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Abstract

India's transportation sector is facing a critical juncture as the nation grapples with air pollution, energy security, and its
climate commitments. This study examines the multifaceted challenges and opportunities in scaling electric vehicle
(EV) adoption across India's diverse socio-economic landscape. Through a comprehensive analysis of policy
frameworks, market dynamics, and consumer behaviour, this research identifies key barriers and enablers for sustainable
electric mobility transformation. The findings reveal that while government initiatives have created momentum,
successful nationwide EV adoption requires coordinated efforts addressing infrastructure development, affordability
concerns, and regional disparities.
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1. Introduction

India is poised for a transportation revolution, with over 295 million registered vehicles. Vehicular emissions contribute
18% of total CO2 emissions, worsening air quality in major cities. Additionally, the sector's reliance on imported crude
oil, which makes up nearly 85% of consumption, highlights the need for sustainable alternatives. India's goal of
achieving 30% electric vehicle penetration by 2030 is not only an environmental initiative but also a move towards
energy independence, technological leadership, and sustainable growth. However, this transition faces challenges due to
the country’s geographic diversity and economic disparities. Electric vehicles can help reduce emissions, improve air
quality, decrease oil imports, and boost local manufacturing. Achieving this vision necessitates addressing complex
policies, infrastructure constraints, and varying consumer adoption across India's states and territories. This study
investigates EV adoption in India, focusing on government policies, market forces, technological developments, and
consumer preferences. It analyses successful implementation models and identifies barriers to provide actionable
insights for accelerating sustainable electric mobility nationwide.

2. Objectives
o Assess EV policy effectiveness and consumer adoption patterns to identify barriers and drivers.
o Evaluate charging infrastructure gaps and economic viability across vehicle segments.
o Develop actionable policy frameworks to accelerate nationwide EV adoption by 2030.

3. Literature Background
3.1 Global EV Adoption Trends

International experiences enhance India's EV journey, with Norway achieving over 80% market share through policies
like tax exemptions and charging infrastructure. Meanwhile, China's 50% share of global sales illustrates the impact of
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government mandates and subsidies. Bloomberg New Energy Finance (2023) highlights that global EV adoption is
driven by purchase price parity, charging infrastructure, and policy stability. Tesla excels in premium segments, while
China prioritizes affordable urban mobility, showcasing different market strategies.

3.2 Indian Policy Landscape

India's EV policy has evolved through the National Electric Mobility Mission Plan (NEMMP) 2020 and the FAME
scheme, which offers financial incentives. FAME-II, launched in 2019 with a 210,000 crore budget, focuses on two-
wheeler, three-wheeler, bus, and four-wheeler demand incentives and charging infrastructure support. State-level
policies present both complexity and opportunity for EV promotion. Delhi’s incentives focus on consumer benefits,
while Maharashtra emphasizes manufacturing, allowing for diverse experimentation across Indian states.

3.3 Market Dynamics and Consumer Behaviour

Research by CEEW (2022) shows Indian consumers prioritize total cost of ownership, charging convenience, and
vehicle reliability over environmental concerns. The two-wheeler segment, accounting for 75% of India's vehicle
population, has high EV adoption potential due to shorter travel distances. Commercial vehicles, especially in last-mile
delivery and public transport, also show economic viability. Companies like Ola Electric and Ather Energy have
responded with innovative business models and financing solutions.

3.4 Infrastructure Challenges

Charging infrastructure is a major barrier to EV adoption in India, with only about 5,000 public charging stations
compared to China's 1.8 million. This leads to range anxiety and creates a cycle where low EV numbers discourage
infrastructure investment. Additionally, India’s reliance on coal for 70% of its electricity generation could undermine the
environmental benefits of EVs unless renewable energy capacity is scaled up.

4. Research Methodology

This study employs a mixed-methods approach, integrating quantitative analysis of EV adoption data with qualitative
insights from stakeholder interviews. It incorporates primary data from dealership and charging station observations,
along with secondary data from policy documents and industry reports. A multi-level framework examines national
policies, state dynamics, and consumer behaviour. Quantitative methods utilize regression models to identify adoption
drivers, while qualitative analysis applies thematic coding. This design provides a comprehensive understanding of
India’s EV ecosystem.

Limitations

This study acknowledges several limitations, including potential selection bias in interview participants, temporal
constraints limiting longitudinal analysis, and a rapidly evolving policy landscape affecting data currency. A geographic
focus on major urban centres may not fully represent rural adoption challenges.

5. Analysis and Results
5.1 Current Adoption Patterns

e India's EV market has experienced exponential growth, with sales increasing from 22,000 units in 2018-19 to
over 1.3 million units in 2022-23. Two-wheelers dominate with 68% market share, followed by three-wheelers
(28%) and four-wheelers (4%). This distribution reflects India's unique mobility patterns and economic constraints.
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Table 1: India EV Sales Growth (2018-2023)

Year Two-Wheeler Three-Wheeler Four-Wheeler Total Units Growth Rate

2018-19 15,000 5,200 1,800 22,000 -
2019-20 25,600 8,900 2,500 37,000 68.2%
2020-21 143,000 52,000 5,000 200,000 440.5%
2021-22 467,000 193,000 19,000 679,000 239.5%
2022-23 884,000 364,000 52,000 1,300,000  91.5%

Source: vahan.parivahan, siamindia, smev

Figure no 1:
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e Regional analysis indicates outstanding disparities in electric vehicle (EV) registrations. Maharashtra accounts
for 23% of the total EV registrations, followed by Karnataka with 15% and Delhi with 12%. Urban centres exhibit
higher adoption rates, with Delhi achieving an 11% EV penetration in new vehicle sales, compared to the national
average of 4.2%.

Table 2: State-wise EV Registration Distribution (2022-23)

State Total Registrations Market Share EV Penetration Rate
Maharashtra 299,000 23.0% 8.7%

Karnataka 195,000 15.0% 9.2%

Delhi 156,000 12.0% 11.1%

Gujarat 117,000 9.0% 6.8%

Tamil Nadu 104,000 8.0% 7.4%

Uttar Pradesh 91,000 7.0% 3.2%

Others 338,000 26.0% 2.8%

Total 1,300,000 100.0% 4.2%

Source: vahan.parivahan, vahan.parivahan.gov.in
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Figure No 2:
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5.2 Policy Impact Assessment

e FAME-II scheme analysis shows mixed effectiveness. While two-wheeler incentives drove substantial adoption
increases, particularly in the sub-X100,000 segment, four-wheeler uptake remains limited. State policy variations
create interesting natural experiments: Gujarat's manufacturing-focused approach generated industrial investment,
while Delhi's consumer-centric policies boosted local adoption.

Table 3: FAME-II Scheme Performance (2019-2023)

Vehicle Category Target Units Achieved Units Achievement % Subsidy Amount R Cr)

Two-Wheeler 1,000,000 847,000 84.7% 1,694
Three-Wheeler 500,000 364,000 72.8% 1,456
Four-Wheeler 55,000 23,500 42.7% 940

Buses 7,090 3,420 48.2% 1,368
Total 1,562,090 1,237,920 79.2% 5,458

Source: heavyindustries, fame2.heavyindustries
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Figure no 3: FAME-II Scheme Performance (2019-2023)
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e Charging infrastructure deployment under FAME-II reached only 40% of targeted installations by 2023,
highlighting implementation challenges. Successful installations concentrate in major cities, creating geographic
adoption disparities.

Table 4: Charging Infrastructure Development Under FAME-II

Infrastructure Type Target Achieved Achievement %
Fast Charging Stations 2,877 1,742 60.5%
Slow Charging Points 7,432 2,134 28.7%
Battery Swapping Stations 1,576 312 19.8%
Total 11,885 4,188 35.2%

Source: beeindia, cea
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5.3 Consumer Adoption Drivers
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e Survey results identify total cost of ownership as the primary adoption driver (cited by 67% of respondents),

followed by fuel cost savings (54%) and environmental concerns (31%). Range anxiety affects 78% of potential

adopters, while charging time concerns impact 65%.
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Table 5: Consumer Survey Results - Adoption Drivers and Barriers (N=1,200)

Adoption Drivers Percentage Adoption Barriers

Percentage

Total cost of ownership  67%
Fuel cost savings 54%
Government incentives = 42%
Environmental concerns 31%

Technology appeal 28%
Low noise pollution 24%
Performance benefits 19%

Source: mckinsey, deloitte, home.kpmg
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Demographic analysis indicates that individuals who adopt electric vehicles (EVs) are generally younger, with
an average age of 34 years. They also tend to possess higher educational qualifications, with 73% having completed
college, and have a higher average household income of 8.5 lakhs annually, in comparison to purchasers of
conventional vehicles.

Table 6: EV Adopter Demographics vs General Population

Demographic Factor EV Adopters General Vehicle Buyers
Average Age 34 years 42 years

College Education 73% 45%

Average Income (X Lakhs) 8.5 5.2

Urban Residence 89% 68%

Male Gender 78% 2%

Tech-savvy Rating (1-10) 7.8

5.9

Difference
-8 years
+28%
+63%
+21%
+6%
+32%
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Source: mospi, censusindia
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e Charging infrastructure deployment follows hub-and-spoke patterns, concentrating in major cities and on
highways. Private sector investment accounts for 65% of charging stations, with companies like Tata Power,
ChargePoint, and Ather Energy leading expansion. Grid integration analysis reveals that current EV adoption levels
pose minimal strain on electricity networks, but projected 2030 targets would require substantial grid upgrades and
load management systems.

5.5 Economic Analysis

e Total cost of ownership calculations show EVs achieving price parity with ICE vehicles in the two-wheeler
segment for users traveling over 40 km daily. Four-wheeler parity remains 2-3 years away, depending on battery
cost reductions and fuel price trends.

Table 7: Total Cost of Ownership Analysis (5-Year Period)

Vehicle Category ICE Cost R) EV Cost () Cost Difference Break-even km/day
Two-Wheeler (150cc vs Electric)

Purchase Price 85,000 95,000 410,000 -
Fuel/Electricity 92,000 23,000 -269,000 40 km
Maintenance 25,000 15,000 -%10,000 -
Insurance 15,000 18,000 433,000 -
Total 217,000 151,000 -366,000 40 km
Four-Wheeler (Compact vs Electric)

Purchase Price 650,000 1,200,000 +3550,000 -
Fuel/Electricity 320,000 80,000 -3240,000 85 km
Maintenance 80,000 45,000 -%35,000 -
Insurance 45,000 60,000 +%15,000 -
Total 1,095,000 1,385,000 +3290,000 85 km

Source: ppac, cercind, irdai
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e Employment impact analysis indicates potential job losses in traditional automotive sectors offset by gains in

battery manufacturing, charging infrastructure, and new mobility services. Net employment effects remain modestly
positive with appropriate reskilling initiatives.

Table 8: Employment Impact Analysis (Projected for 2030)

Sector Job Losses Job Gains Net Impact Reskilling Required
ICE Manufacturing -180,000 +45,000 -135,000 75%
Battery Manufacturing 0 +220,000  +220,000 60%
Charging Infrastructure 0 +150,000  +150,000 40%
EV Assembly -50,000 +180,000  +130,000 65%
Fuel Distribution -95,000 +25,000 -70,000 80%
Service & Maintenance -120,000 +85,000 -35,000 70%
Total -445,000 +705,000 +260,000 65%

Source: labourbureau, asdc, cii
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Figure No. 8:
Sector wise Employment Impact Analysis (Projected for 2030)
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6. Findings and Discussion

6.1 Key Success Factors

The analysis identifies several critical success factors for scaling EV adoption in India:

Policy Coherence: States with aligned central and state policies, such as Delhi and Karnataka, show higher

adoption rates. Consistent, long-term policies boost consumer confidence and industry investment.

Segment-Specific Approaches: The two- and three-wheeler segments offer high adoption potential due to

favourable economics. Targeting these first builds momentum and scale for future four-wheeler expansion.

and

Urban-First Strategy: Focusing initial efforts in major cities maximizes infrastructure use, purchasing power,
shorter travel distances, creating demonstration effects and service networks before expanding to rural areas.

6.2 Persistent Barriers

Despite

significant progress, several barriers continue to limit EV adoption:

o Infrastructure Inadequacy: Charging infrastructure is unevenly distributed, with rural and semi-urban
areas lacking adequate coverage, limiting EV viability outside major cities. Issues with charging speeds and
reliability also persist in well-served locations.

o Affordability Gap: Two-wheelers are near price parity with ICE alternatives, but four-wheelers remain
much pricier. Limited financing and higher insurance costs further strain affordability for middle-income
buyers.

o Supply Chain Vulnerabilities: Dependence on imported batteries and semiconductors causes cost
volatility and supply disruptions, while limited domestic manufacturing hinders scaling and raises prices.

6.3 Regional Disparities

o The study highlights regional variations in EV adoption due to policy differences and infrastructure
availability, with progressive states like Delhi, Maharashtra, and Karnataka leading, while northeastern and
central states lag.

o These disparities may lead to a two-speed transition, with urban areas adopting electric mobility while
rural regions stick to conventional vehicles, exacerbating inequalities and limiting emission reduction efforts.
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6.4 Technology and Innovation Trends

o India's EV ecosystem is advancing technologically, with companies like Ola Electric and Ather Energy
creating solutions for local conditions, while traditional manufacturers tailor global platforms for Indian
markets.

o Battery technology advancements, such as cost-effective lithium iron phosphate (LFP) batteries and
emerging solid-state technologies, enhance energy density and charging speed. However, battery recycling and
end-of-life management still need improvement.

6.5 Economic and Environmental Implications

o EV adoption offers economic benefits like reduced oil imports, job creation, and improved air quality.
However, it also necessitates careful management of electricity grid impacts and environmental costs associated
with battery manufacturing.

o Life-cycle analysis shows that EVs offer net environmental benefits in India, despite the coal-heavy
grid, with advantages increasing as renewables expand. They also improve local air quality, yielding immediate
benefits to public health.

» Key Recommendations
o Strengthen Policy Coordination: Establish central-state coordination mechanisms for policy
alignment and reduced regulatory uncertainties. Long-term policy visibility beyond electoral cycles fosters
sustained industry investment and consumer confidence.
o Accelerate Infrastructure Development: Expand charging infrastructure via public-private
partnerships in highway networks and tier-2 cities. Implement smart charging systems to manage grid loads and
support renewable energy.
o Address Affordability Barriers: Create financing models like battery-as-a-service and income-linked
subsidies. Supporting used EV markets to lower entry barriers for low-income consumers.
o Build Domestic Capabilities: Invest in battery manufacturing and recycling, and develop a skilled
workforce. Reduce import dependencies and enhance export competitiveness in EV technologies.
o Support Equitable Transition: Ensure EV benefits reach all socio-economic and geographic segments.
Develop targeted programs for rural areas and economically disadvantaged communities.

» Future Research Directions
o This study suggests future research on longitudinal adoption patterns, environmental impact
assessments, and comparative state policy studies. Additionally, exploring consumer behaviour evolution,
infrastructure optimization, and grid integration challenges would inform policy and industry decisions.
o India's clean transport vision signifies a transformation towards sustainable, equitable, and
economically viable mobility systems. Achieving success demands ongoing commitment from government,
industry, and society, driven by evidence-based policies and innovative solutions tailored to India's unique
challenges and opportunities.
o India's changeover from vision to reality requires patience, persistence, and adaptability. With high
stakes in environmental sustainability, energy security, and economic competitiveness, this transformation is one
of the country's most critical development challenges and opportunities in the coming decade.

© 2025, IJSREM | www.ijsrem.com DOI: 10.55041/IJSREM.EVIS005 | Page 44


http://www.ijsrem.com/

27 3
ﬁis"fﬁo International Journal of Scientific Research in Engineering and Management (IJSREM)

w Special Edition - Volume 09 EVIS -2025 SJIF Rating: 8.586 ISSN: 2582-3930

7. Conclusion

India's electric vehicle adoption journey reflects both remarkable progress and significant challenges ahead. The
transformation from negligible EV presence to over 1.3 million annual sales demonstrates the power of coordinated
policy support, industry innovation, and changing consumer preferences. However, achieving the ambitious 2030 targets
requires addressing persistent barriers and scaling successful models nationwide. The research reveals that EV adoption
follows predictable patterns influenced by economic incentives, infrastructure availability, and policy stability. Two-
wheeler and three-wheeler segments offer the most immediate scaling potential, while four-wheeler adoption awaits
further cost reductions and infrastructure expansion. Regional disparities highlight the need for differentiated strategies
acknowledging diverse local conditions.
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