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Abstract

The optimal layout of the reverse logistics network of scrapped modules is the key to realizing the
resource recovery of end-of-life PV modules. In order to design a recovery network that meets the
future scrap PV quantity, a hybrid integer programming model based on scrap quantity prediction
and cost minimization is proposed, and the layout optimization scheme of node site selection and
traffic distribution between nodes is obtained by using lingo software. Taking Anhui Province as
an example, a reverse logistics network for scrapped PV modules was established, which verified
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the effectiveness of the model. The results showed that the sites of the recycling center and the
dismantling and processing center were Hefei, Bengbu, Huainan, Wuhu and Tongling. The sites of
the remanufacturing center are Sunshine New Energy, Anhui Daheng Energy, Anhui Tianda; The
garbage treatment center is located in Anhui Haoyue, Everbright Green, Maanshan Aonz, and
Tongling Zhengyuan. This model meets the benefit objectives of third-party recyclers and opti-
mizes the cost of facility siting and node traffic allocation of end-of-life PV modules reverse logis-
tics network.
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Figure 1. Weibull distribution probability plot
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Table 1. Installed capacity of photovoltaics in Anhui Province from 2010 to 2021 and installed capacity (GW) in the “Twelfth
Five-Year Plan” from 2022 to 2025
% 1. REAE 2010~2021 FRAARENEF 2022~2025 F “+ZH" HMXIEHLEGW)

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

0.002 0.026 0.05 0.15 05 13 345 8.88 11.18 12538 13.696 17.068 19.7 22.7297 26.2301 30.2695
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Figure 2. Fitting diagram of installed capacity of photovoltaic modules
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Table 2. Forecast PV installed capacity (GW) in Anhui Province from 2026 to 2040
= 2. REE 2026~2040 FFUUAR KN ZE(GW)

@)
2026 2027 2028 2029 2030 2031 2032
34.4609 38.7268 43.2335 47.981 52.9693 58.1984 63.6683
(b)
2033 2034 2035 2036 2037 2038 2039 2040
69.379 75.3305 81.5528 87.9559 94.6298 101.5445 108.7 116.0963
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Table 3. Information related to the calculation of the weight of scrapped photovoltaic modules
3 REXRAHESHTEREER

AEHA % (WP/m?) [8] #H & (kg/m?) Wi th
c-si 164.82 15.43 91.575%
TR A A 97.52 14.10 8.425%

Table 4. Estimated scrap weight of PV modules from 2026 to 2040 (10,000 tons)
= 4. 2026~2040 FFE FARLE R K E 2 (7 )

2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040

¢ '=I'i327559 037 057 086 125 178 247 334 442 572 7.27 9.06 11.07 13.27 15.62 18.06
a =2.4928

T=025 329 405 49 584 6.89 804 9.28 10.62 12.06 13.58 15.19 16.88 18.66 20.5 22.41
a =5.3759

T=130 0.137 0.26 033 048 068 09 131 176 232 301 385 486 6.03 739 894
o =2.4928

T-130 215 265 322 387 459 54 628 724 828 941 1062 119 1327 1471 16.23
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Table 5. Remanufacturing center alternative points
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Table 6. Alternative sites for garbage disposal centres
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4.2.1. HxHIE

1) ZEEATREE

R (LRGN $(2010~2021)) 75 2010~2021 A F1o A EE BT 39ME, 53R 7 Biros, AIA
o = 53759, T = 25 150 T A 2040 S FIMHR L A4 N 12046 LB e AR B W17,
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Table 7. Average population distribution ratio of Anhui Province from 2010 to 2021
2 7.2010~2021 FR2EE AOSHELGIFINE

A MEdE =N fEM BRSO BER R RN N SDEnL JER B W WM %R #l
013 004 008 009 005 013 005 007 008 004 006 004 002 002 007 003

Table 8. PV scrapping forecast by city in 2040 (10,000 tons)
3% 8. 2040 & T AR 4R R UM (73 )

e L =M N R RER ER BN N S¥al N B M W )R 3l
2418 07224 14448 1.6254 0.903 23478 00903 1.2642 1.4448 0.7224 1.0836 0.7224 0.3612 0.3612 1.2642 0.5418
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Table 9. Parameter settings for each node
F9 BENRBHERE

[i5] 52 A Ab R R AR e
[15] (L. TE/) b
AL HHC 75 Ji 1811 [16] 40,000 HfE/4E
PrARALFL 300 /5 9729 [17] [18] 40,000 Hli/4E
Al e
BLIRAb FE Ly - 2000 [19]

3) HAthAH G HA

P& T f#, PV Cycle IALIERIANARANZ 0.2 TT/FC. ML T, FRE AL RSN e, Bk
WA 0.5~0.6 JO/EL, HAREEFHMFRE R EFE. mECRAtRFRSES —ENHASE, FEEL
N BT AR R X 58 8, 4 e B UL R 285 R S8 R A o — MR 0 T 5 S rp R Ll AR SRR AS Oy 0.2 T/ B,
N AR 0.4~0.6 JG/TL. #Eik, AHFFA/E R A 10 Frok:

Table 10. Other related costs
%< 10. HAhtERAA

T H A
FAT I K AR 0.70 JT/Wi* 2 H[20]
AL ESRSAS + B R RAS 1.1 Jo/W [21] [22]
4.2.2. RBHER
LINGO iz 5 4mf2E N :
model:
sets:

Scrap/1..16/:q;

recycle/1..16/:z;
dismantle/1..16/:s;
factory/1..8/:t;

waste/1..10/:v;
Link1(Scrap,recycle):E,P,I;
Link2(recycle,dismantle):A,0,J;
Link3(dismantle,factory):D,U,K;
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Link4(dismantle,waste):F,X,L;
endsets
data:

min=total cost;

0-1 ZJ3R:

@for(recycle:@bin(z));

@for(dismantle:@bin(s));

@for(factory:@bin(t));

@for(waste:@bin(v));

end
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4) LR AEE R RGN JERER . SR, B IEIR, 9 R A AR 11

Table 11. Node traffic from the scrapped area to the recycling center

F* 11 REREEWHOHTRRE

A HE I 5 TR FEi %
e 24,180
WAL 7274
=N 7442 7006
T 16,254
U6 9030
B 23,478
HER 9030
TR 1372
N 14,448
=LAl 7224
Jei 10,836

11,270

>

B
2
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Continued
=k 7224
ol 3612
b 3612
2R 12,642
H il

Table 12. Node traffic from the recycling center to the disassembly and pro-
cessing center
F 12. EgHOBIRBCEF DT RIRE

= B IR THERg JEi 7
= 40,000
1311 40,000
YR 39,514
JEW 40,000
A % 21,838

Table 13. Node flow from dismantling center to remanufacturing center
= 13 g OB EFIER O RRE
e JeF 35 R Bt e %
FHOGHTREUR 38,000
TR REIR 38,000 20,746
LR 38,000 37538.3

Table 14. Node traffic from dismantling center to garbage disposal center
= 14, IR OBIBHRAE R DT R E

=y e 6 MR JEiH il
BRUR B IR 1975.7
HREkth 2000 2000
L LBGET 2000
% T IR 1091.9

5. &g

AWM T 254 2023~2040 FR PR, WEATE SR TS H, 1F 2030 4 LL5 28
ECRANFARE BIGH W, M 2035 EI14G, HIEHBIMATE. ] 2040 4, (AR ReGIRA R
JREER| T 2241 Jimi/eAs, RBOCRAMF R KRR, SeRALF Rl K e 3 &5 hs . 1 HL IR
IR RANFIE RIS A BT ATV, B LA AR BRI BT R, 3 RE IR A 5 < o 1 353 1A 97 T 52
Wi o T MR LR R G R385 e A I 2 el ) o0 A

DRI, AT FULE SR BTN B Rk b et 7 DARCA e /MG B B ) 23808 4R e AR AL 30 TR i
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