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Abstract: Land transportation is contributing to global greenhouse gas (GHG) emissions significantly. Switching 

from gasoline-powered vehicles to electric vehicles (EVs) is the most practical way to decarbonize land transportation. 

Some regions of the world have seen significant advancements in the adoption of electric vehicles, largely due 

to government policies through subsidies and other rules and laws that globally made the cost of acquisition 

and ownership more advantageous for EV owners compared to their internal combustion engine (ICE) 

counterparts. The success of EV adoption in Norway, China, the United States of America (USA), the European 

Union (EU), and India has been linked to the favorable government policies. At present, China is the largest 

EV market in the world, enjoying a better advantage than any other market. It also has the highest 

manufacturing capacity and the largest number of EVs in operation. Norway has the highest EV penetration 

rate, with over 90% of newly registered cars, and one of the lowest costs of ownership globally. In this review, 

we present the current state of EV technology and performance, together with consumer perspectives and barriers, 

EV regulations in the regions with the highest penetration rates, and the decarbonization of land transportation. 

China is competing with the USA for leadership in manufacturing and technology, especially in the areas of 

artificial intelligence (AI) and batteries. In order to achieve the goal of decarbonizing road transportation, we 

proposed that a number of factors, including government energy policies and regulatory standard 

development, necessary infrastructure investments and developments, AI incorporation in EVs, innovation in 

EV and battery technologies, and consumer perspectives, play a crucial role. 

Highlights 

1. Global transport sector emissions reached to 8.1 Gt in 2022. 

2. Transition to EVs significantly reduces greenhouse gas emissions. 

3. Favorable policy environments for EV adoption are imperative. 

4. Current status of EV technology, battery performance, charging infrastructure, consumers’ 

perspectives and concerns are presented. 

5. Decarbonization of land transportation will reduce CO2 emissions by 74%. 

Keywords: decarbonizing road transportation; government policies and subsidies; infrastructure 

and technology developments; EV adoption strategies; cleaner transportation 

 

1. Introduction 

The International Energy Agency report stated that global energy-related carbon dioxide (CO2) 

emissions reached a new record high of 37.4 billion tonnes (Gt) in 2023 [1]. Figure 1 shows the global 
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energy-related CO2 emissions from various sectors in 2022, and over 23% of global CO2 emissions are 

coming from the transport sector [2]. According to the International Energy Agency (IEA), the 

transportation sector accounts for 23% of the total CO2 emissions, with road transport accounting for 

74% [1,3]. This sector emissions increased by 254 metric tons in 2022, compared to 7.73 Gt in 2021.  As 

a consequence, electric vehicles are an important solution to decarbonizing road transport [4].  

Promoting the transition from traditional fuel vehicles to EVs may significantly 

reduce greenhouse gas emissions and dependence on oil and deliver a sustainable transport system 

[5]. EVs tend to have a lower carbon footprint than ICE cars over their lifetimes [6]. Higher EV 

penetration reduces greenhouse gas (GHG) emissions, while those from fuel production are more 

sensitive to energy-sector decarbonization and could reach nearly “net zero” by 2040 [7].  

 

Figure 1. Global energy-related CO2 emissions in 2022 in Gt. Total CO2 emission over 36.8 Gt. 

Several countries around the globe have formulated policies and offered various incentives to 

attract customers. This review article discusses the policies of some countries, such as the USA, China, 

India, and EU countries, to enhance the adoption of EVs. Case studies of EVs current status and future 

projections in Norway and India, price wars of EVs, the used EV market, charging infrastructure, 

issues with electric cars, and barriers to EV adoption are also described. With the current scenario, 

EVs are unlikely to become the universal mainstream mode of transport for individuals in the near 

future. General customer concerns such as convenient charging facilities in the countryside, charging 

time, range of batteries, cost competitiveness of EVs with mainstream vehicles, long-term incentives 

and policies, and service stations need to be addressed urgently. However, EVs have a high potential 

for adoption as rapid public transportation options and taxis in urban areas, and they are likely to 

become the main mode of transport in the coming days. The transition to a cleaner transportation 

system is crucial for decarbonizing the transportation sector. 

2. Decarbonizing Road Transportation  

Roughly 99% of the GHG released from the vehicle's exhaust are carbon dioxide emissions. 

Burning one gallon of gasoline in a conventional car can produce 8887 grams of CO2, while one gallon 

of diesel produces roughly 10180 grams of CO2. An average passenger car produces 4.6 metric tons 

of CO2 annually. This figure may change, depending on a vehicle's fuel type, fuel efficiency, and 

annual mileage. According to a KPMG (UK) analysis, the transportation sector is the largest emitter 

in the US and the UK, contributing roughly 25% and 30% of the carbon emissions from transportation 

worldwide, respectively [8]. Nearly a quarter of the global transportation-related emissions originate 

from China. In India, 90% of CO2 emissions from transportation come from the road sector. The 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 August 2024                   doi:10.20944/preprints202408.1098.v1

https://doi.org/10.20944/preprints202408.1098.v1


 3 

 

World Economic Forum estimates that heavy-duty trucks are responsible for 25 percent of global 

road emissions, despite making up only 1 percent of all fleet vehicles [9]. Therefore, setting a precise 

goal for road transport decarbonization is very imperative. Transitioning to lower-carbon fuels, 

increasing fuel efficiency, and enhancing system-wide efficiency, including through the deployment 

of autonomous vehicles and vehicle sharing, are important decarbonization pathways for the 

transportation sector [10].  

Although the development of alternative fuels and the electrification of transportation modes 

are crucial for the transition, they will not be enough to achieve net zero due to other factors like the 

energy system and the carbon emissions associated with the production of the infrastructure and 

vehicles needed to support them. The climate crisis issues and the goal of net-zero GHG emissions 

economy-wide could be best addressed by eliminating nearly all GHG emissions from the 

transportation sector by 2050 and implementing an all-inclusive strategy to achieve a future mobility 

system. Such a mobility system is presumed to be clean, safe, secure, accessible, affordable, and 

equitable, and it provides sustainable transportation options for people and goods. These days, EVs 

are viewed as a key player in the fight against global warming. 

Since transportation is the largest source of GHG emissions in the United States, any plan to 

achieve a net-zero GHG economy must reduce transportation GHG emissions to near zero. To 

achieve the transportation sector emissions targets (19 GtCO2 = 28% of the projected period 2015–2050 

light-duty vehicle fleet emissions), EVs must account for 90 percent (more than 350 million EVs) of 

new car sales by 2050, or reduce driving significantly [11]. As a result, an increasing number of EVs 

are on the road, with several stakeholders and manufacturing industries investing in technology 

developments. Moreover, government institutions are promoting EVs as practical climate solutions 

and encouraging automakers to increase manufacturing of EVs.  

The Canadian government foresees that on-road vehicles are the key to achieving net-zero 

emissions by 2050. In this context, the government proposed its future action to decarbonize on-road 

transportation under the Canadian Net Zero Emissions Accountability Act [12]. Under the action plan, the 

Government of Canada is proposing to make significant investments in purchase incentives and 

charging stations. These investments will be coupled with a light-duty zero-emission vehicle sales 

regulation, which sets the goal of achieving 100% new light-duty zero-emission vehicle sales by 2035, 

as displayed in Figure 2. The government has set the mandatory interim targets of at least 20% of all 

new light-duty vehicle sales by 2026 and at least 60% by 2030. Further, the Government of Canada 

aims to reach 35% of total new medium- and heavy-duty zero-emission vehicle sales by 2030 and the 

goal of 100% of new medium- and heavy-duty zero-emission vehicle sales by 2040 (see Figure 2). 
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Figure 2. Net-zero emissions action plan from on-road vehicles of the Government of Canada by 

2050. 

The transition to a cleaner transportation system also represents a significant economic 

opportunity for the country. With its critical minerals, skilled workforce, advanced manufacturing, 

and low-emitting electricity grid, the Government of Canada is taking steps to cultivate a business 

environment where Canada is a destination of choice for investments in zero-emission vehicle 

manufacturing and battery value chains. This includes significant investments through the 

government’s Strategic Innovation Fund and reducing taxes for businesses that manufacture zero-

emission technologies. 

Several G20 countries set the GHG emission reduction objectives for the transport sector. A 

policy report by Agora Verkehrswende GIZ (2023) was prepared for consideration during the G20 

meeting in India [13]. They believe that the G20 nations ought to and can lead the way in transitioning 

the transportation sector to being carbon neutral. The majority of the emissions from transportation 

worldwide are caused by these nations. China intends all of its fleet of public transportation to be 

electric by 2035. In 2022, Quanying Lu et al. in China proposed a low-carbon transition planning 

model for road transportation to explore the routes toward carbon neutrality by 2060 [14]. The 

Chinese transportation sector may reach a peak of 1330.98 million tons of carbon emissions around 

2030. Consequently, employing a clean power supply is the key to lowering carbon emissions from 

automotive vehicles. Most notably, they observed that the inertia regarding fuel-powered vehicles in 

the transportation system made it difficult to attain net zero emissions in the road transportation 

sector by 2060.  

India has targeted a 30% share in passenger light-duty vehicle (LDV) sales as electric vehicles by 

2030. Recently, a white paper examining India's road transportation industry was recently published 

by the International Council on Clean Transportation (ICCT), a Washington-based organization [15]. 

In an Aggressive Policy scenario, recommended by them, India can reduce CO2 emissions by 45%–

50% cumulative between 2021 and 2050, as compared to Business-As-Usual (BAU). Australia hopes 

to cut its carbon emissions by 50% from the passenger road transport sector by 2030 relative to 2000 

levels. Japan plans to increase fuel efficiency by roughly 13.4% for trucks and other heavy vehicles 

and by around 14.3% for buses by 2025 relative to 2015 fuel efficiency standards. South Korea aims 

to raise fuel efficiency for passenger vehicles to 35 km/l by 2035 and to 7.5 km/l for heavy-duty 

vehicles by 2040. 

In order to decarbonize UK roads, KPMG proposed three key approaches, such as (i) assisting 

infrastructure authorities, (ii) financing, and (iii) operators in creating transport decarbonization 

strategies [16]. Moreover, the UK Government has released its Transport Decarbonisation Plan and 

announced a ban on the sale of new petrol and diesel passenger vehicles from 2030 [17]. Under the 

plan, all new cars and vans must be fully zero-emission at the tailpipe from 2035. The plan calls for 

all new cars and vans to have completely zero emissions at the exhaust by 2035. All non-zero emission 

heavy goods motor vehicles (HGVs) would be phased out of production by 2040, and lighter HGVs 

would start to be sold in 2035. 

It is important to note that the decarbonizing transportation system will not come without 

challenges. However, with coordinated and bold actions across the federal government and with our 

partners, these challenges could be overcome. We should continue to increase ambition, setting bold 

targets for improving our transportation systems and transitioning to zero-emission vehicles and 

fuels on a timeline consistent with achieving economy-wide 2030 and 2050 emissions reduction goals. 

The blueprint is an exciting first step toward realizing the vision of an improved and sustainable 

transportation future. 

In summarizing, the decarbonization of the transportation sector is projected to reduce 

greenhouse gas emissions significantly. Reducing the cost and making heavy-duty electric trucking 

sustainable will help reduce the carbon footprint in the transportation sector. In this regard, EVs are 

often marketed as the future of transportation, offering reduced emissions and a cleaner 

environment. 
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2.1. Electric Vehicles (EVs) 

The different types of EVs available on the market are illustrated in Figure 3. Recently, Kim et 

al. showed that the effectiveness of battery electric vehicle (BEV) transition strategies, such as diesel 

vehicle phase-outs, subsidies, and a sales ban on internal combustion engine vehicles (ICEV), helps 

in reducing CO2 emissions and enhancing gross domestic product in Korea [18]. They argued that 

the existing transportation policy mix falls short of achieving carbon neutrality in the transportation 

sector, which requires additional measures like EV subsidies, a vehicle-kilometers-traveled tax, and 

a prohibition on ICEV sales.  

Alaa Torkey et al., in their recent review investigation, demonstrated that transportation 

electrification is a promising emerging technology for minimizing the impacts of climate change [19]. 

China's transport sector was the third-largest source of greenhouse gas emissions, producing 1.1 

billion tons in 2019 alone, with automobiles accounting for about 80% of emissions [20]. Policymakers 

are encouraging electric vehicle penetration by transforming public transport and subsidizing EV 

manufacturing. China accounted for nearly 60% of EV sales worldwide in 2022. Recently, the Hong 

Kong Polytechnic University (PolyU) established the Research Centre to develop a cutting-edge 

research platform to address the energy and technical difficulties posed by modern electric vehicles 

[21]. Over the last decade, the global EV sector has expanded substantially. Various monetary and 

non-monetary subsidy schemes were designed to promote EVs at both the central and local levels, 

with the goal of evaluating the performance of these programs and their contribution to lowering 

carbon emissions. Xing et al. highlighted key aspects that could enhance the efficiency of subsidy 

programs and further propel the development of the EV industry [22]. 

 

Figure 3. Different types of Electric vehicles available in the market. 
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3. EV Policies  

To date, Norway (1990), the US (2008), and China (2014) have the most favorable policy 

environments for EV adoption [23]. Since 1990, BEVs in Norway have been exempted from 

registration tax and from value-added tax since 2001. In order to provide a new tax credit for new 

eligible plug-in electric drive motor cars, the US Senate passed the bill H.R. 6049—110th Congress 

(2007–2008) in 2008 [24]. China issued a series of policies on EVs, presenting a rough roadmap with 

some energy-science-technology planning between 2004 and 2008 [25]. This policy highlighted the 

appeal of developing hybrid vehicles (HVs) and studying EV policies. Norway was the first country 

to enter the EV market in 2009, and it promoted EV vehicles in the public domain from 2009 to 2012. 

Later, the focus of the demonstration project gradually shifted from the public to the private domain 

(2013–present) by providing policy incentives to address EVs' shortcomings (such as price, driving 

range, and charging time) and enhance their competitiveness [26]. 

The European Automobile Manufacturers' Association (ACEA) predicts that the adoption of 

battery electric vehicles will exceed 70% in EU+EFTA+UK member countries, 44.8% in the United 

States, and 58.5% in China by 2030 [27]. According to Reuters, global EV sales jumped 69% in January 

2024 as compared to January 2023, but were down 26% from December 2023 [28]. Subsidy cuts or 

tighter rules in Germany and France and seasonally weaker sales in China are influencing global EV 

sales, as per market research firm Rho Motion (London) [29]. Sales of fully electric cars, or battery 

EVs, and plug-in hybrids hit 1.1 million in January 2024, up from 660000 in January 2023, despite the 

end of 11 years of subsidies in China. 

The EV policies for battery EVs in the EU countries, the USA, China, and India have been 

examined here. 

3.1. EU Countries 

The European Parliament proposed in 2019 EU-level measures for the adoption of electric 

mobility that encourage the use of renewable electricity and smart charging, help develop and 

standardize charging infrastructure, and support research on batteries [30]. Furthermore, local, 

regional, and national-level incentives, such as lower taxes or free public parking for electric vehicles, 

have been proposed to promote electric mobility. In 2020, Sandra Wappelhorst et al. analyzed the 

market trends and key national and local electric vehicle promotion policies across Europe, 

concluding that the EU encourages EV deployment [31]. Further, they showed that the important 

policies of union member countries (incentives, charging infrastructure, availability of electric vehicle 

models, etc.) are critical to overcome key barriers to electric vehicle affordability, convenience, and 

awareness. 

Separately, EU member states offer some form of incentive to stimulate the market uptake of 

EVs, but the tax benefits and purchase incentives vary greatly across the European Union countries 

[32]. Out of 27 EU member states, twenty-one offer incentives for the purchase of EVs, whereas six 

countries do not provide any purchase incentives but grant tax reductions or exemptions for electric 

vehicles. Figure 4 displays the EV purchase incentives in some EU countries. Earlier, the EU 

Parliament and the Washington Post reported that the European Union countries agreed to ban new 

non-electric cars from 2035 onwards and to achieve a 100% carbon reduction target for new cars and 

vans by 2035 [33,34]. This agreement paved the way for a modern and competitive automotive 

industry in the EU states. The zero-emission target will help slow down climate change, which can 

cause severe disruptions in many sectors of our society, including the environment, migration, food 

security, and the economy. To significantly reduce passenger car and truck CO2 emissions, it was 

proposed to target the need for a significant share of new passenger car (PC) and commercial vehicle 

(CV) sales to be EVs by 2030. The EU member countries require the buildup of an EV charging 

infrastructure throughout Europe. According to a 2020 McKinsey EV Consumer survey, charging 

infrastructure remains a crucial bottleneck for consumer adoption; faster and earlier uptake of public 

charging infrastructure is fundamental [35]. As a consequence, the European Automobile 

Manufacturers’ Association developed the EV Charging Masterplan in 2022 [36]. 
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Figure 4. EV purchasing incentives in some European Union countries [Ref. 32]. 

According to the European Automobile Manufacturers' Association (ACEA), the new electric 

car market was about 47.5% (battery-electric car 10.9% + hybrid-electric cars 28.8% + plug-in hybrid 

electric cars 7.8%) of the total car sales in the EU in January 2024 [37]. The share of gasoline and diesel 

cars totaled almost 50 percent in January 2024, marking a decline from 54 percent a year earlier. The 

European Union has planned to ban all new sales of ICE vehicles by 2035 [38], whereas the UK is 

acting even more aggressively with a 2030 ICE ban [39]. EVs are expected to represent 71 percent of 

the European market by 2032, partly due to these actions and interventions by the EU [40]. 

3.2. USA 

According to the Inflation Reduction Act of 2022 (Public Law 117-169) amended Qualified Plug-

in Electric Drive Motor Vehicle Credit (IRC 30D), now known as the Clean Vehicle Credit, taxpayers 

in the US who purchase an eligible vehicle may qualify for a tax credit of up to $7500 for vehicles 

purchased from 2023 to 2032 [41]. This EV tax credit is a federal incentive designed to encourage 

consumers to purchase EVs. As per this law, vehicles that meet the critical mineral requirements are 

eligible for a $3750 tax credit, and vehicles that meet the battery component requirements are eligible 

for a $3750 tax credit. Vehicles that meet the key mineral and battery component standards are 

eligible for a $7500 tax credit. In addition to federal incentives, states also provide incentives in 

various forms, such as a discount offer on a residential charger, allowing users to use the High 

Occupancy Vehicle (HOV) lane regardless of occupant number, rebates for zero-emission motorcycle 

purchases, up to $12000 in rebates for new EV purchases, time-of-use rates for charging between 

midnight and 6 a.m., a special time-of-use rate for residential consumers, etc. Additionally, buyers 

could save $800 to $1000 annually by charging EVs at home rather than filling up on gasoline [42]. 

As a result, nearly half of US car buyers intend to purchase an electric vehicle, according to the EY 

research report 2023 [43]. However, the majority (57%) of US car buyers cite the dangers of home 

charging and safety as key deterrents. According to La Grada Spanish agency, the EV strategy of the 

US was flawed from the beginning [44]. It has focused on utilizing EVs as a direct substitute for 

gasoline cars, which have low fuel efficiency, rather than viewing them as an entity for more 

sustainable transportation. Consequently, more significant transportation issues and emissions 

objectives are likely to be missed, while other issues will remain unresolved. 

Both dealers and auto buyers agreed that battery range and cost are the most significant barriers 

to purchasing an EV [45]. Furthermore, installing a charging station at home, especially in rental 

units, where auto buyers may not stay for a long duration and are unsure whether the rental complex 

will allow (or can be fitted) for home charging. Recently, Reuters news reported that sales of gas-

electric hybrid vehicles surged while sales of electric vehicles decreased in the United States [46]. As 
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a result, automakers and suppliers are gambling on consumer demand for a compromise between 

all-combustion and all-electric as a durable trend. In summary, only monetary incentives for 

consumers are insufficient to improve the EV density on the road.  

3.3. China 

China is the largest EV market in the world and is currently the leader in the EV manufacturing 

industry. The Chinese market is closer to maturity with the end of government subsidies in 2022 and 

a trend toward parity between EVs and ICE vehicles. Around 2000, the Chinese auto industry was in 

disarray and a powerhouse in the production of traditional ICE vehicles, manufacturing only foreign 

brands. This prompted the Chinese government to abandon traditional internal-combustion engine 

technology in favor of entirely new territory: battery-powered vehicles. As a consequence, China has 

aggressively promoted the use of electric vehicles since 2009. In order to accelerate market 

penetration, the first five pilot cities were chosen in 2010 to offer subsidies for private EVs as well as 

to establish a charging grid to support fast EV charging. China also implemented several policies and 

provided incentives such as (i) excluding energy-efficient and alternative energy vehicles from 

vehicle-license auctions, purchasing vehicles by lottery number, and traffic restrictions; (ii) 

announcing supporting policies on parking charges, electricity prices, and tolls; (iii) encouraging 

government, enterprises, institutions, and individuals to purchase energy-efficient and alternative-

energy vehicles; (iv) reinforcing infrastructure such as the network of charging stations; and (v) 

establishing a rapid-charging grid [25,47]. According to the KPMG China report 2021, China has 

pledged to become carbon-neutral by 2060, partly via the electrification of transportation [48]. 

Demand and policy changes prompted auto industry participants to intensify their efforts on 

electrification. 

China has emerged as the leader of the EV industry; credit goes to significant advancements in 

battery production capabilities, charging infrastructure, and new EV model developments. Its 

enormous manufacturing capacity allows it to make EVs at a reduced price. At present, China is the 

world’s largest car market and has become the dominant EV force. According to an International 

Energy Agency report, more than half of the EVs on roads worldwide were found in China in 2022 

[49]. As well, it accounted for 35 percent of global EV exports in 2022. The government has invested 

billions of dollars to help citizens purchase electric cars. Tax breaks were first introduced in 2014 and 

renewed multiple times. The country introduced a four-year tax break scheme for electric vehicles 

(EVs) and other green cars totaling 520 billion yuan (EUR68 billion or $72.3 billion) in 2023 [50,51]. 

Furthermore, EVs will not be subject to a purchase tax for 2024 and 2025, up to 30000 yuan (EUR3900 

or US$4170) [52]. The exemption will be reduced to half and capped at 15000 yuan for purchases 

made in 2026 and 2027, according to a statement from the Ministry of Finance. 

Indeed, government subsidies have a significant impact on EV adoption in both the public 

(purchase subsidies, charging station construction had no effect), commercial EVs (a subsidy only 

plays a critical role in the early period; public charging stations always play a vital role), and private 

domains [26]. Earlier in 2023, Yiran Liu et al. investigated the impact of several incentives (monetary, 

privilege, demonstration, and charging incentives) and administrative constraints on electric vehicle 

adoption and penetration in China [53]. Their results revealed that (i) all policy incentives have a 

positive long-term relationship with EV sales; (ii) in the short term, the policy combinations of 

monetary incentives and administrative controls, such as purchase subsidies, purchase tax 

exemptions, and vehicle purchase restrictions, are more effective; and (iii) in the long term, the policy 

combinations of privilege incentives, charging incentives, as well as demonstration incentives, are 

more effective in increasing the demand for EVs. However, Yuntong Zhao et al. recently examined 

the influence of government subsidies on the transition from fuel vehicles to EVs in China from 2010 

to 2020 [54]. Results demonstrated that: (1) government subsidies have a negative impact on the 

extent of enterprise transformation towards EVs; and (2) this negative effect can be mitigated and 

even reversed by tightening technical requirements and reducing subsidy intensity.  

Moreover, the Chinese government encouraged Chinese EV companies to collaborate with 

overseas manufacturers on technology development and build supply chains for mutual benefit. 
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Furthermore, to deal with international trade restrictions and create overseas supply chains, China 

has promised to support its EV manufacturers as part of a significant global expansion drive for the 

industry, according to a document posted by China’s Commerce Ministry [55].   

Recently, Liyin Shen et al. reported technical (driving range, charging time, battery cost, bulk, 

and weight) and infrastructural (insufficient charging infrastructures, improper distribution of 

charging stations, and lack of sharing between charging piles) barriers to widespread EV promotion 

in China [56]. With such intriguing knowledge about the EV sector, the government is now shifting 

its focus from consumer-based incentives to technology development and innovation-based 

incentives [57]. It should be mentioned that Chinese automakers realized long before, in 2022, that 

battery costs would account for 30–40 percent of the entire manufacturing cost of a complete EV 

vehicle. Focusing on technology and innovation creates opportunities for newcomers. As a 

consequence, BYD Auto Company, the world’s largest EV manufacturer, collaborated with Daimler 

and Toyota to acquire knowledge about EV manufacturing in exchange for sharing its own 

understanding of battery manufacturing technology. It also collaborates with Foshan Plastics Group 

on optoelectronics for producing electronic sensors that detect and control lights. Geely Auto, a 

leading automobile manufacturer based in Hangzhou, China, has established an ecosystem that 

includes everything from low-orbit satellites to smart hardware for collecting and monitoring data 

that could potentially improve EV battery performance. Jidu Auto, a joint venture of Geely Auto and 

Baidu, aims to produce intelligent EVs. Geely Auto also acquired Drivetrain Systems International, 

an Australian automatic transmission manufacturer. 

In summary, autonomous vehicles and new mobility options are now well appreciated by 

Chinese customers [58]. International expansion is the next step for Chinese EV companies. It is 

believed that they have all the necessary components, such as strong battery technology, a firm holds 

over the battery supply chain, and operational advantages, to realize that objective, which may help 

them to maintain their position as a market leader in EV production. China is keen to exploit the 

potential of EVs and is aggressively working to address the issue of the limited range of models 

available. With such a favorable situation, they hope to benefit by showcasing their green credentials 

to consumers looking for more environmentally friendly cars. Furthermore, they are collaborating 

with traditional, physical dealerships to create high-performance networks for electric charging. 

3.4. India 

The Indian government launched a number of regulatory initiatives in an effort to increase the 

number of electric vehicles (EVs) and meet India's goal of net zero emissions by 2070. In order to 

reduce the usage of gasoline and diesel automobiles, the National Incentive FAME-II (Faster 

Adoption and Manufacturing of Hybrid and Electric Vehicles) initiative was launched on 1st April 

2015. The Department of Heavy Industry introduced PLI SCHEME, the Production-Linked Incentive 

for Advanced Chemistry Cell Battery Storage, in June 2021 (PLI-ACC Scheme) to encourage 

investments in the automotive manufacturing value chain and to increase domestic production of 

advanced automotive technology (AAT) products [59]. The Battery Swapping Policy was introduced 

by the Finance Minister to provide uniform battery standards for use in EVs throughout India. The 

import of capital goods and machinery necessary for the production of lithium-ion cells, which are 

used in the batteries used in electric vehicles, is now exempt from customs duties, according to the 

Union Budget 2023–2024. The goods and services tax (GST) on EVs have been reduced from 12 to 5%. 

Similarly, the GST on chargers and charging stations for electric vehicles has been reduced from 18 

to 5% [60]. 

The Ministry of Heavy Industries, Government of India, reported that 1433545 electric vehicles 

(all types) out of a total of 22717562 were registered during the year 2023 [61]. The ratio of EVs to total 

vehicles is just about 0.0631. In addition, the Ministry of Heavy Industries recently unveiled the 

Electric Mobility Promotion Scheme 2024, which will be operative from April 1 to July 31, 2024, with 

a total outlay of Rs. 500 crores, or US$60.3 million. The scheme provides demand incentives and 

subsidies to encourage faster adoption of electric two-wheelers (e-2W) and three-wheelers (e-3W) 

[62]. A significant boost to India's EV industry is anticipated by some analysts from the recently 
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established e-vehicle policy, which allows companies to set up manufacturing facilities in the 

country. Also, according to Reuters, the Government of India announced that it would lower import 

taxes on certain electric vehicles produced by carmakers that commit to investing at least $500 million 

and starting domestic manufacturing within three years [63]. The government offers various types of 

financial incentives to make electric vehicles more affordable, as illustrated in Figure 5 [64]. 

Moreover, the state level incentive policies offered by some major state governments in India to boost 

EV adoption are illustrated in Table 1.  

 

Figure 5. Different types of monetary incentives offered by the Government of India [Ref. 64]. 

Table 1. State government level incentives policies in some major states of India [Ref. 64]. 

Incentives Maharashtra Gujarat Karnataka 

Nodal Agency Steering Committee, 

Government of 

Maharashtra, 2021 

Energy and 

Petrochemicals 

Department, 

Government of 

Gujarat, 2021 

Commerce and 

Industries, 

Government of 

Karnataka, 2017 

Targets and Term • BEVs to contribute to 10% 

of new vehicle registrations 

by 2025 

• 10% electric 2-wheelers by 

2025 

• 20% electric 3-wheelers by 

2025 

• 5% electric 4-wheelers by 

2025 

• 110000 electric 2-

wheelers by 2025 

• 70000 electric 3-

wheelers by 2025 

• 20000 electric 4-

wheelers by 2025. 

 

• 4 years. 

•Auto Rickshaws, 

Cab Aggregators, 

Corporate Fleets and 

School Buses/Vans 

to achieve 100% 

electric mobility by 

2030 

• 1000 electric buses 

by 2022 
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• 15% electric buses by 2025 

(25 percent for Urban 

Agglomerations) 

• 25% electric fleet operators 

by 2025.  

• 4 years. 

• EV 3-wheelers and 

4-wheelers mini 

goods vehicles to 

achieve 100% 

electric mobility by 

2030. 

• 5 Years. 

Charging 

infrastructure and 

capital subsidy 

• 60% for the first 15000 

slow public and semi-public 

charging stations up to INR 

10000 

• 50% for the first 500 

moderate and fast public 

and semi-public charging 

stations up to INR 500000 

• 25% capital subsidy 

of the charging station 

equipment/machinery 

up to INR 10 lakhs for 

the first 250 

commercial public EV 

charging stations 

• General 

investment 

promotion subsidy 

(a) Micro – 25% 

value of fixed assets 

(VFA) – up to INR 15 

lakh 

(b) Small – 20% VFA 

– up to INR 40 lakh 

(c) Medium – up to 

INR 50 lakh; 

Investment subsidy 

(charging infra 

equipment/ BS 

infra): 20% VFA - 

first 5 units 

• DC chargers 

(>=100V) 

25% - 100 stations - 

INR 10 lakh 

• Other (a) BS 

stations(2W/3W)- 25 

percent - first 100 

stations – up to INR 

3 lakh 

(b) BS stations (cars) 

– 25% - first 50 

stations – up to INR 

5 lakh 

(c) BS (buses) - first 

50 stations – up to 

INR 10 lakh 

Incentives for consumers 

Capital 

subsidy 

2W • INR 5000/kWh up to INR 

10000 for the first 1 lakh 

electric 2-wheelers 

• INR 10000/kWh • No 
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3W • INR 5000/kWh up to INR 

30000 for the first 15000 

electric 3-wheelers autos.  

• INR 5000/kWh up to INR 

30000 for the first 10000 

electric 3-wheelers goods 

carrier. 

• INR 10000/kWh  

4W • INR 5000/kWh up to INR 

150000 for the first 10000 

electric 4-wheelers cars.  

* INR 5000/kWh up to INR 

100000 for the first 10000 

electric 4-wheelers goods 

carrier.  

• INR 10000/kWh  

Others • 10% of the ex-factory cost 

up to INR 2000000 for the 

first 1000 e-buses 

No No 

Registration fee 

exemption 

• 100% No No 

Road tax exemption • 100% No No 

(Note: 100000 = 1 lakh). 

In summary, India’s EV policy focuses on infrastructure development and financial incentives 

for manufacturers and consumers in an effort to accelerate the adoption of EVs and mitigate 

environmental pollution. 

4. EVs Current Status and Future Projections  

The first electric vehicles were developed in the early 19th century, when, in 1832, Scottish 

inventor Robert Anderson invented the first crude electric carriage [65]. However, it wasn’t until the 

second half of the 19th century that some of the first practical electric cars were built. In the last 20 

years, interest in electric vehicles has again renewed due to environmental concerns, mostly the 

passage of the 1990 Clean Air Act Amendment and the 1992 Energy Policy Act, USA, plus new 

transportation emissions regulations by several western countries [66(a), (b)]. 

According to the Global EV Outlook Report 2023, a total of 14% of all new cars sold were electric 

in 2022, up from around 9% in 2021 and less than 5% in 2020 [49]. Electric car markets saw exponential 

growth as sales exceeded 10 million in 2022. Three markets dominated global sales of EVs. China was 

the frontrunner once again, accounting for around 60% of global electric car sales. Over 2.3 million 

EVs were sold in the first quarter of 2023. The share of new cars sold that are electric (fully battery-

electric and plug-in hybrids) in Norway in 2022 is 88% and ranks first [6]. The electric cars share percent 

among the new car sold in some major economies in 2022 is displayed in Figure 6. A report showed 

that only 620 EV cars (in the entire African continent) were sold in South Africa in 2022. The 

worldwide electric car share is increasing gradually. 

Americans bought more than 250000 EVs in the first three months of 2023 and likely surpass the 

target of more than a million EVs annually for the first time, as per the Kelly Blue Book report [67]. 

More than 5% of the new cars sold in 23 countries were electric cars in Q2 of 2023. Researchers at 

Bloomberg Green say that the 5% mark is a “crucial tipping point,” which may signal the start of 

mass adoption when technological preferences rapidly flip [68]. A Carscoop report showed that EVs 

comprised 7.2% of all new cars sold in the U.S. from January to July of 2023 [69]. Urban Science reports 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 August 2024                   doi:10.20944/preprints202408.1098.v1

https://doi.org/10.20944/preprints202408.1098.v1


 13 

 

that EVs garnered a 7.8% market share across the U.S. in 2023, with some markets, like San Francisco, 

witnessing explosive growth to 34% [70]. 

 

Figure 6. Electric cars (fully battery-electric and plug-in hybrids) among the new cars sold in some major 

economies in 2022 (Ref. 6). 

A Statista Inc. report in 2024 projected that the revenue in the EV market is projected to reach a 

staggering US$623.3 billion worldwide, and the unit sales of the EV market are anticipated to reach 

17.07 million units by 2028 [71]. Among the global markets for electric vehicles (BEV, HEV, and 

PHEV), battery-powered EVs have emerged as leaders in guiding the global electric-powered EV 

market towards a sustainable future. The global electric vehicle market is projected to hit US$ 1148.43 

billion by 2030, according to the Research and Markets report [72]. According to the Global EV 

Outlook 2023 report, China is expected to remain the leader in electric two- and three-wheeler sales 

in both the Stated Policies Scenario (STEPS) and Announced Pledges Scenario (APS), with more than 

one-third of all two- and three-wheelers being electric [73].  

The Markets and Markets report forecasts that the global electric vehicle market size is expected 

to reach US$ 951.9 billion by 2030 at a CAGR of 13.7% during the forecast period 2023–2030 [74]. 

Allied Market Research estimated that the global electric vehicle market size is projected to reach 

$823.75 billion by 2030, registering a CAGR of 18.2% from 2021 to 2030 [75]. According to Fortune 

Business Insights, the global electric vehicle market size is projected to grow from USD 500.48 billion 

in 2023 to USD 1579.10 billion in 2030, exhibiting a CAGR of 17.8% during the forecast period of 2023–

2030 [76]. Automotive Dive reported that EV sales continue up the S-curve and will account for 62% 

(fast growth scenario) to 86% ((Faster growth scenario) of global sales by 2030 [77]. An EV market 

share in China is expected to be at least 90% by 2030, according to an RMI report [78]. According to 

Global Industry Reports (US), the global market for EVs would increase at a CAGR of 30.7% between 

2022 and 2030, reaching a revised size of 80.7 million units [79]. Moreover, battery EVs are expected 

to grow at a 34.8% CAGR and reach 74.4 million units by the conclusion of the analysis period, 

according to Global Industry Reports. Table 2 summarizes the projections of EV sales and revenue 

by 2030 as estimated by various market research organizations. 
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Table 2. Projections of EVs sales and revenue by 2030 as forecasted by various market research 

organizations. 

Agency Projections of EVs sales and revenue 

Statista Inc. USA 17.07 million-unit sales of EVs and revenue of US$623.3bn 

worldwide by 2028 

Research and Markets, Dublin, 

Ireland 

Global EV Market size is projected to hit US$ 1148.43 Billion 

by 2030. 

Global EV Outlook 2023. 

International Energy Agency, 

France 

Sales share of electric two/three-wheelers and electric buses 

may reach almost 80%, and 50% in 2030 in China. 

EVs (excluding two/three-wheelers) unit sales grows from 

almost 30 million in 2022 to about 240 million in 2030 globally 

(30%  average annual growth rate). 

Goldman Sachs Inc. New York About 73 million units of EV sales worldwide in 2040. 

Deloitte Insights, UK  Global EV sales will grow from 11.2 million units in 2025 to 

31.1 units by 2030.  

ABI Research, New York  Worldwide EV sales volume will climb to 47.44 million by 

2030. 

Markets and Markets Research 

Private Ltd. Pune, India 

EVs market size is projected to reach US$951.9 billion by 

2030.  

Allied Market Research, Delaware 

19801 USA  

Projected to reach $823.75 billion by 2030. 

Fortune Business Insights Pvt. 

Ltd., India  

EV market size is projected to grow US$ 1579.10 billion in 

2030 

Automotive Dive, Washington, 

DC, USA  

EVs could reach 86 percent of global vehicle sales by 2030. A 

growth of 62% (Fast growth scenario) to 86% ((Faster growth 

scenario). 

Global Industry Reports (US), Inc. Global market size for EVs is projected to reach 80.7 million 

units by 2030. BEVs share   is projected to reach 74.4 million 

units. 

In conclusion, all these market research reports foresee a significant transition in the automobile 

industry between 2023 and 2030, driven by the increasing adoption of vehicle electrification. The EV 

market has made remarkable gains. Factors contributing to the growth of the EV sector are said to be 

an increase in demand for fuel-efficient, high-performance, and low-emission vehicles, stringent 

government rules and regulations toward vehicle emissions, a reduction in the cost of electric vehicle 

batteries, sophistication and innovation in the EV industry, and rising fuel costs. The EV market 

ecosystem is expected to be dominated by some major auto industries such as BYD, Tesla, 

Volkswagen, SAIC Motors, Stellants (Netherlands), NIO (China), Hyundai, and many others that are 

developing world-class EV technology. 

4.1. Case Study of Norway 

Norway is a Scandinavian country, with a total land mass of 385207 square kilometers and a 

population of 5550203 in 2024 (estimated). It has become the world’s electric car capital, with the 

highest electric vehicle adoption rate in the world. EVs accounted for more than 20% of passenger 

vehicles in the country and more than 80% of new vehicles sold in 2022 [80]. Further, more than 82% 

of new car sales in Norway were EVs in 2023, increasing to 90% when plug-in vehicles are included. 
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On the other hand, merely 7.6% of new car sales were reported to be electric in the U.S. in 2022, 

according to Kelley Blue Book (information services, e-commerce software, Automotive, Irvine, 

California, U.S.) [81]. While, a record number of 24% of total new car sales were reported as EVs in 

China in 2023. 

The Norwegian Public Roads Administration (Opplysningsrådet for veitrafikken, OFV for short) 

recently reported that 104590 electric cars and 10169 plug-in hybrids were newly registered from 

January to December 2023 [82]. Furthermore, 4717 new electric cars were registered in Norway in 

January 2024 alone, according to the Norwegian Public Roads Administration. 

Incentives and subsidies:  

The Norwegian government started promoting the purchase of EVs back in the 1990s, but it 

wasn’t until Tesla's Model S (introduced in 2012–2013) and other EV models became available around 

2012 that sales truly took off [83]. Øyvind Solberg Thorsen, CEO of the Norwegian Road Federation 

(OFV), persuaded the Norwegian government to provide subsidies and exclude the electric car from 

all automotive taxes, including value-added and import taxes. The Think City electric car, produced 

by Norwegian carmaker Think Global and first put on the road in 2011, was small, reasonably 

affordable, and had a relatively short range of 160 km and a top speed of around 100 km/h, whereas 

the Tesla S offered approximately 426 km on a single charge with a top speed of 209 km/h. Monetary 

and nonmonetary incentives played a crucial role in the popularization and very high adoption rate 

of EVs in Norway. Table 3 illustrates various types of incentives offered by the government since 

1990. Furthermore, Norway intends to electrify its ferries, buses, semi-trucks, and even construction 

equipment in the future. 

Table 3. Different types of incentives offered by Norwegian Government in the past and present. 

Types Incentives 

Purchase Tax  No purchase or import tax on EVs (1990–2022). In 2023, all new electric vehicles 

were subjected to a weight-based purchase tax. 

Exemption from 25% VAT on purchases (2001–2022). From 2023, 25% VAT was 

imposed on the purchase price of 500000 Norwegian Kroner and over. 

Road Tax No annual road tax (1996–2021). Reduced tax in the year 2021. Full tax from 

2022 onward. 

No charges on toll roads (1997–2017). 

No charges on ferries (2009–2017). 

Maximum 50% of the total amount on ferry fares for electric vehicles (2018). 

Maximum 50% of the total amount on toll roads (2018–2022). From 2023, 70% 

tax. 

Incentives to 

Companies 

25% reduced company car tax (2000–2008). 50% reduced company car tax 

(2009–2017). It was reduced to 40% range (2018–2021) and 20% from 2022 

onward. 

Exemption from 25% VAT on leasing (2015–onward) 

Nonmonetary 

Incentives 

Free municipal parking (1999–2017) 

Access to bus lanes (2005–). New rules allow local authorities to limit access to 

only EVs that carry one or more passengers (2016-). 

Charging rights for people living in apartment buildings were established in 

2017. 
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Tougher 

Regulations 

The Norwegian Parliament decided that all new cars sold by 2025 should be 

zero-emission (electric or hydrogen) (2017). 

Public procurement: From 2022 on, cars need to be ZEVs (zero-emission 

vehicles). From 2025 on, the same applies to city bus transport. 

The aim of achieving zero carbon emissions from all public transportation by the end of 2024 

has been set. It’s an electric utopia for the future. In Norway, the charging of EVs may be a third of 

the price of gasoline with hydropower-generated electricity. In February 2024, almost 100% (more 

than 98%) of electricity production in Norway came from renewable energy sources (hydropower 

87.8%, wind power 10.9%, and thermal power merely 1.3%) [84]. The advantage of hydropower 

electric charging is that it is inexpensive, renewable, and available. Additionally, the Norwegian 

government set the goal for 2025 that all new passenger cars should have zero emissions [85]. To 

realize the stated goal, the government has put in some incentives like a zero-registration tax, free 

tolls, free parking, a zero value-added tax, access to bus lanes, etc. [86]. This has a huge impact, and 

8 out of 10 new cars are zero-emission vehicles. The remaining 20% are plug-in hybrids and some 

gasoline cars as well. Polluting cars have heavy taxes in Norway, whereas EVs are tax-free. 

Furthermore, the process of buying EVs is also simplified by reducing the paperwork. As a result, 

EVs in Norway present the advantage of lower cost of ownership compared to their ICE vehicle 

counterparts. 

Charging stations:  

The electric car is less expensive to use because the electric bill is lower than the gasoline bill. 

Charging is subsidized as well. Previously, it was heavily subsidized; now some rural areas get some 

additional benefits. Norway has enough EV chargers in the southern part of the country, and so it 

won't be a problem when you visit that region. Whereas, northern Norway has fewer EV chargers, 

but they are sufficient and one can charge easily, and the charging anxiety issue does not exist in 

Norway. The country has both privately owned and publicly owned EV charging stations. The 

number of electric car charging stations has increased in recent years, reaching just about 23,800 

(including 15400 Level 2 charging stations) for charging around 817500 electric and plug-in hybrid 

cars registered as of 2022 in Norway [87]. The number of Tesla Superchargers amounted to 503 that 

year. There were 5041 publicly accessible rapid chargers (over 50 kW) for light vehicles (passenger 

cars and vans) in Norway as of the end of September 2022 [88,89]. Data on some charging station 

service providers in Norway is shown in Table 4. 

Table 4. Charging station service providers in Norway, as well as the number of chargers installed by 

them. 

EV charging service providers Charging Stations 

Fortum Charge & Drive collaborators: 

Other main collaborators in Norway are: 

Recharge  

IONITY  

Kople 

Allego 164 

E. ON 441 

EVBox/Everon 1981 

GreenFlux 12 

UFC (Ultra-Fast Charging 

Scandinavia) 

69 

Recharge  3565 (includes fast charging network ) 

Mer (Grønn Kontakt), Norway  950 fast chargers across the country  

Eviny Installed more than 400 fast chargers  

Ionity 164 
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Circle K More than 500 chargers (includes Fast 

Chargers) 

Kople  5152 (AC and DC chargers 

Tesla  1724 

Terra 360 and Eviny Fastest charging stations. Charging time – 15 

minutes or less. Maximum output of 360kW,. 

Three levels of electric car charging stations are available: Level 1, Level 2, and Level 3. Level 1 

and Level 2 charging are usually alternating current (AC), commonly known as slow charging. 

Standard Level 1 and 2 chargers require more time for full charging of EVs. Whereas, Level 3 charging 

is classified as a direct current fast charging system. A recent report shows over 24100 EV operational 

charging stations in Norway. In 2021, the EV-to-charging-point ratio was 33.6 vehicles per station. 

Fortum Charge and Drive, a service networking company, provides access to over 40000 charging 

points across the Nordics, as well as helping to search for compatibility, get real-time pricing, and 

manage charging history [90]. Mer Norway provides EV charging solutions to housing associations 

and condominiums, businesses and industries, commercial and heavy transport, and the public 

sector [91]. As on December 2022, it had installed more than 36548 chargers in the European Network 

(UK, Germany, Sweden, Norway, and Austria). Tesla is one of the largest charging companies in 

Europe. Out of Tesla’s 1724 charging points in Norway, 1,642 are now accessible to all vehicles 

equipped with the CCS2 (Combined Charging System Standard introduced in 2012) DC fast charging 

connector standard. As of 2024, Tesla is considering opening its Supercharger network to other EVs 

in Norway.  

Charging anxiety: 

The most important anxiety for users is whether they will be able to reach their destination 

without recharging or whether they can easily access public charging points. If people want to use 

EVs on long trips that exceed the range of the car battery, fast charging options along the route are 

necessary [92]. Furthermore, these findings indicate that customers expressed a willingness to pay 

300kr per hour for reduced waiting time. This indicates an urgent need for more fast chargers. 

Customers are also frustrated by difficulties such as system glitches, limited options for direct 

payment, poorly designed parking spots, insufficient public charging facilities, a lack of road 

charging infrastructure, short charging cables, intermittently working fast chargers, and faulty 

hardware. Overall, all these factors can heighten their anxiety over charger availability. Addressing 

customer concerns is critical to increasing zero-emission car mobility and reducing environmental 

damage. 

Next phase of Norway’s EV transition: 

According to the Institute of Transport Economics, users of EVs have to deal with up to 20 

different operators, 20–30 Apps, and 13 payment systems to access all charging infrastructure in 

Norway [93]. Charging payments are made by creating an account or downloading an App to use 

their chargers. Most public charging stations accept payments with a credit card, while others only 

accept RFID (Radio Frequency Identification) cards. Customers find it inconvenient to manage 

several mobile Apps and payment systems. The Ministry of Culture and Equality provided funds to 

Standards Norway in 2022 to draft a report on universal design for charging infrastructure. The 

purpose of this study is to ensure that all motorists, including those with special needs, have the 

option of driving an EV. Charging a vehicle should be as simple as filling it up with conventional fuel 

[94]. Additionally, there is a need to open more supercharger networks that can be used to charge all 

types of EVs in Norway.   

4.2. Case Study of India 

India's EV sector is still in its early stages. The market penetration of EVs in India is low due to 

a lack of reliable charging infrastructure and financial incentives for EV manufacturers. Furthermore, 

high GST (Goods and Services Tax) rates and the lack of affordable financing for critical EV 
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infrastructure, including battery-as-a-service facilities and charging stations, are impeding the 

growth of the EV sector. However, the government has requested that the GST council lower the GST 

tariff on EVs from 12 to 5% recently. Earlier, Inc42, a startup media and intelligence platform in India, 

reported in 2023 that the goal of having 30% electric private cars, 70% electric commercial vehicles, 

and 80 percent electric two- and three-wheelers by 2030 is unrealistic on Indian roads, despite the fact 

that EV registrations are increasing [95]. They attributed the causes to the absence of robust 

government support (issues with the FAME-II scheme, lack of incentives for setting up charging 

infrastructure, and so on) in comparison to many other countries. Earlier, Dwarkeshwar Dutt in 2023 

investigated the development of the E2W niche in India and observed the significant increase in the 

E2W market size since its inception [96]. Barman and Dutta, in a recent review article, examined the 

steps involved in developing policies, organizing projects, and implementing infrastructure for 

charging EVs across a large country like India, as well as barriers such as electricity access and stable 

grid connections for the deployment of EV charging stations [97]. Indeed, the government has 

undertaken a number of initiatives, including FAME and PLI schemes (automotive and ACC 

batteries), as well as several industrial policies at the state government level, to encourage investment 

and demand for EVs and achieve 30% EV penetration in India by 2030. 

Current status: 

India is one of the world's largest two-wheeler markets, and both the national and local 

governments are promoting electric two-wheelers. According to the Bureau of Energy Efficiency, 

Ministry of Power, the transportation sector of India accounts for 18% of overall energy consumption 

(94 million tonnes of oil equivalent energy, which is expected to expand to 200 million tonnes of 

energy annually by the year 2030) [98].  Data shows that the transport sector also emits an estimated 

142 million tons of CO2 emissions per year, with the road transport segment alone accounting for 123 

million tons. As the country strives for zero emissions by 2075, resources and attention are being 

directed toward electric mobility [99]. According to the Global EV Outlook 2023, the EV sales share 

across all modes (including two and three-wheelers) in India will be about 40% in 2030 in the Stated 

Policies Scenario (STEPS) [100].   

According to the McKinsey & Company 2022 report, ICE vehicles will continue to dominate the 

Indian passenger and heavy commercial vehicle (PV and HCV) sectors. Electric PVs and HCVs are 

expected to account for 10 to 15% and 5 to 10% of new vehicle sales, respectively, by 2030. Sales of 

new E2Ws (Electric Two wheelers) and E3Ws (Electric Three wheelers) could increase by 50% and 

70%, respectively, by 2030 [101]. According to EVreporter, India reported a total sale of 140611 EVs 

in February 2024 (EV 2Ws 82051; E-rickshaw 36563; EV 3W 6944; EV 4W 7118; and other EVs 322) 

[102]. Earlier, Bain & Company Inc. stated that EVs accounted for about 5 percent of total vehicle 

sales between October 2022 and September 2023 and could reach more than 40% penetration by 2030, 

driven by a strong adoption rate (over 45%) in both two-wheeler (2W) and three-wheeler (3W) 

categories [103]. 2W EVs currently account for 85–90 percent of all EV units sold in India, followed 

by 4W EVs (7–9% of sales) and 3W EVs (5–7% of sales). 

Tata Motors continued to dominate the Indian EV market in 2023. Other major players include 

MG Motors, Mahindra, Citroen, Hyundai, and Kia. New players like Tesla (Model 3 and Model Y), 

VinFast (Vin Group’s EV arm), JSW Group (a joint venture with SAIC Motors), etc. may start selling 

in 2024.  

Charging stations: 

There are about 12146 operational EV charging stations as of 2nd February 2024, as per the 

information provided by the Minister of State for Heavy Industries, Shri Krishan Pal Gurjar, in a 

written reply in Lok Sabha [104]. Figure 7 shows the state-wise operational EV charging stations 

across the country. The advancement of fast charging technology will be the most significant 

development in EV charging infrastructure, which will drastically cut down on the amount of time 

required to charge an EV, increase user convenience, and attract new buyers. Maharashtra now has 

around 3079 charging stations in operation. Previously, Fortune India reported that as many as 10183 

operable public charging stations have been installed in India across 77 charge point operators [105]. 
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About 76% of Indian consumers expect to charge their electric vehicles (EVs) at home, according to 

the Deloitte global automotive consumer study 2022 [106].  

 

Figure 7. State wise operational public EV charging stations map as on 02.02.2024 in India. 

Challenges in EV adoption: 

Table 5 illustrates the big challenges in the adoption of EVs in India. Poor charging infrastructure 

and battery range appear to be the biggest concerns for consumers [107]. Other key barriers to 

purchasing EVs include a lack of a universal payment system, an App for locating charging stations, 

poor quality of power, frequent power outages, non-operational charging stations, and long charging 

times [108]. Currently, EVs are more expensive than gasoline or diesel vehicles and not many credit 

or suitable financial options are available. Furthermore, the absence of an EV repair and maintenance 

network, as well as the limited availability of skilled workers, is also hindering the growth of the EV 

sector [109].  

Table 5. Different challenges in adoption of EVs in India. 

Big Challenges in adoption of EVs in India 

1 Charging 

infrastructure 

Poor charging infrastructure and range are the main concerns of 

people who opt for hybrid vehicles over EVs.  

No common App for locating charging stations.  

Lack of a universal payment option, poor quality of the power 

grid, and frequent power outages are some other major reasons 

for not opting for EVs. 

2 Higher cost of EVs Relatively high price tag compared to traditional gasoline 

vehicles. Poses a significant barrier to adoption.  

Limited credit options and high EMIs make it tough for the EV 

sector. Financial limitations create a significant impediment to the 

adoption of EVs. 
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3 Lack of technology Battery technology plays a pivotal role in driving EV adoption. 

Performance improvement, range, and cost reduction are directly 

linked to innovations in battery technology.  

4 Import of EV 

component and 

materials 

The number of OEMs (original equipment manufacturers) 

manufacturing batteries from materials in India is very small. 

Lack of certain raw materials (cobalt, nickel, lithium, high-quality 

other chemicals, etc.) to produce batteries.  

Currently, it relies heavily on China and Korea. 

5 Lack of skilled 

workforce 

Very little repair and maintenance network for EVs compared to 

gasoline vehicles.  

Non-availability of trained technicians to repair, maintain, and 

find faults in the electric vehicle.  

Require sufficient, skilled technicians to rectify the problem as 

quickly as possible.  

Most EV owners have to rely on their EV dealer for service. 

6 Resistance to change Consumers are resisting the adoption of EVs, despite their long-

term economic and environmental benefits.  

General reluctance toward new technologies. 

In summary, the EV policies of India focus on financial incentives for consumers and 

manufacturers, as well as infrastructure development, with the aim of accelerating the adoption of 

electric vehicles and mitigating environmental pollution. India's EV market is growing due to 

government targets (30% electric vehicles by 2030), decreasing battery costs (the economic viability 

of EVs in the future), and growing environmental awareness. With its growing economy, India is 

poised to become a major player in the global EV industry. The increasing adoption of electric 

vehicles in India is considered to be a significant step toward sustainable growth in global mobility. 

4.3. Price War of EVs 

According to Cox Automotive, the average sale price of a new vehicle in the U.S. in February 

2024 was $47244, down 2.2% from February 2023 and 5.4% from the market peak in December 2022 

[110]. A surge in new-vehicle inventory in the U.S., downward price pressure, and higher incentives 

appear to be key drivers of the market’s current momentum. CarEdge reports that the average price 

of a new electric car in February 2024 decreased by 21% compared to February 2023 [111]. Some 

analysts believe that EV prices may go down further and stabilize once they become truly mainstream 

mode. 

We analyzed the cost of certain EV models in the US and China to investigate the price and range 

variations over the period 2017–2024. According to Department of Transportation statistics, the 

average driver in the U.S. drives 37–40 miles per day [112]. Most EVs in 2018 had a range of 100 to 

125 miles with a fully charged battery pack. With advancements in battery technology, the range of 

the latest EV models has improved significantly. Here, we analyzed the cost of some 200-mile range 

EVs from 2017 to 2024 in the United States without subsidies, and the results are displayed in Figure 

8 [113]. The Nissan Leaf Plus EV has become more affordable over the years, although its range has 

increased thanks to better battery technology. Whereas the Tesla Model 3 standard shows variations 

in cost, considerable deep in 2020, and again increases and decreases over the years. The range of the 

battery is considerably improved until 2021 and becomes constant later. A report shows that Tesla 

cars show a mere 10 percent average battery degradation after over 160,000 miles [114]. The results 

reveal that other models (Kia Niro Basic, Hyundai Kona Basic, and Chevrolet Bolt LT) have reduced 

their costs and improved their range throughout this time period. 
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Figure 8. Cost of some 200 miles EVs models from 2017 to 2024 in USA with no incentives. Variation 

in (a) cost (US$) of the EVs, and (b) battery range (miles) per charge with years. 

BYD, Nio, Wuling, Hongqi, Zeekr, Aito, Xpeng, MG Motors, Xiaomi Auto, Tesla, and other 

bands are among the best-selling battery EVs in China. Here, we analyzed the price and range 

variations of some of these models from 2017 to 2024. Table 6 displays some of the best-selling battery 

EVs in China in 2024, as manufactured by these automobile manufacturers [115]. Qin Plus, Seagull, 

Song Plus, Yuan Plus, and Dolphin are some of BYD’s top-ranked selling models across all new 

energy vehicles in China for the six months ending in November 2023 [116].  

The Chinese EV auto industry is two decades old, and many stakeholders started investing in 

this sector after 2008 [117]. Since then, the Chinese EV auto industries have seen considerable 

transformations and are continuously improving product performance. Every year, many companies 

introduce new products with an improved range and lower prices. As shown in Table 6, the cost of 

EVs (MRP at launch time) is primarily determined by the battery range as well as other features. As 

a representative case, Figure 9 shows the cost variation of the BYD Qin Plus model with battery range. 

The cost of the BYD Qin Plus changes little as the range increases from 420 to 512 km; thereafter, the 

cost continues to rise while the range remains relatively constant. This appreciation of cost could be 

attributed to additional features and performance improvements.  

Table 6. Best-selling battery electric vehicles in China in 2024. (1 US$ = 7.24 Yuan, April 16, 2024). 

Year Model Year of Released Range (km per 

charge) 

Cost (in RMB, ¥) 

(MSRP at launch) 

 

 

 

Xpeng 

Xpeng G3i-Basic February 2022 460 138900 

Xpeng G6 Pro February 2023 580 189900 

Xpeng G9 Pro February 2023 570 253900 

Xpeng P5 Plus February 2023 500 144900 

Xpeng P7i Pro February 2023 550 203900 

Xpeng X9 Pro February 2024 610 359800 

 

 

 

 

 

Han – DM 

Premium 

February 2024 506 179800 

Qin EV Standard  February 2021 405 145800 

Qin EV Plus Glory February 2024 420 109800 

BYD D1 Ultra February 2023 415 169800 
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BYD 

BYD Dolphin 

Vibrant 

February 2024 302 99800 

Seal Elite  March 2024 550 179800 

Tang EV 

Champion  

February 2023 600 219800 

Yuan Pro Deluxe  February 2023 320 89800 

Seagull Vibrant  March 2024 305 69800 

Son L Ultra February 2023 550 189800 

e2 Pride Comfort March 2024 405 89800 

 

 

 

 

 

 

Tesla 

Model 3 Rear 

wheel drive 

February 2023 606 (CATL 

Ningle battery) 

245900 

Model  3 All 

wheels drive 

February 2023 713 (LG Battery)  285900  

Model Y Rear 

wheel drive 

February 2024 554 (CATL) 258900 

Model Y All 

wheels drive 

February 2024 688 (LG) 299900 

Model Y High 

performance All 

wheels drive 

February 2024 615 (LG) 363900 

 

 

 

 

Nio 

Nio ET5 February 2024 560 298,000 

Nio ET5T February 2024 560 298000 

Nio ET7 February 2023 530 428000 

Nio ET9 Scheduled 

December 2024 

 800000 

Nio EC6 February 2024 505 358000 

Nio EC7 February 2024 490 458000 

Nio ES6 February 2024 500 338000 

Nio ES7  February 2024 485 438000 

Nio ES8 February 2024 465 498000 

 

 

 

 

SAIC-GM-

Wuling 

Wuling Air EV 

Standard 

February 2022 300 57800 

Wuling Bingo 

Enjoyment model 

February 2023 203 55800 

Hongguang Mini 

EV Macaron 

February 2023 170 (Lithium ion 

phosphate 

battery) 

39800 

Wuling Nano EV 

Enjoy model 

February 2022 205 55800 

Wuling  

Zhengcheng EV 

Journey model 

February 2023 360  145800 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 August 2024                   doi:10.20944/preprints202408.1098.v1

https://doi.org/10.20944/preprints202408.1098.v1


 23 

 

 

 

FAW Hongqi  

E-HS9  March 2024 660 589800 

E-QM5 Plus  March 2024 560 199800 

EH7 Pro  March 2024 760 309800 

ESH7 2WD Basic 

model 

Planned for 2024 660  

 

 

Zeekr 

Zeekr 001 Basic February 2024 750 269000  

Zeekr 007 Rear 

drive 

February 2023 688 209900 

Zeekr 009 WE February 2024 702  500000 

Zeekr X 4WD February 2024 512  200000 

 

Seres 

AITO M5 Standard February 2023 620 259800 

AITO M9 Max February 2023 630  509800 

 

MG Motors -

SAIC 

MG Cyberster 

Glamour Heart 

November 2023 501 319800 

MG 4EV 

Champion 

February 2023 415  115800 

 

Xiaomi Auto 

Xiaomi SU7 - 

Standard 

March 2024 700  215900 

Xiaomi SU7 –Ultra 

Max 

March 2024 800 299900 

(MSRP – Manufacturer Suggested Retail Price). 

 

Figure 9. BYD Qin Plus model cost variation with the battery range. 

The price of an EV is primarily determined by its battery performance. Because of the high cost 

of energy-dense batteries, EVs have historically been more expensive than their fossil fuel 

counterparts. With rising production and technological advancements, batteries are becoming more 

and more affordable to produce, bringing parity between EVs and ICE vehicles. CATL and BYD, the 

two largest power battery makers, had a global share of 37.4 percent and 15.7% from January–

November 2023, respectively (according to data released on January 9 by South Korean market 
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researcher SNE Research), while LG Energy Solution had a market share of 13.6% [118]. CATL, China, 

aims to secure its market position by reducing battery costs by up to 50% by 2024 [119]. Both CATL 

and BYD are on a path to reduce battery prices by up to 50% this year, which means battery packs at 

the end of 2024 could cost half what they did at the end of 2023. According to BYD, its blade battery 

will be a market-leading low-cost lithium-ion battery, costing roughly US$65/kWh in 2025 [120]. BYD 

Li-ion Blade batteries are predicted to cost $50/kWh by 2027. The volumetric energy density (energy 

per mass/liter) of the Blade battery is 448 Wh/L, whereas the gravimetric energy density is projected 

to be 165 Wh/kg. Whereas Tesla's most recent Model 3 '2170' batteries have a gravimetric energy 

density of around 260 Wh/kg. Further, Tesla’s new '4680' battery is targeted to enhance energy 

density by almost 50 percent, reaching 400 Wh/kg. 

BloombergNEF (BNEF) predicts a dramatic fall in lithium-ion battery pricing to $113/kWh in 

2025 and $80/kWh in 2030 due to technological innovation and manufacturing improvements [121]. 

The price trend of lithium-ion battery packs is shown in Figure 5 [122]. As seen in Figure 10, the cost 

of a battery pack is continuously depreciating, and this trend is expected to continue. According to 

the Department of Energy’s (DOE’s) Vehicle Technologies Office, improvements in battery 

chemistries and technologies, along with increased manufacturing volume, contributed to an 89% 

decrease in the cost of an electric vehicle lithium-ion battery pack between 2008 ($1,355/kWh) and 

2022 ($153/kWh) (using 2022 constant dollars) [123]. 
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Figure 10. Price trend of Lithium ion battery pack. 

Recently, Toyota, the world's largest carmaker, developed fireproof solid-state batteries with 

high energy density, allowing EVs to have a range of more than 1200 kilometers per charge and a 

charging time of 10 minutes or less [124,125]. Solid-state EV batteries are lighter and smaller than 

lithium-ion batteries (currently used in EVs, which are heavy compared to gasoline vehicles) and 

store more energy (high energy density). These would cost 20% less than the existing battery 

technologies. Solid-state batteries reduce concerns about charging time, capacity, and fire risk. Toyota 

Motor Corp. and Idemitsu Kosan Co. are developing the technology and manufacturing facilities 

required to mass-produce solid-state batteries for electric vehicles. These batteries are projected to 

begin shipping in 2027, followed by mass production. 

In conclusion, the price of power batteries is likely to depreciate further as the price war for EVs 

continues. EVs are expected to become more affordable for consumers in the future. 
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4.4. Used EVs Market and Costs  

Due to their lower cost of acquisition, lower cost of ownership and operation as well as 

increasing popularity, the demand for EVs is constantly growing. Least affluent owners cannot afford 

a new EV despite subsidies that are supposed to offer a lower cost of acquisition; their only option 

remains second-hand EVs. According to Recurrent, used EV sales volume in the US in 2024 increased 

by 100% from 2022 and by 40% from 2023; as a result, the prices of EVs have also come down 

significantly [126]. The increasing demand for pre-owned EVs hides the reality of the fast 

depreciation of EVs. Inside EVs reported that the average used EV prices in the U.S. were down 33.7% 

in October 2023 ($34994), compared to October 2022 ($52821) [127].  

Earlier in April 2023, it was reported that the value of three-year-old EVs dropped in the UK by 

up to 30.7% compared to what they were in March 2023 [128]. The main obstacles to buying used EVs 

were found to be the rise in the supply of new EVs, the increase in the availability of used EVs, 

increased incentives for buyers of new EV cars, range anxiety and charging worries of EV consumers, 

and the rising cost of charging an EV. In October 2022, the average price of used EVs in the United 

States was $52820, but dropped to $34994 in October 2023, a significant price drop of 33.7% in a year 

[129]. Figure 11(a) shows the used battery EV average sale prices of some car models in the US as of 

April 2024 [130]. According to these results, the average price drop for the Tesla Model 3 standard 

range seems to be negligible in models manufactured after 2022; nevertheless, a significant price drop 

is observed for the Nissan Leaf S and Chevrolet Bolt-LT models as of April 2024 in the US.  Earlier, 

Lukas Schloter in 2022 showed that electric vehicles have a substantially higher depreciation of 13.9% 

per annum compared to gasoline vehicles with 10.4% per annum [131]. He argued that with a 

maturing and growing market for EVs in the years to come, the situation might change and the 

depreciation might come closer to that of gasoline vehicles. 

 

Figure 11. a): Used battery EVs average sale prices of some models in US as of April 2024 (mileage 

<60000 miles). (b) Used battery EVs average sale prices of some models in China as of April 2024 

(mileage <100000km, battery range 300km). 

Similarly, the average sale prices of some used battery EV models in China as of April 2024 are 

displayed in Figure 11(b) [132]. According to the results of Figure 11(b), the average sale prices of all 

used EVs in China decreased significantly as of April 2024. It appears that the Chinese market is 

oversupplied with new and used EVs. 

To summarize, used EV sales prices are dropping dramatically. Customers may be hesitant to 

purchase used EVs because of the higher maintenance costs when compared to old fossil fuel 

vehicles, but mostly due to the fast depreciation caused by subsidies on new EVs and performance 

loss due to battery deterioration with mileage. It may be minor, but tires wear out much faster as EVs 

are heavier than fossil-fuel cars. Low demand for used EVs is another factor contributing to the price 

decline. A couple reasons may be: 

a. Those who actually want an EV already have one. The market is fairly saturated. 
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b. The battery life of any rechargeable battery-operated device is limited. Therefore, the life left in 

the battery of a used EV is questionable. The cost of electric vehicle batteries could exceed $10000. 

So, buying a used car is just another $10000 responsibility, a tough pill to swallow. 

c. There are not nearly enough chargers available, and no sane person with a life, places to be and 

things to do, want to plan their day and week around finding chargers. 

5. Charging Infrastructure  

The availability of public EV charging stations is critical for the purchase of electric vehicles 

around the world. EV charging stations involve the manufacturing industry, installation, and 

operation of charging infrastructure for electric vehicles. The EV charging infrastructure is classified 

according to vehicle type (passenger vehicles and commercial vehicles), charger type (AC charging 

station and DC charging station), and application type (public and private). Figure 12 shows the flow 

diagram of EV charging stations. These stations are further categorized as home charging, charging 

at workplaces, charging at the travel destination (shopping centers, hotels, etc.), and publicly 

available charging (which includes fast charging and super-fast charging routes). 

 

Figure 12. Flow diagram of EV charging stations. 

Smart charging, wherein environmentally beneficial charging methods such as renewable 

energy is explored [133]. Such smart charging technology optimizes charging efficiency while 

minimizing energy consumption, resulting in cost savings for consumers. It offers a safe and 

convenient option to charge EVs when electricity demand is low and/or renewable energy is plentiful 

on the grid. This also enables the driver to receive power in an efficient and cost-effective way, taking 

into consideration factors such as electricity cost, availability, and the driver's needs [134].    

Lately, some automakers are experimenting with wireless EV charging systems. Earlier in 2020, 

the Society of Automotive Engineers (SAE) published an official standard [135,136]. This type of EV 

charging system eliminates the need for all those inconvenient cords. Wireless EV charging, also 

known as inductive charging, generates a power-transmitting field through magnetic resonance and 

a charging pad. When a coil in a receiver under the car aligns with a coil in the charging pad, the 

receiver absorbs that energy and transfers it to the car’s battery [137]. Wireless EV charging is 

currently available mostly through pilot programs. Some automakers in China and South Korea are 

testing the technology on new passenger cars, but many wireless-charging trials are aimed at 
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commercial vehicles, which have predictable routes and the luxury of charging overnight in 

established parking spaces. 

China: 

China is leading the way in EV charger installations, fueled by its ambitious electric vehicle 

adoption targets [138,139]. There were 8.596 million charging stations by the end of 2023, including 

2.726 million public charging stations, with a ratio of 2.4:1 for vehicles to stations [140,141].  EV 

chargers are much cheaper in China than in the United States, Norway, Germany, and India. This 

difference is primarily due to national certification standards for charging stations, production 

volume, and quality. Tgood (Telaidian), Star Charge, YKCCN, and China State Grid are the leading 

public EV charging companies in China. By 2022, these four businesses had installed a total of about 

1.2 million public EV charging stations, accounting for nearly 65% of the market share. Qingdao-

based Tgood (Telaidian) led the way in public fast-charging EVSE, with 216000 DC high-power 

chargers and a cumulative charging power of 11.6 million kilowatts. 

Indeed, the EV charging network in China has developed rapidly. However, public charging 

stations continue to face challenges such as inconsistent quality and insufficient interconnection, 

partly due to the large number and dispersion of charging operators, resulting in the formation of 

"isolated islands" of charging stations. Challenges encountered by electric vehicle owners include 

difficulties in finding charging stations, poor compatibility, and time-consuming charging processes. 

These issues involve physical facilities, software systems, and settlement mechanisms.  

To address the key problems of battery EVs, such as “driving range anxiety, long battery 

charging time, and driving safety hazards, researchers in China proposed to improve the operational 

safety monitoring of batteries [142]. Based on the terminal-network-cloud architecture, these 

measures include creating a digital twin model of power batteries, enriching diagnosis methods for 

monitoring the state-of-health of battery EVs, improving safety early warning accuracy, extending 

the duration of safety early warnings, and implementing active and passive safety protection for the 

whole life cycle of power batteries. New technological features, such as intelligent and networked 

autonomous battery electric technology, were developed.  

Recently, Huawei released a note on Charging Network with the theme of “High-Quality 

Charging Anywhere” on January 30, 2024, with the aim of providing high-quality charging 

anywhere, anytime, to consumers and accelerating the pace toward mobility electrification and 

carbon neutrality [143]. Recently, Huawei announced on April 24, 2024, the development of its 

Intelligent Electric and Smart Charging Network Strategy and New Product System [144]. Further, 

Huawei Digital Energy proposed the integration of an electrification strategy: utilizing new energy 

vehicles powered by new energy electricity, promoting high-quality charging, and enhancing the 

driving experience of new energy vehicles. The goal is to accelerate the development of electric 

vehicles through intelligent coordination. Huawei's liquid-cooled supercharging system is expected 

to help charging infrastructure move towards high quality, high efficiency, and intelligence. This is 

anticipated to have an impact on the growth trajectory and future pattern of China's new energy 

vehicle industry. 

Japan, Korea, and India: 

In recent years, Japan and Korea have made significant progress in the development of EV 

charging infrastructure [145,146]. Both slow and fast charging station installations in Asia are 

expected to increase in the coming years. In contrast, India’s charging infrastructure is still in its early 

stages and is poised to expand significantly. As of 2nd February 2024, there were around 12146 public 

EV charging stations in service across the country [104]. As more and more consumers adopt 

environmentally friendly modes of transportation, the demand for reliable and easily accessible EV 

charging stations is likely to escalate. Due to the increasing number of EV users, the Asia-Pacific 

region is rapidly installing public charging stations, particularly in China, India, and South Korea 

[147].  
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Europe and North America: 

Northern European countries (Denmark, Finland, Sweden, and Norway) have seen a remarkable 

increase in EV charging infrastructure [148]. An increasing number of public and private charging 

stations, including fast-charging stations, are being installed in urban and rural areas. The North 

American EV charging market is undergoing considerable transformation, driven by the increasing 

adoption of EVs owing to various incentives and growing environmental awareness [149]. The surge 

in EVs has resulted in the rapid expansion of charging infrastructure. Supportive government policies 

and incentives, technological advancements, and the expansion of automotive manufacturers into 

the EV industry are contributing to this growth. DC fast chargers are projected to gain popularity in 

the coming years, owing to their ability to provide quick charging and more convenience to users. 

In the regions where electric trucks are becoming commercially available, the economics for 

battery electric trucks in long-distance applications can be substantially improved if charging costs 

can be reduced by maximizing “off-shift” (e.g., night-time or other longer periods of downtime) slow 

charging, securing bulk purchase contracts with grid operators for “mid-shift” (e.g., during breaks), 

fast (up to 350 kW), or ultra-fast (>350 kW) charging, and exploring smart charging and vehicle-to-

grid opportunities for extra income [49]. Most commercially available direct current (DC) fast 

charging stations currently enable power levels ranging from 250 to 350 kW. 

Residential charging systems account for a significant portion of the global EV charging market. 

The demand for convenient and accessible charging solutions for individual users is expected to 

increase significantly in the future. Residential EV charging includes both Level 1 and Level 2 

charging options. Level 1 charging, the most basic and readily available charging solution for EV 

owners, provides a charging rate of 4–8 km of range per hour of charging. Whereas level 2 charging, 

which requires dedicated charging equipment and a higher voltage supply, offers charging rates 

ranging from 15 to 95 km of range per hour. The National Renewable Energy Laboratory, USA, 

estimates that Level 1 and Level 2 charging will handle 80% of all EV charging duties by 2030 [150]. 

By 2030, 33 million EVs will be on the road, and 28 million EV charging ports will be needed to 

support them. The majority (64%) of EV charging is estimated to take place at single-family homes 

using Level 1 and Level 2 charging, which is typically the most cost-effective and convenient type of 

charging. DC fast charging infrastructure is expected to support 20% of EV charging needs. 

6. Consumer Perspectives 

Electric vehicles are becoming more and more common as people's awareness of the 

environment and climate change grows. As EVs are using grid electricity for charging, they may have 

a smaller or minimal carbon footprint than gasoline vehicles, provided the electricity for charging is 

generated by renewable sources. Many people and stakeholders believe that switching to EVs will 

benefit the world greatly. However, there are some genuine issues with EVs that are depicted in Table 

7 [151(a), (b)]. 

Table 7. Stakeholders genuine issues with EVs that are hindering the growth. 

Issues Causes and impact 

Environmental 

impact of battery 

production 

Lithium-ion batteries require significant amounts of energy and resources. This 

is contributing to environmental degradation and carbon emissions. Further, 

metals, including lithium, to produce batteries are scare, difficult to access or 

produced in mining operations rife with serious human rights issues.  

Energy source for 

charging 

The environmental benefits depend on the source of electricity used for 

charging. In many regions, it may come from coal or natural gas power plants, 

negating some of the emission reductions.  

Battery 

degradation 

Over time, the battery performance degrades, resulting to reduced range and 

charging frequency. Battery degradation also affects the resale value and 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 15 August 2024                   doi:10.20944/preprints202408.1098.v1

https://doi.org/10.20944/preprints202408.1098.v1


 29 

 

consumer confidence, highlighting the importance of battery management and 

recycling programs to address this issue.  

E-waste 

generation 

The disposal of EV batteries and other components at the end of their life cycle 

generate electronic –waste, posing environmental and health risks if not 

properly managed. Toxic metals such as lithium, cobalt, and nickel in lithium-

ion batteries leach into soil and water if not disposed properly.  

Proper handling, storage, and disposal of EV batteries are needed to prevent 

pollution, protect human health, and environment.  

Reliance on 

government 

subsidies 

Heavy reliance on government subsidies lead to market uncertainty, volatility, 

and dependence on political will, affecting investment decisions and industry 

growth. For achieving market competitiveness and sustainability with 

subsidies, innovative business models, technology advancements, and 

supportive policy frameworks are required.  

6.1. Consumers Concern 

According to the annual car reliability survey by Consumer Reports, EVs from the past three 

model years (2020–2022) had 79% more problems than conventional cars [152]. Electric cars are 

mostly new developments, and relatively recently introduced models generally tend to have more 

issues, as reported by Peter Valdes-Dapena [153]. According to a recent Pew Research Center survey, 

about four out of ten Americans (about 38%) think they are very or somewhat likely to seriously 

consider an EV for their next vehicle purchase [154]. More than half of adult Americans say they 

would never or very likely consider purchasing an electric vehicle. Apart from this conflicting 

scenario, there are a number of more serious and pervasive problems with EVs. Furthermore, it can 

be challenging to decide if an EV would be the best choice for your next new vehicle due to myths 

and misinformation about EVs. According to a report, 40% of charging stations in the US have serious 

faults, including out-of-order signs, payment errors, and connection issues, implying that the US EV 

infrastructure is still in its infancy [155]. Los Angeles, which holds the title for having the most DC 

fast chargers in the country, has such serious charging issues, intricately illustrating the dilemma 

facing the EV infrastructure of America. Customers’ perceptions about EVs are presented in Table 8 

[156–159]. 

Table 8. Customers perception about electric cars. 

Misconception 

about EVs 

Explanation 

Not enough energy 

to manage with 

demand if everyone 

drove an EV 

Powering millions of cars requires a significant amount of energy. However, 

it represents a modest part of the country's total energy consumption. Smart 

chargers and time-of-use rate programs will support balancing the load 

throughout the day. In the US, the grid is capable of handling more EVs. Even 

if EVs constitute 80% of the total vehicles, it will only translate into a 10–15% 

increase in electricity consumption. 

More expensive than 

non-EVs 

EVs are getting more and more affordable. It is true that electric automobiles 

are currently more expensive than gasoline vehicles. Charging an EV at home 

(with off-peak charging) is cheaper than filling a gasoline or diesel vehicle. 

EV battery prices are already falling, which will effectively reduce the 

upfront cost of new EVs. 
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Range per charge  While it was true in the early days of electric cars, the range per charge has 

improved to 400–500 miles currently. Energy consumption might vary 

depending on weather conditions and driving style. 

Long charging time It's true that charging an electric automobile takes longer than filling up at a 

gas station. Full-capacity charging time depends on battery capacity and 

charging speed. Even an EV with a comparatively large battery can be 

recharged (from 10 to 80%) in less than 20 minutes using the latest generation 

of ultra-fast public chargers. 

Charging anxiety There is uncertainty about the availability and/or reliability of public EV 

charging stations. Various governments are promoting charging 

infrastructure and encouraging private institutions to invest in the charging 

infrastructure, particularly in ultra-fast chargers. They hope to provide ultra-

fast chargers after 30 miles of travel. There is also a need to provide enough 

charging stations in rural areas.  

EVs are safe, EV 

batteries blow-up 

Charging an EV even in the rain is safe. All electric car chargers meet the 

international standard for waterproofing. 

Concerns over EV batteries catching fire or exploding in a collision. The 

frequency and severity of fires and explosions from lithium-ion battery 

systems are comparable to or less than those for gasoline vehicles. Fuses and 

flame retardants prevent batteries from leaking electrolytes and/or catching 

fire.  

Repair and 

maintenance  

Electric cars have fewer parts than internal combustion engines. EVs need 

less maintenance throughout the life span of the vehicle. They don’t require 

regular oil changes or tune-ups. There are far fewer moving parts to 

eventually fail and need replacing. 

However, brakes need to be checked regularly, apart from regular 

maintenance for perishable items. EV tyres can cost more as they need to be 

replaced much earlier compared to gasoline vehicles due to the larger battery 

packs, which put additional wear on the rubber.  

Breakdown concerns EVs can be towed away to a safe place or to a repair shop like gasoline 

vehicles. 

Software and 

electronic system 

failures concerns 

EVs require electronic systems and software to work properly. These systems 

may occasionally experience issues. Common electronics-related issues 

include defective sensors and wiring problems, which can make it difficult 

to operate EVs safely. 

Drivers must pay close attention to all the electronic arrays surrounding 

them. Software problems and electrical device repairs may be more 

expensive. 

Software-related issues can be resolved by visiting the dealers or proper 

service centers.  

Common issues with 

EVs 

The technology for EVs is advancing continuously. However, it still has a 

long way to go. There are several potential concerns with EVs that need to be 

addressed before they can genuinely become popular solutions for everyone.  
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Electric grids are not green, and a large portion of grid electricity is generated from fossil fuel 

resources, which contributes to global warming. As they contain more advanced technological 

features, such as more gadgets and safety sensors, EVs are typically more expensive than other 

vehicles. They also have issues with charging and batteries. Many drivers report reliability issues 

with EVs as a key disadvantage; nonetheless, the rate of EV problems is lower than the rate of non-

EV problems. In-car electronics are also a big problem for some drivers. Electric cars are typically 

heavier than gasoline cars due to their large battery packs. Table 9 shows the weight of EVs compared 

to their gasoline counterparts. The battery pack in an electric vehicle is one of the primary reasons, 

making EVs significantly heavier than their gas-powered counterparts. Figure 13(a) shows the 

battery-to-car weight analysis of some EV models. The weight of the battery varies between 25 and 

30% of the EV's curb weight. In recent days, efforts have been made to build lightweight, high-energy-

density batteries and lower the curb weight of EVs. Figure 13(b) shows the curb weight changes with 

the manufacturing year of some EV models. No change in curb weight is noted for the Hyundai Kona-

EV SEL and Chevrolet Bolt-LT Hatchback models. Surprisingly, all EV models of the Nissan Leaf 

have gained in curb weight with the year of manufacturing. However, the Tesla Model S Long range 

shows a notable decrease in curb weight every manufacturing year. Results in Figure 13(b) show that 

Tesla is working continuously to reduce its curb weight while improving its performance.  

Table 9. Weight of EVs as compared to their gasoline counterparts. 

Models EVs weight (kg)  Gasoline counterparts’ 

weight (kg) 

Ford 150 truck 2728.35 1841.58 

Hyundai Kona 2024 SEL SUV   1385 SEL SUV2.0L 

Hyundai Kona SEL 2023 1685 1390 

Volvo  2114.64  1690 

Peugeot 208, French Automaker 1910 (e-208 model) 1090 

BMW 4 series Gran Couple 2065 (i4 model with 70kWh 

battery) 

1695 

 

 

Figure 13. (a) Battery to EV weight analysis of some EV models. The lower column shows the battery 

weight. 13(b). Curb weight variation with the manufacturing year of some EV models. 

The added weight of EVs can have various effects on the car, including: (i) affecting performance 

and handling; (ii) increasing the risk of collision and affecting safety for other drivers and pedestrians; 

(iii) generating more particulate pollution from tire wear; (iv) affecting performance, fuel efficiency, 

and overall driving experience; and (v) increasing the range and torque of the car, which allows 
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electric cars to accelerate faster and have more power than gasoline cars. Blake Shaffer et al. 

emphasized the need for EVs to be lighter in order to avoid the risk of collision and maximize climate 

benefits [160]. Infrastructure development experts also feel that EVs are likely to cause more damage 

to roads and bridges as EVs are equipped with larger and heavier batteries, particularly in EV trucks 

and semi-trucks. EV Tires release more particulate matter into the air than tires on gas-powered cars. 

Some analysts believe that EVs have little impact on infrastructure but may create more danger due 

to acceleration. Future electric vehicle models are likely to be lighter due to the rapid advancement 

in battery technology and other innovations. 

6.2. Prospect of EV Acceptance and Decarbonization 

Policymakers and governmental institutions view EVs as game changers. Eventually, the 

adoption rate of EVs will increase. They anticipate that sooner or later, EV charging infrastructure 

will reach a tipping point, with charging stations to suit everyone's needs and enough charging 

stations to ensure that no one is left stranded. Affordability will no longer be a barrier when EV prices 

start falling. However, both dealers and consumers believe that the most significant barriers to 

buying an EV are the battery range and cost. The installation of charging stations at home, especially 

in shared housing units like apartments and rental homes, low demand and poor resale value, 

technological challenges like EV charging in winter and battery performance in extreme climates, 

battery capacity and range, battery replacement costs, and service and maintenance are additional 

obstacles to the adoption of EVs. The main barriers to the adoption of EVs are depicted in Figure 14. 

Battery range, charging infrastructure, and service infrastructure and network are identified as the 

most significant barriers to EV adoption by consumers. The other most significant barriers are the 

costs and benefits, as well as the uncertainty surrounding the continuation of incentive and subsidy 

policies. 

 

Figure 14. Leading barriers for the adoption of EVs. 

CNN reports that consumers’ decisions to buy EVs will be influenced by the proximity of 

charging facilities and their affordability. As long as batteries remain expensive, automakers are 

unlikely to offer models at lower prices [161]. It is imperative that convenient charging infrastructure 

be prioritized. Encouraging the adoption of EVs without providing convenient charging options may 

have long-term negative effects on dealer and customer brand loyalty and reputation. According to 
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a recent study by the California Energy Commission for 2022, only 33% of residents of multi-family 

dwellings may ever have access to home charging. This implies that, even in the best-case scenario, 

67% of multi-family residents in California will never have access to home charging [162].  

According to Forbes, one of the main issues that will probably affect EVs' future trajectory is 

their pricing [163]. Technological limitations are an additional obstacle to the mainstream use of EVs. 

Further, adoption is hampered in some places by battery performance in extreme weather. All of 

these challenges, including those unique to the industry, suggest modest growth in EV sales in the 

upcoming years. Auto Dealer Magazine claims that the current state of the car market makes it 

difficult to persuade individual purchasers to switch to electric vehicles because the government is 

not doing much to boost the battery-powered vehicle market in the UK [164].  

In fact, according to a recent Lagrada analysis, the high costs, battery charging times, and lack 

of access to recharging stations have caused frustrated automakers in the USA to become frustrated 

and wish to return to combustion engines. These factors have delayed the adoption of this technology 

longer than expected [45]. According to a 2023 report, buyers in the USA are becoming more and 

more interested in gas-electric hybrid vehicles, which switch between gas and battery power to 

optimize economy [165]. Many people, including those who claim they would ultimately like to own 

an electric vehicle, are in favor of hybrids. Higher costs, worries about long-distance driving (limited 

battery range), and a lack of local charging infrastructure are the main causes of the slowdown in EV 

sales in the US. Those who live in apartments might not have a space at home to charge. Furthermore, 

sales of used EVs are not very appealing. The report shows that used EV prices decreased 

significantly between September and October of 2023 compared to the same period in 2022, with 

some studies indicating a fall of 30% [166]. As a result, several manufacturers are reducing their plans 

for additional battery production or assembly operation plans for new batteries while simultaneously 

boosting their output of hybrid vehicles. Further, it is necessary to create favorable consumers 

perspectives regarding EVs. This will certainly improve the EVs acceptance rate. To summarize, all 

of these factors, including consumers’ perspectives, are substantially important for the expansion of 

the EV market in a real sense and achieve the goal of road transport decorbonization. 

7. Conclusions 

The development of EVs is certainly a great contribution to the decarbonization of road 

transport. The process of decarbonization of road transportation depends on multiple factors such as 

government energy policies and regulatory standard development, necessary infrastructure 

investments and developments, research and innovation, innovation in EV and battery technologies, 

and consumer perspectives. Certainly, a shift towards lower carbon emission levels in transportation 

modes will influence the economy, the infrastructure, the regulatory environment, and the 

integration of information and AI technologies in EVs. Exceptionally, such a success can be attributed 

to governments’ policies that allowed affordability in acquisition and ownership. In fact, EVs remain 

more expensive than their ICE vehicle counterparts, and they are yet to become mainstream mode of 

transportation. Without subsidies, it would have been almost impossible to get the industry started. 

Technological developments are one of the most important variables that drive the current market 

and will influence the future of EVs. There is still an important marge for progress in EV technical 

achievements in areas like battery technology and performance, charging infrastructure, and 

vehicles’ energy economy and safety with better integration of AI. It should be expected a better 

economical approach, efficiency, and dependable EVs with better ranges and faster charging times 

as technology improves. The industry's significant challenges, including affordability and 

technological obstacles, suggest that EV sales growth could slow down in the coming years, 

particularly for used EVs. The EV market is at a critical juncture, with surging adoption rates facing 

off against economic headwinds and technological challenges. The second-hand EV market is in its 

early stages, and so far, EVs have witnessed a much faster depreciation than ICE vehicles.  

The price parity between EVs and ICE vehicles is a major objective to reach full market maturity 

and move to a subsidy free era, as already witnessed in China. It is expected to take place in a more 

or less near future with the constant price drop of batteries. 
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In conclusion, this review covered the details of important domains related to the evolution of 

EV as a modern and sustainable means of transportation. We have provided a synopsis of the current 

state of the art in the EV industry and its future perspectives in this manuscript. We suggest that the 

goal of less carbon-intensive transportation technologies ultimately depends on the consumer 

perspectives about the EVs mode of mobility. Surely, favorably addressing their concerns and perspectives 

could be useful to reduce the share of carbon content in the road transportation sector. 
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