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Abstract
The shift toward sustainable transportation has attracted considerable global attention, and Electric Vehicles (EVs) have emerged as an effective solution for reducing carbon emissions and reliance on fossil fuels. In India, the adoption of electric vehicles has grown rapidly in recent years due to technological progress, increasing environmental concerns, and supportive government policies. In this context, the present study aims to analyse the growth trends and segment-wise expansion of electric vehicle adoption in India, examine the major government initiatives and policy measures undertaken to promote electric mobility, and identify the key challenges affecting EV adoption. The analysis reveals a notable rise in electric vehicle registrations in India, particularly in the two-wheeler, three-wheeler, and four-wheeler segments, indicating strong growth in the EV market. The study also evaluates major government initiatives such as financial incentives, policy frameworks, and infrastructure development programs that aim to accelerate EV adoption and strengthen domestic manufacturing capabilities. However, despite these efforts, several challenges continue to hinder the widespread adoption of electric vehicles, including high initial costs, inadequate charging infrastructure, limited consumer awareness, and technological constraints. The findings of the study offer valuable insights for policymakers, industry stakeholders, and researchers in understanding the evolving EV ecosystem and formulating strategies to promote sustainable mobility in India.
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I. Introduction
The growing concerns over environmental pollution, climate change, and the depletion of fossil fuel resources have accelerated the global transition toward sustainable transportation systems. In this context, electric vehicles (EVs) have emerged as an important alternative to conventional internal combustion engine vehicles. EVs operate using electric power instead of fossil fuels, thereby reducing greenhouse gas emissions and promoting cleaner mobility. In recent years, India has witnessed a significant rise in the adoption of electric vehicles due to increasing environmental awareness, technological advancements, and supportive policy measures introduced by the government. Initiatives such as the Faster Adoption and Manufacturing of Electric Vehicles (FAME India Scheme) and policy guidance from NITI Aayog have played a crucial role in promoting electric mobility across the country.
The electric vehicle market in India consists of several product segments that cater to different mobility needs. Broadly, the EV market is categorized into four major segments: two-wheelers, three-wheelers, passenger vehicles, and commercial vehicles. The two-wheeler segment includes scooters, mopeds, and motorcycles, which constitute a major share of EV adoption due to their affordability and suitability for urban commuting. The three-wheeler segment mainly consists of passenger carrier autos and goods carriers that are widely used for last-mile transportation. Passenger vehicles include four-wheeler cars, utility vehicles, luxury vehicles, and multi-purpose cabs, while commercial vehicles cover buses, trucks, and other goods transport vehicles. The product segments of the electric vehicle market are illustrated in the figure presented below.
FIGURE 1: Product segments of the Electronic Vehicle Market
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II. Research Methodology
This study is based on secondary data, collected from reliable sources such as government reports, research publications, and official databases including the VAHAN Portal of the Ministry of Road Transport and Highways. The collected data were analysed using descriptive and trend analysis to examine EV growth, segment-wise expansion, government initiatives, and challenges in India.
· Review of Literature
Pathak, A., & Gangal, V. K. (2023)1. examined the key factors influencing the adoption of electric vehicles in India with a focus on barriers affecting consumer purchase decisions. The study was conducted in Agra city using a survey of 165 respondents to analyse the socio-economic determinants and challenges associated with electric car adoption. Various statistical techniques such as mean ranking, chi-square test, principal component analysis (PCA), and varimax rotated factor analysis were applied to identify the major barriers. The findings revealed that usability issues, inadequate charging infrastructure, safety and technological concerns, economic uncertainty, and performance limitations significantly affect consumer decisions. The study suggested that policymakers and manufacturers should focus on improving vehicle technology, affordability, and infrastructure to accelerate EV adoption.
Attri, R., & Kushwaha, P. S. (2024)2. investigated the factors influencing consumers’ willingness to adopt electric vehicles in India. The study applied the extended Unified Theory of Acceptance and Use of Technology (UTAUT2) model to analyse consumer behaviour toward EV adoption. Data were collected through a quantitative survey of 518 potential buyers of four-wheelers and analysed using SPSS. The findings revealed that factors such as performance expectancy, social influence, facilitating conditions, environmental concern, and risk perception significantly influence consumers’ intention to purchase electric vehicles. However, hedonic motivation and price value were found to have an insignificant effect. The study provides valuable insights for policymakers, manufacturers, and marketers to develop strategies that encourage EV adoption and promote sustainable transportation in India.
Das, A., & Sharma, S. K. (2025)3. conducted a comprehensive bibliometric analysis to examine the research trends related to electric vehicle adoption in India over the period 2014–2024. The findings indicate a significant increase in research publications after 2020, largely driven by policy initiatives, technological advancements, and growing environmental awareness. The study highlights that recent research increasingly focuses on consumer behaviour, battery technology, total cost of ownership, and sustainable urban mobility. The authors also identified gaps in international collaboration and emphasized the need for consumer-centric strategies and data-driven policy frameworks to accelerate EV adoption in India.
Kher, A. (2025)4. examined the major barriers affecting the widespread adoption of electric vehicles with a particular focus on consumer perception and policy implications. The study highlights that despite technological advancements and growing environmental awareness, several challenges continue to hinder EV adoption. Key barriers identified include range anxiety, limited availability of charging infrastructure, and the high initial cost of electric vehicles. The research also discusses the role of government policies such as subsidies, tax incentives, and emission regulations in promoting EV adoption. However, the study notes that inadequate policy support and lack of comprehensive regulatory frameworks in some regions slow down the growth of the EV market. The author emphasizes the need for stronger policy measures, improved infrastructure, and increased consumer awareness to accelerate the transition toward electric mobility.
Shubham Mapari et al. (2026)5. examined the purchase behaviour of consumers toward electric vehicles (EVs) and conventional internal combustion engine vehicles in Pune, India. The study was based on primary data collected from 133 respondents belonging to different demographic groups. The findings revealed that although awareness and interest in electric vehicles are relatively high, the actual ownership of EVs remains limited. The research identified inadequate charging infrastructure as the most significant barrier influencing EV adoption, followed by high purchase costs and uncertainty regarding the total cost of ownership. The study suggests that improvements in charging infrastructure, extended driving range, and faster charging technology could significantly enhance EV adoption and support the transition toward sustainable mobility in India.
Simranjit Kaur and Amit Kumar (2026)6 examined the role of electric vehicles (EVs) in achieving India’s Sustainable Development Goals (SDGs) through a qualitative integrative review based on secondary data. The study highlights that EV adoption significantly contributes to environmental sustainability by reducing greenhouse gas emissions, improving energy efficiency, and promoting green employment. It also identifies a strong linkage between EV adoption and SDGs such as affordable energy, innovation, sustainable cities, and climate action. Furthermore, the study emphasizes the role of leading automobile companies like Mahindra & Mahindra and Tata Motors in advancing sustainable practices. However, challenges such as high initial costs, inadequate charging infrastructure, and policy fragmentation continue to hinder large-scale EV adoption in India.
Renne Pramila Punadi et al. (2026) examined consumer readiness for electric vehicle (EV) adoption in emerging economies using the Value-Belief-Norm (VBN) theory and Technology Readiness Index (TRI 2.0). The study, based on quantitative survey data, found that technological innovation plays a significant role in enhancing EV adoption readiness, while environmental awareness positively influences eco-conscious behaviour. However, it also revealed that concerns regarding the environmental impact of battery production and energy sources may discourage adoption. The study further identified a weak relationship between eco-friendly attitudes and EV adoption, and an insignificant impact of charging infrastructure. The findings emphasize the need for improved environmental awareness and stronger technological support.
· Need for the Study
The adoption of electric vehicles (EVs) has become an important component of sustainable transportation in India due to rising environmental concerns, increasing fuel prices, and the need to reduce dependence on fossil fuels. The Government of India has introduced several initiatives and policies to promote electric mobility and support the development of EV infrastructure. However, despite these efforts, the adoption of electric vehicles still faces various challenges. Therefore, it is essential to analyse the growth trends and segment-wise expansion of EVs in India. This study aims to provide insights into the progress of EV adoption, the role of government initiatives, and the key challenges influencing the development of the EV ecosystem in the country.
· Objectives of the study
The specific objectives of the study are as under;
i. to analyse the growth trends and segment-wise expansion in electric vehicle adoption in India.
ii. to examine the major government initiatives and policy measures undertaken for promoting electric vehicles in India. and;
iii. to identify major challenges affecting EV adoption in India.
III. Growth trends and segment-wise expansion in electric vehicle adoption in India.
Electric vehicles are gaining significant importance in India due to increasing environmental concerns, rising fuel prices, and supportive government policies. Analysing the growth trends and segment-wise expansion of electric vehicle adoption helps understand market development, consumer demand, and the progress of sustainable transportation across different vehicle categories in the country. The growth and changes in electric vehicle registrations in India during different years are presented in Table 1.
TABLE:1 Growth of Electric Vehicle Registrations in India
	Year
	EV Registrations (In Million)
	Growth (%)

	2017-18
	1.30
	—

	2018-19
	1.66
	27.69

	2019-20
	1.24
	-25.30

	2020–21
	3.31
	166.94

	2021–22
	10.20
	208.16

	2022–23
	15.29
	49.90

	2023–24
	16.80
	9.88

	2024–25
	19.70
	17.26

	Total 
	69.5
	-

	Mean
	8.6875
	-

	Median
	6.755
	-

	SD
	7.758057
	-

	Kurtosis
	-2.03464
	-

	Skewness
	0.34344
	-


Source: VAHAN Portal, Ministry of Road Transport and Highways, Government of India.
CHART: 1 Growth of electric vehicle registrations in India 

Source: Table 1
Interpretation: The table shows the growth trend of electric vehicle (EV) registrations in India from 2017–18 to 2024–25. EV registrations increased from 1.30 million in 2017–18 to 1.66 million in 2018–19 due to rising environmental awareness and initial government incentives. However, registrations declined in 2019–20 mainly because of economic slowdown and limited charging infrastructure. A sharp increase occurred from 2020–21 to 2021–22 as government policies such as subsidies, the FAME scheme, and rising fuel prices encouraged EV adoption. Growth continued in 2022–23 and 2023–24 with improved technology and infrastructure, though at a slower pace due to market stabilization. In 2024–25, registrations increased again due to growing consumer acceptance and expanding charging networks.
TABLE: 2 Number of Electric Vehicles Sold by Category in India (in Millions)
	Year
	E2W
	E3W
	E4W
	E-Buses

	2020–21
	1.433
	0.071
	0.117
	0.012

	2021–22
	6.315
	3.527
	0.382
	0.026

	2022–23
	8.594
	5.828
	0.821
	0.057

	2023–24
	9.500
	6.340
	0.846
	0.021

	2024–25
	11.500
	7.000
	1.000
	0.031

	Total
	37.342
	22.766
	3.166
	0.147

	Mean
	7.4684
	4.5532
	0.6332
	0.0294

	Median
	8.594
	5.828
	0.821
	0.026

	SD
	3.85372
	2.82612
	0.36901
	0.01695

	Kurtosis
	1.13289
	0.88439
	-1.5022
	2.25337

	Skewness
	-1.0632
	-1.2682
	-0.728
	1.29445


Source: Compiled from International Energy Agency and VAHAN Portal.

CHART 2: Number of electric vehicles sold by category in India (in Millions)
Source: Table 2
Interpretation: The table shows the category-wise sales of electric vehicles in India from 2020–21 to 2024–25. Electric two-wheelers (E2W) recorded the highest sales and consistent growth due to their affordability, government subsidies, and increasing demand for personal mobility. Electric three-wheelers (E3W) also increased significantly as they are widely used for commercial transport and last-mile connectivity. Electric four-wheelers (E4W) showed gradual growth due to improving technology and rising consumer awareness, though high initial cost limits faster adoption. In contrast, e-bus sales fluctuated because of high investment costs, dependency on government procurement, and infrastructure requirements, which slowed consistent expansion in this segment.
IV. Government Initiatives and Policy Measures for Promoting Electric Vehicles in India
The Government of India has introduced several initiatives and policy measures to promote the adoption of electric vehicles and support sustainable transportation. These policies aim to reduce carbon emissions, decrease dependence on fossil fuels, and encourage the development of EV infrastructure. Major initiatives include financial incentives, subsidies, and programs such as the Faster Adoption and Manufacturing of Electric Vehicles (FAME) scheme, tax benefits, and state-level EV policies that support the growth of the electric vehicle ecosystem in India.


TABLE:3 Major Government Initiatives Promoting Electric Vehicles in India
	S. No
	Scheme / Initiative
	Year
	Implementing Agency
	Objectives

	1
	Faster Adoption and Manufacturing of Electric Vehicles (FAME India Scheme) – Phase I
	2015
	Ministry of Heavy Industries
	Promote adoption of electric and hybrid vehicles and develop EV ecosystem

	2
	Faster Adoption and Manufacturing of Electric Vehicles (FAME India Scheme) – Phase II
	2019
	Ministry of Heavy Industries
	Accelerate adoption of EVs, especially public and shared transport

	3
	Production Linked Incentive Scheme for Automobile and Auto Components
	2021
	Government of India
	Promote domestic manufacturing of advanced automotive technologies including EVs

	4
	PLI Scheme for Advanced Chemistry Cell (ACC) Battery Storage
	2021
	Ministry of Heavy Industries
	Develop domestic battery manufacturing ecosystem

	5
	Electric Mobility Promotion Scheme (EMPS) 2024
	2024
	Ministry of Heavy Industries
	Provide short-term incentives to accelerate EV adoption

	6
	PM Electric Drive Revolution in Innovative Vehicle Enhancement (PM E-DRIVE) Scheme
	2024
	Government of India
	Strengthen EV ecosystem and accelerate electric mobility

	7
	PM e-Bus Sewa Scheme
	2023
	Ministry of Housing and Urban Affairs
	Promote clean and sustainable public transportation

	8
	National Electric Mobility Mission Plan (NEMMP)
	2013
	Government of India
	Provide a roadmap for adoption of electric mobility in India


Source: Compiled by the researcher from reports of NITI Aayog and Ministry of Heavy Industries
V. Policies to Boost Electric Vehicle Manufacturing in India
· FAME India Phase–II (Faster Adoption and Manufacturing of Electric Vehicles)
The Government of India launched FAME India Phase–II in April 2019 with a total budget allocation of ₹11,500 crore (US$ 1.31 billion) to accelerate the adoption of electric vehicles, expand electric bus fleets, and strengthen charging infrastructure across the country. The scheme primarily focuses on promoting public and shared transportation through incentives for electric two-wheelers, three-wheelers, four-wheelers, and buses.
As of June 30, 2025, the government has supported the deployment of over 16.29 lakh electric vehicles under this scheme. This includes approximately 14.35 lakh electric two-wheelers, 1.65 lakh electric three-wheelers, 22,644 electric four-wheelers, and 5,165 electric buses out of the 6,862 buses sanctioned under the program. In addition, substantial progress has been made in developing charging infrastructure, with 8,885 public charging stations installed out of 9,332 sanctioned stations, supported by an allocation of ₹912.5 crore (US$ 103.66 million).
Under FAME II, the government also introduced the Phased Manufacturing Programme (PMP) to encourage domestic production of electric vehicles and their components. Incentives under the scheme are provided only to vehicles that comply with PMP localization norms, thereby strengthening the domestic EV manufacturing ecosystem.
· Electric Mobility Promotion Scheme (EMPS) 2024
The Electric Mobility Promotion Scheme (EMPS) 2024 was introduced with a budget of ₹778 crore (US$ 93.5 million) and implemented for a six-month period from April 1, 2024 to September 30, 2024. The primary objective of this scheme was to provide financial incentives for the purchase of electric two-wheelers (e-2W) and electric three-wheelers (e-3W).
The scheme supported the deployment of 3,72,215 electric vehicles, including 3,33,387 electric two-wheelers and 38,828 electric three-wheelers. Among the three-wheelers supported, 13,590 units were electric rickshaws and e-carts, while 25,238 units belonged to the L5 category. Incentives under the scheme were exclusively provided for vehicles equipped with advanced battery technologies. Subsequently, the EMPS 2024 scheme was integrated into the PM E-DRIVE initiative, which continues to offer similar incentives while placing greater emphasis on domestic sourcing and localization through the Phased Manufacturing Programme. The scheme also extends support to startups and MSMEs across various states, including Tripura, to strengthen the EV ecosystem.
· National Plan to Replace Diesel Buses with Electric Buses
The Government of India has proposed a large-scale initiative to transition 8,00,000 diesel buses to environmentally sustainable alternatives, primarily electric buses. This initiative aims to replace more than one-third of the diesel buses currently operating on Indian roads within the next seven years. The program is expected to significantly reduce vehicular emissions, promote cleaner public transportation, and encourage large-scale investments in electric vehicle manufacturing, charging infrastructure, and related supply chains. This initiative is also viewed as a potential successor to the FAME scheme, often discussed in the context of a possible FAME III framework.
· Bihar Electric Vehicle Policy – 2023
The Government of Bihar has approved the Bihar Electric Vehicle Policy 2023, which aims to ensure that 15% of all new vehicle registrations in the state are electric vehicles by 2028. The policy introduces several incentives to accelerate EV adoption and strengthen supporting infrastructure.
Key measures under the policy include subsidies of up to 75% on Motor Vehicle (MV) tax and purchase incentives of up to ₹1.25 lakh (approximately US$ 1,500) for the first 1,000 personal electric four-wheelers. The policy also encourages the use of renewable energy for EV charging stations and has approved a tariff rate of ₹8/kVA for high-tension EV charging stations for FY2024. Furthermore, the Bihar state cabinet has approved a proposal by the transport department to procure 400 electric buses under the “PM e-Bus Sewa” programme, which will be deployed across six districts in the state to promote clean public transportation.
· Tamil Nadu Battery Manufacturing and EV Innovation Policy
The state of Tamil Nadu is preparing to introduce a dedicated battery manufacturing policy aimed at strengthening its position as a global hub for electric vehicle production. The policy is part of a broader strategy to develop the entire EV value chain, including battery manufacturing, component production, and advanced technology development. Currently, Tamil Nadu accounts for nearly 40% of India’s electric four-wheeler production and around 70% of electric two-wheeler manufacturing, making it one of the most important EV manufacturing hubs in the country.
In June 2025, the Tamil Nadu State Planning Commission released the roadmap titled “Tamil Nadu’s Automotive Future,” which aims to transform the state into a global EV innovation hub. The roadmap proposes the establishment of mobility innovation funds to support research and development in battery chemistry and advanced EV technologies, along with the creation of dedicated R&D zones in Chennai and Coimbatore.
VI. Major Challenges Affecting EV Adoption in India
Electric vehicles (EVs) are considered an important solution for reducing environmental pollution and promoting sustainable transportation. However, several challenges affect their widespread adoption in India. The major challenges are explained below:
· High Initial Cost of Electric Vehicles
The purchase price of electric vehicles is generally higher than conventional fuel vehicles. Even though government subsidies are available, many consumers still find EVs expensive, which reduces their willingness to adopt them.
· Limited Charging Infrastructure
The availability of public charging stations in many regions of India is still limited. This creates range anxiety among consumers who are worried about running out of battery power during travel.
· Battery and Charging Issues
Battery cost, limited battery life, and long charging time are important challenges. These issues affect the convenience and reliability of electric vehicles for daily use.
· Lack of Consumer Awareness
Many consumers are not fully aware of the long-term economic and environmental benefits of electric vehicles, which slows down their adoption.
· Limited Service and Maintenance Facilities
The number of EV service centres and trained technicians is still limited in many areas, making maintenance and repair difficult for EV owners
VII. Results and Discussion
The analysis of electric vehicle (EV) adoption in India clearly indicates a strong and consistent growth trend in recent years. This growth has been largely driven by increasing environmental awareness, rising fuel prices, and proactive government initiatives aimed at promoting sustainable transportation. The data on EV registrations shows a noticeable surge, particularly after 2020–21, reflecting the impact of policy measures such as subsidies, tax benefits, and flagship schemes like the Faster Adoption and Manufacturing of Electric Vehicles (FAME). These initiatives have played a crucial role in enhancing consumer confidence and encouraging a shift toward electric mobility.
A detailed segment-wise analysis reveals that electric two-wheelers and three-wheelers account for the largest share of EV adoption in India. This dominance can be attributed to their relatively lower cost, ease of use, and suitability for both personal commuting and commercial applications such as last-mile connectivity. The affordability and lower operating costs of these segments have made them more accessible to a larger section of the population. In contrast, electric four-wheelers have shown gradual growth but continue to face challenges such as high initial purchase costs and limited charging infrastructure, which restrict their widespread adoption.
Furthermore, the adoption of electric buses remains relatively low and inconsistent, as it is largely dependent on government procurement policies and requires substantial investment in charging and maintenance infrastructure. Despite the overall positive growth trajectory, several challenges continue to hinder the rapid expansion of the EV market. These include inadequate charging infrastructure, high battery costs, technological limitations, and limited consumer awareness regarding the long-term benefits of EVs.
Therefore, to sustain and accelerate this growth, it is essential to strengthen charging infrastructure, promote technological innovation, reduce costs, and enhance public awareness. A coordinated effort among policymakers, manufacturers, and consumers is crucial for achieving long-term sustainable growth in India’s electric vehicle sector. 
VII. Conclusion
The study highlights the growing importance of electric vehicles (EVs) as a key component of sustainable transportation in India. The analysis of growth trends clearly indicates that EV adoption has increased significantly in recent years, particularly after 2020–21, driven by rising fuel prices, environmental concerns, and strong government support. The segment-wise analysis reveals that electric two-wheelers and three-wheelers dominate the EV market due to their affordability and suitability for both personal and commercial use. Although electric four-wheelers are gradually gaining popularity, their adoption remains comparatively slower due to higher initial costs and limited charging infrastructure.
The study also emphasizes the crucial role of government initiatives and policy measures in promoting electric mobility in India. Schemes such as FAME, EMPS, and various state-level policies have provided financial incentives, encouraged domestic manufacturing, and supported the development of charging infrastructure. These efforts have significantly contributed to the expansion of the EV ecosystem and increased consumer acceptance. However, despite the positive growth trends and policy support, several challenges continue to hinder the widespread adoption of electric vehicles. High purchase costs, inadequate charging infrastructure, battery-related issues, limited consumer awareness, and insufficient service facilities remain major barriers. These challenges highlight the need for a more comprehensive and coordinated approach involving government, industry, and other stakeholders.
In conclusion, while India has made considerable progress in promoting electric vehicles, sustained efforts are required to overcome existing challenges. Enhancing charging infrastructure, reducing battery costs, increasing public awareness, and strengthening policy implementation will be essential for accelerating EV adoption. A well-developed EV ecosystem will not only support environmental sustainability but also contribute to economic growth and energy security in the long run. 
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