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Carbon reduction potential assessment of typical waste photovoltaic panel recycling technologies under life cycle assessment.
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(1.China Electric Power Research Institute, Beijing 100192, China; 2.School of Energy and Environmental Engineering, Hebei
University of Technology, Tianjin 300401,China; 3.Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences,
Beijing 100085, China; 4.Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100190, China; 5.University of
Chinese Academy of Sciences, Beijing 100049, China). China Environmental Science, 2026,46(3): 1736~1746

Abstract: The recycling of waste photovoltaic panels is of great significance for environmental protection and the realization of resource
recycling. Under the national dual carbon policy, the carbon footprint assessment, evaluation of waste photovoltaic panel recycling and
treatment technology have become key issues for the sustainable development of the photovoltaic industry. This paper establishes a
carbon footprint evaluation system for the recycling of waste photovoltaic panels. Using the Life Cycle Assessment (LCA), the
environmental impact assessment and carbon footprint analysis are conducted for three typical recycling technologies for waste
photovoltaic panels (i.e., the alkaline-acid electrolysis method (PI), the improved reverse electroplating-alkaline-acid method (PII), and
the improved salt etching method (PIII)). Through LCA normalization analysis, the environmental impacts of the three processes are
typical alkali-acid electrowinning method > improved reverse electroplating-alkali-acid method > improved salt etching method.
Sensitivity analysis indicates that PI and PII use relatively small amounts of hydrofluoric acid and acetic acid, resulting in the highest
sensitivity. Material flow and carbon flow analysis clearly demonstrated the sources and sinks of material consumption and carbon
emissions. The results showed that the chemical waste generation and carbon emissions of PIII were significantly reduced. Further
carbon reduction potential analysis explored the improvement space for each process in terms of emissions reduction, concluding that all
three processes have high carbon reduction potential under a low-carbon energy scenario, with the improved salt etching method
achieving a comprehensive carbon reduction potential of up to 82%. Carbon footprint analysis indicate that the improved salt etching
method achieves the best performance (0.83kg CO,eq). This study precisely quantifies the carbon footprint of waste photovoltaic panel
recycling technologies and identifies directions for green and low-carbon development, providing reference for government and
enterprise decision-making and optimization of waste photovoltaic panel recycling technologies.
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Fig.1 System boundary of three typical waste photovoltaic panel recycling technologies
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Fig.2 Normalized environmental impact results of three typical photovoltaic panel recycling technologies
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Fig.3 Sensitivity analysis of three typical photovoltaic panel recycling technologies

ik 3 o, DT AE S AR BN A2 SR 5T DY
M EER I T R R IFDEOM D 3 Ff T2 ML,
M2,M3) R FREE A SCHE I R 0 il M 2 e 1
HL I (32%);M2 Sl LA AE & A (1L ), LR SE) A
JEIEIIAIRT 22%;M3 IR fif A SR, DR A

B 1 (NaOH/K OH), H AU ME 1 HIE 4% AT
7E M1,M2 H1 HF R HEAN A SRR A A5 58 v PR Rk
PR E M RS BURME R BE T 190 T 20,
T M2/M3 385t 3 FEOBURK T R TR RS PR T 3485
JRUIE, X G W T oA SR 1 5 A e DT R AR S (L HL ),



3 30 LeONCEECE

ST B R IV (9 SR R T I ORAR I B AR B s WL

1741

SRR IR A A AN, HE B T A 8, AR I AR A A 5
e 7R AT AR g FL 58 4 g, g K R g D o 4 2
A ST R A I B IR AT M PR R
Wi 5K, LA R v o 0 D 140 24 it R 8 4 v 1
Ja 2 Pt 5 i L E A E R IR
2.2 FALELEY B TR AR L 2 5y M

A oA R 7 Ml A (1 AR i S BEE A1, IR TH e AR AR

P [T Ak BELANASL 8 2 B 58 1 ot 280 B, S ) 4 7
300 BB Rl A7 4 T S A B T R 4 AT,
R GBI, LA m N (EARLE [l S R P R 1
) I 405 B A T 43, 2 o R vl R T DY AR AR
(el Az b 38T 7= A R A I, LA R L AR 0 — BT £
B IR TR, PR AT 00 HG o g BB HIR A BB, o T e Py e
B HEAT R

B,
Al

M1 i

- FE|BHARR
- SFMAR

131kWh
‘ 8 [
=]

KOH 3R
hrEERE

FtitRos2g
l THER630g

7558 \

‘ 0.49kWh @ ‘

0.22kWh
13.78g] ‘

‘ 910g ‘

e R — =
ElikiR {R4R
F (/179169
TEERR64Tg

258 [J617g
L 2426359

1 ’Es’%i\ﬁﬂémﬁﬁns 79

HHERIR
£ 63};\\}.}
i1 ‘
M2 5 Ik

HEk ‘
-5
- iR
Y
- EFEE SR fLFse3g
- AN SRR 1000
- HERRNN R
- E R
Wiz ‘
;n_

047kWh
‘13 78;‘

EEBK

- 20

S HE0.69kWh
- (L EFEY

ﬁ
- FERAAYE

- i FetRiR1000g

*F&amn
e
FHEE31.5g

0,76kWh I 1) 0.22kWh

| =

4 e
FthiR980g

SR fesssog

2.5g}501g
L EH1794.9

30.9¢

ARRRUYTEIS 7

‘13 78g

SRMA

]
- Y ‘
- (R
- EE

=3

- SR
£7£0.053kWh

M3%(ﬁ‘
e

- RBHRAR
FRY 1000g
2EH
AR

>8g

a2

KOH-NaOH¥R
REBURFF AR

{ 100g ‘ 3

| B
0.76kWh
‘ REF,
S #RiR0708
SE {1508

L2 BEH)s508 —_

(c)

43 Pt R AR B () AL 2 B

Fig.4 Material flow analysis of three typical photovoltaic panel recycling technologies
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