Hazardous Chemical Constituents of Photovoltaic Waste: Challenges and Sustainable Management in Bangladesh
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Objective

This study investigates the chemical composition of end-of-life photovoltaic (PV) panels. It focuses on hazardous substances such as Pb, Cd, Sb and halogenated polymers. The study evaluates the physical and chemical behavior, leaching potential, exposure pathways, and
toxicological risk of these substances under typical disposal and dismantling scenarios. The research also looks at green and sustainable chemical management strategies, such as bioleaching, chelation, solid-state stabilization, and low-emission thermal delamination, to
detoxify or selectively recover individual toxicants. Additionally, it examines the feasibility of using circular chemistry principles and material substitution, like lead-free solders and non-toxic encapsulants, in PV design. The main goal is to create a chemistry-based framework for
assessing exposure risks and managing PV waste safely and efficiently in Bangladesh.
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comprising both inert and potentially hazardous materials. The main structural components include tempered glass
(~70-75% wt), aluminum alloy frame (~6—10% wt), polymeric encapsulants such as ethylene-vinyl acetate (EVA) (~10%
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Fig 3. (f) Cd and Pb release pathways from solar panels. (g) Toxicity comparison of PV waste chemicals (scale 1-10).
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|dentify hazardous ions like Cd?**, Pb?**, Sb**, and harmful halogenated compounds in PV waste.

wt), and a polymeric backsheet (e.g., PET, PVDF). The active layer typically consists of doped monocrystalline or <+ Understand their toxic effects on human health and the environment.
polycrystalline silicon (~3—-5% wt) with surface coatings like SiNx and TiO, as anti-reflective layers. Conductive elements Cd?**, Pb?*, and Sb**, along with halogen ions like Br— and CI~ from PVC, pose serious health and environmental % Raise awareness among policymakers and stakeholders about these chemical risks.
include silver (~0.1-0.3% wt) in front contacts and aluminum (~1% wt) in back contacts. Trace dopants such as boron (B) threats. These ions can damage DNA, disrupt enzymes, and trigger neurotoxicity, organ damage, or respiratory “ Develop and enforce regulations to control the handling, disposal, and recycling of PV waste.
and phosphorus (P) are introduced at ppm or ug/cm? levels to create p—n junctions. issues. On heating, halogens may form toxic dioxins, raising long-term pollution risks. Safer ionic alternatives and “ Ensure policies promote safer materials and sustainable waste management practices.
better PV waste strategies are urgently needed. R dati
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