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Abstract

With the rapid expansion of global photovoltaic (PV) installations, the volume of decommissioned
PV modules is expected to surge dramatically over the next decade. Developing recycling technolo-
gies with efficient, environmentally benign, and economically viable has therefore become essential
for ensuring the sustainable development of the PV industry chain. This review provides a system-
atic overview of the structural characteristics of crystalline-silicon and thin-film PV modules, along
with their resource recovery requirements after end-of-life. It critically examines the research pro-
gress, underlying mechanisms, technological advantages, and existing bottlenecks of the major re-
cycling routes, including mechanical dismantling, pyrolysis-based delamination, chemical swelling,
hydrometallurgical recovery, physico-chemical combined processes, and externally enhanced meth-
ods. Finally, a prospective technology roadmap—*“high-efficiency, low-damage dismantling, green
delamination, refined recovery of metals and silicon, and multi-path high-value reutilization”—is
proposed to guide industrial deployment, technology development, and policy formulation for
large-scale PV module recycling.
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Figure 1. Classification of solar cells [2]
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Figure 2. Schematic diagram of the structure of a discarded crystalline silicon photovoltaic module [4]
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Table 1. Comprehensive comparison of key indicators for different recycling technology routes
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Tao [14]55iHS “PHI Beb 37 T 2Bl 7B S R BHAE L 104 25, b imn LBl 1 AR i TRl 5 A
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Figure 3. High-voltage pulse crushing mechanism [24]
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Figure 4. Swelling mechanism of EVA in organic solvents [17]
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Y. BRIAE, MRS EE. SRR L AP IR T 2w Dk EHEEE R, H
75 52 2 AR GEPERTE TR AR TV AL B Y A T AT 1R [32]

SRS, AZTEAERE R LS e RISy T B AN B AR A, R 24 A
ZNEFEAEAR I DL SRR BBAAR 2R 3R AR AR B

2.4. Y138 - WEBRE

VIERAL 2 B V22— AU R A% O TRAL R A LA E VR S E— D3R UE 1 & @ I 254 [l SR i
[33]. S5HMRANBZIRSAL, WEASBANE I R BRI =N T TH[34]. %%, IR RESEIL
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