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Abstract 

Electric vehicles (EVs) are increasingly becoming popular as a viable means of 

transportation for the future. The use of EVs may help in providing better climatic conditions 

in urban areas with a pocket friendly cost for transportation to the consumers throughout its 

life. EVs enact as a boon to the society by providing zero tailpipe emissions, better comfort, 

low lifecycle cost and higher connectivity. The article aims to provide scientific information 

throughout the literature across various aspects of EVs in their lifetime and thus, assist the 

scholarly community and various organisations to understand the impact of EVs. In this study 

we have gathered information from the articles published in SCOPUS database and through 

grey literature with the focus of information post 2009. We have also used a hybrid 

methodology using Best-Worst Method (BWM) and technique for order preference by 

similarity to ideal solution (TOPSIS) for comparing EVs, internal combustion engine vehicles 

(ICEVs) and hybrid vehicles in various price segments. The study has helped us conclude that 

EVs should be preferred over ICEVs and hybrids by the users. 
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1. Introduction 

 With the growth of urbanisation and globalisation there has been a rapid increase in 

transportation sector over the years. This has led to the rise of transportation industry across all 

segments. Though different modes of transportation have made the mobility of goods and 

individuals easier, but simultaneously increased the increased global green-house gas (GHG) 

emissions and burden on the pockets of individuals (Geurtsen & Wilford, 2009). The emissions 

through vehicles have made typical climatic conditions to live across the urban areas around 

the globe. India ranks third after China and USA in emitting GHG emissions and accounts for 

2.9 GtCO2e per year (Gupta R. et al., 2022, p. 36). The transportation sector alone accounts for 

9% of these GHG emissions (Gupta R. et al., 2022, p. 36). The time has come to adopt eco-

friendly technologies for mobility. Innovative people are keen to adopt these technologies at 

early stages. EVs being one of such technologies. Consumers view electric vehicles (EVs) as 

both cost-effective and environmentally beneficial. EVs emit zero tailpipe emissions. The 



growth of EVs can be attributed to various factors, including advancements in battery 

technology, government incentives, and a growing awareness of environmental sustainability. 

As significant automakers invest heavily in research and development, the market for EVs has 

expanded, offering consumers a diverse range of electric options. Increasing concerns about 

air quality, climate change, and the desire for energy independence have further accelerated the 

transition towards EVs. Thus, they are expected to reduce the GHG emissions up to a great 

extent and thus, provide better quality of air to breathe in for humans as well as other living 

beings. EVs are quite and does not have any fuel cost associated with them for their operation 

(Un-Noor et al., 2017) contradicting their counterpart of internal combustion engine vehicles 

(ICEV). IF 1,50,000 km is assumed as the average lifespan of EVs it has been found that current 

electricity mix can reduce the GHG emissions by 10-24% (Hawkins et al., 2013). If the 

electricity is generated from carbon free sources it has been found that electric vehicles will be 

responsible for 6.85% of total GHG emissions (which is currently 55.2% from conventional 

cars) and 5.76% of total air emissions (which is currently 61.4% from conventional cars) 

(Nanaki & Koroneos, 2013). Also, it has been found that 59-62% of consumed energy by EVs 

can be converted to power which is far more than their conventional counterpart that can 

convert only 17-21% of consumed energy to power (Wei & Dou, 2023). These facts can enact 

as a motivating factor amongst the consumer to shift from ICEVs to EVs. EVs are considered 

as eco-friendly mode of transport which are convenient, self-reliant and pocket friendly. Thus, 

it can be illustrated that the adoption of EVs is boon to the society. Environmental awareness 

among the society members enacts as a major factor to enhance EV adoption throughout the 

world (Nguyen & Pojani, 2023). This article lays emphasis on the pros of adopting EV 

technology and thus, prohibiting the use of traditional ICEVs. 

Due to the higher purchase cost of EVs and the misconception among the individuals for 

their shorter range, charging inconvenience and lack of safety inhibits the individuals for not 

switching to EVs. Thus, it becomes the liability of the government to enhance EV adoption by 

framing various policies in their country. The government across various nations are making 

numerous policies including subsidies and tax rebates to boost the adoption of EVs in their 

country. These policies may vary across states in a country. These policies can enact as an 

enabling factor to spread awareness among people for the advantages of EVs and thus, 

encourage EV adoption within a country.  

In near future it is expected that newer business models will come into play and EVs 

can conveniently enact as an efficient energy storage device for efficiently implementing these 



models. This stored energy can be used for developing vehicle-to-home (V2H) or smart homes 

and thus, powering the equipments in the household if required (Weiller & Neely, 2014). Thus, 

it can be illustrated that EVs will not only be used for transportation and logistics devices rather 

enact as energy service providers as well. This is an added advantage of EVs over the 

conventional gasoline vehicles since they can never be used as energy service providers. 

Based on the objective of our study we have identified various research questions (RQ). 

The RQ’s are as follows- 

RQ1: What are the factors that should be considered by the buyers while purchasing a 

vehicle. 

RQ2: What should be the desirable weights of each of the identified factors/criterion’s to 

make appropriate decision of vehicle purchase. 

RQ3: What should be the preferred choice of the vehicles from the available alternatives 

of EVs, ICEVs and hybrid vehicles. 

The remaining article is organised as follows: section 2 indicates the impact of electric 

vehicles, section 3 indicates total cost of ownership (TCO) of EVs, section 4 depicts EVs are 

more convenient, section 5 describes the self-reliance of EVs, section 6 describes the factors 

for comparison among EV and ICEV, section 7 describes the methodology while section 8 

comprises the results and section 9 conclusion.  

2. Impact of Electric vehicles 

2.1 Environmental Impact 

Modern life cannot exist without transportation, but the conventional combustion 

engine is rapidly becoming antiquated. Vehicles powered by gasoline or diesel emit a great 

deal of pollution, and fully electric vehicles are rapidly taking their place. Fully electric cars 

(EVs) are significantly better for the environment and have no exhaust emissions. Compared 

to conventional vehicles, electric and hybrid vehicles can offer significant pollution 

advantages. When used exclusively in electric mode, plug-in hybrid electric vehicles (PHEVs) 

emit no tailpipe emissions at all. Benefits of HEV emissions differ depending on the type of 

hybrid power system and vehicle model (U.S. Department of Energy). Electricity is used by 

electric vehicles to charge their batteries rather than fossil fuels like gasoline or diesel. Since 

electric vehicles take less energy to charge than gasoline or diesel to meet your travel needs, 



charging an electric vehicle is more cost-effective than filling it up (Niti Aayog). The electric 

car is an alternative to satisfy the demand for a green source of transportation with lower 

emissions and improved fuel economy. It helps to mitigate the effects of rising fuel prices and 

to adopt environmental legislation with higher requirements. The way that the nation generates 

its electricity has a direct bearing on the environmental effects of EVs. EVs may not be useful 

in reducing greenhouse gas (GHG) emissions in nations lacking an environmentally favourable 

mix of electricity generation (Woo et al., 2017). A major factor in assessing the environmental 

effects of EVs is the reduction of CO2 gas emissions. When compared to ICE vehicles, the 

extremely efficient electric motors in EVs contribute to their lower CO2 gas emissions. Driving 

an electric car can be more environmentally friendly if renewable energy is used. If renewable 

energy sources, like solar panels, are placed at home for charging, the cost of electricity can be 

further decreased. EVs also make a great deal less noise, which helps significantly lessen sound 

pollution, especially in cities. Electric vehicles have the silent functioning capability as there 

is no engine under the hood. No engine means no noise. The electric motor functions so silently 

that you need to peek into your instrument panel to check if it is ON. Electric vehicles are so 

silent that manufacturers have to add false sounds in order to make them safe for pedestrians 

(Niti Aayog). EVs have the potential to drastically reduce greenhouse gas emissions from the 

transportation sector, which presents opportunities and huge environmental benefits.  The fact 

that EVs help to cut greenhouse gas (GHG) emissions is one of the key reasons for their rising 

popularity. When fuels are burned directly in internal combustion engines (ICEs), hazardous 

gasses including carbon dioxide and carbon monoxide are released. Despite having internal 

combustion engines, HEVs and PHEVs produce fewer pollution than conventional cars. 

However, other ideas contend that the electricity used by EVs may increase greenhouse gas 

emissions from power plants, which must generate more energy due to the additional load that 

EVs provide. This argument can be supported by the observation that peak load power plants 

are most often of the ICE type, or that they can generate power using coal or gas. EVs will 

cause these facilities to operate and produce CO2 emissions if they generate excess load during 

peak hours (Ma et al., 2012).  

According to Sioshansi et al. (2011), EV adoption will result in a greater CO2 

production than ICEs when power generation from coal and natural gas is used. But not all of 

the power comes from these sources. Many alternative power-generating technologies exist 

that emit fewer greenhouse gases. When they are taken into account, the amount of greenhouse 

gas produced by power plants as a result of EV penetration is lower than that produced by ICE 



vehicle-based equivalent power generation. Additionally, the power plants generate energy in 

large quantities, reducing emissions per unit. Emissions from the transportation sector and 

power generation can be decreased with the appropriate integration of renewable sources, 

which EVs can greatly support (Kutt et al., 2013). EVs emit fewer emissions throughout the 

course of their lifetime than do traditional cars. EVs have a lower value for this measure, which 

is also known as well-to-wheel emission (Donateo et al., 2014). Denmark used EVs and electric 

power to reduce transportation-related CO2 emissions by 85%.  

The widespread installation of EVs in urban areas can lead to the electrification of the 

transportation industry EVs have a big potential to affect the electrical grid, the environment, 

and other connected areas. If EV penetration increases to a certain point, the current power grid 

may experience severe instability. However, with careful management and cooperation, EVs 

can be transformed into a significant factor in the smart grid concept's effective execution (Un-

Noor et al., 2017). Given the state of the transportation industry today, it is anticipated that EVs 

will soon have a significant market share due to their rapid development rate in distribution 

networks. Because of the extensive charging usage of EVs, which is negatively impacting the 

current conventional distribution grids, the current power networks may experience extra loads.  

The widespread installation of EVs in urban areas can lead to the electrification of the 

transportation industry. Because of the transportation sector's development, there is a more 

hospitable atmosphere thanks to lower CO2 emissions. According to Shuukat et al. (2018), 

there will be a reduction in carbon dioxide emissions of up to 1-6% until 2025 and 3-28% until 

the end of 2030. By integrating EVs into power networks, this is accomplished. However, 

widespread use of EVs with cutting-edge technologies has positive effects for the environment 

and the economy. Furthermore, a large-scale EV integration into the V2G (vehicle to grid) 

environment advances the clean and safe energy society. Improvements in electric vehicle (EV) 

technology can lessen reliance on fossil fuels and create a greener environment (Habib et al., 

2018). In a clean energy environment, V2G technology is essential ((Habib et al., 2018)).  

2.2 Sustainability 

In addition to reducing greenhouse gas emissions, plugging in electric vehicles (EVs) 

can provide many amazing features like load balancing, reactive power support, active power 

regulation, and sustainability for renewable energy resources (Shaukat et al., 2018; Ashique et 

al., 2017).  



Although the sophisticated batteries found in electric cars are made to last a long time, they 

will inevitably degrade. Eight-year/100,000-mile battery guarantees are being offered by a 

number of electric car manufacturers. The National Renewable Energy Laboratory of USA 

using its predictive modelling suggests that modern batteries could endure 12 to 15 years in 

temperate regions and 8 to 12 years in harsh ones (U.S. Department of Energy). The vehicle-

battery-environment thermal system, driving and charging habits, battery cell chemistry, and 

design are additional elements that affect battery life in addition to climate. While replacement 

battery prices have not been disclosed by manufacturers, some are charging monthly fees for 

extended warranty plans. Should the batteries require replacement after the guarantee has 

expired, the cost could be substantial. As battery technology advance and production volumes 

rise, it is anticipated that battery prices will continue to decline. The complete recycling of 

lithium-ion batteries is a challenge, as only a small number of firms are able to accomplish this. 

Lithium-ion cells, unlike the earlier nickel-metal and lead-acid ones, are not composed of 

caustic chemicals, and their repurposing can lessen the demand for "peak lithium" or "peak oil" 

(Shareef et al., 2016). A study by Mckinsey indicates that EV battery cell production from 

recycled raw material reduces CO2 emissions by 28% as compared to cell manufacturing from 

virgin material (Breiter A. et al., 2023, p. 4). Till the EV technology is about to mature the EVs 

will become a sustainable means of transport and enhance the efficiency and transparency in 

the supply chain. 

3. TCO for Electric vehicles 

A viable replacement for the present generation of fossil fuel-powered automobiles are 

electric vehicles (EVs). However, just 4.6% of EV sales worldwide were made as of 2020 

(Huang et al., 2019). The percentage of EV sales in global auto sales has climbed to 14% in 

2022 (International Energy Agency, 2023). Due to the great efficiency of electric-drive 

components, fuel costs can be significantly reduced by electric vehicles. The operational cost 

of EVs have also been reduced across various nations due to various subsidies on charging for 

electric vehicles (Palmer et al., 2018).  Since PHEVs and all-electric cars depend entirely or 

partially on electric power, their fuel efficiency is calculated differently from that of traditional 

cars. Common measures include miles per gallon of gasoline equivalent (MPGe) and kilowatt-

hours (kWh) per 100 miles (U.S. Department for Energy). Modern light-duty all-electric cars 

(or plug-in hybrid electric vehicles, or PHEVs) can achieve over 130 MPGe and go 100 miles 

on 25–40 kWh depending on how they are operated. Also, EVs have very low maintenance 

costs because they don’t have as many moving parts as an internal combustion vehicle. The 



servicing requirements for electric vehicles are lesser than the conventional petrol or diesel 

vehicles. Therefore, the yearly cost of running an electric vehicle is significantly low (Niti 

Aayog). A study indicates that the daily operational cost of conventional vehicles is 2.5 times 

than that of electric vehicles. Compared to conventional cars, hybrid and electric vehicles 

provide a lower carbon and environmental footprint; yet, their fleet share in most vehicle 

markets is currently too small to have a meaningful impact (Palmer et al., 2018). Until 2025, 

ICEVs are probably the most cost-effective technology in some TCO scenarios, such as the 

short-distance ones; however, in other scenarios, like the long-distance ones, EVs may still be 

more cost-effective than ICEVs by that year (Wu et al., 2015). This is mostly because EVs 

have lower operational costs per kilometer than do conventional cars. However, in every 

scenario, the capital cost of an electric vehicle (EV) is more than that of a conventional car. An 

extended driving range raises the operating cost's weight in the TCO computation, which boosts 

EVs' relative cost efficiency. Smaller cars with comparatively lower capital costs also 

consistently result in a greater operating cost weighting in the TCO computation, which raises 

the comparative cost efficiency of EVs (Wu et al., 2015). A study by Mckinsey indicates that 

TCO for EV two-wheelers is much lower than their traditional counterparts while, the TCO for 

compact SUV in the EV segment will be lower than their ICEVs counterparts (Gupta R. et al., 

2022, p. 73). 

 It has been found that compact EVs require only 60% of fuel while light trucks require 

64-78% of the fuel (Harvey, 2020). The future cost of operating EVs is expected to further 

reduce up to a great extent due to advancement in EV technology and higher use of renewable 

sources for electricity generation at lower costs (Harvey, 2020; Murphy et. al, 2019). The 

electricity cost by the renewable sources of energy is decreasing continuously and is expected 

to decrease further upto a great extent (Murphy et. al, 2019). According to the analysis by Al-

Alawi & Bradley, (2013) variables including incremental cost, gas prices, and annual driving 

distance—all of which have been thoroughly studied in the literature—have an impact on both 

TCO and payback period. For instance, a 20% increase in gas costs is demonstrated to result 

in a 31% reduction in the mid-sized PHEV20's payback period when compared to a CV. It was 

also demonstrated by this analysis that salvage value, maintenance expenses, and fuel 

economy—three relatively understudied aspects of TCO modelling—have an impact on TCO 

and payback period.  

The cost of the battery pack, which is substantially more expensive than the drivetrain 

of an ICEV, is the main factor for the high purchase price of BEVs. Future battery prices are 



predicted to drop at a rapid rate, which will increase the competitiveness of BEVs in terms of 

TCO and purchase price. BEVs' cheap ongoing ownership costs could have an intriguing 

impact on their resale value and longer ownership durations (Hangman et. al., 2016). 

Comparable used ICEVs and HEVs may have substantially reduced TCO when a used BEV is 

purchased instead of a new one because of the absence of the high rate of depreciation and 

financing expenses. These are elements that may have a favourable impact on BEVs' resale 

value, which would also make new BEVs more desirable. Since operating costs account for a 

growing portion of the total cost of older cars, a similar impact could potentially make BEVs 

more competitively priced over longer ownership periods (Hangman et. al., 2016). However, 

the short battery life and replacement cost may negatively impact BEVs' long-term TCO and 

resale value.  

The Total Ownership Cost (TOC) of an EV encompasses various elements beyond the 

initial purchase price, including maintenance, charging infrastructure, electricity costs, and 

potential incentives. Accurately estimating these costs is paramount for individuals and 

businesses considering the switch to EVs, as it provides insights into electric transportation's 

long-term affordability and economic viability. 

Considering the case of various states across different nations it has been found that buying 

an electric vehicle entails lower registration costs and road tax than buying a gasoline or diesel 

car. In order to reduce the purchase burden of vehicles on the consumers the governments 

across various nations have come up with numerous subsidy programs for the consumers 

(Harvey, 2020). This step by the government is pushing the consumers to enjoy low fuel 

economy vehicles with higher efficiency and simultaneously enabling them to contribute for 

the greener environment. If we consider the case of India, the state in which you live determines 

the policies and incentives that the government offers. We have estimated the TCO for a vehicle 

owner in India and taken the following assumptions after exploring the literature and discussion 

with experts- 

Assumption 1: Daily commute distance is constant 40 km.  

Assumption 2: Petrol cost for each year is obtained using forecasts of yearly average while the 

cost of electricity is considered constant (considering inflation and reduction in electricity 

tariffs due to enhancement in the use of electricity from renewable sources). 

Assumption 3: Maintenance and insurance cost for the vehicles is considered constant 

throughout their life. 



Assumption 4: The EV battery cost is expected to decline by at least 40% by the time they are 

to be replaced. 

4. Convenience 

EVs are considered to be more comfortable due to lack of transmission system. The 

lack of transmission system and the availability of electric motor with high torque makes the 

driver enjoy with dynamic and powerful acceleration. This makes it easier for the driver to pass 

or merge with the highway ("pleasure of driving an electric vehicle - Easy electric life - Renault 

group," 2020). Also, EVs are easy and convenient to drive and control since they don’t have 

gears. The user only has to sit and accelerate without making a combination of clutch and 

acceleration. There are no complicated controls, just accelerate, brake, and steer. 

  Since electric vehicles are equipped with an electric motor and a battery at the bottom 

of the surface also, the non-availability of internal combustion engine provides a lower centre 

of gravity thus, providing improved handling, stable ride and higher responsiveness (Union of 

Concerned Scientists, 2018; Admin, 2023). EVs are provided with regenerative braking system 

that enables the EVs to convert the stored mechanical energy into electrical energy and transfer 

it to the battery pack. Thus, provide the EVs with the ability to recharge themselves up-to a 

certain extent and so increasing the efficiency of the vehicles (Admin, 2023). This makes 

driving smoother.  

Due to the lack of internal combustion engine and the availability of contactless 

transmission system the EVs make zero noise thus, providing peace and making them 

appealing to our ears (Geurtsen & Wilford, 2009). Inside the cabin one can easily enjoy the 

peace and listen to the radio or passenger chats more conveniently ("pleasure of driving an 

electric vehicle - Easy electric life - Renault group," 2020). Zero noise by EVs also lead to 

reduction in noise pollution levels.  

Also, in EVs the user may not have to rush to a refuelling station as in case of gasoline-

based vehicles. This is because the user may simply charge the vehicle at their home by just 

plugging it in a few seconds and lets the user wake up in the morning with a “full tank” (Union 

of Concerned Scientists, 2018). Consider yourself at a crowded gas station at rush hour, running 

out of time to get to work. An electric car is a simple solution to these issues. Just leave your 

car plugged in for four to five hours at home before you intend to leave. It is quite convenient 

to arrange your trips ahead of time if you can find a charger where you park at home (Niti 

Aayog). What happens if you ever forget to plug in your computer? Then, if you are riding a 



two-wheeler on the road, you may readily enlist the aid of rapid chargers or even battery 

changing services. When you want to charge your vehicle, just plug it in to a home or public 

charger. Efforts are being taken up by government across various nations of building charging 

spots at various work facilities and parking lots. Thus, making it more convenient for the user 

to charge their vehicle and avoid running to refuelling stations to recharge their vehicles. This, 

charging system is quite convenient and hassle free for the users using vehicles for local 

commute (which is a common practice).  

Due to the availability of fewer moving parts the EVs experience lower wear and tear of 

various parts. This provides a longer life for EVs and thus, providing them with lower 

maintenance needs. This makes it convenient for the user to spend less money and time to 

maintain their vehicles. 

5. Safety 

The advanced automotive electronics technology systems are helping to build an 

intelligent system for transport (Shi et al., 2022). In the transportation sector, electric vehicles 

(EVs) are starting to use this smart system initially. This has provided the vehicles with 

advanced safety and security systems as compared to conventional vehicles. The EVs have an 

added advantage over ICEVs since they are provided with blind spot monitoring system, 

collision avoidance system, cybersecurity systems, assisted lane change system and automotive 

regenerative braking system (Admin_noodoe, 2023).  

There is a misconception that EVs are less safer than their counterpart ICEVs and 

hybrids in the same price segment. The lack of engine in EVs provide them with higher 

crumple zones to absorb the impact of collisions. Blind-spot monitoring system improves the 

visibility and intimates the driver about the vehicle in the blind spot thus, avoiding collisions. 

Collision avoidance system enables the automotive regenerative braking system to 

automatically reduce the speed of the vehicle and apply breaks if needed to avoid collision 

with other vehicles. This help to reduce the road accidents and thus, the injuries. EVs are less 

prone to accidental fires. This is because EVs don’t run on flammable material and also, the 

battery material is provided with battery casing as well as vehicle casing thus, providing 

double insulation layer for temperature rise in case of a crash. Also, the battery management 

system (BMS) in EVs and continuously monitors the battery performance help to control 

voltage and thermal levels of the battery (Hossain Lipu et al., 2021). The assisted lane change 

system in EVs enables the driver to make more informed decision and warn him/her to 



change/not to change the lane thus, avoiding collisions and thus, enjoy better and smooth 

driving experience.  

6. Factors for Comparison of EV and ICEV  

In this dynamic environment one finds it very difficult to decide on how to choose between 

an EV and ICEV. To make it convenient for the upcoming users to select EV or ICEV we have 

come up with various factors after discussing with the current EV users and certain policy 

makers. The various factors that one may consider while choosing among EV and ICEV are:- 

 Cost of ownership: It is one of the primary factors considered by the buyer while 

purchasing a vehicle. The buyer tends to have the lowest cost of ownership for the 

vehicle he/she tends to purchase while simultaneously taking the other factors into 

consideration. 

 Re-fuelling infrastructure and convenience: All the vehicle buyers give a thought 

towards the distance they may drive regularly in a day. Once the user is aware of 

the average commute distance on daily basis he/she looks after the availability of 

refuelling infrastructure for their vehicle. If the person is satisfied with the available 

refuelling infrastructure to fulfil his/her refuelling needs then he/she may choose to 

opt the vehicle. The individual may also try to give thought towards the re-fuelling 

convenience of the vehicle. EVs are convenient to re-fuel for the users since they 

can be charged at home while ICEVs and hybrids are to be taken to a re-fuelling 

station for re-fuelling. 

 Range: The average distance the vehicle covers when its fuel capacity is completely 

filled is determined as the range of the vehicle. The user tends to have maximum 

range for the vehicle at minimum cost in such a manner that his daily commuting 

needs can be easily covered with the available refuelling infrastructure. 

 Safety & Comfort: Safety is one of the minor concern for most vehicle buyers. The 

buyers tend to invest more while considering the safety aspect for the vehicle. 

Comfort is one of the secondary factors that one may consider while purchasing a 

vehicle. The buyer tends to prefer the vehicle with highest level of comfort in a 

particular price band but simultaneously considers other factors as well as per 

his/her needs. 



 Network Effect: It is the general tendency of a human to purchase the vehicle from 

the vehicle segment (EV and ICEV) which is likely to sustain in the market for one 

reason or the other. The buyers develop the confidence for the segment to be 

sustainable if they find the market confidence with a proper network of vehicle 

models from that segment (Miao et al., 2017). 

 Environmental impact: The buyers rarely consider this factor while purchasing 

the vehicle while the present government officials develop their policies 

considering this as one of the key factors for EV/ICEV/hybrid adoption. This may 

be considered by the individuals to develop a healthy living environment. The 

environmental impact factors generally include amount of emissions, the efficiency 

of energy consumption by the vehicle etc. 

 Policy Push and Regulations: One tend to look after the guidelines/policies 

provided by the government to promote/demote a particular vehicle segment (i.e. 

EV or ICEV or hybrids). The buyer usually considers the policy push by the 

government as one of the most important factors while purchasing the EV. The 

policies and regulations motivate the buyer to buy the vehicle from a particular 

segment without compromising on his/her needs. 

7. Methodology 

The previous research on electric vehicles majorly focusses towards their environmental 

and techno-economic feasibilities while very little is discussed about the advantages and 

disadvantages of electric vehicles, which indicates that reviews are mandatory this theme. We 

have used the articles from SCOPUS database rather than Web of Science and Google Scholar 

since it is a more comprehensive database and covers information from a wider range of 

sources.  We have used the combination of relevant keywords using “AND”, “OR” and “NOT” 

operators in the database in the title and abstract. We have used the keywords “electric vehicl*”, 

“advantag*”, “disadvantage*”, “merits” and “demerits”. The word's asterisk at the end denotes 

the inclusion of all occurrences of that word; for eg., vehicl* comprise of both vehicle and 

vehicles. A total of 869 relevant articles were published from 2009 to 2023. There was an 

annual increase in the number of publications every year. We only considered the research and 

review articles from journals and conference proceedings (which were 424 in the database). 

The articles were filtered out as per relevance and information. This research did not include 

articles from conference proceedings, short surveys, letter, books and book chapters. The 



process for selection of articles has been described in Figure 1. We also explored certain 

information from grey literature which includes government sources, reports and information 

available on company websites was also included.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. 

Also, we used the hybrid BWM-TOPSIS model to identify the best alternatives of EVs, 

ICEVs and hybrids (as described in Figure 2.) in the price range varying from 8.00 lakhs to 

25.00 lakhs. We have segmented EVs’, ICEVs’ and hybrids in different price segments. We 

consider various factors/criterion which the user may consider while purchasing a new vehicle. 

These factors are obtained after discussion with various experts and users. After identifying the 

decision factors we interact with the users to rate each of these criterion w.r.t. the best criterion 

and worst criterion (best and worst criteria’s are selected by the users). Thereafter, we apply 

best-worst method (BWM) to obtain weights of each criterion. We gathered this information 

from 15 different users and thereafter, took the average of weights that is used further to applied 

to finalise the best alternative using technique for order preference by similarity to ideal 

Selection of database: 
Scopus 

Initial Selection of articles: 
424 articles were considered from 

journals and conference proceedings 

First round of article selection: 
62 articles containing the 

information related to EVs were 
considered 

Second round of article selection: 
25 articles comprising about the 
merits and demerits of electric 

vehicles were considered  

Language: English 
Time Span: 2009 to 2023 

Document Type: Journal and 
Conference Proceedings 

Exclusion Criteria:  
362 articles based on models for 
charging infrastructure, technical 

specifications, recycling and batteries 
were excluded 

Quality Selection Criteria:  
All articles were considered due to 

limited information 



solution (TOPSIS). The results and the literature enabled us to understand both the advantages 

and disadvantages of EVs in detail. 

 

 

 

 

 

 

 

 

 

 

Figure 2.  

7.1 Best-Worst Method Procedure 

In 2015, Rezaei created a novel MCDM approach known as the best-worst method (Rezaei, 

2015). This method is likewise based on pairwise comparisons of the criteria and sub-criteria, 

just like AHP (Analytical Hierarchy Processing). In comparison with AHP, this method is 

thought to be more effective. Comparisons in AHP are expressed as "n(n-1)/2," whereas in 

BWM they are expressed as "2n-3." The computational steps for BWM are as mentioned 

below:- 

1. Step 1: Establish the group of different criteria (C1, C2, C3, ------- ,Cn). 

Where ‘n’ is the number of criteria 

2. Step 2: Determine which criteria is the best (more significant) and which is the worst 

(less significant) by consulting experts. Select one at random if there are several 

criteria that are thought to be best or worst. 

3. Step 3: Using numbers 1 through 9, ascertain which criteria is preferred over the 

worst and which is preferred over the other criteria. OW(others-to-worst) = (a1W, a2W, 

Choose the range of 

alternatives of EV & ICEV 

Define the evaluation 

criteria for vehicle selection 

Calculate  weights of each 

criterion using BWM 

Prepare weighted 

normalised decision matrix 

Calculate weighted 

Eucledian Distance from 

each alternativefrom PIS & 

NIS 

Calculate the closeness 

coefficient  and rank of 

alternatives 

Calculate PIS & NIS 



a3W, -------- , anW) and BO(best-to-others) = (aB1, aB2, aB3, -------- , aBn). are the 

vectors, respectively. 

4. Step 4: Find the optimal weights of each criterion. The optimal weight vector is W* = 

(W1
*, W2

*, W3
*, ------- , Wn

*). The weights obtained can be considered as optimal 

weights if and only if the following conditions are satisfied: 1) WB/Wj – aBj = 0 ; and 

2) Wj/WW – ajW = 0. Thus, to satisfy these conditions minimization of the maximum 

absolute differences of | WB/Wj – aBj | and | Wj/WW – ajW |is performed for all j. The 

optimization model is as follows : 

Model 1 

Minmaxj  {|
𝑊𝐵

𝑊𝑗
  – 𝑎𝐵𝑗 | , |

𝑊𝑗

𝑊𝑊
  – 𝑎𝑗𝑊 |} 

Subject to:  

   ∑ W𝑗 = 1𝑗                                                      …….. (1) 

   Wj ≥ 0,                (ꓯ𝑗 ∈  [1, 𝑛] )            …….. (2) 

This model can be transformed to Model 2. 

Model 2 

Min.    ξ 

Subject to: 

|
𝑊𝐵

𝑊𝑗
  –  𝑎𝐵𝑗  | ≤  𝜉  (ꓯ𝑗 ∈  [1, 𝑛] )                               .……. (3) 

 

|
𝑊𝑗

𝑊𝑊
  – 𝑎𝑗𝑊  | ≤  𝜉  (ꓯ𝑗 ∈  [1, 𝑛] )                               ..……. (4)  

    

∑ W𝑗 = 1𝑗            ……. (5)  

   𝑊𝑗  ≥  0                (ꓯ𝑗 ∈  [1, 𝑛] )       .…… (6) 

Thus, the minimum absolute difference ξ* and the optimal weights (W1
*, W2

*, W3
*, ------- , 

Wn
*) can be obtained by solving model .   



7.2 TOPSIS Procedure 

In theory and practice, TOPSIS is a straightforward ranking system that was created by 

Hwang and Yoon in 1981. Using the traditional TOPSIS method, one seeks solutions that are 

as far from the ideal negative solution as possible but also as close to the ideal positive 

response as feasible. In addition to offering a cardinal ranking of options and utilizing 

attribute information to the fullest, TOPSIS does not require individual attribute preferences 

(Chen and Hwang, 1992; Yoon & Hwang, 1995). In order to utilize this method, attribute 

values need to be numerical, exhibit a monotonic increase or decrease, and possess equivalent 

units. The computational steps for TOPSIS are as mentioned below:- 

1. Step 1: Establish the group of different alternatives. 

2. Step 2: Create normalised decision matrix 

𝑦𝑖𝑗 =
𝑥𝑖𝑗

√∑𝑥𝑖𝑗
2
   for  i = 1,……,m and j = 1,…….,n            ……. (7) 

3. Step 3: Create weighted normalised decision matrix. 

𝑣𝑖𝑗 = 𝑤𝑗̇𝑦𝑖𝑗                                              ……. (8) 

where 𝑤𝑗̇ is the weight of j criterion 

4. Step 4: Calculate PIS (positive ideal solution; Vj+) and NIS (negative ideal solution; 

Vj-). 

Vj+  = {𝑣1
∗, … , 𝑣𝑛

∗}, ….. positive ideal solution 

Where 𝑣𝑖
∗ = { max(𝑉𝑖𝑗)𝑖𝑓 𝑗 ∈ 𝐽 ;  min(𝑉𝑖𝑗) 𝑖𝑓 𝑗 ∈  𝐽′ } 

Vj-  OR  𝐴′ = {𝑣1
′ , … , 𝑣𝑛

′ }, ….. negative ideal solution 

Where 𝑣𝑖
′ = { min(𝑉𝑖𝑗)𝑖𝑓 𝑗 ∈ 𝐽 ;  max(𝑉𝑖𝑗) 𝑖𝑓 𝑗 ∈  𝐽′ } 

 

5. Step 5: Determine the separation measure for each alternative 

Separation Measure for Positive Ideal Solution (PIS): 

𝑆𝑖
∗ = [∑(𝑣𝑖

∗ − 𝑣𝑖𝑗)
2

]

1

2
       i=1, … , m 

 

 Separation Measure for Negative Ideal Solution (NIS): 



𝑆𝑖
′ = [∑(𝑣𝑗

′ − 𝑣𝑖𝑗)
2

]

1

2
       i=1, … , m 

 

6. Step 6: Calculate the performance measure  

𝐶𝑖
∗ = 𝑆𝑖

′ ∕ (𝑆𝑖
∗ + 𝑆𝑖

′) ,                       0 < 𝐶𝑖
∗ < 1 

Select the alternative with the value of 𝐶𝑖
∗ closest to 1. 

7. Step 7: Determine the rank of each alternative as per the performance measure. 

 

8. Results 

In this study we have used BWM to calculate the weights of each criterion considered 

to select the best alternative from the available range of vehicles. We took the average 

weights obtained from 15 datasets which is further used to evaluate the best available 

alternative of EV and ICEV (using TOPSIS) in a particular price bracket. 

Cost of Ownership 31.65 

Safety & Comfort 5.45 

Range 10.46 

Network Effect 10.60 

Refueling Infrastructure & Convenience 10.15 

Environmental Impact 3.87 

Policy Push & Regulations 27.82 

Table 1. Criterion Weights using BWM 

 The weights for each criterion in Table 1., is used to calculate the normalised decision 

matrix of TOPSIS where, we have considered the range of alternatives for EV and ICEV in 

different price brackets.  



Alternatives 
Cost of 

Ownership 
Safety & 
Comfort 

Range 
Network 

Effect 

Re-fuelling 
Infrastructure 

& 
Convenience 

Environmental 
Impact 

Policy Push 
& 

Regulations 

EV (8-11 Lakhs) 0.048 0.007 0.022 0.016 0.034 0.019 0.130 
EV (11-15 
Lakhs) 0.063 0.014 0.027 0.032 0.034 0.019 0.130 
EV (15-19 
Lakhs) 0.083 0.021 0.029 0.032 0.034 0.019 0.130 
EV (19-25 
Lakhs) 0.105 0.021 0.033 0.047 0.034 0.019 0.130 
ICEV(8-11 
Lakhs) 0.098 0.014 0.033 0.032 0.034 0.003 0.019 
ICEV(11-15 
Lakhs) 0.119 0.014 0.033 0.032 0.034 0.003 0.019 
ICEV(15-19 
Lakhs) 0.140 0.021 0.041 0.047 0.034 0.003 0.019 
ICEV (19-25 
Lakhs) 0.140 0.024 0.041 0.047 0.034 0.003 0.019 
Hybrid (19-25 
Lakhs) 0.114 0.021 0.049 0.016 0.034 0.005 0.093 

Vj+ 0.048 0.024 0.049 0.047 0.034 0.019 0.130 

Vj- 0.140 0.007 0.022 0.016 0.034 0.003 0.019 
 

Table 2. Weighted Normalised Decision Matrix for TOPSIS 

 We obtain the positive ideal solution (PIS) and negative ideal solution (NIS) w.r.t. each 

criterion for different alternative in Table 2. The PIS and NIS are further used to calculate the 

separation measure for PIS and NIS, which is further used to compute the performance measure 

(Pi ) for each of the available alternatives. The Pi for each alternative is used to determine the 

rank of each alternative as the desired preference of the consumers. 

Alternatives Si+ Si- Pi Rank 

EV (8-11 Lakhs) 0.043 0.117 0.732 1 

EV (11-15 Lakhs) 0.042 0.105 0.714 2 

EV (15-19 Lakhs) 0.051 0.093 0.645 3 

EV (19-25 Lakhs) 0.067 0.082 0.550 4 



ICEV(8-11 Lakhs) 0.091 0.049 0.349 6 

ICEV(11-15 Lakhs) 0.104 0.032 0.238 9 

ICEV(15-19 Lakhs) 0.117 0.045 0.276 8 

ICEV (19-25 Lakhs) 0.117 0.046 0.284 7 

Hybrid (19-25 Lakhs) 0.086 0.053 0.382 5 
Table 3. Separation Measure, Performance Score and Rank using TOPSIS 

 The results clearly indicate that EVs should be the preferable consumer choice over 

ICEVs when all the factors are considered for vehicle selection. According to our results in 

Table 3., EVs in the price bracket of 8.00-11.00 lakhs should be the first choice of the 

consumers. While ICEVs in the same price bracket is ranked as the sixth preferrable choice of 

consumers for vehicle purchase. EVs in the price bracket 11.00-15.00 lakhs is ranked as the 

second desirable preference of the consumers while ICEVs of the same price segment are 

ranked as the ninth desirable preference for vehicle purchase by the buyers. EVs in the price 

bracket 15.00-19.00 lakhs is ranked third desirable preference and its conventional counterpart 

is ranked as eighth desirable preference. It has also been found that EVs in the price bracket of 

19.00-25.00 lakhs should be the fourth desirable preference of the buyers from the available 

alternatives. Also, hybrid vehicles in the price bracket of 19.00-25.00 lakhs should be the fifth 

desirable preference of the buyers from the available alternatives while, ICEVs in the same 

price bracket are ranked as the seventh desirable preference of the buyers. This indicates that 

hybrids should be preferred over ICEVs irrespective of the price segment. The results also 

indicate that when EVs, ICEVs and hybrids are to be chosen from the similar price band EVs 

should be the first preferred choice of the consumers while, hybrids and ICEVs must 

respectively be their second and third preferred choice. 

 Figure 3., shows us that how EVs, ICEVs and hybrids from different price brackets is 

better than the other based on each factor considered in the study. The graph clearly indicates 

that TCO of EV is far less than the TCO of ICEVs and hybrids in the same price band. 

Similarly, the policy push and regulations by the government are EV friendly as compared to 

ICEV and hybrids. Also, the EVs are far more eco-friendly as compared to their conventional 

counterparts.  



 

Figure 3.  

9. Conclusion 

EVs have enormous potential of becoming the transport for the future and thus, enacting 

to save earth from various calamities that could occur due to global warming. They are a viable 

alternative for fossil fuel-based vehicles. This article discusses critically reviews the impact of 

EVs over ICEVs in detail. The study has helped us to understand the fact that owning the 

electric vehicle is much cheaper than owning ICEV even though the initial purchase cost of 

EVs is much higher than that of ICEV. This is due to lower maintenance and operational cost 

of EVs throughout their life. The operating cost and initial purchase cost of hybrid vehicles is 

much higher than that of EVs. But the TCO for hybrid vehicles is lower than that of ICEVs of 

the same price bracket. If the factors in our study are considered for vehicle purchase, hybrids 

must become the preferred choice of the buyers over ICEVs but not over EVs.  From the study 

it is evident that EVs are more concerned towards the environment since they have zero tailpipe 

emission and also, they utilizes the energy more efficiently as compared to traditional ICEVs. 

Also, the energy utilization by the hybrid vehicles is more judicious as compared to that of 

ICEVs but not judicious than EVs.  

Though EV adoption in India is rising at low pace majorly due to the lack of re-fuelling 

infrastructure and lower variety in the available EV segment. The government and the 

companies are taking steps to enhance the EV infrastructure and provide greater variety of EV 

models. Once the refuelling infrastructure is developed in the country and a greater number of 
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EV models will come in the market (within the reach of consumers pocket), it will make a 

psychological impact on vehicle buyers to purchase EV rather than ICEV. Driving an EV 

provides safety and comfort due to the availability of regenerative braking system and 

contactless transmission. Thus, it can be concluded that EVs are better than their conventional 

counterparts (ICEVs) and hybrid vehicles so that, their adoption will enhance in near future. 

This will provide better quality automobiles with lower financial burden on pockets, enhanced 

safety to road accidents and also, enhance the climatic conditions in urban areas. Thus, EVs 

can be considered as the sustainable mode of transportation. 

Acknowledgements: This article would not have been possible without the appropriate 

support and input from the academic and industry experts. We are also grateful to our peers for 

his insightful comments and continuous guidance by Prof. B.K. Panigrahi, that helped in 

improving the study.  

References 

1. Admin_noodoe. (2023, November 3). Electric vehicles with advanced safety measures. 

Noodoe. https://www.noodoe.com/blog/electric-vehicles-with-advanced-safety-

measures 

2. Al-Alawi, B. M., & Bradley, T. H. (2013). Total cost of ownership, payback, and 

consumer preference modeling of plug-in hybrid electric vehicles. Applied Energy, 103, 

488–506.  

3. Breiter A., Linder M., Schuldt T., Siccardo G., & Vekić N. (2023, March 13). Battery 

recycling takes the driver’s seat. Mckinsey & 

Company. https://www.mckinsey.com/industries/automotive-and-assembly/our-

insights/battery-recycling-takes-the-drivers-seat 

4. Chen, S. J., & Hwang, C. L. (1992). Fuzzy multiple attribute decision making: Methods 

and applications. Berlin: Springer-Verlag 

5. Donateo, T.; Ingrosso, F.; Licci, F.; Laforgia, D. A method to estimate the 

environmental impact of an electric city car during six months of testing in an Italian 

city. J. Power Sources 2014, 270, 487–498 

6. Geurtsen, E., & Wilford, J. (2009). All electric cars are not the same and why the call 

for ‘real’ electric cars should be resisted. World Electric Vehicle Journal, 3(4), 884–

889. https://doi.org/10.3390/wevj3040884 

https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/battery-recycling-takes-the-drivers-seat
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/battery-recycling-takes-the-drivers-seat


7. Habib, S., Khan, M. M., Abbas, F., Sang, L., Shahid, M. U., & Tang, H. (2018). A 

Comprehensive Study of Implemented International Standards, Technical Challenges, 

Impacts and Prospects for Electric Vehicles. IEEE Access, 6, 13866–13890. 

https://doi.org/10.1109/ACCESS.2018.2812303 

8. Hagman, J., Ritzén, S., Stier, J. J., & Susilo, Y. (2016). Total cost of ownership and its 

potential implications for battery electric vehicle diffusion. Research in Transportation 

Business & Management, 18, 11–17. https://doi.org/10.1016/j.rtbm.2016.01.003 

9. Harvey, L. D. D. (2020). Rethinking electric vehicle subsidies, rediscovering energy 

efficiency. Energy Policy, 146, 111760. https://doi.org/10.1016/j.enpol.2020.111760 

10. Hawkins, T. R., Singh, B., Majeau‐Bettez, G., & Strømman, A. H. (2013). 

Comparative Environmental Life Cycle Assessment of Conventional and Electric 

Vehicles. Journal of Industrial Ecology, 17(1), 53–64. https://doi.org/10.1111/j.1530-

9290.2012.00532.x 

11. Hossain Lipu, M. S., Hannan, M. A., Karim, T. F., Hussain, A., Saad, M. H. M., 

Ayob, A., Miah, Md. S., & Indra Mahlia, T. M. (2021). Intelligent algorithms and 

control strategies for battery management system in electric vehicles: Progress, 

challenges and future outlook. Journal of Cleaner Production, 292, 126044. 

https://doi.org/10.1016/j.jclepro.2021.126044 

12. Huang, Y., Surawski, N. C., Organ, B., Zhou, J. L., Tang, O. H. H., & Chan, E. F. C. 

(2019). Fuel consumption and emissions performance under real driving: Comparison 

between hybrid and conventional vehicles. Science of The Total Environment, 659, 

275–282. https://doi.org/10.1016/j.scitotenv.2018.12.349 

13. Hwang, C. L., & Yoon, K. P. (1981). Multiple attribute decision making: Methods and 

applications. New York: Springer-Verlag 

14. International Energy Agency. (2023). Global EV outlook 

2023. https://www.iea.org/reports/global-ev-outlook-2023 

15. Kütt, L.; Saarijärvi, E.; Lehtonen, M.;Mõlder, H.; Niitsoo, J. A review of the harmonic 

and unbalance effects in electrical distribution networks due to EV charging. In 

Proceedings of the 2013 12th International Conference on Environment and Electrical 

Engineering (EEEIC),Wroclaw, Poland, 5–8 May 2013 

16. Ma, H.; Balthser, F.; Tait, N.; Riera-Palou, X.; Harrison, A. A new comparison between 

the life cycle greenhouse gas emissions of battery electric vehicles and internal 

combustion vehicles. Energy Policy 2012, 44, 160–173. 

https://www.iea.org/reports/global-ev-outlook-2023


17.  Miao, R., Wu, Q., Wang, Z., Zhang, X., Song, Y., Zhang, H., Sun, Q., & Jiang, Z. 

(2017). Factors that influence users’ adoption intention of mobile health: A structural 

equation modeling approach. International Journal of Production Research, 55(19), 

5801–5815. https://doi.org/10.1080/00207543.2017.1336681 

18. Murphy, C., Sun, Y., Cole, W. J., Maclaurin, G. J., Mehos, M. S., & Turchi, C. S. 

(2019). The potential role of concentrating solar power within the context of DOE's 

2030 solar cost targets (No. NREL/TP-6A20-71912). National Renewable Energy 

Lab.(NREL), Golden, CO (United States). 

19. Nanaki, E. A., & Koroneos, C. J. (2013). Comparative economic and environmental 

analysis of conventional, hybrid and electric vehicles – the case study of Greece. 

Journal of Cleaner Production, 53, 261–266. 

https://doi.org/10.1016/j.jclepro.2013.04.010 

20. Netessine, S. (2022). Serguei Netessine [dataset]. https://doi.org/10.1287/8a886aa9-

b76a-4a67-b881-e7c244855e1f 

21. Nguyen, M. H., & Pojani, D. (2023). Can electric buses entice more public transport 

use? Empirical evidence from Vietnam. Case Studies on Transport Policy, 13, 101040. 

https://doi.org/10.1016/j.cstp.2023.101040 

22. N. Shaukat et al., ``A survey on electric vehicle transportation within smart grid 

system,'' Renew. Sustain. Energy Rev., vol. 81, pp. 1329_1349,Jan. 2018. 

23. Niti Ayog. (n.d.). Benefits of electric vehicles. e-AMRIT. https://e-

amrit.niti.gov.in/benefits-of-electric-vehicles 

24. Sioshansi, R.; Miller, J. Plug-in hybrid electric vehicles can be clean and economical in 

dirty power systems.Energy Policy 2011, 39, 6151–6161 

25. Palmer, K., Tate, J. E., Wadud, Z., & Nellthorp, J. (2018). Total cost of ownership and 

market share for hybrid and electric vehicles in the UK, US and Japan. Applied Energy, 

209, 108–119.  

26. Rajat Gupta, Divy Malik, Shirish Sankhe, & Naveen Unni. (2022, October 

27). Decarbonising India: Charting a pathway for sustainable growth. Mckinsey & 

Company. https://www.mckinsey.com/capabilities/sustainability/our-

insights/decarbonising-india-charting-a-pathway-for-sustainable-growth#/ 

27. Renault Group. (2020, March 12). The pleasure of driving an electric vehicle - Easy 

electric life - Renault group. Renault Group, constructeur automobile. 

https://www.renaultgroup.com/en/news-on-air/news/driving-an-electric-car-a-real-

https://www.mckinsey.com/capabilities/sustainability/our-insights/decarbonising-india-charting-a-pathway-for-sustainable-growth#/
https://www.mckinsey.com/capabilities/sustainability/our-insights/decarbonising-india-charting-a-pathway-for-sustainable-growth#/
https://www.renaultgroup.com/en/news-on-air/news/driving-an-electric-car-a-real-pleasure/#:~:text=Zero%20engine%20noise,staying%20calm%20at%20the%20wheel


pleasure/#:~:text=Zero%20engine%20noise,staying%20calm%20at%20the%20wheel

! 

28. Rezaei, J. (2015). Best-worst multi-criteria decision-making method. Omega, 53, 49–

57. https://doi.org/10.1016/j.omega.2014.11.009 

29. R. H. Ashique, Z. Salam, M. J. B. A. Aziz, and A. R. Bhatti, ``Integrated photovoltaic-

grid DC fast charging system for electric vehicle: A review of the architecture and 

control,'' Renew. Sustain. Energy Rev., vol. 69, pp. 1243_1257, Mar. 2017. 

30. Shareef, H.; Islam, M.M.; Mohamed, A. A review of the stage-of-the-art charging 

technologies, placement methodologies, and impacts of electric vehicles. Renew. 

Sustain. Energy Rev. 2016, 64, 403–420. 

31. Shi, Y., Feng, D., Yu, S., Fang, C., Li, H., & Zhou, Y. (2022). The projection of 

electric vehicle population growth considering scrappage and technology competition: 

A case study in Shanghai. Journal of Cleaner Production, 365, 132673. 

https://doi.org/10.1016/j.jclepro.2022.132673 

32. Union of Concerned Scientists. (2018, March 12). Top five reasons to choose an 

electric car. https://www.ucsusa.org/resources/top-five-reasons-choose-electric-car 

33. Un-Noor, F., Padmanaban, S., Mihet-Popa, L., Mollah, M., & Hossain, E. (2017). A 

Comprehensive Study of Key Electric Vehicle (EV) Components, Technologies, 

Challenges, Impacts, and Future Direction of Development. Energies, 10(8), 1217. 

https://doi.org/10.3390/en10081217 

34. U.S. Department of Energy. (n.d.). Alternative fuels data center: Electric vehicle 

benefits and considerations. EERE: Alternative Fuels Data Center. 

https://afdc.energy.gov/fuels/electricity_benefits.html 

35. Wei, X., & Dou, X. (2023). Application of sustainable supply chain finance in end-of-

life electric vehicle battery management: A literature review. Management of 

Environmental Quality: An International Journal, 34(2), 368–385. 

https://doi.org/10.1108/MEQ-02-2022-0031 

36. Weiller, C., & Neely, A. (2014). Using electric vehicles for energy services: Industry 

perspectives. Energy, 77, 194–200. https://doi.org/10.1016/j.energy.2014.06.066 

37. Woo, J., Choi, H., & Ahn, J. (2017). Well-to-wheel analysis of greenhouse gas 

emissions for electric vehicles based on electricity generation mix: A global 

perspective. Transportation Research Part D: Transport and Environment, 51, 340–350. 

https://doi.org/10.1016/j.trd.2017.01.005 

https://www.renaultgroup.com/en/news-on-air/news/driving-an-electric-car-a-real-pleasure/#:~:text=Zero%20engine%20noise,staying%20calm%20at%20the%20wheel
https://www.renaultgroup.com/en/news-on-air/news/driving-an-electric-car-a-real-pleasure/#:~:text=Zero%20engine%20noise,staying%20calm%20at%20the%20wheel


38. Wu, G., Inderbitzin, A., & Bening, C. (2015). Total cost of ownership of electric 

vehicles compared to conventional vehicles: A probabilistic analysis and projection 

across market segments. Energy Policy, 80, 196–214. 

https://doi.org/10.1016/j.enpol.2015.02.004 

39. Yoon, K. P., & Hwang, C. L. (1995). Multiple attribute decision making. Thousand 

Oaks, CA: Sage Publication. 

https://doi.org/10.1016/j.enpol.2015.02.004

