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Abstract: The end-of-life (EOL) photovoltaic (PV) modules are becoming an important secondary
resource stream, and their safe, efficient recycling strongly depends on the performance of sorting
technologies during the pretreatment stage. This review examines sorting technologies for EOL PV
modules with the aim of clarifying the roles, application ranges, and limitations of traditional physical
sorting and intelligent sorting, and identifying technical directions for improving recycling efficiency
and reducing secondary pollution. Based on recent research and engineering practice reports, the paper
classifies current sorting routes into traditional physical processes—such as high-pressure electrostatic
separation, eddy current separation, magnetic separation, and gravity separation—and intelligent sorting
systems driven by machine vision, deep learning algorithms, and precision positioning equipment. The
literature is synthesized to compare these routes in terms of separable material types, particle-size
ranges, dependence on manual parameter adjustment, and the distinguishability of materials with subtle
differences in properties such as conductivity, density, or surface characteristics. Reported data on

recovery and purity of product streams, operating stability, and control complexity are used to
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summarize the typical roles of different sorting technologies within complete EOL PV recycling
flowsheets. The results of the review indicate that traditional physical sorting is suitable for the basic
separation of glass and metallic fractions and has advantages in process simplicity and robustness, but it
is generally restricted to fragments in the range of 2-20 mm and to systems in which materials exhibit
pronounced differences in physical properties. These routes have limited capacity to deal with laminated
structures and components with similar compositions, and they usually require frequent manual tuning
to maintain stable recovery and purity. Intelligent sorting technologies can identify wafers, glass,
ribbons, and back sheets at the single-particle level by analyzing intrinsic optical and morphological
features, expanding the applicable size range and reducing reliance on manual operation. Studies further
suggest that coupling intelligent recognition and actuation modules with electrostatic, magnetic, or
gravity separation units improves overall separation precision and decreases the risk that hazardous or
high-value components may enter inappropriate product streams. From the comparative analysis, the
main technical bottlenecks are identified as the narrow applicability and low adaptability of traditional
physical processes, along with the high equipment cost, the requirement for large, high-quality datasets,
and system integration challenges associated with intelligent sorting. The review concludes that future
development should focus on upgrading conventional lines through the integration of intelligent
perception and control, designing modular intelligent sorting units that can be flexibly combined with
different pretreatment and separation processes, and coordinating technological innovation with policy

measures and standardization. These directions are expected to support higher-efficiency, lower-

pollution sorting systems and promote the green and high-value utilization of EOL PV modules.

Keywords: End-of-life photovoltaic modules;

sorting; Intelligent sorting; Resource recovery

0 5| B

B % 4 ER A TR 5 R HR 2 1003 T AL S AR
] B AR & L AR A AT PR | R HERIORT AT RSk
FIH LS R AR Re IR R R i B S
M, T F LSRR GR LR T, 15 2 909%!",
FLARN R . 1525 T H R B (32 T AL
KRS, BROBRBEALA H 0 T P g <, 4%
3 2024 4F BIMEEHLA Y 2 247 GWp(GWp Al
EAEHLE &), anlEl 1 s, B BrnT fA e R 2 1
M 2030 44580k 2 840 GWpP, etk 4 it
F5 A F N 25~30 AECT, LA 1 T TR A
1., W R, 2030 4Bk BT RETHRE GIR A
PEE R 2 800 J7 t, 2050 AFH5 2% 7 500 U7 t, G
B2 frm. P SEE L B & H AR R
R GAR LA B PR

IR B IR 2l R 28 5 KA 0 WU, AL 36 A
LA SR CWR-BETR ORI R Y (EVA) | R
A (PVF) , ¥R W R 2 B (PET) 4% 20
APPAT ENSOR RR(ER 1), PRI 2050 4F SRk
4R MR AT IA 3 940.94 J7 70, X SEBE PR I R
2

Sorting technologies; Converntional physical

AIAAL AT LAZE B 7 0 2R e 1« BB AR 7=l
S 5 AR, R HE S A (0 P BRI 5, ()
HAT QI gt Lo . B S L 2 s

SR, A5 A B AN, AP B
J B H A A ) RS 7 A 2 B PR B AU . A
n, Pb, Cd. Cr, Bi SFuR S e p 5y L AR
H, S BE B R =R, MRS RS MK
FREH LT e T DR, AR AR AR 2 s
Fr v B ImT AL, 2 52 B I s AR O R AR 3 58 XL

2500 700
i R/GWp
= R ARIGWD 600
£ 2000 =
= 500 9
P 1
1500 . 4oof§
< i
b 1 300 1z
3 1000 Sas
£ - 200§
B 500 100 %
&
10

0 . . . : .
2000 2005 2010 2015 2020 2025
4 fy

E1 £mtRanRitegsas”
Fig.1 Trend of global cumulative installed PV capacity[2I




80000 F = sy (R AL 4L e e
5 [ R
i
B 60000 |
jni=q
5
piisy
-_E_
g\ 40 000
=
B

20000 [

2015 2020 2025 2030 2035 2040 2045 2050
gy

2 SIRERANREETN
Fig.2 Forecast of global end-of life PV module volume"'
R1 BRELAAHNZIBLIEESNELAK
Table 1 Weight and value composition of components in

monocrystalline silicon PV modules
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