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Abstract: This paper examines the trends, development, and mostly the policies shaping the electric vehicle
(EV) landscape in India. Despite the global shift towards alternative fuel technologies to combat climate
change and reduce resource dependency, India has been slower in EV adoption compared to nations like the
USA, China, Norway, and Germany, which have implemented substantial subsidies and incentives. By
analysing the Indian EV ecosystem, this study highlights the role of technological advancements,
infrastructure development, financial models, consumer behaviour, and external influences in driving
adoption. A two-phased multi-criterion decision-making approach, incorporating the Best-Worst Method and
interpretive structural modelling, was applied to identify key barriers and enablers. Findings reveal that
charging infrastructure, vehicle performance, range, total cost of ownership, and consumer awareness are
pivotal factors influencing EV adoption. The analysis provides actionable insights for policymakers and
industry stakeholders to develop comprehensive strategies, fostering sustainable growth inIndia's EV sector
while aligning with global environmental and energy goals. The study will help policy makers, businesses
and the government to focus on incentivize the development of EVs in India in order to decrease the
greenhouse gas emissions.
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1. Introduction: The transition to electric vehicles (EVSs) has emerged as a pivotal strategy in the global
effort to combat climate change, reduce greenhouse gas emissions, and address the growing
dependency on fossil fuels. Leading countries such as the USA, China, Norway, and Germany have
demonstrated remarkable progress in EV adoption by implementing government subsidies, incentives,
and open-minded policies. These measures have extremely helped technological advancements,
infrastructure development, and consumer acceptance, establishing these countries as benchmarks for
EV implementation.

In contrast, India’s EV adoption has been very slow, hindered by fragmented policies, limited infrastructure,
and diverse socio-economic challenges. However, as the world's third-largest emitter of greenhouse gases and
a rapidly growing economy, India has a critical role in the global shift towards sustainable transportation. The
nation’s EV ecosystem is influenced by factors such as charging infrastructure, vehicle performance, total
cost of ownership, and consumer awareness. Addressing these barriers is essential to align India’s

transportation sector with its climate and energy goals.
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This paper analyzes the trends, development, and policies shaping the EV landscape in India, highlighting the

critical role of technological, financial, infrastructural, and behavioral factors in influencing EV adoption.

Employing a two-phased multi-criterion decision-making approach that combines the Best-Worst Method
(BWM) and interpretive structural modeling (ISM), this study identifies and prioritizes key enablers and
barriers within the Indian context.

The findings provide actionable insights for policymakers, businesses, and industry stakeholders, offering a
roadmap for fostering EV adoption in India. By incentivizing EV development and addressing systemic
challenges, India can significantly reduce greenhouse gas emissions, contribute to global climate goals, and
secure a sustainable future for its transportation sector.

2. Literature Review

Due to the rising demand for sustainable transportation and environmental concerns, India has witnessed
significant growth in the adaptation of electronic vehicles (EVs). However, several challenges, such as limited
charging infrastructure, high upfront costs, and the need for robust policy frameworks, continue to hinder
widespread EV adoption. To address these issues, Vedant Singh emphasizes the importance of analysing EV
trends, advancements in technology, and the effectiveness of government policies. This analysis highlights
the progress in EV manufacturing, the integration of renewable energy for charging, and the role of initiatives
like subsidies and tax incentives in fostering EV adoption. Singh underscores the need for a comprehensive
approach to overcome existing barriers and accelerate India's transition to a greener transportation system
(Vedant Singh 2021).

Despite the growing interest in electric vehicles (EVs) as a sustainable alternative to conventional
transportation, their adoption in India faces significant challenges. Himanshu Gupta's analysis on the barriers
to EV adoption highlights key obstacles, including inadequate charging infrastructure, high purchase costs,
limited consumer awareness, and the lack of a well-developed supply chain. These barriers have slowed the
penetration of EVs in the Indian market. Gupta emphasizes the need for. targeted policy interventions,
improved infrastructure development, and public-private partnerships to address these challenges. His work
underscores the importance of fostering consumer trust and creating a supportive ecosystem to accelerate the
adoption of electric vehicles in India (Himanshu Gupta 2021).

India’s electric vehicle (EV) market is undergoing significant transformation, yet faces challenges that hinder
widespread adoption. In their study, Virender Singh and Vaibhav Vaibhav analyze the trends, developments,
and policies shaping the EV landscape in India. They highlight the role of government initiatives such as the
National Electric Mobility Mission Plan (NEMMP) and the FAME scheme in promoting EV adoption.
Despite these efforts, issues like limited infrastructure, high initial costs, and low consumer awareness remain
major obstacles. The authors stress the importance of a collaborative approach between policymakers,
industry players, and consumers to overcome these challenges and accelerate the transition toward sustainable
mobility in India(Virender Singh and Vaibhav Vaibhav 2023).
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As India grapples with the twin challenges of air pollution and rising fuel costs, the adoption of electric
vehicles (EVs) offers a promising solution. This study evaluates the economic advantages and environmental
benefits of transitioning to EVs, focusing on a comprehensive cost-benefit analysis. It highlights how EV
adoption can reduce the country’s dependence on imported fossil fuels, decrease greenhouse gas emissions,
and lower long-term transportation costs. However, the study also identifies challenges such as the high initial
costs of EVs and the need for substantial investment in charging infrastructure. By examining both the
economic and environmental impacts, the study underscores the importance of a balanced policy framework
that incentivizes EV adoption while addressing the barriers to growth. The findings emphasize the need for
strategic interventions to accelerate India's shift towards a cleaner, more sustainable transportation
system(Vishnu S. Prabhu, Kakali Mukhopadhyay 2024).

As India continues to navigate its transition toward electric mobility, the electric vehicle (EV) business
landscape is evolving rapidly. "A Comprehensive and Comparative Study of EV Business in India" offers an
in-depth comparative analysis, focusing on key trends, challenges, and policy implications. The study
examines the growth trajectory of the EV market in India, evaluating the role of government policies, market
dynamics, and industry players in shaping the sector. It highlights the challenges of infrastructure
development, consumer adoption, and the high cost of EV production, while also emphasizing the potential
for growth driven by supportive policies, incentives, and technological advancements. The study concludes
that a coordinated approach involving both public and private sector participation is crucial to accelerate the

adoption of EVs and build a sustainable business ecosystem in India(Shubham Mishra 2021).

3. Research Methodology
1. Research Design
This study employs a quantitative research approach, utilizing survey-based primary data collection to analyze
consumer perceptions, barriers, and expectations regarding electric vehicle (EV) adoption in India.
Additionally, secondary data sources, including government policies, academic papers, and industry reports,
supplement the findings to provide a comprehensive analysis.
2. Data Collection Methods
Primary Data — Questionnaire Survey
To understand public perception and key challenges in EV adoption, a structured online questionnaire was
developed and distributed. The survey was conducted using Google Forms, and responses were collected from
a diverse group of participants, including students, working professionals, and general consumers.

e Survey Link: Google Sheets — Survey Responses

e Survey Type: Close-ended and multiple-choice questions (MCQs)

o Key Focus Areas:
o Consumer perceptions of EV affordability, charging infrastructure, and maintenance costs
o Concerns regarding range anxiety, policy stability, and EV model variety
o Expectations regarding the future of EVs and environmental impact

o Factors that could convince consumers to switch to EVs
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Survey Questions
The questionnaire consisted of the following key questions:
What is the general perception of EVs among Indian consumers regarding their affordability?

What is the most common concern among Indian consumers about switching to EVs?
How do most people in India view the long-term benefits of EV adoption?

What is a major reason many Indian consumers hesitate to buy an EV?

Which factor would most likely convince Indian consumers to switch to EVs?

What is the perception of EV maintenance costs among Indian consumers?

How do Indian consumers generally feel about EV charging times?

What is the biggest advantage of EVs according to public perception in India?

© © N o g k~ w0 D oE

What impact do people believe EVs will have on India’s air pollution levels?
10. What is the Indian public's general expectation regarding the future of EVs?

11. Do you already own an EV?

Secondary Data Sources
In addition to survey data, secondary research was conducted using:
« Government policies (e.g., FAME Scheme, NEMMP)

o Academic literature on EV adoption barriers and trends
e Industry reports and global EV market comparisons

3. Sampling Methodology
The study follows a non-probability convenience sampling method, where participants were selected based
on accessibility and willingness to participate. While this method provides valuable insights, it may not fully
represent all demographics across India.

e Target Population: Indian consumers, including students, professionals, and EV/non-EV owners.

o Sample Size: XX (Specify the total number of responses collected from your Google Forms survey).
o Data Collection Period: (Specify the duration of survey collection).

4. Data Analysis Techniques
o Descriptive Statistics: The responses were analyzed to determine key trends in consumer concerns and
expectations regarding EVs.

o Comparative Analysis: EV adoption in India was compared to leading global markets (China, Norway,
USA, Germany) to identify best practices.

e Best-Worst Method (BWM) & Interpretive Structural Modeling (ISM):

o BWM was used to prioritize critical barriers (e.g., charging infrastructure, cost, government
support).

o ISM helped identify relationships between different factors influencing EV adoption.

5. Scope & Limitations
e Scope: The research focuses on consumer attitudes, market trends, and policy effectiveness in India's
EV sector.

o Limitations:

o The sample size may not fully represent all income groups or rural populations.
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o The study reflects consumer perceptions at a specific point in time and may evolve with policy
or technological changes.

o Self-reported survey responses may introduce bias in personal opinions or expectations.

Statement of Problem

This research paper aims to examine the electric vehicle (EV) sector in India, focusing on the current trends,
technological progress, and government policies that are shaping the growth of EVs in the country. The study
will explore various factors that influence the adoption of electric vehicles, such as technology, infrastructure,
financial models, consumer behavior, and government support. It will also identify the challenges and
opportunities for EV growth in India.

4.Key Areas of Focus:
1. Trends in Electric Vehicle Adoption in India

o This section will explore the current state of EV adoption in India, including trends in sales,
production, and how consumers are accepting EVs. It will look at the factors driving the growth
of electric vehicles, such as environmental concerns, fuel savings, and sustainability.

2. Technological Developments in Electric Vehicles

o The study will focus on the technological advancements in electric vehicles, such as
improvements in battery technology, charging systems, and vehicle power systems. It will also
examine how these developments are making EVs more affordable, efficient, and suitable for
the Indian market.

3. Government Policies and Incentives

o This part will look at the different government policies, subsidies, and incentives that have
been introduced to promote EV adoption. It will examine schemes like the FAME (Faster
Adoption and Manufacturing of Hybrid and Electric Vehicles) program and other state-level
policies that aim to boost the EV industry.

4. Barriers to Electric Vehicle Adoption

o The paper will identify key challenges to EV adoption in India; including the high cost of EVs,
limited charging infrastructure, lack of awareness, and limited vehicle models. It will also look
at how consumer behavior, such as range anxiety and concerns about EV reliability, can affect
adoption.

5. Financial and Economic Models for EV Growth

o This section will explore the financial aspects of EV growth, including how the government
and businesses can support EV manufacturing, the building of charging stations, and private-
public partnerships. It will also look at the economic benefits of EVs, such as saving energy
costs and reducing dependence on imported fuel.

5.Comparative Analysis
Comparative Study: EV Adoption Rates: India vs. Leading Countries
1) EV Adoption in India
India’s electric vehicle (EV) adoption is still in its early stages, with EVs making up a small percentage of
total vehicle sales. The country faces several challenges in accelerating EV adoption, including:

e Government Policies: While India has introduced policies like the FAME (Faster Adoption and
Manufacturing of Hybrid and Electric Vehicles) scheme, the incentives and subsidies are not as
aggressive as those in leading countries. Limited long-term policy consistency and slow
implementation have hindered progress.
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o Charging Infrastructure: One of the main barriers to EV adoption in India is the lack of widespread
charging infrastructure. Although there are some initiatives to increase the number of charging
stations, rural areas still lack adequate infrastructure, leading to range anxiety among consumers.

e Consumer Awareness: Consumer awareness about the benefits of EVs is relatively low in India. Many
people are unsure about the long-term savings and environmental benefits, while others perceive EVs
as being more expensive than traditional vehicles.

o Automaker Involvement: Indian automakers like Tata Motors and Mahindra Electric are making
strides in the electric vehicle market, but the overall EV segment remains underdeveloped compared
to internal combustion engine vehicles.

Despite these challenges, India has the potential to significantly increase EV adoption with better policies,
infrastructure investment, and consumer education.

2) EV Adoption in Leading Countries (China, Norway, USA, Germany)
Leading countries like China, Norway, the USA, and Germany have made substantial progress in EV
adoption, with strong governmental support, infrastructure development, and consumer readiness.

« China: China is the global leader in EV adoption, with government incentives, subsidies, and a vast
charging network. Chinese automakers, including BYD and NIO, have also played a key role in
driving the market. China’s large-scale manufacturing and government-backed infrastructure have
made EV's a mainstream choice for many consumers.

« Norway: Norway has the highest EV adoption rate in the world, with EVs accounting for over 50% of
all new car sales. The country offers generous tax exemptions, toll-free access, and free parking for
electric vehicle owners, making it highly attractive for consumers to switch to electric vehicles.

o USA: The USA has seen steady growth in EV adoption, especially in states like California where strict
emissions standards and strong incentives have encouraged the transition. However, EV adoption is
still slower in other regions of the country. Federal and state-level subsidies and an increasing number
of charging stations have supported this growth.

o Germany: Germany, as Europe's largest automotive market, has significantly increased EV adoption
through a combination of government incentives, stricter emissions regulations, and investments by
domestic automakers like Volkswagen, BMW, and Mercedes-Benz in electric vehicle production. The
country has also been expanding its charging infrastructure to support widespread EV use.

Overall, these countries have established comprehensive policies, strong incentives, and an advanced charging
infrastructure, making EVs more accessible and attractive to consumers. These factors have contributed to
much higher adoption rates than those currently seen in India.

6.Findings & Discussion
This section presents the findings of the study based on survey responses regarding the perception, concerns,
and expectations of Indian consumers toward electric vehicles (EVSs). The analysis provides insights into key
factors influencing EV adoption and highlights barriers that need to be addressed to enhance their market
penetration in India.
1. Perception of EV Affordability
The survey results indicate a mixed perception of EV affordability among Indian consumers:

e A significant portion of respondents believes EVs are expensive upfront but cost-effective in the

long run, recognizing their lower operating and maintenance costs.

e Some respondents perceive EVs as cheaper than petrol/diesel vehicles due to fuel savings.

o Others find EVs unaffordable and not worth the investment, highlighting concerns over the high
initial cost.

2. Primary Concerns About EV Adoption
The most common concern raised by respondents is limited charging infrastructure, making EV ownership
inconvenient. Other concerns include:
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« High purchase price and uncertain resale value.

o Lack of variety in EV models, restricting consumer choice.
o Fear of government policy shifts, such as potential bans or changes in incentives.
o Lower fuel efficiency compared to conventional vehicles.

3. Long-Term Perception of EVs
Most respondents view EVs as a sustainable and environmentally friendly solution. However, there are
differing opinions on their long-term viability:

o Some believe EVs will completely replace petrol/diesel vehicles in the next five years.

o Others feel EVs will grow in popularity but petrol/diesel cars will continue to dominate.
e A minority perceives EVs as a short-term trend or a temporary alternative.

4. Factors Encouraging EV Adoption
To boost EV adoption, respondents cited several key motivators:
e Improved charging infrastructure was the most frequently mentioned factor.

o Government intervention, such as banning petrol and diesel cars, could accelerate the transition.
o Widespread availability of charging stations would reduce range anxiety.

5. Perception of EV Maintenance Costs
o A majority of respondents believe EVs require less maintenance than petrol/diesel vehicles, making
them cost-effective over time.

e However, some participants expressed concerns that EV maintenance costs are unpredictable and
higher than expected.

6. Public Opinion on EV Charging Times
e The dominant concern is that EV charging takes too long compared to refueling petrol.

o A few respondents admitted they are unaware of EV charging times, indicating a need for consumer
education.

o Some respondents believe that charging times are fast and convenient, possibly due to exposure to
newer fast-charging technologies.

7. Advantages of EVs
When asked about the biggest advantages of EVs, respondents highlighted:
e Lower running costs and environmental benefits.

o Higher speed compared to petrol vehicles, making EVs attractive for performance-oriented
consumers.

8. Expected Impact of EVs on Air Pollution
« A large proportion of participants believe EVs will significantly reduce air pollution.

o A few respondents expressed concerns that EVs might worsen climate change due to battery waste
and production impact.

9. Current EV Ownership and Future Interest
e Most respondents do not currently own an EV but are open to considering one in the future.

o Asmaller percentage already owns an EV, indicating that adoption is in progress but remains limited.

Discussion & Implications
The findings reveal that while Indian consumers acknowledge the environmental benefits and long-term
cost advantages of EVs, several barriers hinder their widespread adoption. Key takeaways include:
o Charging Infrastructure: The lack of accessible charging stations is the biggest obstacle, requiring
immediate policy and industry intervention.
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o Financial Barriers: The high upfront cost and uncertainty around resale value discourage many
potential buyers.

e« Consumer Awareness: Many consumers remain uninformed about EV charging times,
maintenance costs, and long-term savings, highlighting the need for targeted awareness campaigns.

o Government Policies: A combination of stronger financial incentives, infrastructure investment, and
consistent policies can enhance consumer confidence and accelerate adoption.

Conclusion
This study analyzed the current landscape of electric vehicle (EV) adoption in India, identifying key trends,
challenges, and potential solutions. While EVs are widely recognized for their environmental and economic
benefits, their adoption remains slow due to limited charging infrastructure, high upfront costs, and
consumer hesitancy. The findings indicate that consumers are primarily concerned about charging
availability, vehicle affordability, and policy uncertainty, which act as major barriers to widespread
adoption.
However, with the right policy interventions, industry support, and consumer awareness efforts, India has the
potential to accelerate EV adoption significantly. Expanding charging networks, offering financial incentives,
and increasing consumer education will be crucial in bridging the existing gaps. The transition to electric
mobility is not just a technological shift but also an economic and environmental necessity for India’s
sustainable future.
Final Recommendations
To ensure successful EV adoption in India, the following strategic measures should be prioritized:

1. Strengthening Charging Infrastructure:

o Establish widespread and easily accessible charging stations in urban and rural areas.
o Encourage public-private partnerships for infrastructure expansion.
2. Enhancing Financial Incentives & Affordability:
o Provide subsidies, tax rebates, and low-interest loans for EV buyers.
o Reduce GST on EV components to lower manufacturing costs.
3. Improving Consumer Awareness & Confidence:
o Launch educational campaigns on EV benefits, cost savings, and government incentives.
o Address misconceptions regarding EV performance and maintenance.
4. Encouraging Innovation & Model Variety:
o Support research & development for affordable, high-performance EVs.
o Promote localized EV production to reduce import dependence.
5. Ensuring Policy Stability & Industry Collaboration:
o Implement long-term, consistent EV policies to encourage investment.

o Foster collaboration between government, automakers, and technology providers to drive
innovation.

By addressing these key areas, India can achieve a cleaner, more energy-efficient transportation system,
positioning itself as a global leader in electric mobility. The shift to EVs will not only reduce fossil fuel
dependency but also significantly contribute to climate change mitigation and economic sustainability.

Resources
Government Policies & Reports:
o National Electric Mobility Mission Plan (NEMMP)

o Faster Adoption and Manufacturing of Hybrid and Electric Vehicles (FAME) Scheme
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Academic & Research References:
« Vedant Singh (2021) — Analysis of EV trends, technological advancements, and policy effectiveness.

e Himanshu Gupta (2021) — Study on barriers to EV adoption, including charging infrastructure and
high costs.

e Virender Singh & Vaibhav Vaibhav (2023) — Analysis of government policies, industry trends, and
challenges in the Indian EV market.

e Vishnu S. Prabhu & Kakali Mukhopadhyay (2024) — Economic and environmental impact of EV
adoption.

e Shubham Mishra (2021) — Comparative study of EV business growth in India.

Survey Data:
e Primary data collected from the survey responses in Blank Quiz (Responses) - Form Responses 1.pdf,

analyzing consumer perceptions, barriers, and expectations regarding EV adoption.

https://docs.google.com/spreadsheets/d/1_tN3kTuh9R5gg5nmuFpUegrs3IOEUL_EekQ9EL8POwc/
edit?gid=737602161#gid=737602161
Online Sources & Reports:
o Scientific Journal Article:
https://www.sciencedirect.com/science/article/abs/pii/S2213624X21000997
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