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Abstract

This paper presents a comprehensive analysis of the Indian electric vehicle (EV) market, with a particular focus on the
rapidly expanding electric two-wheeler segment. It examines the market's current size, projected growth trajectories, and
the intricate interplay of key drivers and restraints. The study evaluates the progress and challenges associated with
developing a robust EV charging infrastructure across the nation, providing granular regional insights into market
penetration and infrastructure deployment. Furthermore, the paper delves into the competitive landscape, the impact of
the COVID-19 pandemic, and emerging technological trends such as advanced battery chemistries and smart grid
integration. The analysis underscores India's strategic trajectory towards sustainable mobility, highlighting the critical role
of government policies and the imperative for coordinated efforts among all stakeholders to overcome existing
impediments and realize the full potential of electric transportation.
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1. Introduction

The global automotive industry is undergoing a transformative shift towards electrification, driven by escalating
environmental concerns, stringent emission regulations, and the imperative for energy independence. Electric vehicles
(EVs) are central to achieving global decarbonization targets and mitigating the adverse effects of climate change. This
paradigm shift has led to significant investments in research, development, and manufacturing across the world, with
major automotive shows like IAA Mobility 2023 highlighting the growing prominence of electric models and the
intensifying competition among original equipment manufacturers (OEMs).

India, as one of the world's largest and fastest-growing automotive markets, presents a unique case study in EV adoption.
The two-wheeler segment, which forms the backbone of personal mobility in the country, holds particular significance for
electrification. Unlike many Western markets where passenger cars dominate the EV transition, the shift in India is heavily
influenced by the two-wheeler sector, which accounts for a substantial portion of daily commutes and overall vehicle
sales. This makes the electrification of two-wheelers a critical component of India's broader sustainable transportation
goals.
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Despite the clear advantages of electric mobility and a strong government push, the Indian EV market, particularly the
two-wheeler segment, faces multifaceted challenges related to infrastructure, initial cost, and consumer perception. A
comprehensive analysis is needed to understand the intricate dynamics shaping this market, identify critical success
factors, and project future trajectories.

This paper aims to:

e Analyse the current market size and project future growth trajectories for the overall Indian EV market and
specifically the electric two-wheeler segment.

¢ Identify and critically assess the key market drivers and restraints influencing EV adoption in India.

o Evaluate the progress and challenges in developing a robust EV charging infrastructure across the nation.

¢ Provide granular regional and city-wise insights into EV market penetration and infrastructure deployment.

e Discuss the broader implications of market dynamics, competitive landscape, and emerging technological trends.

e Formulate conclusions and recommendations for stakeholders to accelerate India's transition to electric mobility.

2. Research Methodology

This study employs a comprehensive secondary research approach, synthesizing data and observations from reputable
industry reports and market intelligence providers. The methodology focuses on a multi-source validation process to
ensure data accuracy and robustness.

Data Sources
e The Insight Partners :

This source provided foundational data for the global and India-specific low-speed electric vehicles (LSEVs)
market. It was utilized to understand market size, forecasts spanning from 2020 to 2030, and key industry
dynamics, including drivers, restraints, opportunities, and future trends. The document also offered breakdowns
of the India market by product, end-user, and vehicle type, contributing to a broader understanding of the LSEV
category, which encompasses certain types of electric two-wheelers and utility vehicles.

e Mordor Intelligence :

This document was crucial for a detailed analysis of the overall India Electric Vehicle Market from 2018 to 2028.
It supplied extensive data on market size, revenue, and volume. Its segmentation by propulsion type (Battery
Electric Vehicle, Hybrid Electric Vehicle, Fuel Cell Electric Vehicles, Plug-in Hybrid Electric Vehicles) and
vehicle type (passenger cars, commercial vehicles, buses) was instrumental. Furthermore, regional breakdowns
for India (East, West, North, South) were sourced from this report. The Porter's Five Forces analysis and
discussions on market opportunities and future trends, such as new battery technologies and smart grids, also
originated from this material.

e Netscribes :

This source was particularly valuable for specific and granular insights into the Electric Bikes Market in India for
the period 2024-2028. It provided detailed market size and growth forecasts based on volume, a PESTEL analysis,
company-wise sales and market share data for FY 2023, and information on production and penetration rates. The
report's sections on the impact of COVID-19, trade analysis (export/import), market influencers (drivers and
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challenges specific to electric bikes), and government initiatives (FAME India Scheme details, charging
infrastructure specifics) were directly incorporated from this document.

e Strategy&, PwC :

This material offered broader global and regional EV sales trends for Q3 2023, providing essential context for the
Indian market. It included observations on battery technology advancements (e.g., CATL's Shenxing, Toyota's
solid-state), battery recycling, OEM profitability, and trade war concerns. While not directly India-specific, these
global trends highlighted technological developments and market forces that are anticipated to influence the
Indian market over time.

Analytical Frameworks

e Market Sizing and Growth Rate Analysis: Quantitative data from the identified sources were systematically
compiled to present historical market performance (2018-2023) and project future growth (up to 2030 for LSEVs,
2028 for overall EVs and electric bikes). Compound Annual Growth Rate (CAGR) was a primary metric utilized
to illustrate growth trajectories.

e PESTEL Analysis: Applied to understand the macro-environmental factors (Political, Economical, Social,
Technological, Environmental, Legal) specifically impacting the electric bike market in India, drawing from the
Netscribes report.

e Porter's Five Forces Analysis: Utilized to assess the competitive intensity and attractiveness of the broader
Indian EV market, with implications inferred for the two-wheeler segment, based on the Mordor Intelligence
report.

e Qualitative Analysis: Interpretive commentary was provided to explain the significance of quantitative data,
identify causal relationships, and infer broader implications beyond the immediate figures.

Data Triangulation and Validation

Information obtained from multiple sources was cross-referenced to ensure consistency and reliability. Any discrepancies
were noted and addressed through a reasoned evaluation, prioritizing the most comprehensive and recent data available
to maintain the integrity of the analysis.

3. Market Overview and Growth Dynamics

3.1. Overall Indian Electric Vehicle Market Performance

The Indian electric vehicle market is experiencing exponential growth, signaling a significant shift in the country's
transportation landscape. In 2022, the market was valued at USD 2,216.92 million and is projected to reach USD 26,008.43
million by 2028, demonstrating a remarkable compound annual growth rate (CAGR) of 40.52% during the 2018-2028
forecast period. In terms of volume, EV sales increased from a modest 1,601 units in 2018 to 71,185 units in 2022. This
volume is projected to surge further to 855,875 units by 2028, exhibiting a CAGR of 36.74%. These figures collectively
indicate a strong upward trajectory for EV adoption across the country.

The dominance of Battery Electric Vehicles (BEVs) is a notable characteristic of this growth. BEVs accounted for 74.34%
of the market revenue and 71.15% of the volume share in 2022 among all propulsion types. This substantial lead is
projected to continue, with BEV revenue growing at an impressive CAGR of 49.30% from 2022 to 2028. The rapid
expansion, particularly the overwhelming preference for BEVs, is not merely a reflection of organic consumer demand
but rather a direct consequence of aggressive governmental policies. The significantly higher CAGR for BEVs (49.30%)
compared to the overall market (40.52%) suggests that the incentives and infrastructure development efforts are heavily
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favoring pure electric models over hybrid or fuel cell alternatives. This strategic governmental push appears designed to
accelerate the transition, potentially bypassing intermediate technologies to achieve zero-emission transportation and
reduce fossil fuel dependency more quickly. This policy-driven acceleration, while beneficial for environmental goals,
places immense pressure on the development of charging infrastructure to keep pace with sales, as any lag could create a
bottleneck in market expansion.

Table 2: India Electric Vehicle Market Revenue and Volume Forecasts (2018-2028)

Year Revenue Volume CAGR (2018-2028
(USD Million) (Units)

2018 28.92 1601

2019 53.70 2766

2020 182.22 5624

2021 697.42 17119

2022 2216.92 71185

2023 4767.87 179,002

2024 6513.80 239112

Year Revenue Volume CAGR (2018-2028
(USD Million) (Units)

2026 12723.44 442,608

2027 18094.35 612,418

2028 26008.43 855,875 40.52%  (Revenue),

36.74% (Volume)

Source: Mordor Intelligence

3.2. Electric Two-Wheeler Market Insights

The electric bike (two-wheeler) market in India represents a critical and exceptionally dynamic sub-segment within the
broader EV landscape, exhibiting even more aggressive growth. In FY 2023, a substantial 728,054 electric bikes were
sold. This volume is projected to increase dramatically to 8,895,943 units by FY 2028, achieving a remarkable CAGR of
approximately 53.29% from FY 2024 to FY 2028. This trajectory firmly establishes the two-wheeler segment as a primary
growth engine for India's overall EV transition

Table 1: India Electric Bikes Market Size and Growth Forecast (Volume, FY 2021 — FY 2028¢)

Year Volume CAGR (2018-2028
(Units)

FY 2021 44803

FY 2022 252,642

FY 2023 728,054

FY 2024¢ 1,611,256

FY 2025e 2,87,0292

FY 2026e 4,48,9998

FY 2027¢ 6,51,8130
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FY 2028e 8,89,5943 53.29%

In terms of market leadership, Ola Electric emerged as the dominant player in FY 2023, capturing approximately 21% of
the electric two-wheeler sales. It was closely followed by TVS Motors and Ather Energy. Ola Electric's performance was
particularly strong, demonstrating a significant year-on-year sales growth of 132.99% for its electric scooters

Monthly electric two-wheeler sales in calendar year 2023 showed strong figures, with March 2023 recording 86,357 units
and December 2023 at 75,403 units. Despite this rapid growth in absolute numbers, the penetration rate of electric two-
wheelers in the overall two-wheeler market remained relatively low, reaching 7.05% in May 2023. This indicates that
while adoption is growing, it is still in its nascent stages compared to conventional two-wheelers.

The exceptionally high growth rate of the electric two-wheeler market (53.29% CAGR) compared to the overall EV
market (40.52%) suggests a deliberate strategic focus on electrifying the most accessible and high-volume segment of
Indian mobility. This "last-mile" electrification is crucial for achieving immediate impact on urban pollution and reducing
the country's fuel import bills. However, the relatively low overall penetration rate (7.05%) implies that despite rapid
growth in absolute terms, electric two-wheelers have a considerable distance to cover before significantly displacing
internal combustion engine (ICE) counterparts. The substantial year-on-year growth of specific players like Ola Electric
(132.99%) also points to an intensely competitive environment, potentially driven by aggressive pricing or marketing
strategies aimed at capturing this nascent market. Such dynamics could lead to market consolidation or price wars as the
sector matures. While this strategic emphasis on two-wheelers is promising for environmental objectives, it
simultaneously elevates the importance of addressing challenges specific to this segment, such as battery swapping
solutions, managing smaller battery capacities, and ensuring sufficient urban charging density. Failure to adequately
address these specific challenges could impede the momentum of the entire electrification strategy.

3.3. Key Market Drivers

The robust growth observed in the Indian EV market, particularly within the two-wheeler segment, is propelled by a
combination of powerful drivers.

¢ Growing Concerns Regarding Greenhouse Gas Emissions and Environmental Sustainability: The
transportation sector is a significant contributor to greenhouse gas (GHG) emissions, with fossil fuel-driven
vehicles being a major source of air pollution. Electric vehicles, including low-speed variants, are considered
crucial for achieving national and global low to zero carbon emission targets. The Indian government, for instance,
has set an ambitious goal to reduce carbon dioxide emissions by approximately 45% below 2005 levels by 2030.
Electric bikes, in particular, are highlighted as eco-friendly alternatives that produce no smoke emissions and
operate with minimal motor sound, thereby contributing significantly to reducing air pollution caused by
pollutants such as hydrocarbons (HC), carbon oxide (CO), and oxides of nitrogen (NOx). This environmental
imperative serves as a foundational driver for EV adoption.
¢ Increasing Government Support and Policy Initiatives: Governments are actively promoting EV usage
through a comprehensive suite of incentives and infrastructure development programs.
o The FAME India Scheme (Faster Adoption and Manufacturing of Electric Vehicles in India) is a
cornerstone policy. Phase II of this scheme, extended to March 2024, is backed by a substantial budget of
INR 10,000 crore. It provides subsidies of INR 15,000 per KWH, supporting the adoption of
approximately 7,000 e-buses, 500,000 e-three-wheelers, 55,000 e-four-wheeler passenger cars, and 1
million e-two-wheelers. The scheme also includes provisions for charging infrastructure development.
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o The Production Linked Incentive (PLI) Scheme, launched in September 2021 with an allocation of
INR 259.38 billion (approximately USD 3.50 billion) over five years, aims to boost domestic
manufacturing of Advanced Automotive Technology (AAT) products, including BEVs.

o Niti Aayog's Electrification Proposals further underscore the government's commitment. Niti Aayog
has proposed electrifying all two-wheelers with a displacement capacity below 150cc by March 2025,
projecting a potential reduction in oil import bills by approximately INR 1,200 billion within 5-7 years if
electric bikes are widely adopted.

o Beyond these, various tax reductions and grants are in place. For example, China has extended tax
exemptions for new energy vehicles until 2027, and the UK offers EV grants. In India, the Goods and
Services Tax (GST) on electric bikes was reduced from 12% to 5% in August 2019, and the introduction
of distinctive green license plates offers preferential treatment in terms of parking, free entry in congested
areas, and lower toll charges/road taxes.

o Rising Affordability and Lower Operating Costs: The initial cost of electric vehicles, particularly battery packs,
has historically been a barrier. However, prices are gradually decreasing due to technological advancements and
economies of scale. Initiatives promoting domestic battery production, such as Ola Electric's EV hub in Tamil
Nadu, are designed to further reduce reliance on foreign imports and lower overall production costs. For
consumers, electric bikes offer significantly lower operating costs, estimated at approximately INR 10 for 70 km
of travel, in stark contrast to fuel-driven bikes which cost around INR 102.2 for the same distance (assuming an
average petrol price of INR 73 per liter). This substantial operational cost advantage makes electric two-wheelers
an economically attractive proposition for daily commuters.

e Phasing Out of Internal Combustion Engines (ICEs): A global trend towards restricting or banning ICE vehicle
sales is emerging as countries strive to meet net-zero carbon emissions targets. Norway aims to phase out ICEs
by 2025, and the European Union by 2035. While India has not implemented an outright ban on ICE vehicles,
policy recommendations from bodies like the Energy Transition Advisory Committee suggest banning diesel 4-
wheelers by 2027 in major cities and phasing out ICE two- and three-wheelers by 2035. This signals a clear and
accelerating shift away from fossil fuel-powered vehicles, creating a favorable regulatory environment for EV
adoption.

3.4. Market Restraints

Despite the strong drivers, the Indian EV market faces several significant restraints that could impede its growth trajectory
if not adequately addressed.

e Operational Limitations of Battery-Operated Electric Vehicles: Electric vehicles inherently possess a
restricted driving range compared to their ICE counterparts, and the necessity for frequent recharging can pose a
challenge, particularly for long-distance travel. This limitation contributes significantly to "range anxiety" among
consumers, a prevalent concern for electric bike users who may perceive these vehicles as incapable of reaching
their destinations due to limited travel range and the scarcity of readily available charging stations. Furthermore,
factors such as extreme weather conditions and the use of air conditioning or heating can further diminish an EV's
effective range, exacerbating these operational concerns.

o High Initial Expenditure: Electric vehicles typically carry a higher upfront price tag than conventional ICE
vehicles, primarily due to the considerable cost of battery technology and associated components. In India, electric
bikes generally fall within a price range of INR 70,000 to INR 1.25 lakh, which is notably higher than many
conventional bikes. This elevated initial cost limits accessibility to a substantial portion of the population,
confining the market predominantly to consumers with greater purchasing power and thereby reducing the overall
potential consumer base. Consequently, prospective buyers, particularly in cost-sensitive segments, may opt for
more affordable conventional bikes or alternative modes of transportation. While increasing popularity and
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scaling infrastructure may eventually lead to price reductions, this remains a significant barrier in the immediate
term.

¢ Lack of Adequate Charging Infrastructure: Despite concerted governmental efforts to expand charging
infrastructure, a significant disparity persists, particularly in semi-urban and rural areas. As of July 2022, only 50
out of 2,877 sanctioned EV charging stations under the FAME-II scheme had been installed, highlighting a
considerable implementation gap. The ratio of approximately one charging station per 135 EVs in India is
markedly lower than the global average of 1 per 6-20 EVs, a disparity that could severely hinder India's ambitious
EV 30@30 vision (aiming for 30% EV sales by 2030). This issue is further compounded by challenges related to
power generation capacity in Tier II and III cities, and even more severe conditions in villages, which directly
impede the installation and operation of charging stations.

The observed paradox where strong governmental initiatives (such as FAME, PLI, and various tax breaks) are in place to
reduce initial expenditure and promote adoption, yet "high initial expenditure" and "lack of proper charging infrastructure"
remain significant restraints, points to a critical gap between policy intent and ground-level implementation or market
perception. The substantial difference between the number of sanctioned charging stations and those actually installed is
a clear indication of this gap. Furthermore, the economic challenge posed by higher EV prices suggests that while subsidies
exist, they may not fully offset the perceived value proposition for a large segment of the population, particularly when
considering the total cost of ownership. The success of India's EV transition, therefore, depends not solely on the
announcement of policies and targets, but critically on the efficient and rapid execution of infrastructure development.
This also necessitates sustained efforts to reduce the total cost of ownership for consumers, especially within the high-
volume mass-market two-wheeler segment, to ensure widespread adoption.

4. Infrastructure and Ecosystem Development

4.1. Current Charging Infrastructure Landscape

The development of a robust charging infrastructure is paramount for the widespread adoption of electric vehicles in India.
The FAME India Scheme plays a central role in this endeavour. Under Phase I, 520 charging stations were approved with
an allocation of INR 4,300 million. Phase II further sanctioned 2,877 EV charging stations across 68 cities in 25
states/Union Territories, in addition to 1,576 stations designated for 9 expressways and 16 highways. To bolster this, the
Ministry of Heavy Industries allocated INR 8 billion to three Oil Marketing Companies (OMCs) specifically for the
establishment of 7,432 public charging stations.

Despite these ambitious plans, there has been a notable disparity between sanctioned and installed stations. As of July
2022, only 50 out of the 2,877 sanctioned EV charging stations under FAME-II had been installed. While progress has
been made, with Delhi reportedly leading with 1,845 installed public charging stations by March 2023, followed by
Mabharashtra (704) and Gujarat (660), this still indicates a significant overall implementation lag.

The current EV/public charger ratio in India stands at approximately one charging station per 135 EVs, which is
considerably lower than the global ratio of 1 per 6-20 EVs. This substantial gap between the number of sanctioned
charging stations and those actually installed, coupled with the poor EV/charger ratio compared to international standards,
directly contributes to consumer range anxiety and operational limitations of EVs. Furthermore, challenges related to
power generation capacity in Tier II and III cities, and even more acutely in rural areas, pose significant difficulties for
installing and maintaining charging infrastructure. Unless the pace of charging infrastructure deployment dramatically
accelerates and effectively addresses these regional power supply issues, the ambitious growth forecasts for EVs,
particularly electric two-wheelers which rely heavily on convenient charging for daily commutes, may not be fully
realized. This situation highlights the need for more streamlined execution, potentially through enhanced public-private
partnerships, and strategic investments in grid upgrades to support the increasing demand for electricity.
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4.2. Ecosystem Analysis

The low-speed electric vehicle market ecosystem is a complex network comprising several interconnected components:
raw material and component suppliers, vehicle manufacturers, and end-users.

Raw material and component suppliers form the foundational layer, providing essential inputs for EV production. Key
components include battery packs, power electronics, electric motors, DC-to-DC converters, battery chargers, charge
ports, controllers, and thermal management systems. For lithium-ion batteries, which are predominant, critical materials
such as lithium, cobalt, manganese, graphite, nickel, and steel are indispensable. The availability and cost of these raw
materials directly influence the overall production cost of EVs.

Vehicle manufacturers, who assemble these components into finished products, are significantly impacted by the cost of
battery production. Fluctuations in battery prices directly affect the final retail price of LSEVs. Concerns regarding the
scarcity of lithium and the nascent state of proper infrastructure for domestic battery production can further influence
overall vehicle costs. Prominent manufacturers in this space include global players like Polaris Inc., Yamaha Motor Co.,
Ltd., Textron Inc., and Club Car.

End-users represent the demand side of the ecosystem, utilizing LSEVs in a diverse range of applications. These vehicles
are commonly employed in golf courses, hotels and resorts, airports, and residential and commercial premises.
Increasingly, LSEVs are finding utility in industrial sectors such as mining, construction, defence, and agriculture for
short-distance travel and the transport of goods.

Recognizing the strategic importance of a localized supply chain, India is actively investing in domestic battery production
hubs. For instance, Ola Electric is establishing a significant EV hub in Tamil Nadu, aiming to reduce the country's
dependency on foreign battery imports. Similar investments are observed globally, such as Northolt’s funding for a battery
production factory in Germany. The emphasis on localized production is a strategic imperative for achieving affordability
and ensuring supply chain resilience. The cost of procuring lithium-ion battery packs is a primary determinant of EV
prices, and domestic manufacturing directly addresses this. Given the global concerns over lithium scarcity and the
emergence of alternative battery chemistries like Lithium-ion Phosphate and Sodium-ion , building a robust, localized
battery manufacturing ecosystem is crucial. This not only helps control costs but also mitigates geopolitical risks
associated with the supply of critical raw materials, fostering genuine self-sufficiency in India's electric mobility
transition.

5. Regional and City-wise Insights

The adoption of electric vehicles in India exhibits significant regional disparities, with certain areas demonstrating more
accelerated growth and infrastructure development due to proactive state-level policies and strategic investments.

Overall Regional Performance (2018-2028)

¢ North: This region currently dominates the Indian EV market in terms of revenue. It accounted for 42.34% of the
market share in 2022, with a value of USD 938.63 million, and is projected to reach USD 10,677.76 million by
2028, growing at a CAGR of 39.76%. States within this region, such as Haryana, Chandigarh, Delhi, Punjab, and
Uttar Pradesh, show particularly high EV registrations. Delhi, for instance, has an ambitious EV policy aiming
for 25% EV share by 2024, and EVs already constituted over 16% of total vehicle sales in December 2022. The
capital is also rapidly expanding its electric bus fleet, with a target of 1,400 e-buses by December 2023.

e South: The Southern region holds the second-largest market share, valued at USD 675.54 million in 2022, and is
projected to reach USD 7,936.59 million by 2028, with a CAGR of 40.50%. States like Karnataka and Andhra
Pradesh are actively attracting significant investments in the EV industry and are establishing sustainable
transportation infrastructure. Karnataka alone has attracted investments totalling Rs 25,000 crore across the EV
value chain.

© 2025, [JSREM | www.ijsrem.com DOI: 10.55041/IJSREM.EVIS023 | Page 164



http://www.ijsrem.com/

i ‘33{0

# IISREM
ows 87 [nternational Journal of Scientific Research in Engineering and Management (IJSREM)
RS special Edition - Volume 09 EVIS 2025 SJIF Rating: 8.586 ISSN: 2582-3930

e  West: This region accounted for USD 360.77 million in 2022 and is projected to reach USD 4,368.55 million by
2028, with a CAGR of 41.33%. Maharashtra leads EV sales across all segments, benefiting from FAME II
subsidies and actively encouraging the establishment of charging infrastructure in new constructions. The
Maharashtra State Road Transport Corporation (MSRTC) is also undertaking a significant effort to electrify its
bus fleet.

¢ East: While currently holding the smallest market share, valued at USD 241.99 million in 2022, the Eastern
region is projected to grow to USD 3,025.54 million by 2028, at a CAGR of 42.19%. States such as West Bengal
and Bihar are enhancing their EV policies and offering financial incentives to stimulate adoption.

Regional Disparities in EV Adoption and Infrastructure

While all regions demonstrate significant growth potential, the North and South regions currently lead in terms of both
revenue and volume of EV sales. This leadership is often directly linked to the implementation of proactive state-level
policies, substantial investments in local manufacturing capabilities, and the early adoption of electric vehicles in public
transport fleets.

The detailed regional breakdown reveals that EV adoption in India is not uniform but rather concentrated in specific states
within each broader region. This pattern indicates that effective state-level policies and localized initiatives, such as
targeted subsidies, mandates for charging infrastructure in new building constructions, or the electrification of public
transport fleets, serve as more immediate and potent drivers of regional growth than broad national policies alone. The
success stories observed in these leading states provide a tangible blueprint for other regions to potentially replicate. This
suggests that future policy formulation and investment strategies should consider these regional nuances. A uniform, "one-
size-fits-all" approach may prove less effective than tailored interventions that specifically address the unique economic,
infrastructural, and social contexts prevalent in different states. Furthermore, this dynamic implies that competition among
states to attract EV investments and demonstrate environmental leadership could further accelerate overall national
adoption of electric vehicles.

6. Discussion

Synthesis of Findings: Interplay of Drivers, Restraints, and Infrastructure

The Indian electric vehicle market, particularly its two-wheeler segment, is characterized by a powerful confluence of
accelerating forces. These primary drivers include robust governmental support through schemes like FAME and PLI, a
growing national awareness regarding environmental sustainability, and the compelling economic advantages offered by
lower operating costs for EVs. However, the full potential of these drivers is significantly constrained by critical
limitations. Most notably, the nascent and unevenly distributed charging infrastructure across the country, coupled with
the higher initial purchase cost of EVs compared to traditional internal combustion engine (ICE) vehicles, presents
formidable barriers. The substantial gap between the number of sanctioned charging stations and those actually installed
serves as a clear indicator of implementation challenges, directly impacting consumer confidence and exacerbating range
anxiety, thereby slowing down the pace of adoption.

Impact of COVID-19 Pandemic

The COVID-19 pandemic had a mixed but ultimately positive long-term influence on the electric vehicle market in India.
Initially, the imposition of lockdowns in FY 2020 led to a significant decline in sales and production volumes, primarily
due to the ensuing economic crisis and disruptions in global supply chains. Electric bike sales, for instance, fell by almost
55% during the initial lockdown period of April-June 2020. However, in the post-lockdown scenario, a notable shift in
consumer behaviour emerged. Public apprehension regarding mass transit and concerns over virus transmission, combined
with rising fuel prices, led to a surge in demand for convenient and affordable personal mobility solutions, particularly
electric bikes. This increased demand, coupled with continued governmental policies promoting vehicle electrification,
helped to revive and subsequently accelerate market growth, despite initial struggles in ramping up production to full
capacity.
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Competitive Landscape and Strategies

The Indian EV market is intensely competitive, attracting both established automotive giants and new-age EV specialists.
Major traditional players like Tata Motors, Mahindra & Mahindra, Bajaj Auto, and TVS Motor Company are actively
competing alongside disruptive new entrants such as Ola Electric and Ather Energy. Tata Motors holds a significant market
share in both the passenger car (51.25%) and commercial vehicle (45.96%) segments within the Indian EV market. In the
electric two-wheeler segment, Ola Electric leads with approximately 21% of the market share. Companies across the
board are heavily investing in research and development to enhance product quality, advance battery technology (including
the use of lightweight materials), and are launching aggressive advertising campaigns to capture market share. The
increasing entry of global OEMs and Chinese players into the Indian market, a trend observed in broader global EV
markets , is further intensifying this competition. This heightened rivalry is compelling manufacturers to introduce more
affordable models and drive continuous technological innovation, ultimately benefiting consumers through a wider array
of product offerings and improved performance.

Future Trends and Opportunities

The trajectory of electric mobility in India is also being shaped by several promising future trends and emerging
opportunities.

e Advent of New Battery Technologies: The industry is actively seeking alternatives to conventional lithium-ion
batteries to address persistent concerns regarding range anxiety and cost. Future trends indicate a growing
adoption of Lithium-ion Phosphate (LFP) and Sodium-ion batteries, which offer advantages in terms of
affordability, faster charging times, and potentially longer lifespans. Breakthroughs like Toyota's solid-state
battery technology, which promises to halve battery size, cost, and weight while offering a 1,200 km range and
10-minute charging capability, represent a significant long-term opportunity for the industry. India's commitment
to localized advanced battery manufacturing is evident in its plan to invest INR 8,000 crore (approximately USD
961 million) to boost EV battery production to a capacity of 20 gigawatt-hours by 2030.

e Smart Grid Technology and V2G Integration: The transition to a smarter electrical grid is crucial for ensuring
efficient and reliable power distribution, particularly with the increasing load from EV charging. Smart grids,
when combined with intelligent metering systems, enable real-time energy management and seamless integration
of renewable energy sources. Vehicle-to-Grid (V2G) technology, which allows Battery Electric Vehicles (BEVs)
to supply their stored energy back to the grid during peak demand hours, presents a significant opportunity for
energy balancing and enhancing grid stability in India. This bidirectional energy flow can transform EVs from
mere consumers into active participants in the energy ecosystem.

Porter's Five Forces Analysis (Applied to Indian EV Market)

Applying Porter's Five Forces framework provides a structured understanding of the competitive dynamics within the
Indian EV market.

o Threat of New Entrants: Moderate. While governmental policies strongly favour EV development, significant
barriers to entry exist. These include high capital requirements for establishing manufacturing plants and supply
chains, coupled with the strong brand presence and established sales networks of incumbent players like Tata
Motors. However, the rapid growth of the market and the array of government incentives continue to attract new
players, including global OEMs, which somewhat moderates this threat.

¢ Bargaining Power of Buyers/Consumers: Low. Despite an expanding range of models and competitive pricing
strategies from manufacturers, consumers' ability to significantly influence prices remains limited. This is
primarily due to the inherent costs of EV technology and the relatively nascent stage of market maturity. While
consumers benefit from various offers and discounts, their overall power to force down prices is constrained.
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¢ Bargaining Power of Suppliers: Moderate. The availability of battery and component suppliers is increasing,
yet the supply of critical components, particularly advanced battery cells, often involves a concentrated supplier
base. Long-term contracts between OEMs and suppliers, combined with ongoing efforts towards domestic
production, create a balanced dynamic in supplier power.

e Threat of Substitute Products: Moderate. Internal Combustion Engine (ICE) vehicles remain the primary
substitute, benefiting from an extensive existing infrastructure and generally lower initial costs. However,
governmental policies actively promoting EV adoption and the potential for future bans on ICE vehicles are
steadily eroding this threat over the medium to long term, driving a fundamental shift in consumer preference.

¢ Intensity of Competitive Rivalry: High. The Indian EV market is characterized by intense competition. This
rivalry is fueled by innovation and the race among players to capture market share in a rapidly expanding sector.
Established players are significantly increasing their research and development spending and forming strategic
partnerships, while new entrants are introducing disruptive technologies and business models. This high level of
competition ultimately benefits consumers through diverse product offerings and continuous product
improvement.

The discussion highlights a fundamental challenge, often referred to as the "chicken-and-egg" dilemma, concerning
infrastructure and adoption. The "lack of charging infrastructure" and "high initial expenditure" are identified as major
restraints, while "rising affordability" and "government support" are strong drivers. This creates a feedback loop: high
initial cost deters widespread adoption, which in turn slows down the return on investment for private charging
infrastructure development. Simultaneously, insufficient charging infrastructure creates significant range anxiety, further
deterring adoption, even if vehicle costs were to decrease. Governmental policies are attempting to break this cycle
through various subsidies and mandates. The global trend of OEMs approaching profitability with Battery Electric
Vehicles suggests that the cost barrier may naturally diminish over time. However, the development of charging
infrastructure remains a public good challenge that requires sustained, coordinated effort. Sustainable growth for the
Indian EV market necessitates a coordinated approach where government intervention actively de-risks private investment
in charging infrastructure, perhaps through direct funding, strategic land allocation, or regulatory certainty.
Simultaneously, continuous research and development, coupled with localized manufacturing, must drive down battery
costs faster than the market's natural progression to make EVs universally affordable without perpetual subsidies.

7. Conclusion

The Indian electric vehicle market, particularly its two-wheeler segment, is on a steep growth trajectory, poised for
significant expansion over the next decade. This growth is predominantly fuelled by robust governmental support through
schemes like FAME and PLI, a heightened national awareness regarding environmental sustainability, and the inherent
economic advantages of lower operating costs for EVs. The strategic emphasis on electrifying the two-wheeler segment
is a pragmatic approach to achieve immediate impact on urban pollution and reduce the nation's reliance on fuel imports.

However, the transition is not without its formidable challenges. The most critical impediment remains the underdeveloped
charging infrastructure, especially in semi-urban and rural areas, which perpetuates range anxiety and limits widespread
adoption. The higher initial acquisition cost of EVs, despite subsidies, also continues to be a barrier for a substantial
segment of the population. The gap between sanctioned and installed charging stations underscores a critical
implementation chasm that must be bridged for the market to realize its full potential.

Looking ahead, the future of electric mobility in India is promising, contingent upon sustained policy support, accelerated
development of a comprehensive and accessible charging network, and continued technological innovation in battery
chemistry and energy management systems like smart grids. Localized manufacturing of batteries and components will
be paramount to achieving cost parity and supply chain resilience.

For policymakers, the focus must shift from merely sanctioning projects to ensuring rapid and efficient ground-level
implementation of charging infrastructure, potentially through innovative public-private partnerships. For manufacturers,
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continued investment in research and development to enhance range, reduce costs, and develop diverse, segment-specific
EV models is crucial. For consumers, increasing awareness of long-term economic benefits and a visible, reliable charging
ecosystem will be key to overcoming initial hesitations. India's journey towards a fully electrified and sustainable
transportation future is complex but holds immense potential for environmental, economic, and social transformation.
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