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Abstract

China’s photovoltaic industry has developed rapidly. While helping China’s carbon peak and car-
bon neutrality, the photovoltaic industry has also created new problems of environmental pollu-
tion caused by decommissioned photovoltaic products. In order to cope with the future “end-of-
life wave” of photovoltaic modules, this study established a Mixed Integer Linear Program model
(MILP) to design a recycling network for end-of-life components. Consider that the model needs to
match the reality, the model is based on a four-tier recycling network system that considers cus-
tomer areas, recycling centers, dismantling centers, remanufacturing centers, and waste disposal
agencies. This model aims to minimize the total cost of the reverse logistics network and minimize
the cost of carbon emissions. We solve the optimal solution with the help of Gurobi software to
determine the location of facilities in the network and the distribution of traffic to each node. Fi-
nally, taking Shandong Province as the application research object, we planned and designed the
scrap photovoltaic module recycling network in Shandong Province, determined the network site
selection and traffic distribution, verified the effectiveness of the MILP model. We hope that our
research will provide a reference for other cities to establish end-of-life component recycling
networks.
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Figure 1. The architecture of scrapped PV module reverse logistics recycling network
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Table 4. Candidate enterprise of remanufacturing center in Shandong Province
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Table 5. Candidate enterprise of photovoltaic scrap module waste treatment agency in Shandong Province
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Table 6. PV module scrap volume in each cities in Shandong Province in 2042 (unit: MW)
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Table 7. The transport distance from the customer center to the recycling center (unit: km)

# 7. BAFOEI R HCRIEREERS (BB L: km)

2 E1 vri B WM NE RKE WG Y ST B Eul HIR IRUT N W SN SR

G 5

HE 393 5

W 106 221 5

A 240 410 231 5
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T 120 513 70 307 250 449 262 228 155 513 368 319 5

i 113 506 190 219 328 497 282 128 104 559 341 262 116 5

TEM 138 317 64 293 79 298 122 254 156 362 259 255 151 210 5

5 243 636 191 177 470 589 367 105 182 648 371 264 257 141 331 5

Table 8. The transport distance from the recycling center to the dismantling center (unit: km)
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Table 9. The distance from the dismantling processing center to the remanufacturing center (unit: km)
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Table 10. The distance from recycling centers, dismantling centers to waste disposal agencies (unit: km)
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Table 11. Fixed investment costs, processing capacity and unit processing costs for each node
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Figure 2. The scrap photovoltaic module reverse logistics recycling network planning of Shandong Province
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