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DRIVING INDIA’S GREEN FUTURE: CHALLENGES IN ELECTRIC VEHICLE ADOPTION


ABSTRACT
     Transportation plays a vital role in the economic development, trade and connectivity. The traditional transport system which is based on petrol and diesel vehicles contributes significantly to greenhouse gas emissions and urban air pollution. This transition towards sustainable transportation has become a major policy priority in India due to the rising environmental concerns, increasing fuel consumption and the need to reduce carbon emissions. Electric Vehicles (EVs) are considered as a key solution for promoting clean and energy efficient mobility. To accelerate the adoption of EVs, the Government of India has introduced many schemes among them the Faster Adoption and Manufacturing of Hybrid and Electric Vehicles (FAME) India Scheme under the National Electric Mobility Mission Plan plays a key role. This study analyzes the current status and growth trends of electric vehicles adoption, role of government policies and initiatives in promoting electric mobility in India, and to identify the major infrastructural challenges, economic and technological barriers. This study is completely based on secondary data and focuses on EV adoption trends, development of charging infrastructure and growth of domestic EV manufacturing. The findings reveal that the FAME II scheme significantly contributed to the rapid growth of EV adoption particularly in the two wheeler and three wheeler segments while also supporting the expansion of charging infrastructure across major cities and highways. However, challenges such as high initial costs, infrastructure gaps remains. This study concludes that continued policy support and integrated ecosystem development are essential for accelerating mobility in India. 
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I INTRODUCTION
The transportation sector is a key driver of economic growth; however, it is also a significant source of environmental degradation and greenhouse gas emissions. In the Indian context, the rapid expansion of motorized vehicles has resulted in higher fuel consumption, deteriorating air quality, and an increased dependence on fossil fuels. These issues have intensified the need for sustainable and energy-efficient transportation alternatives. Electric vehicles (EVs) have gained prominence as a viable substitute for conventional internal combustion engine vehicles, as they contribute to the reduction of carbon emissions, enhancement of air quality, and decreased reliance on imported petroleum.
In response to the growing importance of electric mobility, the Government of India introduced the Faster Adoption and Manufacturing of Hybrid and Electric Vehicles (FAME) India Scheme under the National Electric Mobility Mission Plan. This initiative focuses on accelerating EV adoption through financial incentives, expansion of charging infrastructure, technological advancements, and the promotion of domestic manufacturing capabilities. The implementation of FAME Phase I and Phase II has played a vital role in strengthening India’s EV ecosystem by facilitating vehicle adoption and supporting the development of charging infrastructure.
In recent years, India has experienced a notable rise in EV adoption, particularly in the two-wheeler and three-wheeler segments. Despite this progress, challenges such as inadequate charging infrastructure, high initial costs, and limited consumer awareness continue to hinder widespread adoption. Against this backdrop, the present study examines the impact of the FAME India Scheme on the growth and development of the electric vehicle ecosystem in India.	
II REVIEW OF LITERATURE
1. Zaino et al. (2024) conducted a systematic review on electric vehicle (EV) adoption and identified that government incentives, technological advancements, and environmental concerns are the major drivers of EV growth. However, the study also highlighted key challenges such as limited charging infrastructure and battery-related constraints that hinder large-scale adoption.
2. Higueras-Castillo et al. (2024) examined factors influencing EV adoption across different countries and found that consumer perception, environmental awareness, and policy support significantly affect adoption intentions. The study emphasizes the importance of socio-economic factors in shaping EV demand.
3. Sakshi et al. (2025) analyzed behavioral aspects of EV adoption and concluded that factors such as green self-identity, technological compatibility, and brand engagement influence consumer willingness to adopt EVs. The study highlights the role of psychological and behavioral factors in EV adoption.
4. Dhairiyasamy and Gabriel (2025) focused on sustainable mobility in India and found that domestic production and policy support are essential for strengthening the EV ecosystem. The study suggests that reducing import dependence and promoting local manufacturing can accelerate EV growth.
5.An empirical study published in Transport Policy (2024) highlighted that EV adoption is influenced by cost, infrastructure availability, and government incentives. The study concluded that improving charging infrastructure and reducing vehicle costs are critical for increasing EV penetration.
4. Attri & Kushwaha (2024) studied consumer behavior and factors influencing EV adoption in India using the UTAUT2 model. The findings revealed that performance expectancy, social influence, and facilitating conditions significantly impact consumers’ intention to adopt EVs, while cost and infrastructure limitations remain key barriers
III NEED FOR THE STUDY
The transportation sector in India is one of the major contributors to rising air pollution levels and greenhouse gas emissions, primarily due to the extensive use of conventional fuel-based vehicles. Rapid urbanization, population growth, and increasing vehicle ownership have further intensified environmental concerns, making sustainable mobility a critical policy priority. In this context, electric vehicles (EVs) have emerged as a key solution for enabling a transition toward cleaner and more energy-efficient transportation systems. EVs not only reduce tailpipe emissions but also help in minimizing dependence on fossil fuels and enhancing energy security.
Recognizing these benefits, the Government of India has undertaken several initiatives to accelerate the adoption of electric mobility, notably the Faster Adoption and Manufacturing of Electric Vehicles (FAME) India Scheme. The scheme aims to promote EV usage through financial incentives, infrastructure development, and support for domestic manufacturing. Despite these policy efforts, the adoption of EVs in India remains uneven and relatively limited when compared to the potential demand and global trends.
A number of structural and operational challenges continue to impede the widespread diffusion of electric vehicles. High upfront costs associated with EV purchase, inadequate and unevenly distributed charging infrastructure, concerns related to battery performance and lifespan, and limited technological readiness pose significant barriers. Additionally, low levels of consumer awareness, range anxiety, and insufficient private sector participation further slow down the transition process.
In light of these challenges, there is a clear need for a comprehensive assessment of the current status of EV adoption in India. This study is therefore undertaken to critically examine the progress of electric mobility, evaluate the effectiveness of existing policy measures, and identify the key economic, technological, and infrastructural constraints affecting the growth of the EV ecosystem. The findings of the study are expected to provide valuable insights for policymakers, industry stakeholders, and researchers in facilitating a smoother transition toward sustainable transportation.	
IV OBJECTIVES OF THE STUDY
The objectives of the study are as follows:
i. To analyze the current status and growth trends of electric vehicle adoption in India,
ii. To examine the role of government policies and initiatives, and;
iii. To identify the major challenges in electric vehicle adoption.
V RESEARCH METHODOLOGY
The present study is based on secondary data collected from various reliable sources such as reports and publications of the Ministry of Road Transport and Highways, Ministry of Heavy Industries (India), NITI Aayog, and the Society of Indian Automobile Manufacturers. The study covers the period from 2019–20 to 2024–25 to analyze the growth trends of electric vehicle adoption in India. The collected data were analyzed to examine EV registrations, market penetration, government initiatives, and infrastructural challenges related to EV adoption.
VI ANALYSIS AND INTERPRETATION
i. ANALYSIS OF THE CURRENT STATUS AND GROWTH TRENDS OF ELECTRIC VEHICLE ADOPTION IN INDIA
The adoption of electric vehicles (EVs) in India has increased significantly during the past few years due to supportive government policies, rising fuel prices, technological advancements, and increasing environmental awareness. The Indian government has introduced several initiatives such as the Faster Adoption and Manufacturing of Electric Vehicles (FAME) India Scheme to promote electric mobility and reduce dependence on fossil fuels.
a.Electric Vehicle Registration and Market Penetration in India
Electric vehicle (EV) adoption in India has grown rapidly in recent years due to increasing environmental awareness, rising fuel prices, and strong government support. Policy initiatives such as the Faster Adoption and Manufacturing of Electric Vehicles (FAME) India Scheme introduced by the Ministry of Heavy Industries (India) have played a major role in accelerating EV adoption. Vehicle registration data and market penetration rates provide a clear understanding of the current status and growth trends of EV adoption in the country.
Table 1: EV Registrations and Market Penetration in India (2019–20 to 2024–25)
	Year
	EV Registrations (Units)
	Growth Rate (%)
	EV Market Penetration (%)

	2019–20
	1,67,000
	—
	0.7

	2020–21
	2,36,000
	41
	1.2

	2021–22
	10,39,000
	340
	2.6

	2022–23
	15,29,000
	47
	4.7

	2023–24
	16,79,000
	10
	6.9

	2024–25
	19,50,000
	16
	7.5


Source: Compiled from data published by the Ministry of Road Transport and Highways (2024), Society of Indian Automobile Manufacturers (2024), and International Energy Agency (2023).
Chart:1
EV Registration and Market Penetration in India for the period from 2019-20 to 2024-25 

Source: Table:1
 The table:1 and Chart:1 shows increasing trend in EV registrations and market penetration demonstrates the growing acceptance of electric vehicles among Indian consumers. The EV penetration rate increased as shown in the chart:1 from 0.7 percent in 2019–20 to 7.5 percent in 2024–25, indicating gradual expansion of electric mobility in the overall automobile market. However, despite this progress, EV penetration remains relatively low compared to the total vehicle market in India. This suggests that there is still significant potential for future growth. Further development of charging infrastructure, reduction in battery costs, and strengthening domestic manufacturing capabilities will be essential to accelerate EV adoption in the coming years.
b.Segment wise Electric Vehicle Adoption in India
Electric vehicle adoption in India varies significantly across different vehicle segments. The growth pattern shows that certain categories such as two wheelers and three wheelers dominate the EV market due to affordability, lower operating costs, and suitability for short distance travel. The segment wise distribution of EV registrations provides insights into how electrification is progressing within the Indian transport sector.
Table2: Segment wise EV Registrations in India (2024–25)
	Vehicle Segment
	EV Registrations (Units)
	Share in Total EV Market (%)

	Electric Two-Wheelers
	11,50,000
	59

	Electric Three-Wheelers
	6,80,000
	35

	Electric Passenger Cars
	1,00,000
	5

	Electric Buses
	20,000
	1

	Total
	19,50,000
	100


Source: Compiled from reports of the Society of Indian Automobile Manufacturers (2024), Ministry of Road Transport and Highways (2024).
The table:2 shows that electric two-wheelers and three-wheelers dominate EV adoption in India, mainly due to their lower cost and suitability for short-distance travel and commercial use. In contrast, electric passenger cars and buses have lower adoption rates because of higher vehicle costs and limited charging infrastructure. This suggests that future growth in these segments will depend on improvements in battery technology, charging infrastructure, and continued policy support.
Chart:2
Pie chart showing segment wise share in total EV market in 2024-25







Source: Table:2
The chart:2 indicates that electric two-wheelers dominate the EV market in India, accounting for 59% of the total EV share. This reflects their affordability, lower operating costs, and suitability for daily commuting, making them the most preferred segment among consumers.
Electric three-wheelers hold the second-largest share (35%), highlighting their widespread use in commercial applications such as passenger transport and last-mile delivery services, especially in urban and semi-urban areas.
In contrast, electric passenger cars account for only 5%, indicating slower adoption due to higher purchase costs, limited charging infrastructure, and range concerns. Similarly, electric buses represent just 1% of the market, suggesting that electrification in public transport is still at an early stage.
Overall, the distribution shows that EV adoption in India is currently driven by low-cost and short-distance transport segments, while high-cost segments like cars and buses require stronger policy support, infrastructure development, and technological advancements for wider adoption.

ii.ROLE OF GOVERNMENT POLICIES AND INITIATIVES 
Government policies have played a crucial role in accelerating the adoption of electric vehicles (EVs) and supporting the development of a sustainable electric mobility ecosystem in India.
Table 3: Major Government Initiatives Supporting EV Adoption in India
	Policy / Initiative
	Year Introduced
	Key Objective

	National Electric Mobility Mission Plan (NEMMP)
	2013
	Promote electric mobility and reduce dependence on fossil fuels

	FAME India Scheme – Phase I
	2015
	Provide financial incentives for EV adoption

	FAME India Scheme – Phase II
	2019
	Expand EV adoption and develop charging infrastructure

	Production Linked Incentive (PLI) Scheme for ACC Batteries
	2021
	Encourage domestic battery manufacturing

	State Electric Vehicle Policies
	2019 onwards
	Provide subsidies, tax exemptions, and infrastructure support


Source: Compiled from reports and policy documents of the Ministry of Heavy Industries (India), Press Information Bureau (India)(2025), NITI Aayog, and the International Energy Agency(2024).
Table:3 shows the various initiatives introduced by the Government of India, the Faster Adoption and Manufacturing of Electric Vehicles (FAME) India Scheme is one of the most significant policies aimed at promoting electric mobility. The scheme was launched in 2015 under the National Electric Mobility Mission Plan with the objective of encouraging the adoption of electric and hybrid vehicles, reducing vehicular pollution, and decreasing dependence on fossil fuels. The main objective of the scheme is as follows: 
1. Promote the adoption of electric vehicles by providing financial incentives and subsidies to consumers purchasing EVs.
2. Reduce dependence on fossil fuels and promote cleaner and more sustainable transportation systems.
3. Encourage domestic manufacturing of EV components, including batteries, motors, and power electronics.
4. Develop EV charging infrastructure across the country to support large-scale adoption of electric vehicles.
5. Promote research and technological innovation in electric mobility and battery technologies.
6. Reduce vehicular emissions and environmental pollution, contributing to improved air quality and climate change mitigation.
7. Support electrification of public and shared transportation, particularly electric buses, two-wheelers, and three-wheelers.
These objectives aim to create a sustainable electric mobility ecosystem in India by combining policy incentives, technological development, and infrastructure expansion.
The analysis indicates that government policies, particularly the FAME India Scheme, have been instrumental in promoting electric mobility in India. The scheme has successfully stimulated EV demand, supported infrastructure development, encouraged public transportation electrification, and promoted domestic manufacturing. Nevertheless, continuous policy support, improved infrastructure, and technological advancements are essential to sustain the growth of electric mobility and achieve India’s long-term sustainable transportation goals.
iii.IDENTIFICATION OF MAJOR INFRASTRUCTURAL CHALLENGES: AVAILABILITY AND DEVELOPMENT OF EV CHARGING INFRASTRUCTURE IN INDIA
The development of adequate charging infrastructure is one of the most critical factors influencing the large-scale adoption of electric vehicles (EVs) in India. Despite the growing number of EV registrations, the expansion of charging infrastructure has not kept pace with the increasing demand. Limited availability of public charging stations, uneven regional distribution, high installation costs, and lack of standardization in charging technology remain significant infrastructural challenges. The Government of India has initiated several measures to expand charging infrastructure under the Faster Adoption and Manufacturing of Electric Vehicles (FAME) India Scheme with support from the Ministry of Heavy Industries (India) and policy recommendations from NITI Aayog. However, the rapid growth of EVs requires a much faster expansion of charging networks across urban and rural areas.


Table 4: Growth of Public EV Charging Stations in India
	Year
	Number of Public Charging Stations

	2019-20
	650

	2020-21
	1,800

	2021-22
	3,500

	2022-23
	5,100

	2023-24
	9,300

	2024-25
	12,100


Source: Compiled from data published by the Ministry of Power (India) (2024), NITI Aayog (2023), and International Energy Agency (2023).
Chart:3
Growth of Public EV Charging Stations in India

Source: Table:4
 The table:4 and chart:3 indicates a steady increase trend in the number of public EV charging stations in India. Charging stations increased from about 650 stations in 2019 to more than 12,000 stations by 2024, reflecting the government’s efforts to strengthen EV infrastructure. The expansion of charging networks has been supported by public sector undertakings, private companies, and government incentives. However, the growth of charging infrastructure is still relatively slow compared to the rapid increase in EV registrations. Most charging stations are concentrated in metropolitan cities such as Delhi, Mumbai, Bengaluru, and Hyderabad, while many smaller cities and rural areas still lack adequate facilities.
     The limited availability and uneven distribution of EV charging stations remain major barriers to EV adoption in India. To support the rapid growth of electric mobility, it is essential to expand charging infrastructure across the country, encourage private sector participation, and improve technological standardization in charging systems. Strengthening the charging network will play a crucial role in enhancing consumer confidence and accelerating EV adoption.
iv.ECONOMIC AND TECHNOLOGICAL BARRIERS AFFECTING EV ADOPTION IN INDIA
     Despite the rapid growth of electric vehicles (EVs) in India, several economic and technological barriers continue to restrict their large-scale adoption. One of the major economic challenges is the high initial purchase cost of EVs, mainly due to the expensive lithium-ion batteries used in these vehicles. Although financial incentives provided under the Faster Adoption and Manufacturing of Electric Vehicles (FAME) India Scheme implemented by the Ministry of Heavy Industries (India) have reduced the cost burden to some extent, EVs remain relatively more expensive than conventional internal combustion engine vehicles. In addition, limited consumer awareness, higher upfront investment, and restricted access to financing also affect EV adoption.
     Technological barriers also pose significant challenges to the development of the EV ecosystem. Issues such as limited battery range, longer charging time, battery degradation, and insufficient charging infrastructure create concerns among potential consumers. Furthermore, India largely depends on imported raw materials such as lithium and cobalt for battery production, which creates supply chain constraints and increases production costs. Reports from NITI Aayog and the International Energy Agency highlights that the lack of advanced domestic battery manufacturing technology and research capabilities further slows the development of the EV industry.
     Overall, overcoming these economic and technological barriers through cost reduction, innovation in battery technology, and strengthening domestic manufacturing will be essential for accelerating EV adoption and ensuring the long-term sustainability of electric mobility in India.
VII FINDINGS OF THE STUDY
Based on the analysis of secondary data and the examination of policy initiatives, infrastructure development, and technological trends, the study identifies several key findings regarding India’s transition toward electric mobility.
1. EV adoption in India has increased significantly during the study period 2019–20 to 2024–25, as reflected in the rising number of EV registrations and growing market penetration.
2. Electric two-wheelers and three-wheelers dominate the EV market, accounting for the largest share of EV sales due to their affordability and suitability for short-distance travel and commercial purposes.
3. Government policies and incentives have played a crucial role in promoting EV adoption, particularly through initiatives such as the Faster Adoption and Manufacturing of Electric Vehicles (FAME) India Scheme implemented by the Ministry of Heavy Industries (India).
4. EV market penetration is increasing gradually, but electric vehicles still represent a relatively small share of the total automobile market in India.
5. Charging infrastructure remains a major challenge, as the availability of public charging stations is still limited and unevenly distributed across different regions.
6. High initial vehicle costs continue to be a major economic barrier to EV adoption, mainly due to the high cost of lithium-ion batteries.
7. Technological challenges such as limited battery range, longer charging time, and battery degradation affect consumer confidence in electric vehicles.
8. Dependence on imported raw materials and battery components creates supply chain challenges for the EV industry in India.
VIII LIMITATIONS OF THE STUDY
1. The study is based entirely on secondary data, which may limit the accuracy and depth of analysis compared to primary data.  
2. The study focuses on national-level data, and therefore regional variations and state-wise differences in EV adoption are not analyzed in detail. 
3. Limited availability of consistent and updated data on charging infrastructure and EV segments may affect the comprehensiveness of the analysis. 
4. The study does not include primary data such as consumer surveys or stakeholder opinions, which could provide deeper insights into behavioral factors influencing EV adoption. 
5. The study does not involve advanced analytical or econometric techniques, which may limit deeper statistical interpretation of the results. 
6. Technological advancements and policy changes in the EV sector are rapidly evolving, which may reduce the long-term applicability of the findings. 
IX CONCLUSION
The study underscores the growing significance of electric vehicles (EVs) as a critical component in advancing sustainable transportation in India. An examination of EV registrations and market penetration over the period 2019–20 to 2024–25 reveals a consistent upward trend, indicating a gradual but steady transition toward electric mobility. This growth can be attributed to a combination of supportive government policies, increasing environmental consciousness among consumers, and the persistent rise in conventional fuel prices, all of which have collectively strengthened the demand for cleaner transportation alternatives.
In particular, policy interventions such as the Faster Adoption and Manufacturing of Electric Vehicles (FAME) India Scheme, implemented by the Ministry of Heavy Industries, have played a pivotal role in accelerating EV adoption. The provision of financial incentives, subsidies for vehicle purchases, and investments in charging infrastructure development have significantly improved the accessibility and attractiveness of electric vehicles. Furthermore, initiatives aimed at promoting domestic manufacturing and technological innovation have contributed to the expansion of India’s EV ecosystem.
The analysis further reveals that electric two-wheelers and three-wheelers constitute the largest share of the EV market, primarily due to their relatively lower cost, operational efficiency, and suitability for short-distance urban transportation. Their dominance highlights the importance of affordability and practicality in influencing consumer adoption patterns in a developing economy like India.
Despite these encouraging developments, several structural and technological challenges continue to constrain the widespread adoption of EVs. High initial acquisition costs, limitations in battery technology such as charging time and lifespan, and the inadequate availability of reliable and widespread charging infrastructure remain significant barriers. Additionally, concerns related to performance reliability and limited awareness in certain segments further impede market growth.
In light of these findings, it is evident that a multi-dimensional approach is required to accelerate EV adoption in India. Strengthening domestic manufacturing capabilities, fostering advancements in battery technology, enhancing research and development, and expanding a robust and accessible charging infrastructure network are essential. Addressing these challenges will be crucial for achieving a resilient and sustainable electric mobility ecosystem, thereby contributing to India’s broader environmental and energy security goals.
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