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ABSTRACT

The rapid growth of the electronics industry has resulted in an increasing generation of electronic waste (e-waste), creating significant
environmental, health and sustainability challenges. Improper disposal and informal recycling practices contribute to air, water and
soil contamination, while exposing human populations to hazardous substances. This study examines the major challenges associated
with e-waste management and explores sustainable approaches, including the 3Rs principle, refurbishment, remanufacturing, recycling
and urban mining. It also highlights the importance of effective regulatory frameworks, technological advancement and integrated
socioeconomic strategies in promoting resource recovery and sustainable e-waste management.
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INTRODUCTION

The rapid expansion of the electronics industry has contributed significantly to the growing problem of electronic waste (e-waste)
generation®. E-waste refers to discarded electrical and electronic equipment (EEE) that has reached the end of its useful life, as well as
unwanted devices and components that operate through electricity or batteries. These include personal computers, mobile phones,
electronic laboratory instruments and various other electrical and electronic products disposed of by consumers?. In many cases,
electronic devices are discarded even before completing their expected lifespan, while only a small proportion enters formal recycling
channels®. The increasing generation of e-waste can primarily be attributed to the declining prices of electronic products and the
continuous shortening of their functional lifespan. These factors have made electronic equipment more affordable and accessible to a
larger population while accelerating the replacement and obsolescence of existing devices. Moreover, the rapid evolution of electronic
technologies and the growing complexity of electronic products make the classification and categorisation of e-waste increasingly
challenging.

E-waste has emerged as a significant global concern in the context of sustainable consumption and production. It represents a critical
sustainability challenge because it encompasses several interconnected dimensions, including technological advancement, economic
development, energy consumption, communication systems and cultural changes. Furthermore, its implications extend beyond
conventional waste management to include ecosystem protection, human health, public policy and international relations. Consequently,
the increasing generation of e-waste has evolved into a complex and rapidly expanding multidisciplinary challenge that requires
coordinated efforts across various sectors®.
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Electronic waste contains various hazardous materials and toxic chemical additives that can seriously deteriorate air quality when
released into the environment through inappropriate handling, treatment or disposal practices. Furthermore, e-waste recycling involves
several processes, including transportation, dismantling of electronic components, open burning and the smelting of electrical and
electronic equipment to recover valuable metals, particularly gold and copper. These activities may release harmful pollutants into the
atmosphere, thereby increasing environmental and public health risks.

Electronic waste also poses considerable risks to soil quality and its associated biological components. The contamination caused by
improper e-waste disposal and recycling has emerged as a significant global public health concern, as individuals may be exposed to
hazardous substances through various pathways. Existing research extensively documents the potential adverse health effects associated
with e-waste exposure, particularly through the ingestion or inhalation of toxic substances and direct occupational contact during the
collection, dismantling and recycling of discarded electronic equipment®.

Solid waste management is already a major challenge in most developing countries, and the increasing volume of electronic waste,
coupled with the rapidly declining lifespan of electrical and electronic equipment (EEE), has further intensified the complexity of this
issue. E-waste has therefore emerged as a significant area of concern in waste management planning and policy-making’. Effective
management of electronic waste is constrained by several factors, including insufficient financial resources, inadequate infrastructure,
limited technical expertise and a lack of meaningful community participation. Although many emerging economies have established
basic mechanisms for e-waste recycling, research indicates that several of these countries still lack advanced processing technologies
required for the efficient recovery of valuable materials from printed circuit boards (PCBSs).

Studies conducted in developing countries have reported the accumulation of carcinogenic substances and xenobiotic compounds in
unauthorised e-waste recycling facilities, highlighting the serious environmental and public health consequences of improper electronic
waste management®. Therefore, the adoption of effective and proactive e-waste management practices is essential worldwide.
Furthermore, there is a pressing need to develop integrated technological, social and economic strategies to ensure safe, efficient and
sustainable e-waste recycling and resource recovery.

The informal handling, processing and disposal of electronic waste have emerged as significant global challenges, raising serious
concerns regarding environmental degradation and human health risks. This situation is primarily attributed to several factors, including
inadequate policy frameworks, limited financial resources and insufficient public awareness regarding appropriate waste management
practices®. In response to these challenges, various countries have introduced legislative and regulatory mechanisms aimed at improving
e-waste management, promoting resource recovery and minimising environmental pollution. These regulatory measures commonly
incorporate restrictions on the import and export of electronic waste, specific guidelines for the recycling and treatment of different
categories of e-waste, and the implementation of Extended Producer Responsibility (EPR) to strengthen manufacturers' accountability
for the management of discarded electronic products.

OBJECTIVES OF THE STUDY

1. To find out the major sources and environmental and human health impacts of electronic waste (e-waste), along with the key
challenges associated with its generation, disposal and management.

2. To analyse sustainable e-waste management practices, including the 3Rs principle, refurbishment, remanufacturing, recycling and
urban mining, with a view to promoting resource recovery, the circular economy and environmental sustainability.

RESEARCH DESIGN
The present study adopted a descriptive research design.
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ANALYSIS

E-waste management practices, particularly waste reduction and recycling, play a crucial role in addressing the growing challenges
associated with electronic waste while promoting the development of a Circular Economy (CE)*. The adoption of the 3Rs principle—
Reduce, Reuse and Recycle offers an effective approach to minimising e-waste generation and supporting the transition towards a
circular economic modell. In this regard, reduction involves limiting the consumption of electronic devices and minimising waste
generation, reuse focuses on extending the functional life of electronic products and components through continued use, while recycling
involves recovering valuable materials from electronic equipment that can no longer be repaired or reused. These practices collectively
contribute to resource conservation, waste minimisation and environmental sustainability.

Refurbishing E-Waste

Electronic waste can be effectively managed through remanufacturing, a process that involves replacing or upgrading specific
components of computers with newer and more advanced parts to enhance their overall performance and efficiency. Computer
remanufacturing generally includes the dismantling, repair, refurbishment and upgrading of discarded computer systems, thereby
extending their useful life and restoring them to a condition comparable to that of new products. Such remanufactured devices may also
be accompanied by warranties to ensure their quality and reliability. This approach represents a sustainable end-of-life management
option, particularly for discarded laptops and desktop computers, as it promotes resource conservation and reduces the generation of
electronic waste?.

E-Waste in Construction Industry

The recovery and reuse of electronic waste materials can contribute to addressing several environmental and ecological challenges. One
potential approach is the incorporation of processed e-waste materials into construction activities, where they can be utilised in concrete,
cement and other building components. Such applications not only facilitate the productive utilisation of discarded electronic materials
but may also help reduce the overall costs associated with concrete and cement production®3. Furthermore, the extensive use of concrete
in the construction industry has increased concerns regarding the long-term availability of conventional raw materials. This situation
highlights the need to explore alternative and sustainable substitutes for natural resources. In this context, processed e-waste materials
can potentially serve as substitutes for conventional aggregates in concrete production, offering an alternative approach to resource
conservation and e-waste utilisation®,

Recycling of E-Waste

Recycling refers to the process of recovering and reprocessing materials from discarded products to obtain materials of either comparable
or lower quality than their original form. This process facilitates the extraction of secondary raw materials from waste products, which
can subsequently be utilised through two approaches: upcycling, whereby recovered materials are transformed into products of higher
quality or equivalent functionality, and downcycling, in which materials are converted into products of comparatively lower quality.
Although upcycling is generally considered the more desirable option, its application is not always technically feasible?®.

E-waste management typically involves five major stages: collection of discarded electronic equipment, removal of hazardous
substances, preprocessing, end-processing and the final disposal of non-recyclable residues. The overall effectiveness of e-waste
recycling largely depends on the methods and technologies employed, particularly during the dismantling and material separation
processes'®. From an economic standpoint, electronic waste represents a valuable secondary resource because it contains several
recoverable precious and commercially useful metals, including gold, silver, platinum, palladium, iron and copper. A substantial
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proportion of these materials can be technically recovered and recycled through appropriate processing technologies. According to the
United Nations University, the raw materials contained in global e-waste have an estimated economic value exceeding USD 62 billion'’.

Urban Mining of E-Waste for Resource Recovery

Electronic waste is often referred to as an "urban mine" because of its substantial metallic content, which accounts for approximately
61% of its total mass'®. It serves as an important potential source of secondary raw materials through the recovery of economically
valuable metals, including gold, silver, copper, iron and steel. Owing to the significant concentration of these recoverable resources, e-
waste has emerged as a major component of urban mining, offering opportunities for resource conservation, material recovery and
sustainable waste management.

CONCLUSION

The study highlights that the increasing generation of electronic waste has become a significant environmental, public health and
sustainability concern. Improper disposal and informal recycling practices create serious ecological risks and expose human populations
to hazardous substances. Effective e-waste management requires the adoption of sustainable approaches, including the 3Rs principle,
refurbishment, remanufacturing and advanced recycling technologies. Furthermore, urban mining offers considerable opportunities for
recovering valuable metals and conserving natural resources. Strengthening regulatory mechanisms, improving recycling infrastructure,
enhancing public awareness and promoting stakeholder participation are essential for addressing these challenges. An integrated circular
economy approach can contribute to sustainable resource management and environmental protection.

REFERENCES

1. Abinaya, R.; Nivethitha, G.; Ponni, P.; Prabakaran, E. Flyash Based Rigid Pavement with Partial Replacement of E-Waste as Coarse Aggregate.
Int. . Res. Eng. Sci. Manag. 2021, 4, 221-224.

2. Aboelmaged, M. E-waste recycling behaviour: An integration of recycling habits into the theory of planned behaviour. ]. Clean. Prod. 2021,
278, 124182.

3. Akram, R.; Ahmad, A.; Noreen, S.; Hashmi, M.Z.; Sultana, S.R.;Wahid, A.; Mubeen, M.; Zakir, A.; Farooq, A.; Abbas, M. Global trends of e-
waste pollution and its impact on environment. In Electronic Waste Pollution; Springer: Berlin/Heidelberg, Germany,2019; pp. 55-74.

4. Basi’c, M.; van den Berg, M.; de Graaf, R. Reusing e-waste in civil engineering projects: Lessons learned from implementing circularity. In
Proceedings of the CROW Infradagen 2020, Online, 24 September-8 October 2020.

5. Dzah, C; Agyapong, ].O.; Apprey, MW.; Agbevanu, K.T.; Kagbetor, P.K. Assessment of perceptions and practices of electronic waste
management among commercial consumers in Ho, Ghana. Sustain. Environ. 2022, 8, 2048465.

6. Gangwar, C.; Choudhari, R.; Chauhan, A.; Kumar, A.; Singh, A.; Tripathi, A. Assessment of air pollution caused by illegal e-waste burning to
evaluate the human health risk. Environ. Int. 2019, 125, 191-199.

7. Ghimire, H.; Ariya, P.A. E-wastes: Bridging the knowledge gaps in global production budgets, composition, recycling and sustainability
implications. Sustain. Chem. 2020, 1, 154-182.

8. Jadhao, P.R.; Mishra, S.; Pandey, A.; Pant, K.; Nigam, K. Biohydrometallurgy: A sustainable approach for urban mining of metals and metal
refining. In Catalysis for Clean Energy and Environmental Sustainability; Springer: Berlin/Heidelberg, Germany, 2021; pp. 865-892.

9. Lucier, C.A.; Gareau, B.]. Electronic waste recycling and disposal: An overview. In Assessment and Management of Radioactive and Electronic
Wastes; Books on Demand: Norderstedt, Germany, 2019; pp. 1-12.

10. Mann, A.; Saxena, P.; Almanei, M.; Okorie, O.; Salonitis, K. Environmental Impact Assessment of Different Strategies for the
Remanufacturing of User Electronics. Energies 2022, 15, 2376.

11. Masud, M.H.; Akram, W.; Ahmed, A.; Ananno, A.A.; Mourshed, M.; Hasan, M.; Joardder, M.U.H. Towards the effective E-waste management
in Bangladesh: A review. Environ. Sci. Pollut. Res. 2019, 26, 1250-1276.

12. Masuduzzaman, M.; Amit, S.K.S.; Alauddin, M. Utilization of E-waste in Concrete and its Environmental Impact — A Review. In Proceedings
of the 2018 International Conference on Smart City and Emerging Technology (ICSCET), Mumbai, India, 5 January 2018; pp. 1-4.

13. Misra, N.R.; Kumar, S.; Jain, A. A review on E-waste: Fostering the need for green electronics. In Proceedings of the 2021International
Conference on Computing, Communication, and Intelligent Systems (ICCCIS), Greater Noida, India, 19-20 February 2021; pp. 1032-1036.

14. Morseletto, P. Targets for a circular economy. Resour. Conserv. Recycl. 2020, 153, 104553.

15. Ottoni, M.; Dias, P.; Xavier, L.H. A circular approach to the e-waste valorization through urban mining in Rio de Janeiro, Brazil. ]. Clean.
Prod. 2020, 261, 120990.

17 Aboelmaged, M. E-waste recycling behaviour: An integration of recycling habits into the theory of planned behaviour. J. Clean. Prod. 2021, 278,
124182.

18 Jadhao, P.R.; Mishra, S.; Pandey, A.; Pant, K.; Nigam, K. Biohydrometallurgy: A sustainable approach for urban mining of metals and metal
refining. In Catalysis for Clean Energy and Environmental Sustainability; Springer: Berlin/Heidelberg, Germany, 2021; pp. 865-892.

=

2026 EPRA JAEL | https;//eprapublishing.org/ | ISSN: 2277-7741 | 33



https://doi.org/10.36713/epra0412

Journal DOI: 10.36713/epra0412 ISSN: 2277-7741
International Journal of

Asian Economic Light (JAEL) - Peer Reviewed Journal
SJIF Impact Factor (2026): 8.835 Volume: 14 | Issue: 10 | October 2026

17.

18.

Ramanayaka, S.; Keerthanan, S.; Vithanage, M. Urban mining of E-waste: Treasure hunting for precious nanometals. In Handbook of
Electronic Waste Management; Elsevier: Amsterdam, The Netherlands, 2020; pp. 19-54.

Ravindra, K.; Mor, S. E-waste generation and management practices in Chandigarh, India and economic evaluation for sustainable recycling.
J. Clean. Prod. 2019, 221, 286-294.

Saha, L.; Kumar, V.; Tiwari, ].; Rawat, S.; Singh, |.; Bauddh, K. Electronic waste and their leachates impact on human health and environment:
Global ecological threat and management. Environ. Technol. Innov. 2021, 24, 102049.

= 2026 EPRA JAEL | https;//eprapublishing.org/ | ISSN: 2277-7741 | 34



https://doi.org/10.36713/epra0412

