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Abstract: In the present era, adopting clean and sustainable technologies in the transport sector has become imperative for 

environmental conservation and sustainable development. Conventional fuel-based vehicles are major contributors to 

greenhouse gas emissions, air and noise pollution, which accelerate climate change and environmental degradation. Electric 

vehicles (EVs) and alternative fuels offer an effective solution to these challenges. The growing adoption of e-cars, e-bikes, e-

scooters, e-buses, and e-trucks reflects increasing environmental awareness and improvement in air quality. This research paper 

analyzes the transition toward sustainable transport through electric mobility. It highlights the environmental role, benefits, 

technological potential, and adoption challenges of EVs. Key motivating factors such as policy incentives, battery technology, 

charging infrastructure, and smart grid integration are evaluated. The study recommends investing in robust public transport 

networks, comprehensive charging infrastructure, battery recycling, and alternative fuel production. In India, programs like 

FAME-II, subsidies, and tax incentives can enhance EV acceptance. Local manufacturing, research, industry–academic 

collaboration, and public awareness campaigns can foster environmental responsibility and sustainable development. In 

conclusion, electric mobility is not merely a technological innovation but a foundation for clean, efficient, and socially inclusive 

transportation. Its widespread adoption can play a decisive role in reducing pollution, strengthening energy security, achieving 

climate goals, and ensuring a sustainable future. 
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I. INTRODUCTION 

 

Electric mobility is a crucial step towards achieving a 

sustainable and Eco-friendly transportation systems. It helps in 

dealing with climate change, reduces dependence on fossil 

fuels, and paves the way for cleaner and smarter urban mobility 

solutions. With technological progress, advancement and 

government support, e-Mobility is expected to play a major role 

in reshaping the future of transportation. Electric mobility, 

which is commonly referred to as E-Mobility, is the use of 

electric-powered vehicles and transport solutions that use 
electricity as the primary source of energy rather than 

conventional fossil fuels. It includes electric cars (EVs), electric 

bus, electric bikes, Electric scooters and even electric trains 

such as electric motors involve all types of transport. The 

historic progress of electric mobility refers to a cycle of 

development and innovation in the transportation.  An electric 

vehicle (EV) is a modern electrically powered vehicle that relies 

on an electric motor for motion. Its motoring system is efficient 

and eco-friendly. The EV contains a rechargeable battery, which 

can be recharged from an external power source, providing 

powerful performance. Such vehicular innovations aim to 

empower sustainable transportation and reduce environmental 

impact through advanced energy management. 

 

 Historical Progression of Electric Vehicles 
Electric mobility is not a new idea. Its roots are about two 

centuries old but technological progress environmental 

concerns and policy support have made it a foundation stone of 

the future of transportation. It began in 1828 with a small motor 
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model of Hungary Engineer Anyos Jelik and in the 1830s in the 

electric vehicle of Scotland inventor Robert Anderson. Electric 

trams and trains arrived in the 1870s and the 1890–1910s were 
considered as the golden age of electric vehicles When William 

Morrison's electric wagon and electric taxis became popular. 

And until 1900, one-third of vehicles were electric in America. 

But between 1920–1960, the invention of cheap and long 

distance petrol vehicles and electric starter reduced their 

Popularity which made the EV limited to only special uses. The 

1970 oil crisis again raised interest, but the technology 

remained limited to lead-acid batteries. In the 1990s, 

environmental awareness and battery progress revived EV, 

where 1996 General Motors introduced EV1Which was the first 

modern large -scale electric car. And in 2008 Tesla Roadster 
started the modern era, The 2010s proved to be a major turn for 

electric mobility. After which inexpensive availability of 

lithium-ion batteries Successful models such as the expansion 

of the charging network and the Nissan Leaf and Tesla Model S 

brought the EV into the mainstream globally, The coming time 

will focus on innovation and integration in electric mobility. 

Solid-state batteries, which will include automatic driving and 

AI based traffic management with fast charging and long range. 

With vehicle-to-grid system and electric aviation, e-Mobility is 

going to play an important role in meeting climate goals by 

becoming the backbone of sustainable transport. Human 

innovation, from simple prototypes of the 1820s to today's high-
demonstrations and traveling from automatic electric vehicles 

Reflects a sense of efficiency and environmental responsibility. 

The future not only promises clean cities but also pointed to a 

transportation revolution operated by electricity. 

 

II. LITERATURE REVIEW 

 

A. Electric Vehicles: Adoption, Infrastructure, and 

Sustainability 

Transition towards electric vehicles (EVS) globally is 

increasing rapidly due to environmental concerns, 
technological progress and changes in consumer preferences. 

Three pillars are important in adopting EVs: technical 

development, charging infrastructure and auxiliary policy 

structure. And renewable energy integration with consumer 

awareness, permanent marketing and smart city initiative is 

important for the success of sustainable transportation. 

 

 Technology, Efficiency & Performance:- Zhan et al., (2025)  

Analysis of 854M trips (1.686M EVs, 7 Chinese cities) 

showed peak use by private cars, taxis/buses operating all day, 

and reliance on high-power charging. Battery efficiency peaked 
at 15–20°C but dropped 12.5% in extreme weather. Expansion 

of high-power stations and battery health awareness was 

stressed. Akinsooto et al., (2025) Traces EV evolution from 

19th-century prototypes to today’s global industry. Driven by 

environmental concerns, innovation, and consumer demand, 

with roles of US, China, Europe. Challenges include costs, 

range, and supply chains; opportunities lie in renewables, 

autonomous mobility, and improved battery efficiency. Rani & 

Jayapragash (2024) Highlights reduction in battery costs, higher 

energy density, and fast-charging technologies as adoption 

drivers. Notes barriers such as limited charging networks, long 

charging times, and recycling deficiencies. Emphasizes that 
innovation, policy support, and charging infrastructure 

expansion are essential for successful EV adoption and 

emission reduction. 

 

 Infrastructure & Smart Charging Systems:- Katontoka et al., 

(2025)  

Systematic review of 151 studies identified 24 points of 

interest and 11 geographic factors for charging station location. 

Urban areas dominate EVC presence; rural/suburban regions 

lag. Recommends renewable energy integration and smart 

management systems for balanced distribution and continuous 
sustainable transport. Tahir et al., (2025) Explores 

environmental, social, and economic impacts of EV adoption, 

focusing on charging infrastructure, battery development, and 

renewable energy integration. Stresses policy, investment, and 

innovation as decisive. Highlights challenges in recycling, 

supply chain stability, and rural charging access, concluding 

coordinated policy and social acceptance are crucial. 

Udendhran et al., (2025) Identifies global adoption challenges: 

battery lifecycle, charging infrastructure, recycling, and policy 

gaps. Suggests smart charging, hydrogen/solar solutions, hybrid 

technology, and formal recycling as sustainable measures. 

Links EV adoption to UN SDGs (7, 11, 12), stressing 
innovation, policy coordination, and international cooperation 

for sustainability. Pratap Singh et al., (2024) Emphasizes EVs 

in smart cities as solutions to congestion, pollution, and energy 

use. Vehicle-to-Grid (V2G) and Grid-to-Vehicle (G2V) 

improve renewable storage. Highlights the need for stronger 

charging infrastructure, advanced batteries, and supportive 

policymaking for effective smart mobility integration. 

 

 Environmental Impacts & Sustainability  

Zaino et al., (2024) Review of 88 studies shows improved 

batteries, infrastructure, and efficiency drive EV adoption. 
Challenges remain: high costs, range anxiety, and charging 

delays. EVs can cut greenhouse gases significantly when 

powered by renewables. Incentives, subsidies, and strict 

emission regulations accelerate adoption at policy and 

organizational levels. Esiri (2023) Evaluates EV supply chain 

environmental costs across mining, production, and assembly. 

Lithium, cobalt, and nickel extraction causes erosion, water 

pollution, and carbon emissions. Life Cycle Assessment (LCA) 

confirms EVs have lower footprints than traditional vehicles. 

Recommends sustainable practices, regulations, and industry 

collaboration for minimizing impacts. Adheribigbe & Gumbo 
(2023) Finds EVs reduce greenhouse gases and urban CO₂ but 

face barriers: high cost, limited charging, and battery 

production issues. Emphasizes policy interventions, charging 

expansion, consumer awareness, and smart-city integration to 

overcome adoption hurdles and support environmental stability. 

Mahal & Patil (2021) Focuses on India, analyzing EV benefits 

(lower emissions, reduced pollution) alongside barriers (high 

cost, poor infrastructure, low awareness). Discusses supportive 

policies like FAME and NEMP schemes. Highlights the need 
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for government, industry, and consumer cooperation to build a 

favorable environment for EV adoption. 

 
 Policy, Market & Social Dimensions  

Tahir et al. (2025) Demonstrates that coordinated policy, 

strong investment, and technological innovation are decisive for 

EV adoption. Notes recycling, supply chains, and rural charging 

as pressing challenges. Concludes social acceptance combined 

with continuous innovation is necessary for a sustainable EV 

future. Udendhran et al., (2025) Links EV adoption to SDGs, 

emphasizing coordinated global policy and sustainable 

innovations like smart charging and recycling. Argues that 

without international cooperation, EV transitions will face 

serious sustainability challenges, especially in resource 
management and infrastructure development. Reddy & Kurian 

(2023) Highlights sustainable marketing’s role in EV adoption. 

Urges manufacturers to use eco-friendly materials, support 

renewable energy, and raise consumer awareness. This builds 

brand strength, encourages sustainable purchasing patterns, and 

promotes long-term industry responsibility. Akinsooto et al. 

(2025) Compares US, China, and Europe’s policy frameworks 

and incentives, underlining their roles in global EV expansion. 

Notes barriers in supply chains and charging networks but 

identifies future growth in renewable integration, cost 

reduction, and corporate sustainability commitments. 

 
B. Objective of the Paper 

 To study the positive environmental impacts of electric 

vehicles (EVs) adoption. 

 To evaluate the role of electric mobility and its prospects 

towards sustainable transport system. 

 To submit policy and technical suggestions to promote 

electrical mobility for means of environmental conservation. 

 

III. RESEARCH METHODOLOGY 

 

This research paper is mainly based on the secondary 
source of data and systematic literature-review. Various 

published sources such as research papers, magazines, articles, 

websites, international reports and technical reviews were 

included for the purpose of research. This paper presents a 

descriptive study of electric mobility and infection towards 

sustainable transport through it. In terms of aspects such as 

historical development, technological advancement, 

environmental performance, charging/grid integration and 

policy-regulations of e-mobility, this study highlights EV's 

benefits and possibilities in Indian and international markets, 

And tries to make consumers aware of their use. 
 

 

 

 

 

 

IV. REVIEW AND DISCUSSION 

 

A. Prospects of Electric Vehicles to Make the Environment 

Green 

Transport sector is a major source of energy consumption 
and greenhouse gas emissions worldwide. The changing 

patterns of urbanization, industrialization and increasing 

mobility demand and traffic have made the boundaries of 

traditional fossil fuel based transport. In such a situation, new 

in transport systems to achieve environmental protection and 

climate goal Electric vehicles (EVS) are the main role in 

durable and technical measures.  

 

 Energy Savings and Efficiency 

Electric vehicles (EVS) are being counted in the most 

effective means of cutting energy saving and emissions globally 
today. These vehicles especially prove to be more energy-

efficient than traditional vehicles in urban conditions-repeated 

stopping and running slow. At present, the transport sector 

produces fifth of the total greenhouse gas emissions of the 

European Union and is the only area where the emission is 

continuously increasing (European Environment Agency, 

2023). Globally, about 1.4 million (14 million) electric vehicles 

were sold in 2023, which is about 20% of the total new vehicles 

(IEA, Global EV Outlook 2024). Only in 2023, EVS saved 

about 8.5 lakh barrels of oil daily (IEA, 2024), while in 2022, 

they had reduced the consumption of oil up to 1.5 million 

barrels per day (The Guardian, 2024). It is estimated that by 
2035 this figure can reach 1 crore 24 lakh barrels per day (Time 

Magazine, 2023; IEA Projections). From the point of view of 

lifetime emissions, EVs reduce emissions by 66–69% in Europe 

and 19–34% in India (ICCT, 2021; Statista, 2023). EVs also 

emit about 50% less than traditional vehicles on the basis of 

existing average power supply (IEA, 2023), and as power 

generation will include renewable energy, this ratio will 

increase further. Additionally, health benefits are also notable; 

It is estimated that by 2050, more than 1,100 people can be 

saved due to clean air in the US only (US EPA/Harvard Study, 

2020). Thus EVs are not only effective medium of energy 
savings rather, they also present a long -term solution to the 

global challenge of climate change. 

 

 EVs–Renewable Synergy for a Greener World 

Electric Vehicles (EVs) become truly sustainable only 

when charged with renewable energy sources such as solar and 

wind, instead of coal or natural gas. According to the 

International Energy Agency (IEA, 2024), global EV charging 

consumed about 130 TWh of electricity in 2023, which rose to 

180 TWh in 2024. Although this represents only 0.7% of total 

electricity consumption, the share is projected to grow rapidly 
in the coming years. A report by the National Renewable Energy 

Laboratory (NREL, 2019) highlights that “smart charging”—

aligning EV charging with solar availability during the day and 

wind energy at night—can increase renewable energy 

utilization by 20–30%. Similarly, a DOE–NREL multi-state 

study (2024) found that managed charging can reduce overall 

grid peak load by nearly 4%, ensuring a more stable and cost-

efficient power system. Research by Tseng et al. (2013) further 

revealed that when EVs are powered by renewables, their 
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lifetime emissions are reduced by up to 50% compared to 

conventional vehicles. The International Renewable Energy 

Agency (IRENA, 2023) estimates that electricity could account 
for 10% of transport energy by 2030 and nearly 50% by 2050. 

Thus, integrating EVs with renewable energy is a crucial 

pathway toward a cleaner, sustainable future. 

 

 Noise Pollution Reduction and Promote Healthy Future 

According to reports by the World Health Organization 

(WHO, 2018) and the European Environment Agency (EEA, 

2019), noise pollution has emerged as a serious global public 

health challenge, causing problems such as heart disease, high 

blood pressure, stress, sleep disturbance, and hearing loss. In 

Europe, nearly 22 million people continuously suffer from sleep 
disorders due to transport-related noise. Traditional petrol and 

diesel vehicles generate significant levels of noise through 

engine sounds, gear mechanisms, silencers, and tire-road 

friction at higher speeds. This affects not only mental health but 

also educational and social performance. The EEA identifies 

transport noise as a major source of long-term health burdens. 

In contrast, electric vehicles (EVs), being powered by batteries 

and electric motors, almost eliminate engine-related noise. 

Real-world studies indicate that EVs generate 40–50% less 

noise than conventional vehicles in urban areas and are about 

4–5 dB quieter at lower speeds. Noel et al. (2018) have 

highlighted noise reduction as one of the key advantages of EVs 
in research. Modern noise-emission models also demonstrate 

that EVs are particularly beneficial in schools, hospitals, and 

residential areas. However, long-term benefits will only be 

maximized if they are complemented with low-noise tires and 

effective urban planning policies. In conclusion, while 

traditional vehicles pose serious health risks through noise 

pollution, EVs provide a cleaner, quieter, and sustainable 

alternative that ensures the protection of both human health and 

the environment. 

 

 Reduction in Greenhouse Gas Emissions & Improve Air 
Quality 

Greenhouse gas emissions are one of the most pressing 

environmental issues worldwide. The International Energy 

Agency (IEA, 2022) reports that the transport sector contributes 

nearly 24% of global CO₂ emissions, with road transport being 

the largest source. Conventional petrol and diesel vehicles 

release high levels of CO₂, CH₄, and N₂O, accelerating global 

warming, glacier melting, and extreme climate events. Life-

cycle analyses indicate that a petrol/diesel car emits about 230–

235 g CO₂/km, while a battery-electric vehicle (BEV) emits 

only 50–80 g CO₂/km. On average, an EV traveling 15,000 km 
annually emits nearly 1.7 tons less CO₂ compared to a 

conventional vehicle. The greatest advantage of electric 

vehicles (EVs) is that they not only reduce greenhouse gas 

emissions but also bring a significant reduction in air pollution. 

Unlike internal combustion engine vehicles, EVs have zero 

tailpipe emissions, which directly improves urban air quality. 

meaning they do not release NOx, CO, or particulate matter 

(PM 2.5/PM 10) into the atmosphere. This leads to cleaner 

urban air and lowers the risk of respiratory and cardiovascular 

diseases. According to the World Health Organization (WHO, 

2021), vehicular pollution causes millions of premature deaths 

annually, a burden that EV adoption can help reduce. According 
to the European Environment Agency (2020), EVs emit two-

thirds less over their lifetime than diesel cars. Furthermore, the 

United Nations Environment Programme (UNEP, 2021) 

estimates that converting 30% of global vehicles to EVs by 

2030 could cut CO₂ emissions by 1 gigaton. Countries like 

China and Norway demonstrate the environmental and health 

benefits of EV adoption, including cleaner air and reduced 

respiratory diseases. Thus, electric mobility not only mitigates 

climate change but also supports for reducing air pollution and 

improving public health and achieving Sustainable 

Development Goals (SDGs) and ensures a healthier 
environment for future generations. 

 

 Sustainable Gains from EVs Battery Recycling 

Repurposing, reusing, and recycling of EV batteries is an 

essential solution for sustainable development, as batteries used 

in electric vehicles reach their end of life when they lose around 

80% of their original capacity, reducing vehicle range, but can 

still be effectively utilized in stationary energy storage or low-

performance vehicles; according to the International Energy 

Agency (2022), if 50% of batteries are repurposed globally by 

2030, nearly 30 million tons of CO₂ emissions can be avoided, 

while the European Commission (2023) estimates that 
repurposing and recycling can reduce the primary mining 

demand of lithium, cobalt, and nickel by 20–25%; meanwhile, 

Precedence Research (2024) projects that the global EV battery 

recycling market will grow from USD 2.1 billion in 2022 to 

USD 19.3 billion by 2030; technically, recycling involves 

extracting metals and “black mass” from batteries, which are 

refined through hydrometallurgy and pyrometallurgy, and 

according to Harper et al. (2019), by 2040, 40% of required 

metals for battery manufacturing could come from recycling; 

furthermore, the European Union’s “Battery Recycling 

Directive” and “Digital Battery Passport” promote circular 
economy, transparency, and carbon footprint reduction, making 

it evident that repurposing, reusing, and recycling EV batteries 

is not only economically beneficial but also indispensable for 

climate change mitigation, pollution control, and building a 

sustainable future. 

 

B. Life Cycle Assessment (LCA) of EVs: Towards Sustainable 

Transportation  

Studies indicate that the Life Cycle Assessment (LCA) of 

Electric Vehicles (EVs) covering manufacturing, energy supply, 

use, and end-of-life phases presents distinct environmental 
outcomes compared to Internal Combustion Engine (ICE) 

vehicles. During the battery manufacturing phase, the 

extraction and processing of lithium, cobalt, and nickel result in 

an initial carbon footprint that is 30–40% higher than that of 

conventional vehicles (Dunn et al., 2015; Ellingsen et al., 2016). 

However, during the use phase, EVs significantly reduce 

greenhouse gas emissions, noise, and air pollutants, achieving 

50–60% lower CO₂ emissions compared to ICE vehicles (EEA, 

2023; Hawkins et al., 2013). According to the World Bank 
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(2023), if EVs achieve a 30% global market share by 2030, 

annual CO₂ emissions could be reduced by approximately 200 

million tons. Furthermore, integrating clean energy mixes, 
smart-charging infrastructure, battery second-life applications, 

and recycling technologies can further decrease the overall 

carbon footprint of EVs (Harper et al., 2019). Thus, LCA 

highlights that in the long term, electric mobility is not only a 

viable option for sustainable transportation but also an effective 
strategy for global environmental protection and climate change 

mitigation. 

 

 
Fig 1 Prospects of Electric Vehicles to Make the Environment Green 

 

V. RECOMMENDATION 

 

 Policy and Technical Recommendations: Promoting 

Electric Mobility for Environmental Conservation  

To promote electric mobility, policy and technical 

measures are essential at both the national and global levels. In 
India, it is crucial to develop a dense charging network across 

rural areas, highways, and industrial corridors, and to reduce the 

upfront cost of EVs through FAME-II, tax incentives, and 

subsidies. Globally, regions such as Europe, the USA, and 

China are implementing smart charging networks and time-of-

use tariffs to enhance energy efficiency and grid stability. From 

a technical perspective, battery efficiency and recycling are 

critical. India must focus on the development of lithium-ion 

batteries and enhance recycling capacity, while global research 

emphasizes solid-state and high-capacity batteries. Integration 

of smart grids with renewable energy helps manage peak loads 

effectively. Encouraging local manufacturing, R&D, public 
awareness campaigns, and industry–academic collaboration 

can foster environmental responsibility among citizens. These 

policy and technical initiatives will reduce pollution, strengthen 

energy security, and sustainably promote electric mobility in 

India and globally. 

 

 

 

VI. CONCLUSION 

 

Electric vehicles (EVs) are a pivotal step toward 

sustainable and clean transportation. They significantly reduce 

greenhouse gas emissions, air and noise pollution, improving 

public health and urban liveability. Charging EVs with 

renewable energy further minimizes their environmental 

impact. Advances in battery technology, recycling, and life 
cycle management enhance efficiency and long-term 

sustainability. Widespread adoption requires smart charging 

networks, vehicle-to-grid integration, advanced batteries, and 

supportive policies. In India, expanding infrastructure, 

subsidies, tax incentives, and programs like FAME-II can boost 

acceptance. Combined with local manufacturing, research, 

industry–academic collaboration, and public awareness, EVs 

can become the backbone of efficient, socially inclusive, and 

environmentally responsible transport. Their adoption is crucial 

for achieving climate goals, conserving the environment, and 

ensuring a sustainable future. 
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