Published by: Pather Dabi Educational Trust, (Regn No: 1V-1402-00064/2023), Under Govt. of West Bengal, India

The Social Science Review
A Multidisciplinary Journal
ISSN: 2584-0789

(Open-Access, Peer-Reviewed, Refereed, Bi-Monthly, International e-Journal)

Homepage: www.tssreview.in

Paramesh Roy ! © & Dr. Maria Josephine Arokia Marie S 2

RESEARCH ARTICLE

! Research Scholar, Department of Due to the country’s fast industrialization, urbanization, and technological innovation, Indiais among

Education, Indira Gandhi National the world's top manufacturers of electronic garbage. E-waste management has become a serious
Tribal University, Amarkantak, environmental and public health concern. An organized summary of the environmental and climate-
Madhya Pradesh, India; related concerns related to India’s e-waste management is given in this study. Hazardous substances
2 Assistant Professor, Department of including lead, mercury, cadmium, BFRs etc. have been released into the environment as a result of
Education, Indira Gandhi National the inappropriate disposal and uncontrolled treatment of e-waste, which has significantly
Tribal University, Amarkantak, contaminated land, water, and the atmosphere. These pollutants not only endanger human health but
Madhya Pradesh, India also contribute to greenhouse gas emissions, exacerbating climate change. In India, the informal

sector plays a dominant role in e-waste collection and recycling, often using rudimentary methods
such as open burning and acid leaching, which amplify environmental degradation. Despite
regulatory frameworks like the E-Waste (Management) Rules, 2016, the country faces significant
challenges in effective implementation, including inadequate infrastructure, lack of public
awareness, and weak enforcement mechanisms. This review highlights key environmental and
. climate risks posed by current e-waste practices, analyses the policy landscape, and identifies gaps
Paramesh Roy in regulatory compliance. It also emphasizes the importance of transitioning to sustainable e-waste
management solutions, such as extended producer responsibility (EPR), formalized recycling
systems, and public-private partnerships. The paper underscores the urgent need for a coordinated
multi-stakeholder approach to mitigate environmental harm, protect public health, and curb the
adverse impacts on climate, while fostering sustainable economic growth through circular economy
principles.
: : E-waste management, Circular economy approach, Climate change, Sustainability,
https://doi.org/10.70096/tssr.250307029 Climate sensitive approaches

In the 21% century, the rapid growth of technology has revolutionized modern lifestyles, industries, and economies. However,
one of the unintended consequences of this technological boom is the massive surge in electronic waste (e-waste), which presents
a serious threat to the environment and public health. E-waste encompassing discarded electronic devices such as computers,
mobile phones, and household appliances, has become one of the fastest-growing waste streams worldwide. With the rapid
advancement in technology and increased consumption of electronic products, the global generation of e-waste has been
escalating, reaching over 53.6 million metric tons in 2019 and projected to exceed 74.7 million metric tons by 2030 (Jayasiri et
al., 2023; Nadarajan et al., 2023). The improper management of this complex waste stream poses severe threats to both
ecosystems and the climate. This issue is compounded by the hazardous materials found in e-waste, including heavy metals like
lead, mercury, and cadmium, and other toxic substances such as brominated flame retardants. When these materials are not
properly managed, they can have far-reaching consequences for the environment, including pollution of air, soil, and water, and
a significant contribution to greenhouse gas (GHG) emissions, which intensifies global climate change. The global volume of e-
waste is growing at an alarming rate, with developing countries, such as India, facing significant challenges in managing this
waste sustainably. India, as one of the world’s largest producers and consumers of electronic goods, is grappling with the
environmental and climate-related implications of its burgeoning e-waste problem. Figure 1 shows the increasing rate of e-waste
in India. India generates about 3 million tons (MT) of e-waste annually and ranks third among e-waste producing countries, after
China and the United States. Reports state that it might rise to 2 MT by 2025 (Chatterjee, 2011). By 2030, the developing and
developed worlds are expected to trash 400—-700 million and 200-300 million old computers, respectively (Garlapati, 2016).
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Figure 1. Growth rate of e-waste in India (Chatterjee, 2011)

The production of electronics is heavily reliant on the extraction of non-renewable resources like precious metals and rare earth
elements. These materials are essential for producing modern technology but come at a high environmental cost. The mining and
refining of these elements contribute to deforestation, habitat destruction, and significant carbon emissions. Additionally, when
e-waste is not recycled, valuable materials are lost, increasing the demand for new resource extraction and perpetuating a cycle
of environmental degradation. In the absence of proper e-waste management systems, much of this waste ends up in landfills or
informal recycling sites, particularly in developing countries. In these settings, the lack of regulations often leads to open burning
or the use of unsafe extraction techniques, both of which release toxic fumes and greenhouse gases into the atmosphere. These
activities not only accelerate climate change but also degrade local environments, posing health risks to nearby communities.
According to a recent BBC study, “e-waste pollution is causing serious health problems for millions of people worldwide,
primarily in developing countries in Africa, Europe, US, Oceania and Asia.” In the next 6-8 years, developing countries will
produce twice as much e-waste as developed countries (Yu et al., 2010). The issues raised by e-waste and component materials
are significant environmental concerns, as demonstrated by Table 1, which shows the worldwide production of electronic waste
(the amount and per capita values) and collection rate in 2016. This table also highlights the imbalance in garbage produced,
collected, and reprocessed.

Table 1. Regional e-waste generation and collection rate in 2016 (Ofondu et al., 2022)

Region Volume (MT)  Per capita values (Kg/capita)  The collection rate for recycling (%)
Asia 18.2 4.2 15
Europe 12.3 16.6 35
United States 11.3 11.6 17
Africa 2.2 1.9 Unavailable
Oceania 0.7 17.3 6

Purchase et al. (2020) reported that in many cases, these countries lack the proper facilities and technologies needed to safely
handle and recycle e-waste, leading to unsafe practices like open burning and the dumping of e-waste in unregulated landfills.
Andeobu et al. (2021) & Van Yken et al. (2021) found that development countries such as Japan, South Korea, and Switzerland
have developed advanced e-waste management systems that prioritize recycling, resource recovery, and the reduction of
environmental harm. These countries have implemented stringent regulations that set targets for e-waste collection and recycling,
promote eco-design, and encourage public participation in recycling programs. Eventually, technological innovation is also key
to mitigating the climate impacts of e-waste. By using sustainable materials, reducing energy consumption during manufacturing,
and designing products that are easy to repair and recycle, green design can significantly reduce the environmental and climate
impact of electronic devices. Innovations in recycling technology are equally important. Advances in automated sorting systems,
material recovery technologies, and chemical recycling processes can improve the efficiency of e-waste recycling, enabling the
recovery of valuable materials with less energy. These technologies also help reduce the release of hazardous substances during
recycling, protecting human health and the environment.

In termination, the mismanagement of e-waste poses a significant threat to ecosystems and contributes to climate change in
multiple ways. From the greenhouse gas emissions associated with production and disposal to the pollution of soil, water, and
air, the environmental and climate impacts of e-waste are vast and complex. However, by adopting sustainable e-waste
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management practices and transitioning to a circular economy, we can mitigate these impacts and create a more sustainable
future for both the planet and its inhabitants.

The key objectives of this study are-

1. To assess the environmental and climate impacts of improper e-waste management.
2. To study the challenges of e-waste management.
3. To explore the climate sensitive approaches to e-waste management.

This study employed a qualitative research approach using a narrative literature review methodology to examine the
environmental and climate issues of e-waste generations in India. As described by Cronin et al. (2008), narrative reviews are
useful to provide a synthesis of different primary studies. This approach allows for a comprehensive overview of the topic,
identifying trends, gaps, and areas of consensus in the literature (Baumeister & Leary, 1997). The literature search was conducted
using academic databases including Scopus, Web of Science, and Google Scholar, with specific keywords such as “e-waste
management,” “environmental impact,” “climate change,” “circular economy,” and “climate sensitive approaches.” In line with
the narrative review approach, the search was not exhaustive but intended to capture a broad range of relevant literature in this
area (Grant & Booth, 2009). The review primarily focused on peer-reviewed journal articles, books, and conference proceedings
published in English, to capture new developments in this emerging field. Supplementary, the data for this review paper was
collected from various secondary sources. The global and regional e-waste landscape was covered based on government reports
including those from the United Nations Environment Programme (UNEP) and the International Labour Organization (ILO);
national agencies such as the Central Pollution Control Board (CPCB), India. Eventually, the integrative literature review was
based on an iterative process of reading, identifying key themes from that data and synthesizing the information in a way as
articulated by Torraco (2005). There are four key themes identified in this study: environmental effects of e-waste, climatological
issues, challenges and sustainable solutions of e-waste management. Narrative synthesis sought to present a coherent, reasoned
overview of existing acquaintance of the environmental and climate issues associated with e-waste management in India; clarify
agreements among researchers; specify gaps in the literature that needs further investigation and suggest potential areas for future
research or practice.

The World Health Organization (WHO) and the United Nations estimate that over 50 million metric tons of e-waste is generated
annually (Islam et al., 2020). Despite the critical importance of sustainable disposal practices, improper management remains a
widespread issue, contributing significantly to environmental degradation and climate change. This paper explores the
environmental and climate impacts of improper e-waste management, emphasizing the pathways through which e-waste
mismanagement accelerates environmental pollution, affects ecosystems, and contributes to global warming. E-waste contains a
wide range of hazardous substances that can leach into soil and groundwater, contaminating local ecosystems. Heavy metals like
lead, mercury, and cadmium are toxic to both humans and wildlife. For example, mercury from e-waste can find its way into
water bodies, where it can bioaccumulate in aquatic ecosystems and enter the food chain, posing serious health risks to both
animals and humans who consume contaminated fish and water. In regions where informal e-waste recycling is common, such
as parts of Asia and Africa, the open burning of electronic components is a widespread practice (Lebbie et al., 2021). This burning
process releases toxic fumes into the air, contributing to air pollution and respiratory problems for local populations. Furthermore,
chemicals released during improper disposal contribute to the degradation of the ozone layer, further intensifying global climate
issues. This not only threatens the health of marine life but also disrupts food webs and contributes to the decline of biodiversity
in aquatic ecosystems. This paper assesses these impacts, examining the effects of improper e-waste management on ecosystems,
human health, and the climate, while also exploring potential solutions.

Soil contamination

One of the most immediate environmental impacts of improper e-waste disposal is soil contamination. E-waste contains a variety
of hazardous materials, including heavy metals such as lead, mercury, cadmium, and arsenic, as well as persistent organic
pollutants like polychlorinated biphenyls (PCBs) and brominated flame retardants (BFRs) (Robinson, 2009). When e-waste is
dumped in landfills or informally burned, these toxic substances can leach into the soil. Over time, this leads to the accumulation
of hazardous materials in the earth, which can disrupt plant life, reduce soil fertility, and contaminate crops grown in the affected
areas (Sanghvi, 2023). In many developing countries where informal recycling practices are common, local communities and
agricultural lands are directly impacted by this contamination.

Water pollution

E-waste also contributes to water pollution. As toxic chemicals leach into the soil, they can infiltrate groundwater systems, rivers,
lakes, and oceans. Water sources near informal e-waste recycling sites have been found to contain dangerously high levels of
heavy metals and other contaminants. For instance, in areas where acid baths are used to extract precious metals from electronic
components, the leftover acidic wastewater is often dumped directly into nearby water bodies. Many countries illegally ship e-
waste to developing nations, where it is often discarded in unregulated dumpsites. Over time, the e-waste breaks down and
releases toxic substances into the surrounding waters, affecting marine ecosystems and biodiversity (Kalamaras et al., 2021).
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The leaching of mercury from e-waste is of particular concern, as mercury bioaccumulates in the food chain, ultimately affecting
fish and other marine life, as well as humans who consume seafood.

Air pollution

Improper e-waste management can also lead to significant air pollution. Informal recycling methods, such as burning e-waste to
extract valuable metals like copper and gold, release harmful toxins into the atmosphere. Open-air burning of e-waste emits
dioxins, furans, and other harmful chemicals, which are known carcinogens (K. S. Gupta, 2007; Lebbie et al., 2021; Robinson,
2009). These pollutants contribute to poor air quality and have been linked to respiratory problems, cancers, and other serious
health conditions in both workers involved in recycling activities and surrounding communities.

Greenhouse gas emissions (GHGSs)

The production, use, and disposal of electronic devices involve significant energy consumption. When e-waste is incinerated,
the burning process releases toxic fumes and CO., contributing to climate change. One of the primary climate-related concerns
associated with e-waste is its contribution to greenhouse gas (GHG) emissions (Belkhir & Elmeligi, 2018; Fawole et al., 2023).
Burning e-waste, especially plastic components and circuit boards, releases persistent organic pollutants (POPSs), such as dioxins
and furans, which are known to have detrimental effects on the ozone layer and contribute to global warming.

Resource depletion

Many electronic devices contain valuable materials like gold, copper, and rare earth metals. Improper disposal leads to the loss
of these resources, requiring more mining and extraction activities, which themselves are energy-intensive and contribute to
deforestation and CO: emissions (Oberle et al., 2019).

The improper management of e-waste poses significant environmental and climate risks, from soil and water contamination to
air pollution and greenhouse gas emissions. These impacts not only harm ecosystems but also threaten human health and
exacerbate global climate change. Addressing these challenges requires a comprehensive approach that includes stronger
regulations, investment in sustainable recycling technologies, and greater public awareness.

Challenges of E-Waste Management

The rapid growth of e-waste poses significant challenges for waste management systems worldwide. The unique characteristics
of e-waste, including its hazardous components, complex material composition, and rapid product obsolescence, make effective
management particularly challenging. Below are some of the major challenges in managing e-waste. Figure 2 depicts that the
challenging steps of e-waste management.

Increasing
Volume and

Complexity of E-
Waste

and Incentives Recycling
Infrastructure

Resource
Recovery
Challenges

Insufficient Low Public
Regulatory Awareness and
Frameworks Participation

Figure 2. Challenges of e-waste management
Increasing volume and complexity of e-waste
The sheer volume of e-waste is one of the most pressing challenges. The ever-increasing demand for electronic devices — spurred
by technological innovation, consumer behavior, and short product lifecycles — has led to a sharp rise in the quantity of discarded
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electronics. Moreover, advancements in technology mean that electronic devices are becoming increasingly complex. Modern
electronics are made from a mixture of metals, plastics, and toxic substances, making recycling and safe disposal more difficult.
As products become more miniaturized, they also become harder to dismantle for resource recovery. The complexity of
components such as circuit boards and batteries further complicates efforts to safely extract reusable materials.

Lack of formal e-waste recycling infrastructure

A major hurdle in e-waste management is the inadequate formal recycling infrastructure, particularly in developing countries.
Many regions lack the necessary facilities, technologies, and trained personnel to handle e-waste safely. This deficiency forces
a large percentage of e-waste into informal recycling sectors, where hazardous practices are often employed. In regions without
effective recycling programs, e-waste is often dumped in landfills or subjected to open burning, causing serious environmental
and health risks. Only around 20% of global e-waste is formally recycled, while the rest is either dumped, incinerated, or handled
informally (Bel et al. 2019; Ilankoon et al., 2018; Islam et al., 2020).

Informal e-waste recycling practices

A significant portion of the world’s e-waste ends up in informal recycling sectors, particularly in low-income countries. In these
regions, e-waste is manually dismantled by unskilled workers using rudimentary and hazardous methods, such as open burning
or the use of acid baths to extract valuable metals like copper, gold, and silver. Informal recyclers often work in unsafe conditions
without protective gear, and the toxic byproducts of these methods pollute the surrounding environment (Tiwari et al., 2023).
For example, the open burning of electronic components releases harmful substances such as dioxins and polycyclic aromatic
hydrocarbons (PAHS), which contribute to air pollution and global warming. These informal recycling practices, while
economically necessary for many communities, present both immediate health risks to workers and long-term environmental
damage. Addressing the issue requires not only upgrading recycling technologies but also offering alternative livelihoods and
education to those involved in informal e-waste processing.

Low public awareness and participation

A major barrier to effective e-waste management is the lack of public awareness and engagement in proper disposal and recycling
practices. Many consumers are unaware of the environmental hazards posed by e-waste and the importance of recycling
electronic devices. In regions with formal recycling infrastructure, people often discard their old electronics in regular trash
rather than recycling them properly. In some cases, even when consumers are willing to recycle, the lack of convenient e-waste
collection points and services makes it difficult for them to do so. Additionally, there is a lack of understanding about the value
of e-waste as a resource (Sivaramanan, 2013). E-waste contains valuable metals like gold, silver, copper, and palladium, but
without public participation in recycling programs, these materials are lost to landfills. Increasing public awareness through
education campaigns and offering convenient recycling options are essential to improving recycling rates.

Insufficient regulatory frameworks

Many countries lack robust regulatory frameworks to manage e-waste effectively. In some regions, there are no clear laws
governing the collection, recycling, and disposal of electronic waste, allowing informal and unsafe recycling practices to flourish.
In countries with regulations, enforcement is often weak, and loopholes allow e-waste to be exported illegally to developing
nations, where it is dumped or handled unsafely. International efforts, such as the Basel Convention, aim to control the
transhoundary movement of hazardous waste, including e-waste, but enforcement remains a challenge. Illegal shipments of e-
waste from developed to developing countries continue despite international agreements, exacerbating global e-waste
management issues (llankoon et al., 2018b).

Resource recovery challenges

While e-waste contains valuable materials, recovering these resources efficiently is challenging due to the complex and
heterogeneous nature of electronic devices (Islam et al., 2020; Van Yken et al., 2021). The recycling process requires advanced
technologies to separate and recover precious metals, plastics, and other materials without causing environmental harm. Many
recycling facilities, particularly in developing countries, do not have the technology or expertise to carry out these processes
effectively. Furthermore, the recovery of certain materials, such as rare earth elements, is still not economically viable due to the
small quantities found in individual devices and the high cost of extraction. This limits the potential for resource recovery and
leads to continued reliance on the mining of virgin materials, which has its own environmental and climate-related impacts.

Economic factors and incentives

E-waste management is often hindered by economic factors (Efthymiou et al., 2016; Ganguly, 2016). In many countries, the cost
of properly collecting, transporting, and recycling e-waste exceeds the revenue generated from the recovered materials. This
economic imbalance discourages investment in formal recycling infrastructure and creates a disincentive for consumers to
participate in recycling programs. To address this, some countries have implemented Extended Producer Responsibility (EPR)
programs, which require manufacturers to take responsibility for the end-of-life disposal of their products. However, these
programs are not universally adopted, and their effectiveness varies depending on how they are enforced.

E-waste management presents numerous challenges, ranging from the growing volume and complexity of electronic devices to
the environmental and health risks posed by improper disposal. Addressing these challenges requires a combination of
technological advancements, regulatory frameworks, public awareness, and international cooperation. By improving recycling
infrastructure, adopting sustainable production practices, and engaging consumers in responsible disposal, the global community
can reduce the environmental and health impacts of e-waste and promote the climate sensitive approaches for sustainable future.
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Climate Sensitive Approaches to E-Waste Management

E-waste contains a mix of valuable materials and hazardous substances that if not managed properly, can result in toxic pollution,
ecosystem degradation, and increased greenhouse gas emissions. As the world confronts the escalating climate crisis, it is critical
to adopt climate-sensitive approaches to managing e-waste that minimize the carbon footprint of electronic products and promote
sustainable resource use. These approaches focus on reducing emissions, preventing environmental damage, and fostering a
circular economy to enhance long-term sustainability.

Reducing Greenhouse Gas Emissions through Sustainable Manufacturing

A significant portion of the climate impact from e-waste stems from the energy-intensive processes involved in the production,
transportation, and disposal of electronic devices. Mining rare earth metals, refining raw materials, and manufacturing
components all require substantial energy, much of which is derived from fossil fuels. To reduce the climate impact of e-waste,
the electronics industry must adopt more sustainable production methods that reduce energy consumption and reliance on carbon-
intensive processes. One effective strategy is improving energy efficiency during manufacturing. By adopting cleaner
technologies, optimizing production processes, and using renewable energy sources, manufacturers can significantly reduce
GHG emissions (Belkhir & Elmeligi, 2018; Fawole et al., 2023). Additionally, sourcing raw materials from certified,
environmentally responsible suppliers can lower the carbon footprint of electronic products. Companies should prioritize
materials that are less energy-intensive to mine and process, such as recycled metals, which require significantly less energy than
extracting virgin resources. Eventually, designing products with a longer lifespan is another critical approach. Extended
lifecycles reduce the frequency with which consumers need to replace their electronics, thereby decreasing the demand for new
production and its associated emissions. This design philosophy not only benefits the climate but also encourages a shift towards
more sustainable consumption patterns.

Promoting the Circular Economy

The circular economy is an essential framework for addressing the climate impacts of e-waste. It seeks to minimize waste by
keeping products, components, and materials in use for as long as possible, reducing the need for new resource extraction and
cutting down on waste generation. Figure 3 shows that the circular economy strategies to electronic production and disposal for
sustainable future. In the context of e-waste, the circular economy emphasizes the reuse, repair, refurbishment, and recycling of
electronic devices, all of which can help mitigate climate change (Dumée, 2022; Fawole et al., 2023; Sanghvi, 2023).

Extending
Product
Lifecycles &
Repairability

Producer Recycling and
Responsibility Resource
and Eco-Design Recovery

Figure 3. Circular economy strategies to electronic production and disposal

Extending Product Lifecycles and Repairability

One of the most effective ways to reduce e-waste is by extending the life of electronic devices. Manufacturers can design products
with modular components that are easy to repair or upgrade, thus reducing the need for consumers to frequently replace their
devices. Policies like the “Right to Repair” initiative, which advocates for consumers’ ability to repair their own electronics, can
help extend product lifespans and prevent devices from being prematurely discarded. By supporting repair and refurbishment
markets, countries can significantly reduce e-waste and its associated climate impacts. Refurbished devices typically require
fewer resources and less energy to produce than new ones and their reuse prevents the emissions that would result from
manufacturing new products. This approach also reduces the demand for raw materials, minimizing the environmental impact
of resource extraction.
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Improving Recycling Rates

Recycling is a cornerstone of the circular economy and a key climate-sensitive approach to e-waste management. When e-waste
is properly recycled, valuable materials such as metals (gold, silver, copper) and plastics can be recovered and reused in the
production of new electronics. This reduces the need for mining and processing virgin materials, which are energy-intensive
processes that contribute to GHG emissions. To improve recycling rates, governments and companies must invest in efficient
recycling infrastructure and technologies that can handle the complex composition of e-waste. This includes advanced systems
for separating and recovering different materials from electronic devices. Implementing Extended Producer Responsibility (EPR)
policies, which hold manufacturers accountable for the end-of-life management of their products, can also incentivize companies
to invest in recycling systems and design products that are easier to recycle (Ali & Shirazi, 2023; Jayasiri et al., 2023; Panchal
et al., 2021).

Producer Responsibility and Eco-Design

Manufacturers play a crucial role in addressing e-waste and its climate impact. Extended Producer Responsibility (EPR)
programs, which hold manufacturers accountable for the end-of-life management of their products, can incentivize companies
to design more sustainable and recyclable products. Eco-design principles can also be applied to create products that are easier
to disassemble, repair, and recycle, reducing the environmental burden associated with disposal (Fawole et al., 2023; Kiddee et
al., 2013). By adopting eco-design and EPR strategies, companies can contribute to a more sustainable electronic industry and
reduce the overall climate impact of e-waste.

Reducing the Environmental Impact of E-Waste Disposal

Improper disposal of e-waste, such as dumping it in landfills or burning it in open pits, leads to severe environmental pollution
and contributes to climate change. The hazardous chemicals in e-waste, including heavy metals, flame retardants, and persistent
organic pollutants (POPs), can leach into the soil and water, contaminating ecosystems. Open burning of e-waste releases toxic
fumes, as well as carbon dioxide (CO2) and other greenhouse gases, exacerbating global warming. To reduce the climate and
environmental impacts of e-waste, countries should phase out landfilling as a method of e-waste disposal. E-waste landfills not
only occupy valuable land but also release harmful substances over time, threatening both human health and the environment.
Instead, governments should invest in e-waste recycling and recovery facilities that can safely process electronic waste and
recover valuable materials (Murthy & Ramakrishna, 2022). In cases where landfilling is unavoidable, the use of specialized e-
waste containment systems can help mitigate environmental risks. Such systems include protective linings and leachate collection
systems that prevent hazardous chemicals from seeping into the surrounding environment. However, these measures should only
be viewed as temporary solutions, with the ultimate goal being the elimination of e-waste landfilling altogether. To address this
issue, governments need to formalize e-waste recycling sectors, providing safe working conditions and environmentally sound
recycling technologies. Training and capacity-building programs can help informal recyclers transition to safer, more sustainable
practices. Additionally, enforcing regulations that prohibit open burning and other hazardous recycling methods is crucial for
reducing emissions and protecting the environment.

Climate-sensitive approaches to e-waste management are essential for reducing the environmental and climate impacts of the
rapidly growing volume of electronic waste. By promoting sustainable production, extending product lifecycles, improving
recycling rates, and minimizing improper disposal, governments, industries, and consumers can contribute to reducing
greenhouse gas emissions and protecting ecosystems. Adopting a circular economy framework, advancing responsible policies
such as extended producer responsibility, and fostering global cooperation are critical steps in ensuring that e-waste management
is aligned with climate goals.

The management of e-waste presents significant challenges to the environment, particularly in terms of its contribution to climate
change and ecosystem degradation. This systematic review explores the climate issues associated with e-waste, emphasizing the
complex interactions between improper disposal, resource extraction, and greenhouse gas (GHG) emissions. Nandan etal. (2023)
focused that improper e-waste management through methods such as open burning and informal recycling has severe climate
and ecological consequences. Open burning, for instance, is a common method used to extract valuable metals like copper from
e-waste in developing countries, where informal recycling practices dominate. The burning releases not only harmful toxins but
also GHGs like carbon dioxide (CO2) and methane (CH4), contributing to global warming. Informal recycling practices in
countries with inadequate waste management infrastructure are a significant source of environmental pollution (Ghosh et al.,
2022; Purchase et al., 2020; Tiwari et al., 2023). In addition to the air pollution from burning, the toxic chemicals in e-waste seep
into soil and water systems, contaminating ecosystems and disrupting biodiversity. Fawole et al. (2023) & Ministry of the
Environment and Climate Change (2017) alert that these environmental damages indirectly exacerbate climate change by
weakening ecosystems’ ability to sequester carbon, as contaminated soils and watersheds lose their capacity to support plant life
and other biological processes that absorb CO2. Moreover, the global production of electronic goods is energy-intensive,
contributing significantly to the climate crisis. The extraction of raw materials, particularly rare earth metals, and the
manufacturing of electronic components involve high levels of energy consumption, much of which is derived from non-
renewable fossil fuels. This industrial activity leads to significant GHG emissions, adding to the burden of global carbon
footprints. Ali & Shirazi (2023); Sanghvi (2023); Turaga et al. (2019) & Oberle et al. (2019) found that mitigate the climate
impact of e-waste, adopting circular economy principles is essential. A circular economy approach emphasizes reducing waste
by keeping products, components, and materials in use for as long as possible through reuse, repair, refurbishment, and recycling.
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Extending the lifespan of electronic devices is a critical aspect of this approach. Unfortunately, global recycling rates for e-waste
remain low, with only about 17.4% of e-waste being formally recycled, according to the Global E-Waste Monitor (Balde et al.,
2017). Chibunna et al. (2012); Fawole et al. (2023); Murthy & Ramakrishna (2022) & Shahabuddin et al., 2023) found the low
recycling rate is often attributed to inadequate infrastructure, lack of consumer awareness, and inefficient collection systems.

In conclusion, the climate issues surrounding e-waste management pose significant and multifaceted challenges to ecosystems
and global efforts to mitigate climate change. The lifecycle of electronic devices — from resource extraction and manufacturing
to usage, disposal, and recycling — contributes heavily to greenhouse gas emissions and environmental degradation. Addressing
these climate issues requires a shift towards circular economy models that prioritize product lifecycle extension, repairability,
recycling, and sustainable production practices. Policy interventions such as Extended Producer Responsibility (EPR) and stricter
enforcement of international agreements like the Basel Convention are essential for regulating the transboundary movement of
e-waste and ensuring environmentally sound disposal practices. Additionally, innovations in green design and recycling
technologies can help reduce the carbon footprint of e-waste management and promote resource recovery. Achieving sustainable
e-waste management will require coordinated global efforts, combining policy reforms, technological advancements, and public
awareness initiatives to align e-waste practices with climate goals, ultimately contributing to a more resilient and sustainable
global ecosystem. Eventually, the environmental and climate issues associated with e-waste management in India demand
immediate and sustained action. As the country grapples with the consequences of rapid technological advancements and
growing e-waste generation, it is imperative to adopt a holistic approach that encompasses regulatory reforms, infrastructure
development, public awareness, and international collaboration. By prioritizing sustainable e-waste management, India can
protect its environment, safeguard public health, and contribute meaningfully to global efforts to combat climate change. The
challenges are formidable, but with concerted efforts from all stakeholders, a sustainable future is achievable, one where the
benefits of technology can be harnessed without compromising environmental integrity or human health.
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