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Abstract

Electric vehicles reduce pollution only if a high percentage of the electricity mix comes from renewable sources and
if the battery manufacturing takes place at a site far from the vehicle use region. Industries developed due to increased
electric vehicle adoption may also cause additional air pollution. The Indian government has committed to solving
New Delhi’s air pollution issues through an ambitious policy of switching 100% of the light duty consumer vehicles
to electric vehicles by 2030. This policy is based on vehicle grid interaction and relies on shared mobility through the
electric vehicle fleet.

1. Background of the Study

The Indian automobile industry is the 5" largest in the world and is expected to become the third largest by 2030, with
a total of 8.7 lakh active EVs on Indian roads (December 2021). As the population rises and demand for vehicles
grows, dependence on conventional energy resources is not a sustainable option as India imports close to 80% of its
crude oil requirements. According to information aggregated by India Energy Storage Alliance (IESA), the
consumption of batteries is expected to be more than 36 GWh by 2025. During the 2020-2027 period, the EV sector is
assessed to consume around 250 GWh of batteries. Over the last three years, 0.52 million EVs were registered in India.
NITI Aayog further aims to achieve EV sales penetration of 70% for all commercial cars, 30% for private cars, 40%
for buses and 80% for two and three-wheelers by 2030. This is in line to achieve net zero carbon emission by 2070.
As per IESA, the Indian EV industry is expected to expand at a CAGR of 36%. The electric vehicle market is estimated
to be INR 50,000 crores Global Passenger EV Sales (in millions) / % EV Market Share Page 5 of 30 7.09 billion)
opportunity in India by 2025. Total charging stations in India increased by 285% YoY in FY22. The EV industry in
India is likely to create 5-crore jobs by 2030. Investment flow into EV start-ups in 2021 touched an all-time high,
increasing nearly 255% to reach INR 3,307 crore (US$ 444 million). In 2021, spending on electrical architecture
development, such as battery development, electrification, e-motors and power electronics, came up to INR 48,215
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crores (US$ 6.39 billion). The Government of India has taken multiple steps to tap the potential in the EV Industry.
NITI Aayog aims to achieve EV sales penetration of 70% for all commercial cars, 30% for private cars, 40% for buses
and 80% for two and three-wheelers by 2030. Several schemes have been taken to promote faster EV adoption, creation
of charging infrastructure and manufacturing ecosystem. The key initiatives of the Union Government includes - 1)
Govt of India for EV is Faster Adoption & Manufacturing of (Hybrid &) Electric Vehicles (FAME) in 2015 for
promoting growth and early adoption of hybrid and electric vehicles in the country. In its phase-2, the scheme was
launched with a budget outlay of US$ 1.3 billion (INR 10,000 crore) to support 1 million e-two-wheelers, 0.5 million
e-three -wheelers, 55,000 e-passenger vehicles and 7,000 e-buses. The Government extended the scheme until 2024,
as announced in Union Budget 2022-23. Other initiatives taken up by Government of India for faster adoption of EVs
include reduction in ‘Custom duties’ on EV and related component (2019), reduction in GST rates on EV from 12%
to 5%, rebate in Income Tax upto Rs 1.5 lakh announced to customers on interest paid on loans to buy EV. 3)
Production-linked incentive (PLI) scheme for advance chemistry cell (ACC) was launched in June 2021 to promote
indigenise battery manufacturing in India. The scheme provides Incentives on sales and domestic value addition made
by the investor. It was a tender based selection scheme, wherein total of 10 bids for manufacturing ACC battery with
capacity of 130GwH was received. 4) Production Linked Incentive (PLI) Scheme for Automobile & Auto Components
was launched in September 2021 which includes promotion of indigenize manufacturing of Battery Electric Vehicle
& Hydrogen Fuel Cell Vehicle Components. The scheme provides incentive on sales to Original Equipment
Manufacturers (OEMs). In phase-1, 115 applications have been filed and by March 2022, 95-applicants have been
approved. 5) Several guidelines and strategy documents have been notified by the Union Government which includes,
the National Electric Mobility Mission Plan (NEMMP) 2020, Model Building Bylaws 2016 (Amended in 2018) &
Urban Regional Development Plans, Guidelines and Standards for Charging infrastructure for EVs, National Mission
on Transformative Mobility & Battery Storage, Scrapping Policy, etc

2. Review of literature

In this section, the need of EVs is stated, followed by a discussion of related previous works in the domain. The
transportation sector is the third-largest CO2 emitter in India, which accounted for around 11% of the total CO2
emissions in 2016 (Janssens-Maenhout et al., 2017). In the last decade, electric vehicles (EVs) have emerged as the
potential alternative to internal combustion engine vehicles (ICEVs) to curb fossil fuel consumption (Abouee-Mehrizi
et al., 2020). However, there are many barriers to the consumer adoption of EVs, such as high upfront cost, lower
driving range, and lack of trust in EV technology. These challenges become even more pronounced in emerging
economies like India due to lower disposable income of consumers, poor charging infrastructure, and lack of awareness
about EV technology. (Government of India, 2019a, Government of India, 2019b; Vidhi and Shrivastava, 2018)

To create effective policies for the spread of electric vehicles (EVs) in India, consumer preference elicitation is
essential. According to a recent study on EV demand in India, typical utility calculation methods do not yield
willingness to pay estimates that are as realistic as those obtained by accounting for reference reliance. According to
our findings, Indian buyers are prepared to shell out an extra $10-34 to shorten the fast-charging time of one minute,
$7-40 to increase the driving range of EVs to 200 km, and $104-692 to save $1 per 100 km in operating costs. (Bansal
et al., 2021)

There are a number of reasons why electric vehicles (EVs) are becoming more popular, such as their lower cost and
increased awareness of environmental issues and climate change. This study examines the developments in electric
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vehicle (EV) technology with respect to battery trends, charging techniques, and novel research opportunities and
difficulties. More precisely, an examination of the state of the global EV market and its prospects is conducted. Since
batteries are a key component of electric vehicles (EVs), this article provides an extensive overview of battery
technologies, ranging from lead-acid to lithium-ion. In addition, we go over the various standards that are available for
EV charging as well as suggestions for power control and battery energy management. (Sanguesa et al., 2021)

Many nations have hastened the development of electric vehicles in an effort to lessen their reliance on foreign oil and
their contribution to environmental pollution. Using EVs—especially battery electric vehicles—is seen as a way to
address the environmental problems and energy dilemma. For the purpose of their potential future applications, this
article offers a thorough analysis of the technological advancements made in EVs and upcoming technologies. A
summary of the main technologies pertaining to electric motors, batteries, charging infrastructure, and control of EVs
is provided. As an additional contribution, this study also discusses the technological obstacles and new developments
that will need to be addressed in order to increase the efficiency, dependability, and safety of EVs in the future. (Sun
etal., 2019)

Numerous alternative energy sources are being researched for hybrid cars in an effort to supplement the world's
depleting petroleum supply. Because fossil fuels have negative consequences on the environment, there is growing
concern over their usage in automobiles. For use in vehicles, sources such as batteries, fuel cells (FC), super capacitors
(SC), and photovoltaic cells, or solar cells, are being researched. The next generation of transportation, the hybrid
electric vehicle (HEV), can be powered by combinations of various renewable energy sources. This study examines a
number of HEV-related topics and methodologies related to the propulsion system, power conditioning, and energy
management system (EMS). Included are further HEV-related fields including DC machines and vehicle systems.
Detailed explanations of a variety of type models and algorithms built from experimentation and simulation are
provided. The table provides a summary of the various HEV system combinations' performances along with pertinent
references. This study offers a thorough analysis of hybrid electric vehicles, including models, energy management
systems (EMS), and source combinations created by different researchers. After a thorough evaluation, it was found
that while current technologies are largely capable of handling hybrid electric vehicles (HEVS), their dependability
and intelligent systems still need improvement. As a result, numerous aspects, difficulties, and issues related to
sustainable next-generation hybrid vehicles have been highlighted in this research. (Hannan et al., 2014)

The world is becoming more and more polluted, despite efforts to cut CO2 emissions and preserve the environment.
The introduction of electric vehicles (EVS) is one such endeavor. Since the transportation industry is one of the largest
emitters of CO2, turning it into a green industry is crucial. The Indian government has devised ambitious plans to bring
EVs to the Indian market and stay up with the global EV development. NEMMP 2020, the National Electric Mobility
Mission Plan, has released a comprehensive analysis on EVs. (Kumar et al., 2019)

Environmental pollution is a major challenge on a global scale right now. One of the main sources of air pollution is
the toxic emissions produced by internal combustion engines. Electric vehicles (EVs) are being actively pushed
worldwide in an effort to solve environmental concerns (ECs) and lessen the consequences of fossil fuel emissions.
Governments all over the world are enticing people to convert to electric vehicles by offering incentives. According to
earlier research, customer adoption of electric cars is hampered by their high cost, lack of infrastructure for charging,
and concern related to time and range. By 2030, the Indian government wants to see "only Electric Vehicles" on the
road. This modern piece looks at the various aspects that influence a consumer's decision to acquire an electric vehicle.
The study's respondents are Indian car owners who currently possess vehicles. Structured Equation Modelling was
used to analyze the data (SEM). One significant mediator that has an impact on the uptake of electric vehicles is
attitude, or ATT. (Khurana et al., 2019)
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Encouraging the widespread use of Battery Electric VVehicles in developing nations such as India is a challenging task,
despite its necessity. The drivers, obstacles, and support systems necessary to ensure the success of this transformation
are all examined in this qualitative study. 41 in-depth interviews with a variety of stakeholders were carried out,
including government representatives, academicians, suppliers, BEV owners, and manufacturers of automobiles. The
government's propensity to fund R&D and to provide both monetary and non-monetary incentives were noted as
important motivators. Major obstacles included inadequate infrastructure, a high manufacturing cost resulting from the
importation of raw materials, frequent technical problems with the product, and a lack of legislative backing for
customer incentives. Support strategies could include effective government and industry awareness and promotion
efforts, improved industry-academia collaboration, ongoing testing, and vehicle performance improvisation. (Chhikara
et al., 2021)

Since 1828, electric vehicles have been well-known yet as internal combustion engine technology advanced, they have
fallen from favour. The idea of a sustainable and environmentally friendly future has come up again in the last ten or
so years, but there are many obstacles in the way of its effective application in urban areas. India's reliance on fossil
fuels, its dearth of lithium sources, its difficulties integrating the grid, the high weight of its electric vehicles, and the
absence of infrastructure for charging stations in urban areas have all contributed to the country's difficulty in
embracing electric vehicles. This addresses the obstacles to the widespread use of electric vehicles in urban areas. To
remove these obstacles, India must strengthen and implement an appropriate regulatory framework, as well as focus
on raising public and consumer knowledge.(Panwar et al., 2019)

As part of the EV30@30 Campaign, India hopes to reach a 30% electric vehicle (EV) share by 2030, given the
significant connections between electric vehicles and several sustainable development targets. According to
projections, the shift to electric vehicles (EVs) would reduce the amount of petroleum fuels currently used for road
transportation, shift consumer demand from internal combustion engine-based automobiles to EVs and necessitate the
installation of additional electricity and a charging infrastructure network in order to power EVSs. Numerous
stakeholders will be impacted by these changes in various ways. This article is a humble attempt to document India’s
anticipated electric vehicle (EV) transition and its implications for stakeholders. The impact assessment conducted by
stakeholders under different scenarios indicates that while the power sector is projected to benefit from new investment
and commercial prospects, the petroleum, automobile, and federal and state governments would find the transition
difficult. This report suggests reforming the automotive sector, fostering stakeholder collaboration, and imposing
green/pollution fees on ancillary goods and services in order to facilitate a seamless transition to electric vehicles.
(Chaturvedi et al., 2022)

Today's globe depends heavily on Electrical Vehicle (EV) technology because of its low operating costs, net zero
emissions, and environmental friendliness. In major countries, the use of electric cars (EVs) may have lessened reliance
on automobiles with internal combustion engines (ICEs) and alternative mainstream transportation systems. When
comparing fuel economy from tank to wheel and well to tank, the EV has an overall efficiency of 77%, whilst the ICE
only has 13%. It can be seen from this that EVs are six times more efficient than ICE cars. But because of the EV's
short travel range, as well as other significant problems with charging infrastructure and high cost, the world was
unable to adopt it. This essay examines the need for further development in the field of electric vehicle technology and
lists the drawbacks of existing EV innovations. This study primarily focuses on the Indian market because EV sales
there have treble recently. It also identifies some significant barriers to EV growth. The report also covers current
research and creative business initiatives in the fields of energy management, battery energy storage, and charging
infrastructure. These areas need to progress to match the ease and affordability of internal combustion engine (ICE)
vehicles. The report concludes with predictions regarding the development of various electric car technologies. In order
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to promote sustainable development, the work's debate aims to pinpoint the requirements and create an advanced EV
technology model that best serves the Indian populace. (Hema et al., 2022)

India lacks a specific policy or strategy, which has caused it to lag behind other nations in the deployment of electric
vehicles (EVs). In contrast, in order to reduce air pollution and the use of fossil fuels, the USA, China, Norway, and
Germany have provided significant subsidies and incentives for the conversion to electric vehicles. This paper's
primary goal was to examine the tactics, policies, and technological factors involved in creating EVs by examining the
development of EVs worldwide as well as the Indian market. The development and state of EV research in India was
also considered in this study. A SWOC (strength, weakness, opportunity, and challenges) study was also conducted,
and the present state of EV deployment in India, as well as the potential and difficulties within this industry, were
investigated. In order to lower greenhouse gas emissions in India, this study will motivate companies, the government,
and policy makers to provide incentives for the adoption of EVs. It was determined that greater research funding for
the advancement of EVs and the infrastructure necessary for charging them should be made available by the Indian
government. In order to assist the developing Indian EV sector, the central government may also have a significant
role to play in coordinating the efforts of the state and EV-related companies. (Singh et al., 2021)

To far, there is little information available about the possible effects of EV deployment in poor nations. Although EVs
are encouraged nationally in India, a nation that is fast industrializing, there isn't the infrastructure in place to handle
battery trash. Based on a model analysis conducted for India, we estimated that sales of two-wheeler EVs will reach a
high of around 20 million units in 2030, while sales of four-wheeler EVs will climb gradually to 10 million units by
2050. The amount of trash from lead-acid batteries is expected to peak in 2027, while the amount of waste from lithium-
ion batteries from four-wheelers and two-wheelers will surpass 500 Kkilotons in 2050 and 500 kilotons in 4044,
respectively. In light of these forecasts, it is critical to establish a national battery waste crime tracking system, an
extended producer responsibility (EPR) system, and a safe working and community environment. (Ashokan et al.
2023)

India's road transportation industry is about to switch from internal combustion engines (ICEs) to battery electric
vehicles (BEVs). The Indian government, or Gol, has declared a number of policy initiatives aimed at promoting the
use of electric vehicles (EVs). On the other hand, EVs have higher initial expenditures but reduced ongoing expenses.
As a result, the economics of EVs in comparison to ICE cars rely on how often they are used. In turn, the daily use can
differ greatly depending on the situation. This study presents a model to compare the total cost of ownership (TCO) of
an electric vehicle (EV) with that of its internal combustion engine (ICE) counterparts that run on gasoline, diesel, or
compressed natural gas (CNG). It is discovered that, for the normal average daily usage of the vehicles in Indian cities,
the TCO per km of electric two-wheelers (e-2Ws) and electric three-wheelers (e-3Ws) is less than that of their ICE
equivalents. The total cost of ownership (TCO) of electric cars, or e-cars, is greater for sedans and hatchbacks than for
internal combustion engine vehicles. Due to their greater initial purchase cost, electric buses (also known as e-buses)
have a higher TCO per kilometre than diesel and CNG buses. To increase the economic sustainability of EVs,
policymakers must investigate novel business models and strategies for high vehicle use. The adoption of EVs in India
will also be accelerated by the efficient design of the infrastructure for charging and the availability of rapid charging
options. (Kumar et al., 2020)

The transportation sector in India, which runs on fossil fuels, is principally to blame for serious problems like
greenhouse gas emissions, reliance on foreign fuels, economic hardship, and long-term health consequences. In an
attempt to lessen these serious problems, electric cars (EVs) are promoted as a clean, green alternative that may make
it possible to preserve natural resources and make the transition to a low-carbon transportation system more smoothly.
The variety of potential elements that interact with one another has resisted the spread of electric vehicles (EVs) in
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various nations, even in spite of the announcement of favourable legislative measures to boost their use. Despite the
identification of essential components, the topic of how these factors interact with one another has not been adequately
addressed in empirical study. Manufacturers and legislators will be better able to plan strategically and create
appropriate controls for the factors if the relationships between the factors are understood. This research's main
objective is to conduct a thorough analysis and provide a concise overview of the numerous elements contributing to
the EV market's sustainable growth in India. The past scholarly literature and expert interviews are used to identify
factors. Study provided additional empirical support for the factors found. The interrelationships and hierarchical
structure of the factors have then been illustrated using the integrated Decision-Making Trial and Evaluation
Laboratory (DEMATEL) — Interpretive Structural Modelling (ISM) approach. The current study will help
manufacturers and policymakers concentrate on the gray areas in order to accelerate the growth of electric vehicle
deployment in India. (Digalwar at al., 2022) Based on the literature review, we identified the barriers that have
impeded the adoption of EVs globally.

3. Objectives of the Study

1. To identify the socio-economic factors that determine consumer preferences towards electric vehicles
2. To assess the willingness of non-electric vehicle owners to consider purchasing electric vehicles in the future
3. To evaluate factors influencing electric vehicle adoption

4. Methodology of the Study

Study Area: Delhi NCR
Source of Data: Primary data (structured questionnaire) and Secondary data
Sample Size: 200

Sampling Technique: Non-random sampling — Quota sampling
Strata — Individual owns e-vehicle and Individual does not owns e-vehicle - 100 each

5. Discussion and Analysis

Table: 5.1. Socio-Economic Characteristics of Sample Units
(Willingness to Purchase E-Vehicle)

Category Value gs_zgsdt;)tlc Significance
Pearson 8.5194 .385
Age Likelihood Ratio 10.269 247
Linear-by-Linear Association .030 .863
Pearson Chi-Square 2.996a .935
Likelihood Ratio 3.628 .889
Education Linear-by-Linear Association 500 479
Pearson Chi-Square 11.4872 .853
Income Likelihood Ratio 11.974 .873
Linear-by-Linear Association 197 .657
Place of | Pearson Chi-Square 1.0092 .604
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Residence Likelihood Ratio 1.045 .593
Linear-by-Linear Association .000 .985
Pearson Chi-Square a 344
Marital Status _ q 5.099
Likelihood Ratio 3.057 903
Linear-by-Linear Association .000 .632
Pearson Chi-Square 7.4872 342
Nature O | ikelihood Ratio 7.974 053
Employment
Linear-by-Linear Association .605 .687

significance level Source: Compiled from primary data

5%

The present study finds that income of the potential consumers significantly influences their purchasing decision on
electric vehicle. There's a statistically significant association between the variables at a 0.003 significance level. The
present also study finds that age, education, place of residence are not significantly influencing consumption decision
of potential consumers to adopt electric vehicle, as the p-values for all tests (Pearson, Likelihood Ratio, and Linear-
by- Linear) are (>0.05) high. Therefore, there's not enough evidence to conclude a statistically significant association
between the variables.

Interpretation: Similar to cases 1 and 2, there's no evidence of a statistically significant association. The low expected
counts again raise concerns about the test's reliability.

Table: 5.2. Correlation Outcome of Willingness to Purchase E-vehicle with different categories of sample units

Category Correlation Significance
Willingness to 166

Pair 1 Owing Electric vehicle | Purchase electric | .199 '
vehicle

. . Willingness to

Pair 2 Owing Vehicle Purchaie electric | .145 123
vehicle
Willingness to

Pair 3 No Vehicle Purchase electric | .065 .096
vehicle

The results of the paired samples correlation for this case indicate a weak positive correlation between owning an
electric vehicle currently and the willingness to consider purchasing one in the future.

Here's a breakdown of the results:

The correlation coefficient, or correlation coefficient, between the two variables expresses the degree and
direction of the linear link. It is 0.199. 0.199 is a weakly positive correlation in this instance.
Sig. (Significance): 0.166 - This p-value indicates the likelihood that this correlation was observed by accident.
Statistical significance is commonly defined as a value less than 0.05. This indicates that the observed
association may be the result of chance, as 0.166 is not statistically significant in this instance.
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Interpretation: There is a slight tendency for people who currently own electric vehicles to also be more likely to
consider buying one in the future. However, this correlation is weak and statistically insignificant. This suggests that
owning an electric vehicle currently has little influence on the decision to purchase one in the future for this sample.

Table: 5.3. Challenges for E-Vehicle Adoption

This Mean Std. Deviation table
Environmental Challenges 1.3600 48487
Infrastructural Challenges
2.1800 49857
Government policies and incentives 1.3600 68309
Operating Cost 3.3600 88487
Technolqu_adyancements_ 1.9200 41845
in_electric_vehicles
lee!|hood__to_recommend_e 1.6600 82338
lectric_vehicles

shows the average (mean), standard deviation (Std. Deviation), and number of responses (N) for each survey item.

o Mean: The average rating participants gave on a scale of 1 (least important) to presumably 5 (most important)
for each factor related to electric vehicles (EVs).

e Cost_of the vehicle (3.36): This suggests cost is a moderately important factor on average.

e Environmental_concerns (1.36): Similar average score to cost, indicating environmental concerns are also
moderately important.

e Availability_of charging_infrastructure (2.18): This has the lowest mean, suggesting it might be the least
important factor (on average) for participants.

e Government_policies_and_incentives (1.36): Average score similar to cost and environmental concerns.

e Technology_advancements_in_electric_vehicles (1.22): A bit higher average score than availability of
charging infrastructure, but still indicates moderate importance.

e Likelihood_to_recommend_electric_vehicles (1.66): This has the highest mean, suggesting participants are
most likely to recommend electric vehicles to others on average.

e Std. Deviation: This represents the variability in the responses for each item. A higher standard deviation
indicates more spread-out responses (some people find the factor very important, while others don't).

Conclusion

This study has shed light on many aspects of consumer behaviour in the electric vehicle (EV) market. Through a
thorough analysis of the financial implications, environmental factors, and scientific advancements, we have gained a
substantial comprehension of the factors that encourage and impede the uptake of electric vehicles. The research has
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highlighted how important it is to understand how consumer preferences, attitudes, and decision-making processes
impact the direction of sustainable transportation.
Furthermore, our findings emphasize the significance of economic elements, such as production costs, incentives, and
pricing dynamics, in encouraging the adoption of EVs. Environmental factors are also quite significant; however, they
affect different types of EVs differently.

Technological advancements are also essential for overcoming adoption barriers and accelerating market penetration,
particularly in the fields of battery and charging infrastructure.

Researchers, industry participants, and legislators might use these findings in the future to develop targeted policies
and interventions that promote the usage of electric vehicles. This calls for developing effective incentive programs,
modernizing the infrastructure necessary for charging, and increasing consumer awareness and education. By tackling
these problems, we can promote the widespread adoption of EVs and facilitate the transition to a more sustainable and
environmentally friendly transportation system.
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