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Abstract: This review paper explores the evolving landscape of electric vehicles (EVs) in India, focusing
on adoption trends, government policies, and market dynamics. The study highlights the environmental,
economic, and technological factors driving the shift from internal combustion engine vehicles to
electric alternatives. It examines both the enablers and barriers to EV adoption and reflects on policy
frameworks and industry responses. This synthesis offers a comprehensive understanding of India's EV
transition, aiming to guide stakeholders in aligning strategies for sustainable mobility.
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L. INTRODUCTION
India’s transportation sector stands at a critical juncture, experiencing a dynamic transformation influenced by
environmental, economic, and technological imperatives. Rapid urbanization, increasing vehicular density, and a
growing demand for mobility have placed immense pressure on the country's infrastructure and natural resources. As a
result, the nation is compelled to explore cleaner and more sustainable alternatives to conventional internal combustion
engine (ICE) vehicles. Among the most promising solutions is the adoption of Electric Vehicles (EVs), which offer the
potential to significantly reduce greenhouse gas emissions, improve urban air quality, and lessen dependency on
imported fossil fuels.
The urgency to transition towards electric mobility is closely linked to global and national environmental concerns.
India is one of the top contributors to carbon emissions globally, and its urban centers frequently rank among the most
polluted cities in the world. Transportation is a major contributor to air pollution, accounting for a substantial share of
particulate matter and nitrogen oxide emissions. Therefore, the integration of EVs into the transport ecosystem is
viewed not only as an environmental necessity but also as a public health and policy priority.
India’s commitments under international climate agreements, such as the Paris Accord, further underscore the need for
a green transition in mobility. The government has
initiated several programs and policies to promote EV adoption, such as the Faster Adoption and Manufacturing of
(Hybrid &) Electric Vehicles (FAME) scheme, National Electric Mobility Mission Plan (NEMMP), and various state-
level incentives. These initiatives are designed to create an enabling ecosystem through subsidies, infrastructure
development, and regulatory support.
Technological advancements are also playing a key role in accelerating the EV movement in India. Improvements in
battery storage capacity, charging technology, and vehicle range are making EVs increasingly viable for a broad
spectrum of consumers. Moreover, the emergence of domestic manufacturers and startups in the EV space has spurred
innovation and made electric vehicles more accessible and affordable.
Despite these positive developments, the path to large-scale EV adoption is not without challenges. Issues such as high
initial costs, inadequate charging infrastructure, limited consumer awareness, and concerns about battery recycling
remain critical barriers. Addressing these challenges requires a multi-stakeholder approach involving government
bodies, industry players, research institutions, and civil society.
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It explore the driving forces behind the rising interest in EVs within India’s transportation sector. By examining the
evolution of policy frameworks, technological trends, market behavior, and consumer perceptions, the paper aims to
offer a comprehensive understanding of the future potential of electric vehicles in the Indian context. Through the
synthesis of current literature and data, this review will highlight both the opportunities and the roadblocks that define
the trajectory of EV adoption in India, laying the foundation for informed decision-making and strategic planning in
this evolving domain.

II. REVIEW OF LITERATURE

The transition to electric vehicles (EVs) has become a global imperative driven by the mounting environmental crisis,
rising fuel costs, and the urgency to achieve sustainable development goals. A significant body of literature exists on
the adoption and diffusion of EVs worldwide, with increasing attention being paid to emerging economies like India.
The review of existing literature helps contextualize the evolution of EV technology, consumer behavior, policy
initiatives, and infrastructure development, offering critical insights into the prospects and limitations of the Indian EV
ecosystem.

Internationally, studies by the International Energy Agency (IEA, 2023) have shown that global EV sales surged past
16.5 million units in 2021, doubling from the previous year. This exponential growth has been attributed to stringent
emission regulations, fiscal incentives, advancements in battery technology, and the rise of environmental
consciousness among consumers. Countries like China, the United States, and members of the European Union have
invested heavily in EV infrastructure, including widespread deployment of charging stations and subsidies for both
consumers and manufacturers. These interventions have significantly accelerated EV penetration, especially in urban
centers .In contrast, the Indian EV market, although still developing, is demonstrating significant potential. Scholars
such as Sharma et al. (2022) and Bhattacharjee & Acharya (2021) highlight that India’s EV movement has been largely
fueled by the two-wheeler and three-wheeler segments, which are more cost-effective and suited to urban commuting
patterns. Their studies emphasize that affordability, battery efficiency, and short-range travel needs have made electric
scooters and rickshaws highly viable in the Indian context.Policy support has been a central theme in most studies. The
National Electric Mobility Mission Plan (NEMMP) and the Faster Adoption and Manufacturing of Hybrid and Electric
Vehicles (FAME I and II) schemes are commonly cited across academic and policy literature as catalysts for EV
adoption in India. Nigam et al. (2025) assert that such government incentives—ranging from subsidies and tax rebates
to the development of public charging infrastructure—have significantly increased public interest in electric mobility.
However, they also stress that the effectiveness of these policies is limited by regional disparities in implementation and
the lack of coordination between central and state governments. Technological readiness is another key theme.
According to Liao et al. (2016), consumer perception is heavily influenced by technological parameters such as battery
range, charging time, and overall reliability. These concerns are echoed in the Indian context by Nair et al. (2017), who
argue that the slow pace of infrastructure development—particularly the uneven distribution of charging stations—acts
as a major deterrent for consumers. While there has been substantial investment in battery research globally, India is
still in the early stages of establishing domestic battery production and recycling ecosystems, which are essential for
long-term sustainability.

Environmental benefits associated with EVs are extensively covered in the literature. Biresselioglu et al. (2018) discuss
the impact of EVs on greenhouse gas (GHG) emissions, noting that full adoption in India could reduce carbon
emissions by nearly one gigatonne by 2030. New Delhi and other major Indian cities, where vehicular pollution is a
major contributor to deteriorating air quality, stand to benefit immensely from a shift to electric mobility. The World
Health Organization (WHO, 2020) and UNEP (2022) report that vehicle-related emissions are a leading cause of
respiratory diseases, particularly in urban areas. EVs, being zero-emission at the tailpipe, offer a cleaner and quieter
urban environment. Barriers to adoption are another well-researched area. Studies by Haddadian et al. (2015) and She et
al. (2017) identify a range of barriers including high initial purchase costs, limited consumer awareness, and a lack of
after-sales service and maintenance networks. These challenges are particularly pronounced in tier-2 and tier-3 Indian
cities, where consumers are more price-sensitive and less exposed to green technology narratives. Moreover,

researchers like Berkeley et al. (2018) have pointed out the interconnectedness of these barrlers emphasizing the need
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for multi-faceted policy approaches that simultaneously address infrastructure, finance, and education. Economic
implications of EV adoption are also gaining scholarly attention. The “Make in India” initiative has spurred investment
in EV manufacturing, battery assembly, and component development. According to the Society of Indian Automobile
Manufacturers (SIAM, 2023), localized manufacturing could reduce the cost of EVs and create substantial employment
opportunities. Kiani (2017) further argues that domestic production of EV components can reduce India’s dependence
on imports, improve trade balance, and stimulate innovation in allied sectors.

Despite the breadth of existing research, gaps remain. Much of the literature is either too broad or too focused on
technological and policy dimensions, with limited attention to behavioral factors influencing consumer choice.
Moreover, few studies adopt a comprehensive framework that integrates environmental, economic, and social
dimensions. There is also a dearth of longitudinal studies tracking the evolution of consumer attitudes and market
dynamics over time, especially in the Indian context.In summary, the literature presents a rich but fragmented view of
the EV transition. While the global success stories provide useful benchmarks, India’s unique socio-economic
conditions necessitate localized solutions. A multidisciplinary approach that combines policy reform, technological
innovation, consumer engagement, and infrastructure investment is essential to propel India’s EV movement from niche
to mainstream. This review lays the foundation for further analysis in this paper, which aims to synthesize existing
knowledge and address the overlooked dimensions of India’s electric mobility transformation.

III. METHODOLOGY

The research process involved thematic content analysis, wherein relevant literature was systematically categorized
under key themes such as policy support, consumer behavior, market segmentation, infrastructure development, and
environmental impacts. This technique enabled the identification of recurring patterns and gaps within the current body
of knowledge. To ensure a balanced perspective, the literature selected spans both global and Indian contexts, allowing
for cross-regional comparisons and deeper contextual understanding. Furthermore, comparative analysis was employed
to juxtapose India’s EV trajectory with that of leading nations like China, Norway, and the United States. This helped
assess how India’s policy instruments and adoption strategies align with international best practices, and where
contextual adaptations may be necessary. The study also incorporated trend analysis by examining time-series data on
EV sales, registration rates, and charging infrastructure deployment. This data was sourced from the SMEV (Society of
Manufacturers of Electric Vehicles), CRISIL, and published government releases. These figures were reviewed to
understand growth patterns, sectoral dominance (e.g., two-wheelers vs. four-wheelers), and geographic concentration of
EV usage in India. No primary data collection (surveys or interviews) was conducted for this study, as the objective
was to review and synthesize existing knowledge. However, efforts were made to include recent, diverse, and high-
quality sources to ensure the findings are reflective of current realities and evolving trends. By integrating multiple
sources and research methods, this methodology aims to provide a structured, evidence-based overview of the Indian
EV landscape. The approach supports a comprehensive understanding of not just where India stands today, but also the
strategic pathways available to accelerate the adoption of electric mobility across different vehicle segments and user
demographics.

IV. RESEARCH GAPS
The analysis of the current electric vehicle (EV) landscape in India reveals a multifaceted and regionally segmented
trajectory toward adoption. The data suggests that while numerous systemic challenges remain, such as underdeveloped
charging infrastructure, limited battery recycling facilities, and high initial vehicle costs, substantial progress has been
made. Government-led initiatives like the FAME II scheme and state-specific EV policies have played a crucial role in
reducing the economic barriers associated with EV ownership (NITI Aayog & Rocky Mountain Institute, 2020).
Consumer response to EVs is showing positive momentum, particularly in urban and semi-urban centers where access
to infrastructure and awareness campaigns have been more robust. Research by Nigam et al. (2025) supports this,
indicating a significant correlation between urbanization, policy awareness, and EV adoption rates. Moreover,
technological innovations—especially in battery efficiency and localized vehicle production—have begun to narrow the
affordability gap (Sharma et al. 2022) adfThe role of private sector participation is equally critical. Several domestic
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manufacturers are now investing in research and development, promoting affordable EV models tailored to Indian
conditions. Public-private partnerships are also fostering improved charging infrastructure and ecosystem integration
(Society of Manufacturers of Electric Vehicles [SMEV], 2023). Furthermore, international trends offer valuable
insights for scaling India’s EV adoption sustainably. The International Energy Agency (2023) stresses the importance
of long-term policy stability, consumer incentives, and integration with renewable energy sources.To ensure the
continued growth of EVs in India, collaborative efforts among government agencies, private firms, academic
researchers, and civil society will be essential. Sustaining this momentum requires not only financial and technical
investment but also a shift in consumer perception and behavior toward sustainable mobility

Table 1 Summary of Result-Based Discussions on EV Adoption in India

Key Area HInsights/Findings HSupporting Reference(s) |
Underdeveloped charging infrastructure, limited batter

Challenges in EV . velop . sing . . ' . . Y NITI Aayog &  Rocky

. recycling, and high upfront vehicle costs remain major] . .

Adoption Mountain Institute (2020)
obstacles.

Government FAME II and state-level EV policies have significantly reduced|NITI =~ Aayog &  Rocky

Initiatives economic barriers and improved consumer access. Mountain Institute (2020)

Consumer Behavior

Urban and semi-urban areas are witnessing increased acceptance
due to better infrastructure and awareness efforts.

Nigam et al. (2025)

Innovations in battery efficiency and the rise of local

Technological manufacturing have made EVs more affordable and tailored to||Sharma et al. (2022)
Advancements . o
Indian conditions.
Privat Sect Domestic manufacturers are investing in R&D, and public-||Society of Manufacturers of]
rivate ector private partnerships are enhancing charging infrastructure and||Electric ~ Vehicles (SMEV,
Involvement .
EV services. 2023)
. International t.re‘nds suggest that .stable .long-term. 'policy, International Energy Agency
Global Insights consumer subsidies, and renewable integration are critical for (2023)
sustained adoption.
Need for||Continued growth depends on unified action across government .
. . . i Synthesis from all sources
Collaboration bodies, industry stakeholders, academia, and the public.

Future Directions

Requires investment in infrastructure, technology, and public
education to shift perception and behavior toward sustainable
mobility solutions.

Synthesis from all sources

V. FINDINGS

A thorough analysis of secondary data sources, policy documents, and industry reports reveals multiple pivotal insights
into the evolution of electric vehicle (EV) adoption in India. The most visible trend is the predominance of electric two-
and three-wheelers, which have captured the largest market share due to their low acquisition cost, ease of operation,
and compatibility with congested urban settings. These segments have emerged as the entry points for mass
electrification, particularly in metropolitan and semi-urban areas. Complementing this growth, national schemes such as
the Faster Adoption and Manufacturing of Hybrid and Electric Vehicles (FAME I and II), along with targeted state-
level incentives, have significantly influenced both production and consumer uptake.
Nonetheless, infrastructural inadequacies—especially the uneven spread of public charging facilities—continue to
hinder broader market expansion and perpetuate concerns over vehicle range and convenience. Encouragingly,
domestic manufacturing has gained traction under the “Make in India” initiative, with leading automotive and tech
companies investing in local production of batteries, drivetrains, and software systems. This industrial momentum is
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reinforced by strategic alliances between vehicle manufacturers, energy providers, and digital service firms, fostering a
more interconnected and responsive EV ecosystem.

Technological innovation also plays a crucial role in shaping user adoption, as advances in battery performance, fast-
charging capabilities, and vehicle connectivity have improved operational efficiency and user confidence. Moreover,
heightened environmental awareness—particularly among younger, urban populations—is becoming a powerful driver
for clean mobility, reinforced by growing public discourse on air quality and climate change. The electrification of
public and shared transportation services, including buses, auto-rickshaws, and ride-hailing fleets, has also gained
ground, supported by public procurement policies and subsidies under programs like FAME 1I.

However, significant affordability challenges persist: despite long-term cost savings, the high upfront cost of EVs and
the lack of accessible financing solutions remain major deterrents, especially for lower-income and rural consumers.
Additionally, the digital transformation of EVs through GPS integration, telematics, real-time diagnostics, and app-
based user interfaces has introduced a new dimension to vehicle ownership, appealing strongly to tech-savvy customers
and fleet operators. Importantly, the rate of EV adoption varies sharply across regions, with states like Delhi,
Maharashtra, and Tamil Nadu leading due to supportive regulatory environments, while other regions lag behind,
highlighting the need for geographically customized strategies. These findings underscore the multifaceted nature of
EV adoption in India, influenced by an intricate interplay of technology, policy, market behavior, and socio-economic
realities.

VI. RESULT BASED DISCUSSIONS

The analysis of the current electric vehicle (EV) landscape in India reveals a multifaceted and regionally segmented
trajectory toward adoption. The data suggests that while numerous systemic challenges remain, such as underdeveloped
charging infrastructure, limited battery recycling facilities, and high initial vehicle costs, substantial progress has been
made. Government-led initiatives like the FAME II scheme and state-specific EV policies have played a crucial role in
reducing the economic barriers associated with EV ownership (NITI Aayog & Rocky Mountain Institute, 2020).
Consumer response to EVs is showing positive momentum, particularly in urban and semi-urban centers where access
to infrastructure and awareness campaigns have been more robust. Research by Nigam et al. (2025) supports this,
indicating a significant correlation between urbanization, policy awareness, and EV adoption rates. Moreover,
technological innovations—especially in battery efficiency and localized vehicle production—have begun to narrow the
affordability gap (Sharma et al., 2022).The role of private sector participation is equally critical. Several domestic
manufacturers are now investing in research and development, promoting affordable EV models tailored to Indian
conditions. Public-private partnerships are also fostering improved charging infrastructure and ecosystem integration
(Society of Manufacturers of Electric Vehicles [SMEV], 2023).
Furthermore, international trends offer valuable insights for scaling India’s EV adoption sustainably. The International
Energy Agency (2023) stresses the importance of long-term policy stability, consumer incentives, and integration with
renewable energy sources.To ensure the continued growth of EVs in India, collaborative efforts among government
agencies, private firms, academic researchers, and civil society will be essential. Sustaining this momentum requires not
only financial and technical investment but also a shift in consumer perception and behavior toward sustainable
mobility.

Table2: Summary of EV Adoption in India

Key Focus Area  |Insights/Findings Supporting References

Infrastructure Lack of public charging infrastructure and battery recyclingNITI Aayog &  Rocky
Challenges systems continues to hinder widespread adoption. Mountain Institute (2020)

FAME 1II and various state-level EV policies have lowered the NITI Aayog &  Rocky

Policy Support financial barriers to ownership and promoted adoption. Mountain Institute (2020)

Positive consumer response observed in urban and semi-urban

. . Nigam et al. (2025
areas due to better infrastructure and awareness initiatives. £ ( )

Consumer Trends
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Key Focus Area  |Insights/Findings Supporting References
Technol.ogical Improve?ents in. l?attgry efﬁciency,. local production, and Sharma et al. (2022)
Innovation affordability are driving increased adoption.
Privat Sect Domestic manufacturers are engaging in R&D and forming|Society of Manufacturers of]
rivate ector public-private partnerships to expand EV infrastructure and|Electric Vehicles (SMEV,
Involvement .
product offerings. 2023)
?ntema'ltional examples emphasi.ze long-term stable policies, International Energy Agency
Global Lessons incentives, and renewable energy integration to support EV scale- (2023)
up.
Government, private sector, academic institutions, and civil . .
Need for| . . Synthesized from multiple
) society must work together to create a unified and scalable EV
Collaboration sources
ecosystem.
For sustained growth, consumer mindsets must evolve toward . .
. . L .- . . |Synthesized from multiple
Behavioral Shifts |[sustainability and clean mobility, supported by investments in sources
infrastructure and education.

VII. CONCLUSION
India stands at the cusp of a major transformation in its transportation sector, with electric vehicles (EVs) playing a
pivotal role in driving sustainable mobility. The convergence of supportive policy frameworks, technological progress,
and increasing stakeholder engagement signals a promising trajectory for EV adoption across the country. Government
initiatives such as the National Electric Mobility Mission Plan (NEMMP) and FAME
IT have laid the groundwork for accelerating this transition by offering incentives, boosting domestic manufacturing,
and encouraging investment in charging infrastructure (NITI Aayog & Rocky Mountain Institute, 2020).
Technological advancements particularly in battery storage, cost optimization, and vehicle design are improving the
commercial viability and performance of EVs in the Indian context (Sharma, Gupta, & Kulkarni, 2022). Concurrently,
urban consumers are increasingly open to adopting electric vehicles, driven by greater environmental awareness and the
rising cost of conventional fuels (Nigam, Samanta, & Senapati, 2025). These behavioral shifts, combined with industry-
led innovation, are shaping a robust and responsive EV ecosystem.
India’s efforts align with global sustainability goals. According to the International Energy Agency (2023), nations with
consistent policy and infrastructure support are better positioned to scale EV adoption efficiently and equitably. India's
progress reflects these principles and demonstrates the potential to become a global leader in clean transportation.
While challenges remain particularly in rural infrastructure, consumer education, and supply chain readiness the path
forward is increasingly clear. A sustained, multi-stakeholder approach involving public agencies, private firms, and
citizens will be essential in overcoming these hurdles. The transition to electric mobility not only addresses pressing
environmental concerns but also presents a strategic opportunity to advance national energy security and long-term
economic resilience.
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