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Abstract

Present transport system of conventional vehicle in India has faced challenges due to enormous amount of air pollution,
health hazards to human, rising oil price, insufficient indigenous fossil fuel reserve, heavy expenditure on oil import, energy
insecurity, etc. Electrical vehicle (EV) is considered to be alternatives of conventional vehicles that can overcome these
shortcomings. The aim of the study is to get an overview of the electric vehicle policies of government of India and its state
governments to find out their relevance and impact on EV adoption in India. Exploratory research is used in present case
to carry out the study. Currently, the EV industry in India is in preliminary condition and in growing stage. Government of
India has framed policies such as “NEMMP 2020,” “FAME-1,” “FAME-II,” and Vehicle Scrappage policy. Seventeen of its
state governments have framed EV policy. These policies facilitated various types of incentives, infrastructure development,
fund allocation, research and development, production, and sales. This will have strong impact on EV demand generation,
conversion of conventional vehicles to e-vehicle resulting E-mobility transformation and EV hub in the region that is at
par with other EV-developed countries in the world. However, lack of policy and technology availability in the domain of
disposal and reprocessing of Li-ion battery is found to be a future limitation of EV prospect in Indian context which needs
to be looked into.
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reports, India has six of the ten most polluted cities in the
world. New Delhi is ranked at the top of the world’s most
polluted capital city list, according to the World Air Quality
Report (WEF 2020). Air pollution including PM, NO,, CO,
and O; often exceed National Ambient Air Quality Stand-
ards (NAAQS) in many Indian cities. The reported annual
concentration of PM10 nationwide suggests that no areas
or cities in northern India comply with WHO (20 Mg/m?)
and NAAQS (60 Mg/m3) standard limits (Arunkumar and
Dhanakumar 2019). Traffic emissions are the main contrib-
uting sources (62 — 85%) of air pollution in India. Tailpipe
exhaust from vehicles causes serious health effects such as
carcinogenicity, mutagenicity, heart death, and respiratory
death (Kosankar and Khandar 2014). A large number of
deaths occur annually in India due to adverse health effects
due to air pollution (ICCT 2019, Alam and Khan 2020).
According to the World Resource Institutional team, climate
change is happening due to increased CO, emissions, and
their impact is being felt around the world. According to
climate scientists, at least 72% (at the 2010 level) of green-
house gas emissions must be reduced by 2050 to limit global
rising temperatures to 2 degrees Celsius above pre-trade lev-
els (Emissions gap report 2020). Humans and ecosystems
are particularly susceptible to the immediate, unexpected,
and devastating effects of global warming on all levels of
global warming. Therefore, it is urgently needed to increase
our efforts to prevent GHG emissions (IPCC 2018). India’s
greenhouse gas emissions have reached third place in the
world. According to the Copenhagen Accord 2010, India
is committed to reducing its GHG emissions by 20 — 25%
(2005 level) by 2020. Exhausts from the agricultural sector
are excluded for this purpose. India has pledged in Paris
climate change agreement in 2015 to reduce GHG emissions
by 33 — 35%, improve unconventional power generation by
40%, and include a reduction of 2.5 — 3.0 billion tons of car-
bon dioxide per year by increasing forest cover, all by 2030.

Today’s major challenges are the certainty of oil supply,
its availability now and in the future, with increasing oil
prices and environmental emissions, etc. These challenges
can be addressed by incorporating government policies with
a vision, market power, the development of fuel-efficient
automotive technologies, modern transportation systems,
and the use of alternative energy that will reduce emissions,
achieve energy security, and provide greater energy sav-
ings. 16.67% of the world’s total population lives in India
but accounts for only 0.4% of the proven estimated global
hydrocarbon reserve. Given the current growth of the Indian
transport sector, it is clear that India is becoming increas-
ingly dependent on imported crude oil supply.

The basic factors of India’s energy insecurity are very
low local oil production, low non-renewable fuel sources,
and increasing demand and use of oil. Given the fast-
growing economy and the subsequent demand for crude

oil, India is at risk of being hit by the global and territo-
rial oil supply crisis and in the realm of political instabil-
ity. Domestic oil production in India can meet only 25%
of its demand and import balance oil. With oil imports,
India is just behind China and the USA (Babajide 2018).
According to a January 2014 estimate, there are only 1.642
trillion barrels of oil available worldwide. The earth can
survive only 50 years with this reserve because daily oil
consumption is about 90.5 million barrels (Festus 2018).
India’s oil reserves are neglected compared to other coun-
tries in the world. The problem the nation will face from
the current transport system is emissions from a vehicle
which include the addition of air pollution. Urban cities
face health risks due to exhausts from vehicles, climate
change and global warming due to greenhouse gas (GHG),
energy security and reliance on imported oil, limited fossil
fuel reserves stored in the world, and heavy spending of
Forex reserves on oil imports.

Electric vehicles (EV) can be an alternative to conven-
tional transport in India in reducing emissions from vehi-
cles and improving energy security which will lead to a
reduction in oil imports and cost savings. Zero tailpipe
exhaust, low power consumption, energy efficiency, quiet
and smooth operation, renewable energy growth, and low
maintenance are factors that can be solutions to the cur-
rent problems of the standard transport model. Presently
Indian automobile industry is experiencing a dilemma of
expecting new openings of business, growth, and oppor-
tunities with EV adoption and concerned about its short-
comings. The industry is concerned about acceptance of
EV in automotive sector. The EV industry aims to launch
various products in the coming years. However, the suc-
cess of electric cars is still not promised. Costs, range,
battery, and charging issues are the biggest challenge. The
EV four-wheeler sales per year are still in few thousands,
whereas globally more than 2.6 million EVs are sold. EV
two-wheeler sales have gathered momentum, but sales
figure in other segments of EV are not very satisfactory.

Against this backdrop, this study examines national
and regional EV policies adopted in India apart from
their impact on electric mobility adoption. This study is a
first attempt to provide a detailed summary of EV policies
and their impact on EV adoption in India. Exploratory
research design is used in the present study to obtain an
understanding of electrical vehicle acceptance in India.
Policy documents related to electrical vehicles framed by
various state governments and the central government of
India are extracted from ministry websites of each state.
This review of policy drafts explores the various issues
and challenges of EV adoption in India. India is one of
the largest contributors of GHG, and a transition towards
green and clean transportation will contribute significantly
towards their reduction (Fig. 1).
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Fig. 1 India’s Carbon emissions
from transport (% of total fuel
combustion). Source: WDI,
World Bank
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Significant growth in the production and sale of electric
vehicles has been observed worldwide. The volume of the
world’s electric car has crossed 10 million units by 2020.
This is 43% more than the 2019 figure. By 2020, 67% of
new electric vehicle registrations are electric vehicle bat-
teries (BEVs). China has the largest fleet (4.5 million),
and Europe has the highest number of electric vehicles per
year to reach 3.2 million marks. Norway has the largest per
capita EV owners in the world. Germany, the UK, France,
Norway, Italy, Switzerland, the Netherlands, and Sweden
are a major EV market. Some countries such as Australia,
Austria, Canada, Spain, Italy, New Zealand, and Japan use

good numbers of electric vehicles. The increase is hap-
pening very fast in the electric field of two/three wheels,
buses, and trucks due to rapid technological advances.
The estimated number of new electric vehicles regis-
tered in 2020 is 3 million. This is the first time that 1.4
million new registrations have taken place in Europe.
China took second place with 1.2 million registrations,
and 295,000 new electric vehicles were registered in the
USA. Registration for new electric vehicles in Germany
and France is 395,000 and 185,000, respectively. The UK
has 176,000 new EV registrations. The electric car sales
share in Norway achieved a record high of 75% from the
2019 figure. Sales of electric vehicles in Ireland, Sweden,
and the Netherlands increased by 50%, 30%, and 25%,
respectively, from the previous sales (Figs. 2 and 3).

Fig.2 EV global registration
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Fig.3 Global EV stock
(2015-2020). Source: Global
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EV scenario in India

Currently, the EV industry in India is in preliminary con-
dition and is growing day by day. Electric types of cars,
buses, vans, heavy trucks, small tractors, tractor trucks,
rickshaws, car cycles, motorcycles, solar boats, etc. are
now available in the Indian market. Car manufacturers
with brands like Tata, Maruti, Mahindra, Hyundai, Mer-
cedes Benz, Bajaj, TVS, Hero, and Ather have already
entered the categories of electric vehicles in India. Many
of the above companies have already established EV pro-
duction centers in India. The public charging system is
rapidly evolving. Rapid DC chargers and AC chargers’
complete applications are included in the form of pub-
lic access, workplace charging, car charging, residential
properties, supermarket charging, highway charging, cin-
ema halls, etc. Leading Li-ion battery (EV) manufactur-
ing brands which include Tesla and Amperex Technology

Company Ltd have planned to set up battery production
plants in different parts of India. Presently around 5 lakh
electric two-wheeler vehicles and a few thousand electric
cars and buses are running on Indian roads. The EV sales
in India are growing day by day. 1.52 lakh two-wheeler
units, 3400 units of cars, and 600 bus units are sold in
India in 2020. India’s EV sales figures for the past 5 years
are shown in Fig. 4.

E-rickshaws are still considered part of the informal sec-
tor. Therefore, its sales of 90,000 units are not considered
here. According to SMEYV, the two-wheeled electric sector
has played a major role in the growth of EV sales in India.

Government initiative on EV

Government of India has taken several initiatives for smooth
electric mobility adoption. These are highlighted below:

Fig.4 Electric vehicle sales in
India (2015-2020). Source:
SMEV Data
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e “National Electric Mobility Mission Plan 2020
(NEMMP)”: Department of Heavy Industry has intro-
duced the plan in 2013 for long-term plan targeting rapid
manufacture and EV acceptance in India.

e “Faster Adoption and Manufacturing of Hybrid and
Electric Vehicles in India Phase-1 (FAME-I)”: It was
launched in April 2015. Demand generation, technol-
ogy base, experimental projects, and basic facilities of
charging system were focused to promote EV. Incentive
for reduced purchase price was one of the highlights of
“FAME-1.”

e “FAME-II": It was introduced in 2019 for 3 years. Vari-
ous incentives on the purchase price and development of
changing infrastructure were the main focus of “FAME-
I [51].

¢ Amendments of “FAME-II": It was introduced on 11 Jan
2021 by the Department of Heavy Industry. The high-
lights are as follows:

— Subsidy of electric two-wheeler linked with Battery
size.

— Subsidy of electric two-wheeler increased from
Rs10,000/KWh to Rs15,000/kWh.

— Eligibility criteria of minimums range of 80KM on
single change and min top speed of 40 km/h have
been fixed.

— Electric top wheeler manufacture can give up to 40%
discount to consumers on eligible E-2 wheelers.

A policy on changing infrastructure for faster EV adop-
tion was issued by the Ministry of Power. The policy defined
EVs changing as service, and no license is required to oper-
ate an EV charging station. Ministry of Road Transport
and Highways has taken a policy decision. The policy says
all battery electrical vehicles will be provided with green
license plates, and these will be exempted from the commer-
cial permit requirement. National Mission on Transformative
Mobility and Battery Storage Plan has been approved. The
plan will facilitate setting up large-scale plants for battery
and cell manufacturing across. This will support localized
production and indigenous electric vehicle supply chain.

EV policy of state governments

The actual realization of EV acceptance will be visible
only when various state governments, union territories, and
local bodies implement these policies and measures on the
ground. Thus, state governments have framed their policies
in addition to government of India’s policies for the promo-
tion of EV adoption in their respective states. These will
facilitate the states to become attractive destinations for
manufacture, assembly, sales, and service hub. At the same
time, the state will be benefitted from reduced emissions,

@ Springer

employment to locals, fewer health issues, etc. As of now,
sixteen states have issued either approved or draft EV policy
mentioning plans, targets, subsidies, incentives, and other
facilities to promote EV adoption. These policies are sum-
marized below.

e Andhra Pradesh (approved June 2018): 1,000,000 EVs
are to be on the road by 2024. Refund of road tax and
registration fee for the sale of EVs until 2024. E-buses
are compulsory for public transport in four cities by 2024
and in all countries by 2030. One lakh (100,000) slow
and quick charging stations by 2024. “Green days” will
be celebrated for creating awareness among the public
(Andhra Pradesh electric mobility policy 2018).

e Bihar (drafted June 2019): To convert all cycle rickshaws
to e-rickshaws by 2022. INR 12,000 ($ 163) subsidy for
the end-user, as well as an additional INR 10,000 ($ 136)
special subsidy, to encourage lithium-ion battery rick-
shaw. It promotes the production of e-rickshaws. Charg-
ing stations will be set up at every 50 km distance on
state and national highways. Commercial and residential
complexes will be facilitated with an EV charging system
(Bihar electric vehicle policy 2019).

e QGujarat (drafted September 2019): 100,000 EVs deploy-
ment on the road by 2022. The distribution of the EVS
should be 80% 2-wheelers or scooters, 14% 3-wheelers,
4.5% personal cars, and 1.5% buses. 100% exemption
from registration fee and 50% exemption from automo-
bile tax. One hundred percent exemption from electricity
tariff for EV charging stations. Additional aid at the state
level to supplement the national accelerated hybrid adop-
tion and production EV (FAME) II scheme. A separate
policy for charging stations will be framed by the state
government (Gujarat state electric vehicle policy 2021).

e Himachal Pradesh (drafted Sep 2019): One hundred per-
cent switch to EVs target by 2030. The use of hybrid EVs
by state-owned enterprises during the transition. Dedi-
cated charging infrastructure, development of the inde-
pendent player model, and provision of charging facili-
ties on commercial premises are encouraged (Himachal
Pradesh electric vehicle policy 2019)

e Karnataka (approved Sep 2017): One hundred percent
e-transportability in auto-rickshaws, taxi aggregators,
corporate transports, and school bus/vans implementa-
tion by 2030. Introducing 1,000 EV buses to the public
transport system. A stimulus such as interest loans for EV
production enterprises. Fund for a start-up for e-mobility,
and the construction of an indirect market for batteries.
One hundred twelve charging stations for EVs will be
installed in Bangalore city (Karnataka electric vehicle
and energy storage policy, 2017).

e Kerala (approved March 2019): One million EV units
on the road by 2022 and 6,000 public transport e-buses
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by 2025. Incentives such as state tax holidays, road tax
exemptions, tax payments, free pilots permit, and free
parking. Fund allocation for e-buses, EV-parts produc-
tion, and government transports. Establishments for
e-transportation exhibition venues in potential locations
such as tourist centers, technology centers, and built-in
metropolitan areas (The draft policy on electric vehicles
for the state of Kerala 2018).

Madhya Pradesh (approved October 2019): One-fourth
of all new public transport registrations will be the
electric vehicle by 2026. Incentives such as waiver on
the license fee, refund of toll, forgoing road tax/motor
vehicle registration for 5 years, 100% free parking on
any municipal company operating e-rickshaw parking
area for 5 years. Stop registration for new conventional
combustion engines vehicles in other cities. Setting up
secure, reliable, and inexpensive infrastructure. Promo-
tion of renewable energy use in charging infrastructure
(Madhya Pradesh electric vehicle policy 2019).
Maharashtra (approved February 2018): EV target of
10% of new vehicle registration by 2025. To achieve
25% electricity-driven public transport in six identified
city areas by 2025. Conversion of 25% state own bus
to e-bus. To make Maharashtra the highest number of
EV-producing states. To install 2375 charging stations
in various city areas and national highways. The gov-
ernment will purchase the only EV from April 2022
onwards. Companies engaged with logistics, delivery,
and e-commerce will have one-fourth of their complete
fleet as EVs by 2025. Property tax rebates for charging
facility installed by private owner. Financial incentives
to the tune of INR 29,000/to INR 275,000 for various
types of EVs. INR 10,000 and INR 500,000 incentives
for slow and fast charging infrastructure (Maharashtra
electric vehicle policy 2021).

New Delhi (approved August 2020): One-fourth of the
total new vehicles registered in the city will be EVs by
2024. At least 50% of all new stage buses for a city under
purchase plan will be e-buses. Deployment of 1,000
e-buses by 2020. Purchase incentive for INR 10,000 ($
136) per kWh of battery size provision for 4-wheelers
electric (motor) vehicles. INR 5,000 financial help ($ 68)
per kWh of battery size will be provided for the purchase
of two-wheeled vehicles and is subject to a maximum
incentive of INR 30,000 ($ 409) per vehicle. Encourage-
ment to discard and re-register old conventional two-tire
motor vehicles. INR 30,000 ($409) incentives for the
purchase of each e-auto, e-rickshaw, and e-van (Delhi
electric vehicle policy 2020).

Punjab (drafted November 2019, awaiting approval):
One-fourth of total vehicle registration will be EVs
for the next 5 years. Growth of two-wheeled electric-
ity-driven vehicle share to 25% of new sales. Twenty-

five percent of the Department of Transport’s buses
to become e-buses and increasing the share of e-taxis
to 25%. One hundred percent automotive vehicle tax
exemption on private EVs for 5 years. Free registration
and license for commercial vehicles for 5 years (Punjab
electric vehicle policy 2019).

Tamil Nadu (approved September 2019): Five percent of
buses to convert e-buses annually by 2030. Converting
shared vehicles, institutional vehicles, and e-commerce
delivery and transport vehicles into EVs by 2030. All
auto-rickshaws in six major cities will be converted into
electric vehicles in about 10 years. Business start-up
funding and business incubation services to be estab-
lished to encourage the start of EV. All employees work-
ing in EV production units will receive a skills renewal
grant. One hundred percent exemption from electricity
tariffs by 2025 for EV-related and charging infrastruc-
ture production units (Tamil Nadu electric vehicle policy
2019).

Telangana (approved August 2020): Target of EV sales
as 80% of all two- and three-wheel segment, 70% all
range commercial vehicles segment, 40% buses, 30%
personal vehicles, and 15% electrification of all vehicles
by 2025. Job creation of 20,000 numbers by 2025 in EVs
and shared travel, infrastructure development for charg-
ing, and EV production activities. To attract $ 3.0 billion
funding for infrastructure growth for charges. Production
of lithium batteries for high mileage EVs will be encour-
aged with the policy framework and financial incentives
(Telangana electric vehicle policy 2017).

Uttar Pradesh (approved August 2019): Target of one
million EVs roll out in all segments of vehicles by 2024.
One thousand electric buses will be deployed on road.
Seventy percent of EV public transport will be oper-
ated on ear-marked green routes in ten cities by 2030.
Conventional commercial fleets and logistics vehicles to
phase out and achieve 50% EV mobility in goods trans-
portation in identified ten EV cities by 2024 and all cities
by 2030. Single-window approval system for EVs and
battery manufacturing units. EV charging infrastructure
provision will be encouraged for all new apartments,
high-rise buildings, and technology parks. Establishment
of research and development hub for EVs and next-gen-
eration battery management systems. To promote more
research and development in e-mobility in universities
and colleges (Uttar Pradesh electric vehicles manufactur-
ing policy 2018).

Uttarakhand (approved Dec 2019): One hundred per-
cent electricity duty exemption, subsidy for a bank loan,
and EPF reimbursement for skilled/semiskilled labor
for 5 years for EV manufacturing. Concession of land
cost in SIIDCUL. Facilities such as SGST reimburse-
ment, stamp duty exemption, environment protection,
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skill development, and EV mobility incentives. Incen-
tives for the development of EV charging. Development
of green highways. No motor vehicle tax for the first
100,000 customers. Special concession for EV battery
manufacturing, development, and charging and swapping
infrastructure (Uttarakhand electric vehicle policy 2019).

e West Bengal (approved June 2021): Target to achieve
one million EVs in all sectors in 5 years. To develop
100,000 charging stations in 5 years. Intercity corridor
for EV with charging station in every 25 km. Set up of
green zone e-mobility cities (West Bengal electric vehi-
cle policy 2021).

e (Qdisha (approved Feb 2021): Twenty percent EV adop-
tion target by 2025. Subsidy on purchase of E-vehicles.
Subsidized parking zones for EV. Facilities such as an
interest-free loan for EV purchase exemption on road tax
and registration fees. Reimbursement of 100% state GST
on sale and manufacturing of EV. Capital subsidy for
charger installation. Financial benefits for scrapping old
vehicles. All types of business on EVs and their parts
will be encouraged (Odisha electric vehicle policy 2021).

e Meghalaya (Approved 2021): 15% EV adoption by 2025.
Purchase subsidy for purchase of EV. Setting up charging
infrastructure at government own buildings and commer-
cial buildings (Meghalaya Electric Vehicle Policy 2021).

Findings

The rapid and steady growth of EV adoption is observed
globally. China is leading in EV adoption in terms of pro-
duction, sales, and registration. There is stiff competition
between China and Europe in terms of EV adoption. The
remarkable growth in EV adoption is also found in the
USA. Many other countries are also found to be adopting
EVs. Some growth of EVs adoption was observed in India

also. Only 5 lac EVs stock was found in India against 10
million global EVs stock.

Government of India and various states/UTs of India
have taken several initiatives in terms of policies, plan,
and target for faster adoption of EVs in India. Incentives,
subsidies, charging infrastructure development, and set-
ting up manufacturing plants for EVs and its components
have been observed. Special emphasis has been given in
government planning on EVs battery and cell production.
Research and development activities to facilitate growth
of EV chain are also being taken care of in the long-term
planning. Figures 5 and 6 present the support given by
central government for the promotion of electric vehicle
adoption in India. Subsidies on EVs have increased eighty
times from 2 USD million in 2014 to 161 USD million
representing a growth of 79.5%.

Concessional goods and services tax on electric vehicles
have increased from mere INR 61 crore in 2014 to INR 41.7
crore in 2020. Similarly, concession on electric buses has
shown a phenomenal growth from INR 0.6 crore in 2014
to INR 127.9 crore in 2020. Government of India’s support
towards faster adoption and manufacturing of hybrid and
electric vehicles has increased from INR 89.1 crore in FY
2016 to INR 500 crore in FY2020.

Similarly, initiatives from central and state government
enhanced EV sales (e-2Ws and e-cars) by seven times in
the last 5 years (2016-2020) and is expected to increase
by 26% by 2023 and 30% by 2030 (Fig. 7). If EVs account
for 30% of India’s car sales by 2030, there will be a host of
benefits like 16 Mt CO, of GHG emissions reduction; INR
1.1 lakh crore worth of savings with 15% reduction in crude
oil import bill; INR 2.1 lakh crore of value added generated
in EV powertrain, battery, and charger manufacturing sector;
1.2 lakh jobs created in EV powertrain, battery, and charger
manufacturing and electricity generation sector; and 9 to
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Fig.6 Central government sup-
port to electric vehicles (EVs)
(in INR crore)
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20% lower TCO for EV users compared to ICE vehicles in
the case of 2 W, 3 W, 4 W, and buses (Soman et al. 2020).

Discussion

The automobile sector is a vital contributor to the Indian
economy. It is a $93 billion industry. Seven percent of India’s
GDP comes from the automobile sector. In India’s total auto-
motive vehicle, sell were 23 million considering all seg-
ments. More than 4 million unit vehicles per year have been
exported in the last 4 years. As per the India Infoline news
service, India is the largest tractor manufacturer, second

largest two-wheeler and bus manufacturer, fourth largest car
manufacturer, and fifth largest heavy truck manufacturer in
the world. India has proven capability of sales and export
of automobile products in the world. So, the required basic
infrastructure of manufacturing and sales of electric vehicles
is already present in India. Indian government has taken all
steps in terms of long-term planning, strategy, policy formu-
lation, and infrastructure creation of a pollution-free mobil-
ity system which will faster speedy induction and growth of
electric vehicle industry. Growing fuel price and insufficient
domestic production of crude oil is a major issue in India
that will compel Indian people to avoid using conventional
vehicles and attract electric vehicles. The major barrier of
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the electric vehicle observed by researchers in the Indian
context is the price of the vehicle, charging infrastructure
such as charger density, charging time, range, and battery
cost. Government of India has taken aggressive plans to
neutralize the changing issues, technological development
in the battery management system, raw materials, and rapid
expansion of domestic production that will not only increase
range but also reduce battery cost. Regular reduction per
KWH battery cost is visible in the market. The growth and
firm expansion plan in renewable energy production in India
will reduce power costs and increase availability that will
further increase electric vehicle usage in India.

The government of India has already placed a vehicle
scrappage policy in 2021 to reduce vehicle-related pollution
by declaring the end-of-life vehicle after use of stipulated
life and mandatory requirements. Financial benefits will be
provided for vehicle scrap, and additional taxes will have to
be paid to retain aged vehicles. This policy facilitates a scrap
value of 4 to 6% of ex-showroom price. The life of personal
and commercial vehicles is fixed as 15 years and 20 years,
respectively. A good amount of green tax will be imposed
all over India for all conventional vehicles. It means a great
number of vehicles will be scrapped in India every year. An
accordingly equal number of additional vehicles or demands
will be created in the automobile sector. Initially, this addi-
tional demand may go in favor of conventional vehicles due
to the comparatively low purchase price and existing mind-
set of customers. These may again vary sector to sector. For
example, additional demand in two- and three-wheeled vehi-
cle sectors will go to electric version two and three wheelers
due to purchase price competitiveness and low operation
cost. However, in the long run, EV vehicles in all sectors
will see benefits due to vehicle scrappage policy considering
steady downfalls of the EV purchase price and battery price.

Conclusion and policy implications

The rapid and steady growth of EV adoption is observed
globally. China, the USA, Germany, the UK, France, Nor-
way, Italy, Switzerland, the Netherlands, Sweden, Australia,
Austria, Canada, Spain, Italy, New Zealand, and Japan are
the leading countries in EV acceptance. Major factors behind
EV success in these countries are found to be a strong policy
framework, financial and non-financial incentives, effective
charging infrastructure, electricity availability with a proper
mix, green lifestyle, consumer information, and awareness
campaign and wide availability of EV model, etc. The vol-
ume of the world’s electric car has crossed over ten million
units by 2020. Currently, the EV industry in India is in pre-
liminary condition and a growing stage. The government of
India and the majority of its state governments have taken
strong initiatives in terms of strategy, policy formulation,
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infrastructure development, incentives, fund allocation,
research and development, production, and sales at par with
other EV-developed countries in the world.

Although India has entered the electric vehicle sector
a little bit late with slow growth in four-wheeled vehicle
segments, good progress was observed in two-wheeled seg-
ments. Electric types of cars, buses, vans, heavy trucks,
small tractors, tractor trucks, rickshaws, scooters, cycles,
motorcycles, solar boats, etc. are now available in the Indian
market. Car manufacturers with brands like Tata, Maruti,
Mahindra, Hyundai, Mercedes Benz, Bajaj, TVS, Hero, and
Ather have already entered the categories of electric vehi-
cles in India. Many of the above companies have already
established EV production centers in India. This is the result
of initiatives taken by the government of India. However,
India should act more vigorously towards charging infra-
structure creation and broad credit policy such as an easy
and low-interest loan from a bank and financial institution
and create awareness about benefits of e-mobility, govern-
ment subsidies, incentives, etc. People will be forced to
adopt E-mobility considering its benefits. Government must
convince automobile sellers and producers to act towards
EV expansion. All state governments should take concrete
steps to ensure electricity availability everywhere round the
clock. Very soon, India will dominate the EV sector like
conventional vehicle production, sales, and export business
provided the plan and strategies initiated by central govern-
ment and state governments are implemented and executed
in reality.

Extraction and production of raw materials like graphite
powder, lithium, cobalt, and nickel which are required for
Li-ion batteries for electric vehicles are extremely detrimen-
tal to the environment. These activities are adding problems
like air pollution, groundwater depletion, ecology damage,
soil contamination, and acidification of water sources. More-
over, the majority of the present reserve of the above raw
materials is located in very few countries such as Congo,
Australia, Brazil, Turkey, China, South Africa, and Ukraine.
A massive number of EV batteries will be dumped per year
due to their end life, and it will be colossal damage to our
environment unless we have a systematic battery disposal
process. It may create tremendous health hazards to human
beings. Reprocessing of used EV battery is one of the solu-
tions of end-use battery disposal system, but it is in the very
primitive stage in terms of policy, infrastructure, technology,
and operation.

The motive behind discarding conventional fossil fuel-
fired vehicles in our transportation system is to reduce envi-
ronmental pollution in the form of tailpipe emissions and to
avoid the use of fossil fuels considering its growing price,
limited stock, and endanger energy security. An electric
vehicle will certainly fulfill the above requirements during
its use stage, but extraction of battery materials and their
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after-use disposal are a matter of concern for our environ-
ment. Our energy security will be endangered unless found
out sufficient mines for battery materials in our country or
indigenously produced materials are used for EV battery
production. These are the limitations of the present study,
and more work in these aspects will certainly be beneficial
to prospects of the EV industry.
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