Then newly registered vehicle numbers has been projected till 

year 2030 using historical data of Road transport year books and every year 

certain percentage of them converted to EV. After that daily energy requirement 

has been calculated from their average travel distance which then scheduled 

differently according to vehicle type.However, these steps are elaborated below.   

2.1 Passenger vehicles in Kolkata 

2.1.1   Diesel bus sp. energy consumption data : A questionnaire based survey 

has been done in various private bus gumti’s in Kolkata and WBTC bus depo 

near Howrah station. From the reconfigured data,it is observed that most of both 

govt. & private buses does cover at least 3 whole trips carrying corresponding 

seating capacity passengers. The avg. sp. energy consumption of non-AC govt. 

and private buses are 4.04 kwh/km & 2.42  kwh/km respectively and for govt. 

Ac buses it is 6.93 kwh/km. However average sp. energy consumption per 

passenger stands at 0.099 kwh/pkm , 0.068 kwh/pkm , 0.173 kwh/pkm for govt. 

non-AC , private and govt. AC buses respectively shown in annexure Table A5. 

2.1.2   Electric bus sp. energy consumption data : One week data of currently 

operating electric bus has been collected from WBTC Howrah depo near 

Howrah station shown in annexure Table A4. From the data we calculated 

average sp. energy consumption of 0.997 kwh/km and Sp. energy consumption 

per passenger stands at 0.032 kwh/pkm shown in annexure Table A6. All the 

electric buses are TATA ultra-urban 9 meter with seating capacity of 31 and 

battery capacity of 125 kwh. 

2.1.3 Electric two-wheeler, three wheeler , four wheeler sp. energy 

consumption data : From the detailed survey done in [19] sp. energy 

consumption for Electric two wheeler and electric three wheel found to be 0.043 

kwh/km and 0.075kwh/km respectively. Whereas sp. energy consumption per 
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passenger kilometer found to be 0.02867 kwh/pkm and 0.04325 kwh/km 

respectively.  However for conventional two wheeler & three wheeler  , sp. 

energy consumption is quite higher , 0.233 kwh/km  for conventional 

motorcycle and 0.402 kwh/km for LPG three wheelers , and so, their sp.energy 

consumption per passenger km is 0.1559 kwh/pkm and 0.2302 kwh/pkm 

respectively. From [3] sp. energy consumption for electric four wheeler is 

considered to be 0.165 kwh/km & 0.066 kwh/pkm. 

2.1.4 Considered vehicle information for scheduling :  

E2w = Ola s1 pro with battery capacity of 3.97 kWh ,taking 6.5 hour to fully 

charge the battery , with a company claimed true range of 135 km in full 

charge.[25] 

E3w = Mahindra TREO SFT/HRT with battery capacity of 7.37 kWh ,taking 

3.833 hour to fully charge the battery , with a company claimed range of 130 

km in full charge.[26] 

E4w = Tata Nexon EV with battery capacity of 30.2 kWh , taking 8.5 hours to 

charge 10% to 90%  , with a company claimed range of 300+ kilometer .[27] 

In all the above mentioned vehicle Li-ion battery with 80% depth of discharge 

is considered. 

2.1.5 Daily average travelled kilometer : From [15] daily average travelled 

kilometer is found to be 160 km, 150 km, 24 km, 100km for the bus , four 

wheeler , two wheeler and three wheeler respectively which are assumed to be 

same till 2030. 

2.1.6 Electric Bus charging station infrastructure : WBTC Howrah depot has 

total 7 DC chargers, one of them is fast DC charger with dual charging plug 

with 3-phase AC input voltage of 415 V +/-15% & frequency of 50Hz+/-10%  

with DC output voltage of (200-750)V & DC output current of (0-160)A and 

rated power of 120 kW shown in fig. 2.2. Rest of the 6 are slow DC charger 

with single charging plug with 3-phase AC input voltage of 415 V +/-15% & 

frequency of 50Hz+/-10%  with DC output voltage of (200-750)V & DC output 

current of (0-80)A and rated power of 60 kW shown in fig. 2.3. And from the 

videographed data a fast charging plug can serve 1.04333 kWh of energy per 

minute and a slow charger plug can serve 0.87333 kwh of energy per minute 

with a load of 62.6 kW & 52.4 kW respectively in fig. 2.5,fig. 2.6 and fig. 

2.7,fig. 2.8. However we have considered these calculated charging rate and 

load is assumed to be non-fluctuating  throughout whole charging ,irrespective 
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of time & SOC level for all chargers according to their type for simplicity which 

might not be constant in real case. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.1: Image of charger 

Fig. 2.2: Specification of DC fast charger  
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Fig. 2.3: Specification of DC slow charger  

Fig. 2.4: Images of DC fast charger plug on left and DC slow charger plug on right 
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Fig. 2.5: Screen of DC fast charger while charging 1 

Fig. 2.6: Screen of DC fast charger while charging 2 
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Fig. 2.7: Screen of DC slow charger while charging 1 

Fig. 2.8: Screen of DC slow charger while charging 2 
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2.1.7 Passenger transport scenario : As per latest Road Transport Year Book 

2017-18 & 2018-19 , Kolkata having total 342119  number two wheeler , 6189 

number of buses , 52354 number of three wheelers and 20760 number of four 

wheelers registered till 2017 , combining all respective types of vehicle shown 

in annexure Table A1,Table A2. 

2.2 Power industry in Kolkata 

2.2.1 Load curve : Year wise load curve of West Bengal for 2008 to 2015 has 

been collected for the month of May in fig. 2.9. from electricity demand pattern 

analysis POSOCO 2016 release , to forecast the demand for 2021 to 2030. For 

Kolkata it is nearly one fifth of the total energy demand.   

Fig. 2.9: Year wise load curve of West Bengal 
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3.1 Vehicle number prediction 

In this study we want to determine the upcoming demand due to EV in Kolkata 

only. For that we need to know how many fleet will convert into EV every year. 

But we don’t have sufficient source of data except the road transport year book 

of every year. However in Road transport year books we get vehicle sales & 

production data for India as a whole . So, we have used category wise number 

of registered vehicle data from road transport year books , Kolkata as a million 

plus city. There is no data available for year 2020,2021 and 2018,2019 data are 

ignored because of being exactly same with 2017. Here data of road transport 

year books have been used from 2007 to 2017 as historical data and newly 

registered vehicle in every vehicle category(except bus) are predicted from 2021 

to 2030 using forecast sheet in MS Excel , which gives a linear predictive result 

, equal growth for every year. For bus we calculated total number of bus fleet of 

nearly 21009 considering 17,507,500 population[21] of Kolkata in 2030 and 1.2 

number of bus needed for every 1000 population [20] and distributed increment 

equally for every year (2021-2030) . However those historical data’s are yearly 

cumulative of (existing+newly registered-old curbed) , which we considered as 

yearly cumulative of (existing+ newly registered) vehicle , as we did not find 

any source to remove curbed vehicle data. Due to lack of categorized data ,  

Scooters, mopeds, motor cycles are merged under two wheeler. Stage carriage , 

contract carriage , private service , others buses are merged under Buses. Motor 

cab , maxi cab & other taxi are merged under taxis. Three seaters & 4-6 seaters 

are merged under light motor vehicles passenger auto. However  passenger 

transport vehicles are only considered , no goods vehicle is considered. So, 

Every year number of newly registered  two wheeler ,  bus , four wheeler & 

three wheeler  will be 23113, 1140, 2681& 819 respectively, which are shown 

in Table A3 of annexure. 

3.2 Electric conversion 

Here we are considering Global EV outlook by IEA which is to meet the 30% 

EV sales target till 2030. We considered certain percentage of newly registered 

vehicle will become EV starting from 2021 to 2030.  

e2w = Scooters, mopeds, motor cycles  

e3w = Light motor vehicle(passenger auto)(3seaters,4-6seater) 

e-bus = Stage carriage , contract carriage , private service , others buses 

e4w = Motor cab , maxi cab & other taxi 
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So, the percentage conversion goes like this,  

Conversion of E2w/E3w/E4w for year (2020+X) = (X*3)%  . Whereas 

Conversion for e-bus for year (2020+X) = (X*10)% ; X = {1,2,3,4,5,6,7,8,9,10} 

Here we have considered all the existing EV before 2021 included inside 2021 

conversion percentage. For E2w , E3w ,E4w the starting & incremental 

conversion rate are same 3%  which touches 30% of newly registered vehicle 

till 2030. However , we have considered 10% increment every year for e-bus 

touching 100% of newly registered bus to be EV till 2030 as West Bengal 

government promises for all WBTC fleet to be electrified till 2030. 

3.3 Demand projection 

For Calculating daily electric energy demand due to each different type of EV , 

we used the base formula, denoting newly added daily energy demand on 

present year by Txy , Daily avg. travelled kilometer by Dxy , vehicle sp.energy 

consumption(kwh/km) by Exy  , total number of vehicle by Nxy  and Total 

cumulative daily energy demand of a selected vehicle type on that year by TCxy  

Txy = Nxy * Dxy * Exy 

x denoting vehicle types = e2w/ e3w /e4w / e-bus  

 y denoting the year, 2021 ≤ y ≤ 2030 

sp. energy consumption(kwh/km) for e2w,e3w is taken from [19] and for e4w is 

taken from [3]. However  for buses sp.energy consumption is calculated from 

the data collected from WBTC Howrah depo electric bus charging station which 

are available in Table A6 of annexure. 

We considered that every upcoming year , new vehicle’s sp.energy consumption 

will reduce by 1% due to technological improvement & reduction in 

Transmission & Distribution losses. However we also assumed that every 

passing year sp.energy consumption will increase by 1% due to battery 

degradation for existing vehicles. So, the expression becomes, 

TCxy =∑ 𝐍𝑥(𝑦 − 𝑛) ∗ 𝐃𝑥(𝑦 − 𝑛) ∗ Ex(y − n) ∗ (100 + n)%
9
𝑛=0  

Where , n= {0,1,2,3,5,6,7,8,9}  

{Nx(y-n) , Dx(y-n) , Ex(y-n)} = 0 ,  if  2021>(y-n)>2030 
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And result data have been referred in Table A7 for e2w, Table A8 for e3w, 

Table A9 for e-bus and Table A10 for e4w in annexure. 

3.4 Scheduling 

The electric energy demand we get from TCe-bus y is the demand of the whole 

day for e-bus, so , it has to be distributed throughout the 24 hours. For e-bus , a 

charging station consists of 6 single plug 60kw slow charger and a two plug 

120kw fast charger. So, according to that energy delivering capacity denoted by 

Tch.st ,of a charging station is calculated for a single day. 

We are considering that the chargers to be operable all day & night , A 90 

minute cycle is considered with 84 minute of charging and 6 minutes(0.1 hour) 

of unplugging or vehicle swapping. So, there will be 14 cycle of 90 minutes for 

a single charging port throughout the whole day considering no charging will 

take place between 6 p.m to 9 p.m (3 hr.) as this is the peak demand time. 

Number of full cycles in a day = ((24-3)*60)/90 = 14 full cycle 

So, the charging will truly active for = {(24-(12*0.1))-3} = 19.8 hr. 

A fast charging plug can deliver energy in a day = (19.8*60*1.04333) = 

1239.47 kWh 

And a slow charging plug can deliver energy in a day = (19.8*60*0.87333) = 

1037.51 kWh 

So , one charging station (6 slow charging plug + 2 fast charging plug ) can 

deliver energy in a day , Tch.st= {(6*1037.51)+(2*1239.47)} = 8704 kWh 

Then required whole charging station is calculated using (TCe-bus y / Tch.st) 

where whole number representing whole charging station and decimal denoting 

standalone charging port not belonging to charging station referred in Table A14 

of annexure. However those standalone charging ports collectively act like 

incomplete charging station. Here we are considering an intermittent constant 

demand. We are not considering depth of discharge for e-bus. Charging in a 

station is assumed to be scheduled such a way that in 90 minute cycle 

unplugging operation does not coincide with another port of that station. And 

this 90 minute cycle repeat for 24 hours for all charging stations . So, naming 

slow chargers S1 upto S6 and fast chargers F1,F2 and every 6 minute interval as 
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U. A 90 minute cycle having 15U. A whole charging station charging scheduled 

like this , in fig. 2.10 
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From 1
st
 interval which starts at 12 A.M  to 8

th
 interval , corresponding interval 

numbered charging plug stay in unplugged condition. From 9
th

 interval onwards 

up to 15
th

 interval all charging plug will be charging. And this 15 interval cycle 

repeats itself all over the day. All charging station follow the same order of 

charging. In case of standalone charging station , they also follow the same 

pattern of charging as they collectively act like an incomplete charging 

station.Charge scheduling for every year has been shown in annexure Table 

A15 to Table A24 for the year 2021 to 2030 respectively. 

Scheduling of e-bus is possible because of direct and indirect govt. influence . 

However , e2w,e4w are completely private influenced and e3w having their 

association influenced. For e-bus ,load has been calculated based on how long a 

charging port remains busy because here one charging port serving multiple e-

bus . But in case of  e3w , e2w , and e4w every single vehicle having their own 

charging adapter .So, For e3w , e2w , and e4w we are considering average 

travelled range covered and the need of charging in home charging over quick 

charging. However , for e2w, e3w, e4w 80% depth of discharge is considered , 

so, battery capacity becomes 80% of original capacity. From daily average 

travelled kilometer and practical sp. energy consumption data ,daily required 

SOC is calculated for e2w, e3w ,e4w in Table A11, Table A12, Table A13 of 

annexure respectively which is briefly represented in Table 2.1. 

Fig. 2.10: Simplified representation of One full cycle of e-bus charge scheduling 
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So, required SOC per day = (daily average travelled kilometer*sp.energy 

consumption(kwh/km))/ battery capacity 

 

Vehicle 

type 

Daily avg. 

travelled 

km 

Daily 

required 

SOC 

(rounded 

off) 

Daytime 

SOC 

charging 

Night time 

SOC 

charging 

Leftover 

SOC 

before 

night time 

charging 

E2w 24 32% 0 64% 36% 

E3w 100 128% 48% 80% 20% 

E4w 150 102% 22% 80% 20% 

 

For e2w, It is considered that e2w will charge at home at night from leftover 

SOC till 100% SOC on every 3
rd

 day keeping in mind their daily average 

travelled kilometer is 24 which is required nearly 32% SOC. So , only 1/2 of 

total e2w fleet is considered as everyday charging load and no day time 

charging is considered. Night time charging is normally distributed in Table 

A27 of annexure ,with mean = 22 p.m , sigma = 0.5 and ±3 sigma is considered 

because it covers 99.73% population. However, the Cumulative distribution will 

decrease from its 100% population as by the time vehicles charging gets 

completed gradually , eventually the population came down likely how the 

population rose.      

For e3w, It is considered that a e3w will charge at home at night from leftover 

SOC till 100% SOC every  day keeping in mind their daily average travelled 

kilometer is 100 km which require nearly 128% SOC. Since 100% SOC cannot 

serve daily average travelled kilometer , so , another home charging is 

scheduled at afternoon  along with night time home charging and distributed 

normally. For night time, normal distribution done with mean = 23 p.m. , sigma 

= 0.5 shown in Table A26 of annexure.  For day time, normal distribution is 

done with mean = 15 p.m. , sigma = 0.2 shown in Table A25 of annexure. In 

both cases ±3 sigma is considered because it covers 99.73% population. 

However, for both time ,the Cumulative distribution will decrease from its 

100% population as by the time vehicles charging gets completed gradually , 

eventually the population came down likely how the population rose. Whole 

e3w fleet load is considered for night time & day time charging. 

Table 2.1: Daily SOC requirement 
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For, e4w, It is considered that a e4w will charge at home at night from leftover 

SOC till 100% SOC every  day keeping in mind their daily average travelled 

kilometer is 150 km which require nearly 102% SOC. Since 100% SOC cannot 

serve daily average travelled kilometer , so , two other charging are scheduled 

with half of total fleet population , one at the beginning of 1
st
 half & another on 

the beginning of 2
nd

 half  along with night time home charging and distributed 

normally. For night time, normal distribution done with mean = 22 p.m. , sigma 

= 0.5 referred in Table A28 of annexure.  For day time, normal distribution is 

done with mean = 9.5 p.m. , sigma = 0.2 for the first half and mean = 13.5 p.m. , 

sigma = 0.2 for the second half referred in Table A29 of annexure . In both cases 

±3 sigma is considered because it covers 99.73% population. However, for both 

time ,the Cumulative distribution will decrease from its 100% population as by 

the time vehicles charging gets completed gradually , eventually the population 

came down likely how the population rose. Whole e4w fleet load is considered 

for night time & day time charging. 

With every passing year , required SOC will decrease by little percentage. 

Resulting into , upto 2-3 minute of less loading time in 2030. So, it is ignored 

and required SOC for year 2021 is considered for every upcoming year for load 

scheduling. 

3.5 Load Calculation 

Here we have calculated load based on their charging time and battery capacity , 

means load = (battery capacity or electricity consumption)/time taken. For 

electric bus video footage has been taken for both slow and fast chargers , from 

there load has been calculated. For electric two wheeler, three wheeler and four 

wheeler same approach has been taken based on the data available by the 

company with consideration of 80% depth of discharge , shown in Table 2.2. 

 

 

Charger Battery capacity / energy consumed Time taken Load(kW) 

e-bus DC fast charger 3.13 kWh consumed 3 min 62.6 

e-bus DC slow charger 2.62 kWh consumed 3 min 52.4 

E2w home charger 3.176 kWh battery @80% DOD 6 hr. 30 min 0.4886 

E3w home charger 5.896 kWh battery @80% DOD 3 hr. 50 min 1.538 

E4w home charger 80% of 24.16kWh battery @80% DOD 8 hr. 30 min 2.2738 

Table 2.2 : Load calculation of different EVs 
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3.6 Load curve  

As demand curve of Kolkata is almost 1/5
th
 of total West Bengal’s demand . So, 

data of West Bengal demand curve obtained from POSOCO is divided with 5 to 

make it equivalent Kolkata demand. A linear forecasted growth in demand is 

projected till 2030 in MS EXCEL referred in Table A31 of annexure, using 

historical demand data from 2008 to 2016 in the month of may shown in fig. 

2.9, as it is the hottest month having high demand . Historical data points of 

demand has been collected using an online software WebPlotDigitizer and 

rescaled to their nearest axis value in MATLAB. Then total demand from 

e2w,e3w,e4w,e-bus combined is aligned with daily demand curve from 2021 to 

2030 for the month of may in MS EXCEL shown in fig. 3.6. 
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Chapter 3 

 

Results 
Using previously described methodology , the results have been represented 

graphically , followed by their respective calculations and tables in annexure. 

Figure 3.1. Represents how the load due to electric two wheeler will increase 

every year with increasing market share. So, during night, when half of the fleet  

will be charging, the peak load will be 169.23 kW in 2021 , all the way upto 

9316.86 kW in 2030 shown in annexure Table A27. However there is no 

daytime charging. 

 In fig. 3.2. load due to electric three wheeler have been showing that two times 

charging are scheduled one is daytime, another is night time. In both cases the 

whole vehicle fleet is charging with the peak load of 38.39 kW in 2021 , all the 

way upto 2076.57 kW in 2030 shown in Table A25,A26 of annexure. 

In fig 3.3. Charging of electric four wheeler scheduled thrice a day , one in night 

time with whole fleet with the peak load of 181.90 kW in 2021 , all the way 

upto 10057.01 kW in 2030 and another two with half of the fleet at the 

beginning of first half and second half with the peak load of 90.95 kW in 2021 , 

all the way upto 5028.50 kW in 2030 shown in Table A28,29 of annexure. 

In fig 3.4. load due to electric bus keep increasing every year with increasing 

market share has been represented. Charging is scheduled for all over the day 

except 6 a.m. to 9 p.m. which giving output like a trapezoidal waveform with 

the peak load of 931.6 kW in 2021 , all the way upto 56938.4 kW in 2030 

shown in Table A15 to Table A24 for year 2021 to 2030 respectively.  

Whereas in fig 3.5. Total load due to all types of EV have been shown which 

also looks like a trapezoidal waveform , reflecting high influence of e-bus load. 

So, all types of EV combined ,the peak load  in 2021 is 1.3206 MW , all the 

way upto 78.3581 MW in 2030 which are referred in  annexure Table A32 to 

Table A41. 

Year wise demand of Kolkata excluding EV demand has been projected from 

year 2021 to year 2030 in fig 3.6.  
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Year wise EV demand with comparison of total load of Kolkata are shown in 

Table 3.1.  In  year 2021 EV energy demand was only 21.08 MWh in a day 

which later sought up to 1281.45 MWh in day in 2030. 

 

 

 

From these fig 3.7. to fig 3.11.  representing total demand of Kolkata including 

EV from 2021 to 2025 respectively, we can see that EV will not have that much 

of impact in the beginning years, where average load due to EV accounts for 

0.05, 0.20, 0.38, 0.60, 0.84 percent of average total load of Kolkata respectively. 

However , we can see that in the next five years  , 2026 to 2030 , shown in fig 

3.12. to fig 3.16. respectively , average load due to EV sought up to 1.11, 1.40, 

1.70, 2.03, 2.37 percent of average total load of Kolkata respectively, high 

enough to have significant impact on load curve which are referred in  annexure 

Table A32 to Table A41 for year 2021 to 2030 respectively 

 

Table 3.1: Comparison of year wise EV demand 
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  Fig. 3.7: Total demand of Kolkata including EV in 2021 

Fig. 3.8: Total demand of Kolkata including EV in 2022 
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Fig. 3.9: Total demand of Kolkata including EV in 2023 

Fig. 3.10: Total demand of Kolkata including EV in 2024 
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Fig. 3.11: Total demand of Kolkata including EV in 2025 

Fig. 3.12: Total demand of Kolkata including EV in 2026 
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Fig. 3.13: Total demand of Kolkata including EV in 2027 

Fig. 3.14: Total demand of Kolkata including EV in 2028 
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Fig. 3.15: Total demand of Kolkata including EV in 2029 

Fig. 3.16: Total demand of Kolkata including EV in 2030 
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Chapter 4 

 

Discussion 

This study solely describes the situation of intra-city urban traffic condition 

which in this case is Kolkata . Rural and long route traffic condition is ignored. 

 For the data of number of registered vehicle of Kolkata , Road transport year 

books are considered which in this case , has the data upto 2017. 

 Here we have considered EV conversion percentage equally incrementing 

every year for every type of vehicle which in real scenario might be very slow 

at the beginning years and exponentially later on. All the electrically converted 

vehicles are considered to be battery electric vehicle. Hybrid plug-in electric 

vehicle , hydrogen fuel electric vehicle is ignored. 

 All the considered vehicles for load scheduling are the current best options 

available on market. Specific energy consumption of e-bus is calculated based 

on current consumption which operates with very less passengers now , that 

consumption might be getting an increase as e-bus becomes mainstream later on 

which is not considered. However every year reduction in sp. energy 

consumption due to technological improvement & less T&D loss is considered, 

also increase in sp. energy consumption due to battery degradation is considered 

for every type of EV. 

 However , for charge scheduling we don’t have any idea about upcoming EV 

driving cycles and charging infrastructural advancement in Kolkata. So, 

scenarios of quick charging or battery swapping are totally ignored for charging. 

E-bus charging considered for 21x7 on current charging infrastructure, 6 p.m. to 

9 p.m. is no charging period because of very high gradient in load curve. Rest of 

vehicles type are considered for night time charging and day time charging if 

required. But the on clock timing of e2w, e3w & e4w charging schedule is 

considered based on general behavioral observation.  
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We considered that rate of charge and load due to every single vehicle remains 

constant during whole charging which might not be the case in real life , where 

vehicle charges very fast at the beginning and gradually slows down with 

increasing SOC. However, 80% depth of discharge is considered for e2w,e3w 

and e4w.  

Currently there is no different tariff system for EV charging , so , we also 

haven’t considered this in our study. General electricity tariff is considered for 

cost analysis. 

POSOCO haven’t released their latest electricity demand pattern analysis , so , 

we have to rely on last 2016 release. We also considered the whole EV energy 

demand will be met by grid only , the grid energy mix will determine its 

viability. And vehicle to grid technology not considered anywhere.  
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Chapter 5 

 

Economic impact 

 

EV penetration in India will surely have economic impact on various way. A 

whole economy will build up around EV eco system , like electricity supplying 

companies , charging infrastructure companies , EV manufacturing companies, 

Battery and spare parts manufacturing companies , Maintenance companies, 

Battery waste management companies and many more. But here we are 

observing economic impact based on owner perspective of savings in refueling 

vehicle whether it is oil refueling or charge refueling.  

So, if we directly jump to 2030 with forecasted price of Petrol Rs.231.80/lit , 

Diesel price Rs.127.57/lit and Autogas price Rs.83.12 referred in Table 5.1. 

Then the total fuel cost all around is Rs.7.129 Cr. daily , if all the electrically 

converted vehicle run on their respective conventional fuel referred in Table 

5.2,Table 5.3,Table 5.4,Table 5.5. But the same will cost only Rs.1.018 Cr. 

considering conventional grid electricity cost Rs.7.95/kWh [15] and Rs.1.636 

Cr. considering solar PV tech. electricity cost Rs.12.77/kWh [15] daily, if 

converted to electric vehicles, calculated by multiplying  electricity cost with 

column 2 of Table 3.1. 
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Table 5.1: Comparison of year wise EV demand 
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Chapter 6 

 

Viability assessment & 

environmental  impact 
 

India's transportation sector contributes about 10 per cent of total national 

greenhouse gas (GHG) emissions and road transportation contributes about 87 

percent of the total emissions in the sector [22].  

However from ICEV and EV(powered by coal power plant) emission 

comparison done according to BS IV standards in [6] , NO emissions from 

electric vehicle are 4 times more than the BS IV standards for I.C. engine 

vehicles. The indirect Sulphur dioxide (SO2) emissions from the electric vehicle 

are 30 times more than I.C. engine vehicles . The CO emissions are less in 

electric vehicles as compared to I.C. engine vehicles. The CO2 emissions from 

electric vehicles are approximately 40% higher than I.C. engine vehicles , 

shown in fig.6.1. So ,using fig. 6.1 data,  in 2030 , daily emission due to EV are 

540.71 tones CO2,1.92 tons of CO, 4.25 tons of SO2 and 1.18 tons of NO . 

However , if those vehicle run on their conventional fuel , the daily emission 

due to ICEV are 380.39 tones CO2,2.75 tons of CO, 0.14 tons of SO2 and 0.30 

tons of NO .However both cases are referred in Table 6.1,Table 6.2,Table 

6.3,Table 6.4. 

So, energy mix is the only true solution. An energy mix ratio of 57% thermal 

and 43% renewable is somewhat viable  to implement EVs over ICEVs 

[6].Currently 39.20%  of the India’s installed capacity is from renewables by 

March,2022. and the eastern region has 18.94% of total installed capacity as 

renewables[17]. From [14] we can see that by implementing rooftop solar PV 

technology to bus stand, bus stops , commercial building rooftop it has the 

energy delivering capacity of 371.28 MWh which is almost ¼  of total EV 

demand 1281.45 MWh in 2030. So, even if we are able to achieve 30% EV 

sales goal in 2030 , it will just shift emission of those vehicle , from city to 

power generation site , making it unviable unless renewable energy mix is 

increased.  
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Fig. 6.1: Emission comparison from reference[6] 
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Chapter 7 

 

Conclusion 
We hope that this study is able to reflect EV load in Kolkata 2030 , based on 

possible realistic charge scheduling, by making EV a necessary load rather that 

making it optional easily schedulable load. We can see that major percentage of 

EV load is coming from e-bus. So ,if e-bus ,only which can be scheduled , are 

scheduled properly , it will not impact load curve that much like how we have 

done by making 6 p.m. to 9 p.m.  as no charging period for e-bus. Even with 

achieving of 30% EV sales goal , load due to EV is only 2.37% of total load of 

Kolkata in 2030. However daily energy demand due to EV will be 1281.45 

MWh in 2030.However these are demand side calculations, if we take 20 

percent Transmission and distribution loss into consideration, then generation 

will have to generate even  more than the total EV demand. EV might seem 

very green on end user basis. However we can also see that EV also comes with 

many tradeoffs like generation side cost and pollution increase. We can see that 

at current eastern region generation mix EV is not a viable option, even in 2030. 
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Table A4: Surveyed data of e-bus charging from charging station 
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Continuation of Table A4: 
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Table A5: Surveyed data of conventional government and private buses 
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Continuation of Table A5: 
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Table A6: specific .energy calculation from Surveyed data of e-bus 
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Table A15: Charge scheduling of e-bus for year 2021 
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Continuation of Table A15:  
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Continuation of Table A15:  
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Continuation of Table A15:  
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Continuation of Table A15:  
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Table A16: Charge scheduling of e-bus for year 2022 
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Continuation of Table A16:  
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Continuation of Table A16:  
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Continuation of Table A16:  
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Continuation of Table A16:  
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Table A17: Charge scheduling of e-bus for year 2023 
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Continuation of Table A17:  
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Continuation of Table A17:  
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Continuation of Table A17:  
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Continuation of Table A17:  
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Table A18: Charge scheduling of e-bus for year 2024 
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Continuation of Table A18:  
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Continuation of Table A18:  
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Continuation of Table A18:  
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Continuation of Table A18:  
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Table A19: Charge scheduling of e-bus for year 2025 
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Continuation of Table A19:  
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Continuation of Table A19:  



87 
 

  

Continuation of Table A19:  
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Continuation of Table A19:  
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Table A20: Charge scheduling of e-bus for year 2026 
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Continuation of Table A20:  
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Continuation of Table A20:  
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Continuation of Table A20:  
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Continuation of Table A20:  
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Table A21: Charge scheduling of e-bus for year 2027 
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Continuation of Table A21:  
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Continuation of Table A21:  
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Continuation of Table A21:  
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Continuation of Table A21:  
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Table A22: Charge scheduling of e-bus for year 2028 
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Continuation of Table A22:  
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Continuation of Table A22:  
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Continuation of Table A22:  
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Continuation of Table A22:  
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Table A23: Charge scheduling of e-bus for year 2029 
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Continuation of Table A23:  
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Continuation of Table A23:  
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Continuation of Table A23:  
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Continuation of Table A23:  
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Table A24: Charge scheduling of e-bus for year 2030 
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Continuation of Table A24:  
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Continuation of Table A24:  
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Continuation of Table A24:  
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Continuation of Table A24:  
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Table A32: Total load scheduling for year 2021 
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Continuation of Table A32:  
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Continuation of Table A32:  
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Continuation of Table A32:  
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Continuation of Table A32:  
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Table A33: Total load scheduling for year 2022 
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Continuation of Table A33:  
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Continuation of Table A33:  
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Continuation of Table A33:  
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Continuation of Table A33:  
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Table A34: Total load scheduling for year 2023 
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Continuation of Table A34:  
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Continuation of Table A34:  
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Continuation of Table A34:  
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Continuation of Table A34:  
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Table A35: Total load scheduling for year 2024 
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Continuation of Table A35:  
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Continuation of Table A35:  
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Continuation of Table A35:  
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Continuation of Table A35:  



153 
 

  

Table A36: Total load scheduling for year 2025 
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Continuation of Table A36:  
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Continuation of Table A36:  
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Continuation of Table A36:  
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Continuation of Table A36:  
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Table A37: Total load scheduling for year 2026 
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Continuation of Table A37:  
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Continuation of Table A37:  
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Table A38: Total load scheduling for year 2027 
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Table A39: Total load scheduling for year 2028 
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Table A40: Total load scheduling for year 2029 
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Table A41: Total load scheduling for year 2030 
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