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ABSTRACT

This review depicts all the strategies employed in management of Electronic waste (e-waste), which focuses on augment challenges which are faced due to rapid
advancement of technology. which provides some of the disposal methods such as recycling technologies, and regulatory frameworks, underscoring the implerative
for sustainable practices . Acknowledging the environmental risks related to improper e-waste handling ,the paper provides eminent trends like circular economy
approaches and inventive recycling techniques. the aim of this review is to provide understanding for electronic engineers and policymakers, guiding them toward
effective e-waste management and encouraging the development towards a responsible and environmentally friendly paradigm within the electronic industry.
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INTRODUCTION

E-waste management (E-waste) is an vital part of green technology for the responsible disposal and also recycling of electronic products.Electronic
engineers play a very crucial role when it comes to developing solutions that will reduce the environmental impacts of e-waste,promote the circular
economy and reduce e-waste.

Due to the rapid advancement of technology and the development of electronic products,electronic waste (e-waste) has become a problem.The life of
these devices have led to an unprecedented trend in electricity generation and requires accurate and sustainable management due to development and
limited service .becauce myriads of electronic products contain inimical substance such as lead, mercury, and cadmium found in e-waste can leach into
the soil and water, causing pollution and health problems for humans and wildlife. Additionally, the informal recycling sector, prevalent in many
developing countries, often employs unsafe practices that expose workers to toxic materials.s ,improper disposal of e-waste can cause risk to the
environment and health.to solve this problems requires a good understanding of current management ,research on nem technologies, and thinking about
management processes.

This review aims to provide elaborated review of the current state of e-waste management and highlight the environmental and health impacts pf improper
disposal.by collecting the data we can find out the defeciencies of e-waste and will try to find out effective and efficient alternatives.This review will
introduce new technologies for e-waste recycling ,including mechanical separation,pyrometallurgical and hydromentellugical methods,and evaluate their
environmental impacts and good studies..

Effective e-waste management is crucial for mitigating these risks and promoting sustainability. It involves a range of activities, including collection,
transportation, recycling, and disposal, as well as the development of policies and regulations to govern these processes. Over the past decade, extensive
research has been conducted to address the challenges associated with e-waste management and to explore innovative solutions.

Files must be in MS Word only and should be formatted for direct printing, using the CRC MS Word provided. Figures and tables should be embedded
and not supplied separately.

Literature Survey

Most of the news papers and magazines focus on managing e-waste and how to reduce it.The research on e-waste management shows that dealing with
the ever increasing e-waste in world is a compex process.studies shows that electronic products can be inimical and emphasize the need for responsible
disposal.

The study shows traditional electronic waste management system and shows the limitations on disposal of many electronic waste products.they need new
technologies like mechanical sepearation,pyrometallurgical and hydrometllurgical processes to acquire original resources.
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1.E -WASTE:

e  Regional Breakdown (2019 Data):
e  Asia: Generated about 24.9 million metric tons, making it the largest contributor to e-waste.
®  Americas: Produced around 13.1 million metric tons.
e  Europe: Generated approximately 12 million metric tons.
e  Africa: Produced around 2.9 million metric tons.

(] Oceania: Generated about 0.7 million metric tons.
[ Management and Recycling:

E-waste management in India faces significant challenges, including inadequate infrastructure, lack of awareness, and informal recycling practices. A
large portion of e-waste is handled by the informal sector, which often employs unsafe methods for recycling and disposal, leading to environmental
pollution and health hazards.The government has implemented regulations to manage e-waste. The E-Waste (Management) Rules, 2016, mandate that
producers take responsibility for the collection and proper disposal of e-waste through Extended Producer Responsibility (EPR).

Environmental and Health Impact:

o Improper disposal and recycling of e-waste release hazardous substances like lead, mercury, cadmium, and brominated flame
retardants into the environment. These substances can contaminate soil, water, and air, posing serious health risks to humans
and wildlife.

o Workers in the informal e-waste recycling sector are often exposed to toxic chemicals without adequate protection, leading to
respiratory problems, skin disorders, and other health issues.

Efforts and Initiatives:

o  Various initiatives are being undertaken to address e-waste issues in India. NGOs, government bodies, and private enterprises
are working to improve e-waste collection, create awareness, and promote safe recycling practices.

o  Programs like Swachh Digital Bharat and initiatives by organizations such as Karo Sambhav and Clean to Green are aimed at
raising awareness and providing solutions for responsible e-waste management.

Recommendations for Improvement:
1.  Strengthening Regulations:

o Enhance enforcement of existing e-waste management laws and ensure strict compliance by all stakeholders, including
manufacturers, consumers, and recyclers.

2. Promoting Formal Recycling:

o  Support the development of formal recycling facilities and encourage partnerships between the government and private sector to
improve recycling infrastructure.

2.SOURCES OF E WASTE :

E-waste originates from a wide range of electronic and electrical equipment. Major sources include consumer electronics such as mobile phones, tablets,
computers, laptops, and televisions, which are frequently replaced due to rapid technological advancements. Household appliances like refrigerators,
washing machines, microwaves, and air conditioners contribute significantly as they are discarded when malfunctioning or replaced with more efficient
models. The IT and telecommunication sector generates e-waste through servers, networking equipment, and printers, often upgraded in businesses and
data centers. Lighting equipment, including fluorescent tubes and LED lamps, is another source, particularly as older technologies are phased out for
more energy-efficient options. Medical devices, from diagnostic equipment to monitoring systems and laboratory instruments, add to the e-waste stream
as they become outdated or non-functional. Additionally, electrical tools such as power and garden tools, toys and leisure equipment like video game
consoles and electronic toys, and office equipment including fax machines and photocopiers are significant contributors to e-waste, driven by continuous
technological innovation and the eventual obsolescence of these products.

e  Discarding of e waste from other parts of world.
e  PC producer and retailer.

e  Secondary markets of old PC’s.



International Journal of Research Publication and Reviews, Vol 5, no 8, pp 1575-1582 August 2024 1577

] Consumer Electronics:
®  Mobile Phones and Tablets: Frequent upgrades lead to discarded devices.
e  Computers and Laptops: Old and obsolete computers and peripherals.
e  Televisions and Monitors: CRTs, LCDs, and LED screens.
e  Audio and Video Equipment: DVD players, VCRs, speakers, and headphones.
e  Small Appliances: Microwaves, toasters, blenders, and electric kettles.
e New Generations: With each new generation of gaming consoles, older ones are often discarded.
e  Peripheral Devices: Controllers, VR headsets, and other accessories also contribute to e-waste.
. Short Lifespan: Devices like smartwatches and fitness trackers are frequently upgraded or replaced.
1 Household Appliances:
e  Large Appliances: Refrigerators, washing machines, dryers, and air conditioners.

e  Kitchen Appliances: Coffee makers, mixers, and food processors.

_

Office Equipment:
e  Printers and Scanners: Outdated or non-functional office devices.
e  Fax Machines and Copiers: Older models being replaced by multifunctional devices.
M Telecommunications Equipment:
e  Routers and Modems: Upgrades and replacements.
e  Landline Phones: Declining use leading to disposal.
M Medical Devices:
e  Diagnostic Equipment: Old medical imaging devices and lab equipment.
®  Monitoring Devices: Heart monitors and blood pressure monitors.
M Industrial Equipment:
e  Manufacturing Tools: Obsolete machinery and tools.
e  Laboratory Equipment: Outdated or broken lab instruments.
M Batteries and Cables:
e  Rechargeable Batteries: From various devices like laptops and phones.

®  Cables and Chargers: Obsolete or damaged cables and power supplies.

_

Toys and Hobbies:
e  Electronic Toys: Discarded due to wear or upgrades.

e  Hobbyist Gadgets: Old drones, RC cars, and other electronic hobbyist devices.

3.E-WASTE MANAGEMENT METHODS :

e  Recycling :
Material recovery : Extracting valuable materials like metals (gold,silver,copper),plastics,and glass for reuse in manufacturing new products.
Safe Dismantling : Breaking down devices into components parts and safely handling inimical materials like lead,mercury and cadmium.
®  Refurbishment and Reuse:
Repair and Upgrade: Fixing and upgrading old devices to extend their life span and delay their entry into the waste stream.

Second-Hand Markets: Selling or donating refurbished electronics for continued use, particularly in markets with high demand for  affordable
technology
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®  Collection and Take-Back Programs
Producer Responsibility: Manufacturers and retailers establish programs for consumers to return old devices for proper disposal or recycling.
E-Waste Drop-Off Points: Designated locations where consumers can safely dispose of their electronic waste.

1 Upcycling: This involves repurposing old electronic devices or their components into new products. For example, old circuit boards can be used in
art or new electronic projects, reducing the need for new materials.

e  Advanced Recycling Technologies: Innovations such as hydrometallurgy and bioleaching are being developed to extract valuable metals from e-
waste more efficiently and with less environmental impact.

1 Extended Producer Responsibility (EPR): This approach shifts the responsibility for e-waste management from consumers to producers. EPR
programs can involve manufacturers taking back old products, recycling them, or using eco-design principles to make products easier to recycle.

1 Collection Points and Drop-Off Centers: Establishing convenient collection points and drop-off centers for e-waste helps ensure that electronic
devices are properly disposed of or recycled. These centers can be located in community areas, retail stores, or municipal facilities.

1 Certified E-Waste Recyclers: Working with recyclers who are certified by organizations such as the Responsible Recycling (R2) or e-Stewards
standards ensures that e-waste is handled responsibly and ethically.

M Design for Recycling: Encouraging manufacturers to design products with end-of-life recycling in mind can make it easier to disassemble and recycle
electronics. This might include using fewer materials or materials that are easier to separate.

M Public Awareness Campaigns: Increasing awareness about the importance of proper e-waste disposal and the available recycling options can
encourage more people to participate in e-waste management programs.

M Corporate Initiatives: Many companies are implementing their own e-waste management strategies, including take-back programs, recycling
partnerships, and zero-waste goals to reduce their environmental footprint.

M International Cooperation: E-waste is a global issue, and international cooperation is essential for effective management. This includes agreements
and partnerships between countries to handle cross-border e-waste responsibly and share best practices.

4. Analysis:

Ewaste has become the major problem in india for health and problems related to environment . india is the third largest source of Ewaste in india.it has
2 million tons of e-liquid every yearand imports and amplifies an unknown amount of e-liquid waste from other countries in the world. Computer has
about 70% of e-waste,12% from telecommunication,8% by medical equipments and 7% from electronic waste government public sector ccompanies and
private companies generate 75% e-waste whereas indivisual house hold has 16%.

There are multiple E-waste every year disposed.
1. Maharashtra:
e  Generation: Maharashtra has the highest amount of e-waste in India.

e  Management: Mumbai, Pune, and Nagpur are the major cities contributing to e-waste. The state has several e-waste recycling facilities, but
informal recycling is also prevalent Maharashtra, one of India's most industrialized states, faces significant challenges related to electronic waste
(e-waste) management. As a major hub for information technology, manufacturing, and consumer electronics, the state generates a substantial
volume of e-waste annually. The rapid urbanization and increasing consumer demand for electronic devices have exacerbated the issue. Cities like
Mumbai and Pune are particularly significant contributors, where the high turnover of devices such as mobile phones, computers, and household
appliances leads to a growing e-waste burden However the infrastructure of collecting and recycling E-waste in Maharashtra is still in progress.While
there are myriads of differential recycling facilities,large portion of E-waste is is done in informal sector sometimes in unsafe and environmentally
inimical.to handle this challenges we need to enhance our regulatory enforcement and invest in it much more.

2. Tamil Nadu:
®  Generation: Tamil Nadu ranks second in e-waste generation.

e  Management: Chennai is a major hub for electronic goods and thus a significant contributor to e-waste. The state has been active in promoting
formal recycling units.E-waste or Electronic waste has been growing in Tamil Nadu as it is all over the world.as Tamil Nadu is an state of
industrial hubs of india,generates significant amount of e-waste from differential sources,including households and industries as well IT sector.
Efforts have been made by the government and non-governmental organizations to address this issue. The Tamil Nadu Pollution Control
Board (TNPCB) has been actively involved in regulating and monitoring e-waste management practices. Additionally, there have been
initiatives to promote recycling and safe disposal through authorized e-waste collection centers and recycling units. However, the
implementation and enforcement of these regulations remain inconsistent, and illegal dumping of e-waste is still a significant problem.

3. Uttar Pradesh:
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Generation: Uttar Pradesh is another significant contributor to e-waste.

Management: Major cities like Noida and Ghaziabad are key contributors. The state has taken steps to improve e-waste management, but
informal sector involvement is substantial. the E-waste or electronic waste is growing in rapid way as this state is most popular in country,
and generates significant amount of e-waste due to its large consumer base and augment in penetration of electronic devices. One of the
primary challenges in managing e-waste in Uttar Pradesh is the less amount of adequate infrastructure for its collection, segregation, and
recycling. Much of the e-waste ends up in informal sectors, where it is processed under hazardous conditions, posing serious risks to both
human health and the environment. Informal recycling practices includes the burning of electronic components to extract valuable metals like
gold and copper, releasing toxic fumes and pollutants. he Uttar Pradesh government has recognized the need to address the e-waste problem
and has initiated several measures to improve the situation. This includes setting up authorized e-waste collection centers and promoting
awareness about the proper disposal of electronic products. Additionally, the state is working in collaboration with various NGOs and private
organizations to establish a more formalized recycling process. while Uttar Pradesh has made some strides in addressing the e-waste issue,
there is still much work to be done to ensure that the state can effectively manage the growing volume of electronic waste. Enhanced
infrastructure, stricter enforcement of regulations, and greater public awareness are crucial for mitigating the environmental and health risks
associated with e-waste in the state

4. West Bengal:

5. Delhi:
[ )

Generation: West Bengal, particularly Kolkata, generates a large amount of e-waste.

Management: The state has several registered e-waste recyclers. However, informal recycling practices continue to be a challenge. . the E-
waste or electronic waste is growing in rapid way as this state is most popular in country, and generates significant amount of e-waste due to
its large consumer base and augment in penetration of electronic devices. The management of e-waste in West Bengal presents multiple
challenges. The informal sector plays a dominant role in e-waste recycling, where unregulated and often inimical methods are employed to
extract valuable materials like gold, copper, and silver. These practices not only pose serious health risks to the workers involved but also lead
to environmental contamination. Toxic substances such as lead, mercury, and cadmium can leach into the soil and water, causing long-term
ecological damage. The state government has taken steps to address this issue by encouraging the establishment of formal e-waste recycling
facilities and implementing regulations to control the flow of e-waste. However, enforcement remains weak, and public awareness about the
proper disposal of electronic waste is still limited. To effectively manage e-waste in West Bengal, there needs to be a concerted effort involving
stronger regulatory measures, better infrastructure for safe recycling, and increased public education on the importance of responsible e-waste
disposal.

Generation: Delhi is one of the largest e-waste producers due to its status as the capital city and a commercial hub.

Management: The city has several formal recycling facilities, but a significant portion of e-waste is handled by the informal sector. E-waste,
or electronic waste, has become a major environmental concern in Delhi, one of the largest and most densely populated cities in India. The
rapid augment in the consume of electronic devices has led to a corresponding augment in e-waste generation. Delhi, with its large population
and thriving technology sector, produces a substantial amount of e-waste annually. Unfortunately, much of this waste is not disposed of
properly, leading to severe environmental and health issues. Informal e-waste recycling is common in Delhi, where unregulated and unsafe
practices are often used to extract valuable materials from discarded electronics. These practices release harmful chemicals and heavy metals
into the environment, contaminating soil, water, and air, and posing serious health risks to workers and nearby communities. Despite efforts
by the government to regulate e-waste disposal and promote safe recycling methods, the challenge remains vast due to a lack of awareness,
insufficient infrastructure, and the persistence of the informal sector. Addressing e-waste in Delhi requires a multi-faceted approach, including
stricter enforcement of regulations, public awareness campaigns, and the development of formal recycling facilities that can handle the city's
growing e-waste problem in an environmentally sustainable way.

6. Karnataka:

Generation: Karnataka, with Bengaluru as the IT hub, generates substantial e-waste.

Management: Bengaluru has numerous e-waste recyclers, both formal and informal. The state has several registered e-waste recyclers.
However, informal recycling practices continue to be a challenge. . the  E-waste or electronic waste is growing in rapid way as this state is
most popular in country, and generates significant amount of e-waste due to its large consumer base and augment in penetration of electronic
devices. there is a growing need for stricter regulations and enforcement to make sure that manufacturers and consumers comply with e-waste
management guidelines. Public awareness campaigns and collaborations with private sector entities can further improve the effectiveness of
e-waste management in Karnataka. As the state continues to grow as a hub for technology and innovation, addressing the e-waste challenge
will be crucial for sustainable development and environmental protection.

7. Gujarat:

Generation: Gujarat also generates significant e-waste, with cities like Ahmedabad and Surat being major contributors.
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8. Punjab:

Management: The state has a growing number of formal e-waste recycling units, but informal practices are common. . The state has taken
steps to improve e-waste management, but informal sector involvement is substantial. the E-waste or electronic waste is growing in rapid way
as this state is most popular in country, and generates significant amount of e-waste due to its large consumer base and augment in penetration
of electronic devices. In Gujarat, cities like Ahmedabad and VVadodara are main centers for e-waste processing. Informal sectors dominate the
e-waste landscape, where workers often dismantle electronics by hand, exposing themselves to hazardous materials like lead, mercury, and
cadmium. These substances can leach into the soil and water, causing long-term environmental damage and serious health issues for those
involved in the recycling process and the communities around them. The government of Gujarat has recognized these challenges and has been
working on improving the formal e-waste management infrastructure. Regulations and guidelines have been put in place to encourage safer
and more efficient recycling practices. However, the informal sector remains prevalent due to economic incentives, and the challenge lies in
transitioning this sector into the formal economy while ensuring environmental and occupational safety.

Generation: Punjab, especially Ludhiana and Chandigarh, contributes notably to e-waste.

Management: Efforts are being made to improve formal recycling infrastructure. In Punjab, the growing use of technology has led to a rise
in electronic waste, known as e-waste. This includes old or broken gadgets like phones, computers, and TVs. Managing e-waste is a challenge
because these devices contain harmful materials like lead and mercury, which can damage the environment and our health if not disposed of
properly.Unfortunately, Punjab doesn’t have enough facilities to safely handle and recycle this waste. In many areas, people resort to informal
methods of recycling, which often means dangerous chemicals are not managed correctly, leading to pollution and health risks. To tackle this
issue, Punjab needs better laws, more public awareness, and proper recycling centers. By improving how we deal with e-waste, we can protect
our environment and health while also benefiting from recycling valuable materials.

9. Madhya Pradesh:

Generation: Madhya Pradesh has moderate e-waste generation.

Management: The state is working on enhancing its e-waste management systems, but informal recycling is prevalent. E-waste in Madhya
Pradesh is becoming a pressing issue as the state sees more people using electronic gadgets. This increase in devices, like phones and
computers, results in a lot of discarded electronics that are hard to manage. These old gadgets often contain harmful substances such as lead
and mercury, which can be dangerous to the environment and human health if not handled properly.Right now, Madhya Pradesh struggles
with managing this e-waste effectively. There's not enough infrastructure to collect, sort, and recycle these old electronics properly. Often, the
waste ends up in informal recycling setups or is discarded improperly, leading to pollution.To tackle this, there have been efforts to raise
awareness and implement regulations to encourage better disposal practices. The Madhya Pradesh Pollution Control Board is working on
enforcing rules and promoting environmentally friendly methods. However, the impact is limited by issues like low public awareness, weak
enforcement, and challenges with the informal recycling sector. Strengthening the state's e-waste management system, educating the public,
and improving recycling processes are essential to address the environmental and health concerns associated with e-waste.

10. Rajasthan:

Generation: Rajasthan, with cities like Jaipur, is a significant e-waste producer.

Management: The state has taken steps to regulate e-waste, but informal recycling is widespread. E-waste in Rajasthan is a growing problem
that impacts both people and the environment. As technology evolves rapidly and people buy more electronics, the state is seeing an increase
in discarded devices like old computers and smartphones. Many of these are not disposed of properly; instead, they often end up in informal
recycling setups where hazardous chemicals like lead and mercury can leak into the ground and water. This contamination threatens local
ecosystems and can lead to serious health issues for people living nearby. Addressing this issue in Rajasthan requires better waste management
practices, stricter regulations, and a push towards responsible recycling. It’s also crucial to educate people about the importance of proper
disposal to protect both their health and the environment.

Sr.no | State E-waste Management Methods

1. Maharashtra | 19.8 % Formal recycling: E-waste is collected and processed by licensed, regulated
facilities that follow environmentally safe practices

2. Tamil Nadu | 13 % Informal recycling: Small-scale, unregulated operations where e-waste is
dismantled manually, often without protective measures.

3. Uttar 10.1% Collection centre: Designated sites where consumers can drop off their old
pradesh electronics for proper disposal.
4. West Bengal | 9.8 % Awareness Campaigns: Educational programs to inform the public about the

importance of e-waste recycling and proper disposal methods.




International Journal of Research Publication and Reviews, Vol 5, no 8, pp 1575-1582 August 2024 1581

5. Delhi 9.5% Government Programs: Initiated by Delhi government to manage e-
waste,such as awarness campaigns and collection drive. Increased public
awareness; organized collection efforts. Implementation can be inconsistent;
limited reach.

6. Gujarat 8.8 % Legislation and Regulation: Laws and policies governing e-waste
management, including mandatory recycling and disposal practices.

7. Madhya 7.6 % Producer Responsiblities: Producers are responsible for the collection and
Pradesh recycling of their products.

E-Waste Generation In India
State Wise

Total E-Waste Generated In India = 2 million tonnes/year
Share of E-Waste Generated By States (in %)

19.8

Conclusion:

This review not only provides a better understanding of issues associated with e waste management,but also suggests opportunities for changing better
methods and being responsible. Integration of advanced technology,management pf equity and implementation of circular economy models are the key
points. As a result we explore the complexity of e-waste,this synthesis of knowledge will provide a foundation for future research,innovation and
collaboration in research community,science and technology,based on the principles of progress and responsibility supported by the engineering discipline
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