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       ABSTRACT
Batteries are a widely utilized and simple method for powering electronic devices, particularly 
given the prevalence of individuals traveling to all gadgets. The escalating adoption 
of electric vehicles and portable electronic devices has led to a surge in the demand for 
lithium-ion batteries. Consequently, this has given rise to supply uncertainties in acquiring 
essential minerals such as lithium and cobalt, along with concerns about the proper disposal 
of dead batteries. The existing methods for battery recycling exhibit variations based on the 
individual chemistries of the batteries, hence influencing both cost factors and greenhouse 
gas emissions. Simultaneously, there exists a possibility for repurposing depleted batteries 
for low-tier energy storage applications. The absence of legislation pertaining to the 
secure storage and handling of waste streams contributes to the accumulation of refuse in 
exposed environments and the release of hazardous substances from landfills. In addition, 
contemporary battery manufacturing methods necessitate the utilization of innovative 
substances, such as ionic liquids for electrolytes and nanostructures for cathodes, to enhance 
the energy characteristics and longevity of batteries. The presence of uncertainties regarding 
the accurate assessment of the environmental consequences associated with novel battery 
chemicals has the potential to impede efforts aimed at recycling and containment. The 
objective of this analysis is to consolidate the existing knowledge regarding battery pollutants, 
both those that are recognized and those that remain uncertain, and to assess their potential 
environmental impacts. Additionally, this research aims to examine the current strategies and 
methods employed for the recycling of batteries in the circular economy.

INTRODUCTION

Electric vehicles (EVs) are widely recognized for their 
environmentally beneficial characteristics and extended 
durability. The increasing popularity of electric cars 
in India and other regions can be attributed, in part, to 
their significantly lower emissions when compared to 
conventional automobiles and trucks that rely on fossil fuels. 
However, critics contend that the purported advantages in 
terms of pollution reduction are often overstated, while 
the challenges associated with battery management are 
disregarded. However, the efficacy of the nation’s battery 
recycling system might be enhanced by many advantages, 
opportunities, and challenges. Approximately 60% of the 

total cost of manufacturing an electric vehicle battery can be 
attributed to the expenditure on raw materials. However, the 
costs associated with EV battery disposal can be significantly 
reduced by the implementation of a comprehensive recycling 
system. Let us consider the potentialities and challenges 
within this particular domain (Velázquez-Martínez et al. 
2019, Pražanová et al. 2022).

The researcher identified a significant lack of awareness 
among end users, authorities, and recyclers regarding the 
health dangers, environmental impacts, and regulatory 
measures pertaining to e-waste. The researcher delineated a 
triad of straightforward procedures that, when implemented 
collectively, have the potential to substantially modify public 
behavior with regard to a certain matter. Effective e-waste 
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management has three essential components: sensitization. 
The recognition of electronic devices as discarded items, the 
acquisition of knowledge regarding the proper handling of 
electronic waste, and the acknowledgment of the increasing 
significance of e-waste management as a pressing issue that 
necessitates attention. Nevertheless, a significant obstacle to 
the effective management of electronic trash (e-waste) is the 
lack of awareness and education among the entire population 
of India (Chandramauli 2020).

With the growing significance of sustainability among 
many stakeholders, such as customers, investors, regulators, 
and employees, automakers are acknowledging the 
imperative for future generations of automotive products 
to achieve success in both commercial and environmental 
aspects. To promote sustainability, efforts are being made 
to better both the products and manufacturing processes. 
The company’s current product line exhibits enhanced fuel 
efficiency, increased utilization of recycled materials, and the 
incorporation of sustainably sourced resources like wood and 
leather. To mitigate the carbon emissions associated with its 
manufacturing operations, the company is adopting various 
strategies, including the utilization of renewable energy 
sources, optimization of energy consumption, and reduction 
of waste generation and water consumption (Velázquez-
Martínez et al. 2019, Harper et al. 2023).

The researcher brought forth a comprehensive analysis 
of the challenges and potential remedies associated with 
the effective handling and control of electronic trash in 
the Indian context. The research delineated the pertinent 
techniques and challenges involved in tackling this emerging 
concern from an Indian vantage point. Various stakeholders, 
including manufacturers, assemblers, importers, recyclers, 
consumers, and government agencies, collectively contribute 
to the comprehensive process of e-waste collection and 
recycling. The introduction of electronic garbage further 
compounds the issue of handling solid waste in India, hence 
adding a layer of complication. The creation of standards is 
crucial for ensuring the appropriate disposal and recovery of 
valuable elements from electronic waste. In the process of 
producing state-of-the-art electronic devices, it is imperative 
to strategically consider the future decommissioning of these 
technologies (Joseph 2007, Skinner et al. 2010).

In the Indian context, it is prevalent for customers to 
prolong the retention of obsolete electronic devices, choosing 
to engage in repair or inheritance practices rather than 
engaging in disposal activities. There is a widely accepted 
agreement over the hesitancy to promptly discard electronic 
garbage as a commodity (Turaga et al. 2019). Due to the 
implementation of regulations in 2012, pollution control 
boards have been assigned the responsibility of collating 

inventories of electronic waste that are specific to their 
respective states. The aggregation of sales data on electronic 
equipment at the national level is crucial for accurately 
calculating e-waste volumes. This poses a challenge in 
creating inventories at the state level. Electronic garbage 
sometimes referred to as e-waste, is generated through both 
domestic means and illicit importation, primarily originating 
from affluent economies. Limited information is available 
regarding the composition and volume of electronic garbage 
(e-waste) that is imported into the nation. A comprehensive 
understanding of the production, content, and flow of waste 
is important to develop effective systems for the collection, 
transportation, and processing of waste materials (Li et al. 
2019, Chandramauli 2020).

When considering the circular economy, it is important to 
anticipate the potential challenges that may arise if industries 
experience significant growth. It is possible that the processes 
and methods that have been effective at smaller sizes could 
become burdensome when dealing with larger volumes. The 
increasing difficulty of implementing a circular economy 
for batteries can be attributed to a convergence of various 
long-term trends. Firstly, the declining price of new batteries 
poses a challenge. Additionally, advancements in battery 
formulation result in future batteries containing components 
that have diminishing value, hence exerting pressure on 
recyclers’ profit margins. This observation suggests that the 
suitability of technologies and processes may vary between 
industries with different characteristics, such as high material 
value and low volume, versus low material value and high 
volume (Leung 2019, Deshwal et al. 2022).

The constant sourcing of e-waste volumes that provide 
economies of scale poses a hindrance to the entry of private 
enterprises aiming to establish e-waste management systems 
within the formal sector. When private firms are uncertain 
about their ability to obtain adequate amounts of e-waste, 
they may deem it unprofitable to allocate resources toward 
the development of efficient recycling systems for electronic 
trash. Moreover, these marketplaces present substantial 
challenges in terms of accessing and disseminating 
information. The market may face obstacles stemming from 
a limited understanding of effective recycling techniques, 
which can be attributed to the industry’s very nascent stage 
of development. Furthermore, the limited awareness among 
customers regarding the management of electronic trash is 
a barrier to achieving optimal market efficiency. This can 
be attributed, at least partially, to the lack of trustworthiness 
in the already accessible information. The establishment of 
more robust electronic waste (e-waste) marketplaces may 
require a heightened involvement of public policy (Skinner 
et al. 2010, Kang et al. 2013).
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Within conventional waste management, a sequential 
arrangement of alternatives exists for the prioritized handling 
of waste streams. In the initial scenario, it is advisable to 
minimize waste in its entirety. However, in cases where 
waste is unavoidable, the conventional hierarchy of options, 
listed in order of preference, would typically include reuse 
as the primary choice, followed by remanufacture. If neither 
of these options is feasible, recycling with energy recovery 
would be the next preferred alternative, with disposal being 
considered as a last resort. Numerous waste management 
hierarchies have been suggested in addressing battery waste, 
wherein the majority advocate for the incorporation of reuse 
as a fundamental component. The concept of reuse can be 
categorized into two distinct forms: direct reuse, which 
occurs within the primary application, and secondary reuse, 
which takes place in a different application.

Moreover, the concept of reuse in the primary context can 
be further categorized based on the preservation of the donor 
battery’s integrity, referred to as direct reuse, or the necessity 
of remanufacturing, known as indirect reuse (Ali et al. 2021). 
The objective of this analysis is to consolidate the existing 
knowledge regarding battery pollutants, both those that are 
recognized and those that remain uncertain, and to assess their 
potential environmental impacts. Additionally, this research 
aims to examine the current strategies and methods employed 
for the recycling of batteries in the circular economy.

CIRCULAR ECONOMY ASPECT OF EV BATTERY

The concept of the circular economy has garnered significant 
interest from policymakers and commercial players as it 
pertains to the important matter of resource efficiency and 
material circularity. The fundamental tenets of the circular 
economy revolve around the elimination of waste and 
pollution, with particular emphasis on the final stage of a 
product’s life cycle. Additionally, the principles involve 
prolonging the use of products and materials, specifically 
during the middle phase of their life cycle, and promoting 
the restoration of natural ecosystems. This restoration is 
primarily focused on achieving environmental sustainability 
and reducing the reliance on material consumption and 
production patterns. This entails addressing the initial stages 
of a product’s life cycle, such as material extraction for the 
technical cycle and the utilization of bio-based materials for 
the biological cycle. Furthermore, the principles advocate for 
the use of non-toxic materials and the adoption of renewable 
energy sources. The economic tool in question aims to 
promote a deceleration, restriction, and closed-loop approach 
to current patterns of material consumption while also 
emphasizing bolstering social and environmental objectives 
(Velázquez-Martínez et al. 2019, Selvi & Ritha 2022). 

The implementation of circular economy techniques 
pertaining to electric vehicle (EV) batteries is of utmost 
importance to mitigate resource depletion, diminish 
environmental consequences, and optimize the value of 
these very valued energy storage devices. One potential 
approach to enhance the longevity of batteries involves 
the optimization of their design to prioritize durability 
and facilitate reparability. The implementation of modular 
designs, which provide the convenient replacement of 
specific components such as cells or modules, has the 
potential to enhance the overall lifespan of batteries and 
mitigate the necessity for total replacements (Ahuja et al. 
2020).

This study aims to develop systematic procedures for 
the refurbishment and remanufacturing of utilized electric 
vehicle batteries. Once batteries have concluded their 
operational lifespan in-car applications, they may still retain a 
significant amount of capacity suitable for stationary energy 
storage or other uses that require less demanding energy 
requirements. One potential application for repurposing used 
electric vehicle batteries is their utilization in various energy 
storage capacities, including grid stability, integration of 
renewable energy sources, and backup power systems. The 
utilization of “second-life” applications has the potential 
to enhance the longevity of batteries prior to their ultimate 
recycling process (Olsson et al. 2018, Koller et al. 2021). 

The objective is to devise effective recycling 
methodologies that can extract valuable elements, including 
lithium, cobalt, nickel, and other metals, from depleted 
electric vehicle batteries. These materials have the potential 
for utilization in the production of novel batteries or 
alternative commodities, hence mitigating the requirement 
for primary resources. The implementation of closed-loop 
supply chains entails the adoption of a system wherein 
manufacturers assume the responsibility of reclaiming 
used batteries, engaging in the recycling process to extract 
valuable elements, and subsequently utilizing these materials 
in the production of new batteries. This approach serves 
to decrease the dependence on primary resources and 
mitigate the generation of excess waste. The objective is to 
enhance consumer consciousness regarding the ecological 
ramifications of electric vehicle batteries and to advocate 
for the implementation of eco-labeling mechanisms that 
emphasize items adhering to circular economy principles. 
This approach aims to foster responsible patterns of 
consumption and disposal (Richa et al. 2017, EY 2022).

Governments possess the ability to encourage the 
adoption of circular economy practices through policy 
instruments, such as extended producer responsibility, 
which imposes a legal obligation on producers to assume 
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responsibility for the proper management of their products 
at the end of their life cycle. The implementation of circular 
economy solutions has the potential to effectively mitigate 
the environmental impact associated with electric car 
batteries while simultaneously optimizing their economic and 
environmental worth for their entire lifespan (Li et al. 2019).

A waste management hierarchy (Fig. 1), influenced by 
the principles of a circular economy, was put out for the 
treatment of end-of-life lithium-ion batteries derived from 
electric vehicles. The application of life cycle eco-efficiency 
criteria was utilized to assess the potential trade-offs, both 
environmental and economic, that could arise from the 
management of end-of-life electric vehicle battery packs in 
the community, in accordance with the circular economy 
hierarchy. Nevertheless, the advantages of retired electric 
vehicle lithium-ion batteries are significantly amplified 
when they are repurposed for stationary energy storage, 
resulting in the elimination of less efficient lead-acid 
batteries. The utilization of reuse and cascaded usage has 
the potential to generate cost savings for electric vehicle 
owners and the utility sector. However, it is important to 
note that the exact extent of the economic advantages in the 
future remains unpredictable due to the lack of knowledge 

regarding the future pricing of battery systems. Despite the 
numerous advantages, existing waste policies lack emphasis 
on circular economy techniques such as battery reuse and 
cascaded usage. While loop-closing battery recycling 
offers significant benefits in terms of metal recovery, 
its profitability may be compromised in the presence of 
persistently high recycling costs. Considerable focus has 
been directed towards the implementation of landfill disposal 
bans for batteries. However, empirical findings suggest 
that a more comprehensive approach involving direct and 
cascaded reuse, followed by recycling, can yield significantly 
higher reductions in eco-toxicity loads compared to relying 
just on landfill bans. The results emphasize the significance 
of conducting life cycle and eco-efficiency analyses to 
determine the specific stage within a circular economy 
hierarchy that yields the most environmental advantages  
(Wang et al. 2014, Richa et al. 2017).

The value chain commences with the stages of design 
and manufacture (Fig. 2). Following the initial usage 
cycle, an assessment is conducted to evaluate the state of 
the battery’s health and capacity. This evaluation aims to 
determine whether the battery is suitable for repurposing 
in an alternative vehicle or stationary application or if it 

at the end of their life cycle. The implementation of circular economy solutions has the potential 

to effectively mitigate the environmental impact associated with electric car batteries while 

simultaneously optimizing their economic and environmental worth for their entire lifespan (Li 

et al. 2019). 
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producers must assume responsibility for the complete 
life cycle of a utilized battery, encompassing the stages of 
collection, recycling, and ultimate disposal. The government 
provides financial incentives to encourage investments in 
LIB recycling (Turaga et al. 2019). A limited number of 
companies have initiated experimental programs for the 
recycling of lithium-ion batteries. By employing pyro and 
hydrometallurgical methods, a recovery rate of 90% was 
achieved for the initial material. The materials that have 
been successfully recovered exhibit a high level of purity, 
reaching up to 99%. This exceptional purity renders them 
very suitable for utilization in the production of new batteries 
(Deshwal et al. 2022). The cost of recycling Lithium-Ion 
Batteries is considerable, and currently, there is limited 
policy support for this practice. The existing technological 
infrastructure of the government is insufficient for the 
effective collection, storage, and recycling of lithium-ion 
battery waste. Legislation and regulatory measures for the 
handling, recycling, and proper disposal of decommissioned 
lithium-ion batteries have yet to be implemented. To achieve 
cost-effective large-scale deployment in renewable and other 
stationary applications, it is imperative to establish standards 
for the second-use utilization of outmoded electric vehicle 
batteries (Skinner et al. 2010, Abubakar et al. 2022).

The implementation of a circular economy within the 
domestic electric vehicle (EV) and storage industries is 
expected to yield significant advantages. In alignment with 
the government’s objective of Aatma Nirbhar Bharat, the 
utilization of recycled materials derived from outdated 

necessitates immediate recycling. If the potential for a 
subsequent existence exists, the battery undergoes a process 
of restoration. The techniques involved in refurbishment 
can vary depending on the specific battery and its intended 
purpose  (Olsson et al. 2018).

ANALYZING PROSPECTS FOR ELECTRIC 
VEHICLE BATTERY

The assessment of opportunities in battery recycling mostly 
revolves around the anticipated worth of $300 billion for 
India’s electric vehicle industry by the year 2030. The 
lithium-ion battery (LIB) has emerged as the most optimal 
choice among many battery types for numerous applications. 
The prevailing types of lithium-ion batteries (LIBs) employed 
in electric vehicles are lithium, nickel, manganese, and 
cobalt (LNMC) batteries, as well as lithium iron phosphate 
(LFP) batteries. The durability of these batteries extends 
up to a span of eight to ten years. Nevertheless, it is not 
recommended to use them in electric vehicles (EVs) once 
their energy-generating capability diminishes below 80%. 
Alternatively, these batteries can still be utilized in stationary 
applications, such as the storage of renewable energy and 
other purposes that do not necessitate their mobility (Dobó 
et al. 2023). 

The preliminary suggestions on battery waste management 
have been published by the Indian government to mitigate 
the improper handling and disposal of lithium-ion batteries 
(LIBs). Based on the stipulations outlined in these rules, 
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batteries would enable India to achieve a production capacity 
of 60 GWh LIB cells by the year 2030. This would result 
in a reduced reliance on imports and create new economic 
opportunities for makers of lithium-ion cells. According 
to a recent study, the adoption of recycled materials has 
the potential to significantly reduce carbon dioxide (CO2) 
emissions, with a potential reduction of up to 90 percent.  
(Pražanová et al. 2022, EY 2022).

EV Battery Recycling Opportunity

Unfortunately, there isn’t a recycling infrastructure in India 
that can handle large volumes of waste. Used batteries are 
just dumped in landfills without any sort of processing. 
The elements lithium (which may react spontaneously with 
moisture to produce explosions), nickel, and cobalt are all 
present in LIBs.

A type of rechargeable battery used in electric cars, 
lithium-ion batteries store and release energy as needed. The 
batteries used in anything from motorcycles to semis and city 
buses are essentially interchangeable. Yet, their make-up and 
size change from vehicle to vehicle according to the quantity of 
electricity needed to operate them. The proper handling of dead 
batteries in electric vehicles is not well-known or practiced. 
New data, however, shows that recycling is the smartest and 
most practical choice in this scenario (Melchor-Martínez et al. 
2021). As the electric vehicle industry is expected to develop 
rapidly (about 35% by 2026), so too will the need for batteries. 
A mandated recycling method for the safe disposal and 
recycling of EV batteries is required by certain current laws 
(E-waste (Management and Handling) Rules, 2011, E-waste 
(Management and Handling) Regulations, 2016, and E-waste 
(Management) Amendment Rules, 2018) (Melchor-Martínez 
et al. 2021, Wagner-Wenz et al. 2023).

Batteries can perform their function thanks to their 
capacity to gradually transform chemical energy into 
electrical energy. The chemical energy is held within the 
battery, and the battery will not start producing electrical 
power until it is first connected to an electronic device. 
The chemicals that are necessary for this process, including 
lead, lithium, mercury, and cadmium, can, unfortunately, be 
dangerous due to their poisonous, corrosive, or other harmful 
properties (Li et al. 2019, Wang et al. 2023). Due to the 
stringent rules that are placed on the production of batteries, 
it is highly unlikely that the normal usage of batteries would 
injure us because the potentially harmful chemicals are 
safely contained within the battery itself. Yet, once their 
chemical energy has been expended and they are no longer 
functional, batteries can present challenges when it comes 
time to dispose of them. The majority of the time, people 
throw away their used batteries in their regular garbage, 

which increases the likelihood that the batteries will end up 
in a landfill. These batteries will start to degrade over time, 
and the components that make them up are known to have a 
potentially harmful effect on the surrounding environment 
over a period of time (Lv et al. 2018).

Disposal of Batteries and the Health of Humans

Batteries can have a detrimental effect on the surrounding 
environment, which in turn can affect human health. It should 
go without saying that the harsh chemicals contained within 
batteries are harmful to human beings; yet, in today’s world, 
it is quite unusual that we will come into direct touch with 
these chemicals from a battery itself unless the battery has 
been destroyed. Yet, when batteries that have been thrown 
away do damage to the environment, we run the danger of 
accidentally coming into touch with the chemicals that are 
released into the environment. (Noudeng et al. 2022). It is 
recognized that certain of the chemicals and hazardous metals 
found in batteries are carcinogens, which simply means that 
they have the potential to cause cancer in humans. Yet, it 
can be challenging to assess the full impact that improper 
disposal of batteries has on public health. Batteries pose a 
potential threat to human health if they are disposed of in 
landfills regularly since doing so raises the risk of cancer and 
other major health problems (Borthakur 2015, Noudeng et 
al. 2022, Dobó et al. 2023). 

When a battery has reached the end of its useful life, 
it could appear to be a simple matter to dispose of it in the 
garbage at home. On the other hand, this indicates that the 
battery will very definitely be dumped in a landfill, where 
it will pose a threat to both the health of people and the 
environment. Instead, you should make sure that outdated 
batteries are recycled appropriately. If you are unclear about 
where to take your used batteries, it is best to check with 
your local government. Every town has various processes for 
dealing with the disposal of electronic waste, so if you are 
unsure of where to take them, it is best to check with your 
local government (Li et al. 2019, Selvi & Ritha 2022). In 
certain cases, electronic businesses will collect used batteries 
to send them for safe recycling; this means that all you have to 
do to recycle your old batteries is drop them off at the store in 
question. In a similar vein, users may frequently submit their 
old mobile phones to the maker or carrier of their new cell 
phone so that the company can recycle the devices. Batteries 
for automobiles are sometimes taken in by auto dealerships 
as well as repair businesses (Ordoñez et al. 2016, Pražanová, 
Knap & D.I. Stroe 2022, Wang et al. 2023).

ENVIRONMENTAL IMPACT OF EV BATTERY

The transportation of batteries results in supplementary 
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environmental expenses, hence amplifying their carbon 
footprint in comparison to that of internal combustion 
engine (ICE) vehicles. According to a study conducted 
in 2021 that compared the emissions of electric vehicles 
(EVs) and internal combustion engine (ICE) vehicles, it 
was determined that the production process accounts for 
46% of carbon emissions associated with EVs. In contrast, 
it accounts for a comparatively lower 26% of emissions in 
ICE vehicles. Approximately 3,628.74 kilograms of carbon 
dioxide are emitted throughout the production process of a 
solitary electric vehicle, and it would necessitate eight years 
of driving before the yearly reduction in emissions would be 
sufficient to offset the original emissions. The data presented 
in Table 1 was obtained from the Lifecycle Analysis of UK 
Road Vehicles conducted by Ricardo (Ricardo Energy & 
Environment 2020).

The release of chemicals from batteries into aquatic 
habitats is related to the potential for the release of harmful 
substances. The improper or negligent treatment of used 
batteries can result in the discharge of corrosive liquids and 
dissolved metals that are harmful to both plants and animals. 
This can happen when the batteries are broken down into 
their parts. Batteries should not be disposed of in landfills 
in an improper manner since this might lead to the discharge 
of harmful compounds into the groundwater and into the 
environment (Abubakar et al. 2022, Shakil et al. 2022, Dodd 
et al. 2023).

Pollutants released into the atmosphere undergo 
photochemical reactions that result in the production 
of hazardous compounds, such as ozone, along with 
other dangerous gases and particle substances. Thermal 
inversions, which are common in major cities, can lead to a 
hazardous accumulation of photochemical smog, which is 
well-documented as a leading contributor to the mortality 
rate of humans. The concentration of acidic chemicals in 
atmospheric particles is what causes the acidification of the 
air. These particles, which are left behind by rain, affect the 
soil as well as the organisms that live there. As a result of 
their lower contribution to overall air pollution, rechargeable 
batteries have a smaller impact on these environmental 
consequences than their disposable counterparts (Lv et al. 
2018, Noudeng et al. 2022). The manufacture, transportation, 
and distribution of batteries all require the use of natural 

resources, which contributes to the quickening of the rate 
at which natural resources are being depleted. Because 
fewer rechargeable batteries are required to produce the 
same amount of energy as disposable batteries, the usage of 
rechargeable batteries results in a reduction in the amount of 
non-renewable natural resources consumed (Roy et al. 2021).

The influence of growing levels of greenhouse gases is to 
blame for the rise in the global average surface temperature. 
The production of batteries, as well as their transportation, 
both result in the release of exhaust and other pollutants 
into the atmosphere, which contributes to the phenomenon 
known as the greenhouse effect. Rechargeable batteries are 
better for the environment than single-use batteries since 
they may be used several times before being thrown away. 
This is because the production of rechargeable batteries and 
the transportation of these batteries results in less emissions 
of greenhouse gases. (Noudeng et al. 2022; Wagner-Wenz 
et al. 2023)

Reduce Impact on the Environment 

If you want to have as little of a negative influence as possible 
on the surrounding environment, you should think about 
powering your electronic equipment using rechargeable 
batteries. When compared with the usage of many single-
use batteries, the generation of the same quantity of energy 
using a rechargeable battery results in the consumption 
of a significantly lower amount of non-renewable natural 
resources. In addition, the long-term cost of using 
rechargeable batteries is typically lower than the cost of using 
standard batteries. Rechargeable batteries may have a higher 
up-front cost, but in the long run, they can save you money 
since you won’t need to buy as many single-use batteries in 
the future. This will allow you to get a faster return on your 
investment (Ordoñez et al. 2016, Li et al. 2019).

When rechargeable batteries are utilized, there will be a 
reduction in the amount of single-use batteries that end up 
at recycling centers, which is beneficial because recycling 
facilities frequently make use of natural resources. When it 
comes to trash, it is important to keep in mind the “three Rs”: 
reducing, reusing, and recycling. Recycling is essential to 
the process of shielding the environment from the negative 
effects of hazardous trash. Still, we can do even more to 
safeguard it if we cut back on the quantity of rubbish that 

Table 1: Comparing the emissions of EVs and ICE vehicles (Ricardo Energy & Environment 2020).

Vehicle Estimated lifecycle Emissions
(tonnes CO2)

Proportion of  Emission in 
Productions

Estimated Emissions in production
(tonnes CO2)

Petrol Vehicle 24 23% 5.6

Hybrid Vehicle 21 31% 6.5

Battery Vehicle 19 46% 6.8
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we generate in the first place. By reusing the same battery 
over and over again, you may dramatically cut down on the 
amount of trash you produce when you use rechargeable 
batteries (Roy et al. 2021, Islam & Iyer-Raniga 2022, 
Wagner-Wenz et al. 2023).

CONCLUSION

The development of electric vehicle infrastructure in India 
is now in its nascent stage, although it is gradually gaining 
traction. India presently accounts for approximately 7% of 
the global carbon emissions, equivalent to over 2.5 billion 
metric tons. Vehicles utilizing internal combustion engines 
contribute about 40% of India’s total pollution. In light of 
these circumstances, it is imperative to promptly launch a 
significant effort to promote the use of electric vehicles as 
a means to mitigate the escalating levels of pollution. The 
imperative to mitigate the impacts of climate change has 
necessitated a global shift towards a low-carbon economy, 
hence prompting a transformation in international climate 
policy. Around 20 states in India have formulated a 
comprehensive electric vehicle policy at the state level, 
aiming to expedite the nation’s complete transition from 
internal combustion engine vehicles to EVs. Nevertheless, 
the absence of adequate rules for the appropriate storage and 
administration of waste streams results in the accumulation 
of refuse in public areas, potentially leading to the leakage 
of hazardous chemicals from landfills.

Furthermore, the utilization of novel materials, such 
as ionic liquids for electrolytes and nanostructures for 
cathodes, has the potential to augment the energy efficiency 
and longevity of batteries. The limited understanding of the 
actual environmental impact of emerging battery chemistries 
may provide further obstacles to recycling and containment 
endeavors. The escalation of fuel prices and the growing 
emphasis on environmentally sustainable energy sources 
are two significant catalysts propelling the demand for 
alternative fuels. Climate change is widely acknowledged 
by major nations as a significant issue, prompting active 
efforts to identify timely solutions. This recognition further 
reinforces the impetus for transitioning to electric vehicles 
(EVs) while ensuring the safe recycling of batteries.
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