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Abstract: The rapid advancement of technology has led to an exponential increase in electronic waste (e-
waste), posing significant environmental and health challenges. Modern techniques for e-waste disposal
focus on sustainable practices that emphasize recycling, recovery of valuable materials, and minimizing
environmental impact. This paper explores various contemporary methods, including mechanical
recycling, pyrometallurgical processes, and hydrometallurgical techniques. It also highlights the role of
innovative technologies such as artificial intelligence and robotics in improving sorting and processing
efficiency Modern techniques for e-waste disposal focus on sustainable and efficient methods to recover
valuable materials while minimizing ecological impact. This abstract explores advanced strategies such
as mechanical separation, hydrometallurgical processes, and pyrolysis, which enhance recycling
efficiency and reduce hazardous waste.

Keywords: E-waste management, Recycling, sustainable disposal, Mechanical separation Hydrometallurgy,
Urban mining, Circular economy, Electronic recycling, policy framework, Environmental impact,
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Introduction: E waste Disposal According to the Global issue.

were generated in 2019, and this number is

) ) expected to increase to 74 million metrics tons by

E—WasteZ or elgctromc waste, refers to dlscardfed 2030. Improper disposal of e-waste can lead to
electronic devices such as computers, mobile harmful effects on the environment and human

phones, televisions, and other consumer health due to the presence of hazardous
electronics. With the rapid technological

advancements and increasing a critical
environment | issue.

substances
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such as lead, mercury, and cadmium.
Traditional disposal methods like landfilling
and open-air incineration are no longer
sustainable. This paper examines modern
disposal techniques that offer safer, more
efficient, and environmentally

friendly alternatives to traditional methods.

Numerous studies have addressed the
challenges posed by e-waste management.
Traditional approaches such as landfilling and
incineration have been widely criticized for
their environmental impact. For instance,
Nnorom and Osibanjo (2008) found that
landfilling not only occupies valuable land but
also risks soil and groundwater contamination.
Similarly, incineration can release toxic fumes
and residues that contribute to air pollution
(Veit & Bernardes, 2015).

Newer studies focus on innovative technologies
aimed at resource recovery and sustainability.
For example, Wang et al. (2020)

reviewed the efficacy of mechanical recycling
techniques in extracting precious metals, and
Borthakur & Govind (2018) discussed the
socio-economic benefits of e- waste recycling
programs in developing countries. However,

there is a lack of comparative studies
analyzing  the

environmental impact and cost-
effectiveness of modern techniques. E-

waste is one of the fastest growing solid waste
streams in the world (1).
In 2022, an estimated 62 million tonnes of e-
waste were produced globally. Only 22.3% was
documented as formally

© 2025, IJSREM | www.ijsrem.com

collected and recycled (2).

Lead is a common substance released into the
environment when e-waste is recycled, stored or
dumped using informal activities, including open
burning, (3).Informal e-waste recycling activities may
have several adverse health effects. Children and
pregnant women are particularly vulnerable. ILO and
WHO estimate that millions of women and child
labourers working in the informal recycling sector
globally may be at risk of hazardous e-waste exposures

Modern Techniques of E-Waste Disposal

1. Recycling and Reuse

Recycling is the most widely used modern technique
for e-waste management. It involves dismantling
electronic devices to recover valuable components
such as metals (gold, silver, copper) and plastics. The
Urban Mining method is particularly promising, as it
allows the extraction of precious metals from old
electronics. Studies have shown that recycling one ton
of circuit boards can yield up to 100 times more gold
than a ton of gold ore (Zeng, 2021).

Example: In the European Union, the WEEE Directive
mandates that manufacturers take responsibility for e-
waste disposal, leading to the establishment of large-
scale recycling plants across Europe. These plants use
advanced shredding and separation technologies to
recycle up to 80% of the material content in electronic
products (Cucchiella et al., 2016).

2. Pyrolysis and Incineration

Pyrolysis is a thermal decomposition process that
occurs in the absence of oxygen, producing valuable
materials like syngas, oils, and char.
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Unlike traditional incineration, which burns
waste, pyrolysis transforms it into usable
byproducts, reducing the release of harmful
emissions.

Example: Research conducted by Singh

et al. (2022) demonstrated that pyrolysis can
recover 70% of plastic content from e-waste,
which can then be converted into fuel. This
method is especially beneficial for handling
complex e-waste components like plastic
casings and printed circuit boards.

3. Plasma Arc Recycling

Plasma arc  recycling uses  high
temperature

plasma to break down
hazardous

materials found in e-waste, such as lead
and  mercury, into less  harmful

substances.  This method is highly

efficient at recovering metals and can safely
treat the toxic components in e- waste.
Example: In Japan, plasma arc recycling

is employed at specialized facilities to

treat  e-waste  containing harmful

substances. These plants use
temperatures above 3,000°C to
completely vaporize hazardous

materials, significantly reducing .

4.  Hydrometallurgical Processes:
These methods use agueous solutions to
recover metals from electronic waste,
minimizing harmful chemical usage and

reducing potential groundwater

contamination Confined .
aquifers:

These are sandwiched between impermeable
layers, creating pressure within the aquifer.

5. Land Filling:

This methods are used in Land filling with Proper
Containment Hazardous e-waste (e.g., lead-acid
batteries) is placed in lined landfills to prevent
groundwater contamination.Used as a last resort due
to long-term environmental risks.

6. Smart Disposal Methods

Al-Powered Sorting: Al and robotics enhance the
efficiency of e-waste  separation.Blockchain
Tracking: Ensures proper disposal and prevents
illegal dumping

E-w i 1 flow m

Collection and transportation:

E-Waste is collected from consumers through
designated drop-off points, collection events, or
curbside pickups. Transport to recycling

facilities is conducted using environmentally
friendly At the facility, e waste is sorted into
categories (e g. Computers, appliances, mobile

devices) based on material type and
recyclability

The Challenge face serval of E waste Disposal

Complexity — of materials electronic  devices
contain a mix of hazardous and non- hazardous

material making recycling complicated rapid

technological change the fast pace of
technological advancement leads to increased e

waste generation, outpacing recycling
complicated. Regulatory compliance adhering to
varying regulations across region can
complicated disposal processes and hinder
effective management.

Consumer awareness many consumers are unware
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of proper e waste disposal methods, leading to
improper disposal and increased landfill waste.
Sensitive Data: Electronic devices often
contain sensitive personal data. Ensuring
secure data destruction is necessary, but not
always done effectively, leading to data
breaches Inconsistent regulations: E-waste
disposal regulations vary widely between
countries and regions,

leading to inconsistent and often

ineffective recycling practices.

Low recycling efficiency: Many countries
lack the infrastructure for proper e-waste
recycling, and a significant percentage of e-
waste is either landfilled or exported to
countries with lax environmental
regulations.

Discussion

The analysis of modern e-waste disposal

techniques reveals a variety of promising
methods, each with its own advantages and
limitations. These techniques aim to reduce

the environmental and health hazards
associated with traditional disposal methods
such as landfilling and open-air

incineration.

Comparison of Techniques

The recycling and reuse method remains
the most widely used approach due to its
cost- effectiveness and relatively lower
environmental impact. It allows for the
recovery of valuable materials like metals
and plastics, making it economically viable.
However, mechanical recycling is not
without challenges.

Complex devices often contain hazardous
materials that are difficult to separate, leading

to contamination during
processing. Moreover, the process can be labor-
intensive, and not all materials are easily
recyclable.

Pyrolysis and incineration provide an alternative
to recycling, particularly for

plastics and complex electronic components.
Pyrolysis, in particular, transforms waste into
energy, producing fewer emissions than traditional
incineration. However, the energy- intensive nature
of this process makes it less appealing in regions
where energy costs are high, and it still raises
concerns regarding the management of byproducts
like syngas and char.

Plasma arc recycling, although highly

efficient in treating  hazardous  e-waste
materials, is  another energy-intensive
technique.

It is capable of handling a wide range of materials,
including those that cannot be processedby
conventional recycling methods, such as heavy
metals and toxic compounds. The main drawback of
plasma arc recycling is its high operational cost,
whichlimits its adoption to specific regions with
robust infrastructure and regulatory support.
Biodegradation represents an emerging frontier in e-
waste disposal, offering a potentially low- cost and
environmentally friendly option. The use of
microorganisms to break down hazardous materials
presents a unique solution, particularly for
developing countries with limited access to

high- tech recycling facilities. However,
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Biodegradation is still in the experimental
phase, and more research is needed to scale up
this method for commercial use. The
degradation rate is slow, and the scope of
materials that can be effectively treated is
limited at present.

The USA has a complex landscape when it
comes to e-waste disposal, with a mix of
federal and state regulations, private sector
involvement, and informal recycling

Mechanical Shredding & Separation: E-
waste is shredded, and components are
separated using magnets, eddy currents, and
air classifiers.

Hydrometallurgical Pyrometallurgical |
Processing: Chemical and high- temperature AT
techniques extract precious metals like gold,

silver, and copper.

Bioleaching: Bacteria or fungi dissolve Refurbishment & Reuse Component Harvesting:
metals from electronic waste, offering an eco- Working parts like batteries,
friendly alternative. screens, and circuit boards are extracted and

reused Device Refurbishing: Functional devices

are repaired, upgraded, and resold, reducing the need for
new production

Amount of E-waste Generated and Collected Safe Disposal & Landfilling

Europe

Secure Landfilling: E-waste that cannot be
recycled is disposed of in lined landfills to prevent
toxic leaching.

Sustainable Design & Circular Economy:

176

753 (W)

Oceania

>

666 (W)

Extended  Producer  Responsibility  (EPR):
Companies take responsibility for recycling their
products at the end of their lifecycle.

Americas

|
-

42| )
Modular Design: Devices are designed for easier

Asia

_6‘4 repair, upgrade, and recycling
076 W) Electrostatic Separation: Uses electrical charges
Africa to separate materials efficiently..

28

0018 (W)
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Efficacy and Environmental Impact

From an environmental perspective, plasma
arc recycling and biodegradation are the
most promising techniques for reducing the
ecological footprint of e-waste disposal.
Plasma arc technology, by virtue of operating
at extremely high temperatures, virtually
eliminates  hazardous emissions, while
biodegradation offers a non-toxic, natural
process of breaking down waste. Both
methods, however, face challenges related to
scalability and economic feasibility.

On the other hand mechanical

recycling is already widely adopted but
presents issues with inefficiency in
handling mixed materials.

handling during the recycling process can lead
to contamination, affecting both the workers
involved and the environment.
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Policy Implications

The successful implementation of these modern
techniques depends heavily on supportive
government policies and international
cooperation. The European

Union’s, WEEE Directive serves as a model for
how e- waste legislation can drive industry
adoption of modern recycling techniques, making it
mandatory for manufacturers to take responsibility
for the end-of-life management of their products. In
contrast, many developing countries lack the
regulatory frameworks and infrastructure to
manage e-waste effectively, often leading to
informal recycling practices

that endanger workers and pollute the
environment. WEEE Directive serves as a model
for how e- waste legislation can drive industry
adoption of modern recycling

techniques, making it mandatory for manufacturers
to take responsibility for the end-of-life
management of their products. In contrast, many
developing countries lack the regulatory
frameworks and infrastructure to manage e-waste
effectively, often leading to informal recycling
practices that endanger workers and pollute the
environment.

Challenges and Opportunities

While modern e-waste disposal techniques present
clear environmental benefits,

their implementation is hindered by several
factors. The cost of setting up advanced processing
facilities, especially plasma arc recycling plants,
remains prohibitive
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for many regions. Moreover, the complexity of
electronic devices, with their mixture of
metals, plastics, and hazardous materials,
requires  highly  specialized  recycling
technologies.

Opportunities for improvement lie in the
integration of artificial intelligence (Al) and
machine learning to optimize sorting and
recycling processes. Al- driven systems can
automatically identify and separate different
components of e-waste, improving the
efficiency and accuracy of material
recovery.Additionally, the development of

circular economy models that focus on product
design for easier recycling and reuse can
significantly reduce the volume of e-waste
generated.

L. Halim and Y. Suharyanti in soil
and S(_edlment _sa_mples in high
concentration.  Multivariate

analysis
confirmed that a high concentration of

those elements strongly correlated to e- waste
processing. Meanwhile, analysis of soil
from open-burning sites showed

Cu accumulation which signified the

influence of open burning  activities
(Uchida et al, 2018). Hence,
implementation of the proper treatment
process and wastewater treatment at e- waste
recycling sites is needed to reduce
contamination of chemical constituents to the
soil. 3.3.2. Air Contamination E-waste
burning, besides contaminates the soil, also

increases the  concentration of air
pollutants, particularly the particulate
matter.

© 2025, IJSREM | www.ijsrem.com

An investigation  inIndia observed the heavy
metal concentration (Cu, Pb, Zn, Cr, and Ni) and
particulate matter level (PM10) in air samples in e-
waste open burning site and two residential areas. It
was found that levels of heavy metal and PM10 and
in e-waste burning sites have a significant highest
mean concentration among the studied areas. It was
also found the residents of e-waste burning sites
have the highest level of exposure based on the
blood analyses. This study showed that open burning
by the informal waste sector contributed to a
high level of air contamination
which affected the high level of heavy metal
exposure to the residents. (Gangwar et al., 2019). In
line with the study in India, a study in two
informal e-waste recycling sites Vietnam in the
urban area found that level of PCBsand BFRs in
indoor dust were higher than non-e-waste houses (Tue
et al., 2013). Human
exposure was estimated and the result was dust
ingestion contributed to most BFRs intake, while air
inhalation to PCBs intake. 3.. Water

Contamination Illegal dismantling of e-waste

along with open-air burning was the major cause of
high contamination of cadmium in groundwater in
four districts in India, namely

Rampur, Shahjehanpur, Moradabad, and

Bareilly (ldrees et al., 2018). The level of
cadmium contamination was higher than the
regulatory threshold, indicated serious toxicity
problems at the groundwater system. The presence of a
contaminant in surface water will affect the living
water organisms and lead to bio- magnification
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MODERN TECHNIQUES OF FOREIGN COUNTRIES

Country Modern Techniques Of E- Waste
Disposal
Extended Producer Responsibility (EPR), Advanced
Recycling Facilities, Strict E-Waste Regulations
Germany
Home Appliance Recycling Law (HARL), Urban
Mining for Rare Metals, Automated Recycling Plants
Japan
Circular Economy Approach, E-Waste Collection
Sweden Centers, Incentivized Recycling Programs
Certified E-Waste Recycling (R2 & e-Stewards),
EPR Programs, Data Destruction Services
USA
Government-Backed E-Waste Parks, Al-Based
China Sorting Technology, Recycling Subsidies
Voluntary Recycling System (SWICO & SENS),
Switzerland High-Tech E-Waste Processing Plants
Extended Producer Responsibility (EPR), Eco-
Singapore Friendly E-Waste Collection Bin
EPR Framework, Resource Circulation Act,
South Korea Smart E-Waste Sorting Facilities
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Conclusion

Modern techniques such as recycling,
pyrolysis, plasma arc recycling, and
biodegradation offer more sustainable
and environmentally friendly
alternatives  to traditional  e-waste
disposal methods. While each method has
its strengths and limitations, a
combination of these techniques is
likely necessary to address the
growing e-waste problem. Increased

research and investment in infrastructure,
coupled with stronger regulations, will be
key to ensuring these techniques are
adopted on a

global scale.
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