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Abstract- Electric vehicles (EVs) are becoming an
important way to reduce pollution from transportation.
This paper looks at how EVs affect the environment from
start to finish — including the mining of materials, how
they are made, the electricity they use, and what happens
when they are no longer used. EVs are better for the
environment than regular gas or diesel vehicles because
they produce less air pollution and fewer greenhouse
gases. However, making EV batteries can harm the
environment because it requires mining metals and uses
a lot of energy. Also, if the electricity used to charge EVs
comes from coal or gas, it can still cause pollution. This
study looks at both the good and bad sides of EVs and
suggests ways to make them even cleaner, like recycling
batteries, using solar or wind power, and mining
resources more responsibly. In conclusion, EVs can help
protect the environment, but their true benefit depends
on making changes to how we produce energy and
manage natural resources.
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INTRODUCTON

Electric vehicles (EVs) are becoming more popular
around the world as people and governments look for
ways to fight climate change, reduce air pollution, and
use less oil and gas. EVs are seen as a cleaner option
compared to regular cars that run on petrol or diesel
because they don’t produce pollution from their
exhaust pipes. This helps improve air quality in cities
and reduces harmful carbon dioxide in the atmosphere.
However, EVs are not completely free from
environmental problems. Making electric cars,
especially their batteries, requires mining rare metals
and using a lot of energy, which can harm the
environment. Also, the electricity used to charge EVs
can cause pollution if it comes from coal or other fossil
fuels. This paper looks at how EVs affect the
environment from start to finish — from building the
vehicles and using them, to what happens when they
are no longer needed. The goal is to understand both
the benefits and the challenges of EVs in creating a
cleaner and more sustainable future.

OBJECTIVES

1 To understand the environmental benefits of electric
vehicles compared to regular petrol or diesel vehicles,
especially in terms of pollution and energy use.

2 To look at the environmental problems caused by
making, using, and disposing of electric vehicles,
especially the impact of making batteries and mining
materials.

3 To give a complete picture of how EVs affect the
environment throughout their whole life and their
importance for cleaner transportation.

4 To provide a comprehensive understanding of the
life cycle environmental impact of electric vehicles
and their role in sustainable transportation.

STATEMENT OF PROBLEM

Electric vehicles (EVs) are often seen as cleaner as and
better for the environment than regular petrol or diesel
cars. While EVs produce less pollution when driving,
their overall effect on the environment is not fully
clear. Making EVs, especially their batteries, uses a lot
of energy and requires mining special minerals, which
can harm nature. Also, the electricity used to charge
EVs may come from dirty sources like coal, which
affects how green they really are. Without
understanding all these details, it is hard to know how
much EVs help reduce pollution and fight climate
change. This study looks at the whole process of EVs
to understand their true impact on the environment.

Electric vehicles (EVs) are promoted as cleaner
because they don’t emit pollution while driving.
However, making EVs and their batteries uses a lot of
energy and natural resources, which can harm the
environment. The electricity used to charge EVs also
affects how green they really are. If it comes from
fossil fuels, EVs may still cause pollution. This study
explores the full environmental impact of EVs,
including both their benefits and challenges.
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METHODOLOGY OF THE STUDY

This study adopts a mixed-methods research design,
integrating both qualitative and quantitative
approaches to assess the environmental impact of
electric vehicles (EVs). The investigation centers on
lifecycle emissions, energy consumption, and the
environmental trade-offs of EVs compared to internal
combustion engine (ICE) vehicles. Data collection
involved both secondary and primary sources.
Secondary data were gathered from lifecycle
assessment (LCA) reports published by credible
organizations such as the International Energy Agency
(IEA), the U.S. Environmental Protection Agency
(EPA), and various academic journals. These sources
provided emissions data related to EV manufacturing,
battery production, and electricity generation.
Additionally, regional energy mix data were sourced
from government publications to evaluate the carbon
intensity of EVs in different locations. Primary data
were obtained through surveys and questionnaires
administered to EV owners, which captured
information about vehicle usage patterns, charging
habits, and environmental awareness. Furthermore,
expert interviews with environmental scientists and
automotive engineers offered valuable insights into
sustainable EV technologies and current challenges.

Quantitative analysis included lifecycle emissions
calculations using a cradle-to-grave approach that
encompassed the manufacturing, operational, and
disposal phases of both EVs and ICE vehicles.
Emissions modeling was performed using software
tools such as GREET and OpenCL, which allowed for
comparisons based on regional electricity generation
profiles and specific vehicle characteristics. Statistical
techniques, including descriptive statistics and
regression analysis, were applied to identify
significant trends and correlations between EV usage
and environmental impacts. Qualitative analysis
involved content analysis of interview transcripts to
identify recurring themes and expert perspectives,
along with an assessment of public perceptions based
0N SUrvey responses.

The study focused on urban and semi-urban areas
where EV adoption is most prevalent. A purposive
sampling strategy was used to select participants for
both surveys and interviews, targeting individuals with
relevant  experiences, including EV  users,

manufacturers, and policymakers. Despite the
comprehensive methodology, certain limitations were
acknowledged. These include reliance on existing
LCA data that may not fully capture emerging
technologies, regional variability in electricity sources
that could affect result generalizability, and potential
biases in self-reported survey data. Ethical
considerations  were strictly  observed, with
participants providing informed consent and all
responses treated with confidentiality and anonymity
throughout the research process.

REVIEW OF LITERATURE

Recent studies have provided nuanced insights into the
environmental impact of electric vehicles (EVS),
emphasizing the importance of considering the entire
lifecycle—from manufacturing to end-of-life disposal.
A study published in Scientific Reports in May 2023
utilized a dynamic lifecycle assessment (LCA) to
evaluate the environmental impact of battery-powered
electric vehicles at global and regional levels. The
findings indicated that while EVs generally offer
environmental benefits, the extent varies based on
factors such as electricity generation mix and vehicle
usage patterns. The study highlighted the need for
region-specific analyses to accurately assess the
environmental impact of EVs.

In March 2023, Green NCAP conducted an LCA of 34
vehicles, including battery electric, hybrid electric,
and conventional petrol and diesel vehicles. The
results revealed that the increasing trend towards
larger and heavier EVs significantly raises their
climate impact and energy demand. The study
emphasized that vehicle size is a critical factor
influencing the environmental footprint of EVSs,
suggesting that efforts to reduce vehicle weight could
mitigate some of these impacts.

A January 2024 study assessed the lifecycle CO,
emissions of battery electric trucks operating in
Western Europe. The research concluded that battery
electric trucks outperform their diesel counterparts by
over 80% in terms of CO, emissions across their
lifecycle. The study also examined the impact of
battery manufacturing and the electricity generation
mix in various European countries, underscoring the
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importance of clean energy sources in maximizing the
environmental benefits of EVs. Despite these
advancements, challenges remain in the recycling of
lithium-ion batteries. A 2023 report indicated that the
global recycling rate for lithium-ion batteries is
approximately 59%, with existing methods recovering
only 50-60% of battery materials. The report
highlighted the environmental risks associated with
improper disposal of batteries, including the release of
toxic materials such as cobalt and nickel into soil and
groundwater. The European Union has set ambitious
targets to address this issue, mandating a lithium
recycling rate of 35% by 2026, increasing to 75% by
2030,

Furthermore, concerns have been raised regarding the
environmental impacts of raw material extraction for
EV batteries. A 2024 report by the European
Environmental Bureau and Friends of the Earth
Europe criticized the European Green Deal for not
adequately addressing the resource consumption
associated with EVs. The report pointed out that the
extraction of nickel and cobalt for battery production
leads to environmental degradation and pollution in
countries like Indonesia and the Democratic Republic
of Congo.

ANALYSIS AND INTERPRETATION

The study reveal a complex picture of the
environmental impact of electric vehicles (EVSs),
highlighting both their potential and their challenges.
A 2021 study comparing electric vehicles (EVs) with
internal combustion engine (ICE) vehicles found that
while EVs have lower operational emissions, the
production phase is significantly more carbon-
intensive. Specifically, 46% of an EV’s total carbon
emissions occur during production—nearly double the
26% for ICE vehicles. A major contributor to this is
the energy-intensive manufacturing of lithium-ion
batteries, which involves mining and processing raw

materials such as lithium, cobalt, and nickel. The study
estimated that approximately 4 tons of CO, are
emitted during the production of a single EV, with
most of this attributed to the battery.

This production-related emission burden means that
an EV must typically be driven for at least eight
years—assuming a reduction of 0.5 tons of CO, per
year compared to an ICE vehicle—before it can offset
the higher emissions generated during manufacturing.
This concept of a "carbon payback period"” is crucial
for understanding the full environmental lifecycle of
EVs. It also suggests that the environmental benefit of
EVs is most significant when they are used for longer
periods, especially in regions with clean electricity
grids.

Further analysis of lifecycle assessment (LCA) data
supports this, showing that in countries where
electricity is predominantly generated from renewable
sources, the payback period is shorter, and the overall
environmental performance of EVs is much better.
Conversely, in regions with coal-based power
generation, the break-even point may be extended or
the environmental benefit may be marginal.

Interviews with environmental experts also emphasize
the critical need for improving battery technology and
recycling infrastructure. Currently, most lithium-ion
batteries are not fully recycled, and the extraction of
raw materials poses serious environmental and ethical
issues, including habitat destruction, water pollution,
and human rights concerns in mining regions.

Survey responses from EV owners reflect a growing
environmental awareness, though many are unaware
of the significant emissions embedded in the vehicle’s
production, particularly the battery. This gap in public
understanding highlights the need for better consumer
education and transparent labeling of lifecycle
emissions.

ESTIMATED LIFE CYCLE | PROPORTION OF EMISSION ESTIMATED LIFE
VEHICLE TYPE EMISSION IN PRODUCTION CYCLE EMISSION
STANDARD GASOLINE 24 23% 5.6
VEHICLE
HYBRID VEHICLE 21 31% 6.5
BATTERY ELECTRIC 19 46% 8.8
VECHICLE
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CONCLUSION

The environmental impact of electric vehicles (EVSs)
presents a multifaceted picture that balances
significant operational advantages with notable
production-related challenges. This study has shown
that while EVs offer clear reductions in greenhouse
gas emissions during the use phase—especially when
charged using renewable energy sources—their
environmental footprint is considerably influenced by
factors such as battery production, vehicle size,
electricity generation mix, and end-of-life disposal
practices. The production of lithium-ion batteries, in
particular, accounts for a large share of upfront
emissions, making the total lifecycle emissions of EVs
highly dependent on how long the vehicle is used and
the cleanliness of the energy used for charging.
Comparative analyses confirm that, over time, EVs
generally outperform internal combustion engine
(ICE) vehicles in terms of total emissions. However,
the benefits are maximized when EVs are driven for
extended periods and when battery materials are
sourced and recycled responsibly. The eight-year
breakeven point reported in recent research underlines
the importance of long-term use to offset the high
emissions from production, especially the 4 tons of
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CO, released per vehicle during manufacturing.
Furthermore, consumer awareness of the complete
environmental lifecycle of EVs remains limited. This
indicates a need for better education, transparency, and
policy support to guide environmentally responsible
purchasing and usage decisions. Governments and
industries must invest not only in promoting EV
adoption but also in improving battery technologies,
recycling systems, and cleaner power grids to ensure
that the shift to electric mobility is truly sustainable. In
conclusion, EVs represent a crucial step toward
decarbonizing the transport sector, but their
environmental effectiveness depends on systemic
changes across manufacturing, energy, and policy
landscapes. A holistic approach—one that includes
clean energy integration, responsible resource
extraction, and public engagement—is essential for
realizing the full environmental potential of electric
vehicles.
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