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Abstract In accordance with the government's expansion of solar power generation, the installation of
solar panels is expected to expand in Korea. On the other hand, policy discussions on the establishment
of a domestic post-management system for waste from photovoltaic power are insufficient. This study
estimated the benefit-cost of solar PV Panel recycling and derived the implications for the photovoltaic
waste policies in Korea. Overall, the profitability of the recycling project is very low when the project
execution period is 10 years. On the other hand, the economic efficiency of the project can be
sufficiently high when the duration of the solar panel recycling project is extended to 20 years. In the
short term, it is challenging to expect voluntary companies to enter this recycling business because of
low economic efficiency. Therefore, it is necessary to prepare various policies to improve the economic
efficiency of the recycling business. In conclusion, the following policy implications for PV panel
recycling activation are proposed: i) legislation for the recycling of waste solar photovoltaic panel, ii)
designation of Association for Solar Panel waste monitoring, and iii) expansion of R & D and the
development of various business models related to solar recycling.
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Table 1. Main process of solar PV panel recycling
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Process Contents
Unloading |- Use of Forklift, Disposal 1 ton of waste per hour
- Dismantle the waste to Aluminum frame and
Dismantling | cable,Separation into junction box, PV cell, glass,
polymer, etc.
Primary |- The process of separating the cable and the
material glass, Cable polymers are incinerated to recover
treatment energy
Module |- Process of cutting glass panels with glass
cutting removed
Energy - Process to remove EVA sheet and recover energy
recovery o . . .
by incineration, Collect residues containing
from EVA 7
silicon and other metals
Sheet
Second.ary - Residue is recovered in MG silicon form through
material . .
acid leaching
treatment
3t - Extraction of silver, copper, lead and tin through
material electrolysis and neutralization, Other materials
treatment condense and landfill after sludge treatment
Input - Solar PV Panel Waste 1000kg, Water 30
P 9.71kg,HNO3 7.08kg, Ca(OH)2 36.5kg
- Low iron glass 686kg, aluminum 182.7kg, Silicon
metal 34.7kg, silver 0.5kg, Copper 4.4kg, 26.5kg,
Cable Polymers for Energy Recovery 6.7kg , EVA
Output Sheet for energy recovery 66kg , Landfill Waste
372.38kg
- 6.34 MJ of energy produced per kg from energy
recovery, Greenhouse gas produced (NOx 2kg)
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Table 2. Solar PV Panel Recycling Cost by Year (2020~ 2030)

Year 2020 | 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Cell(ton) 4822 654] 2411] 587.6] 7953] 951.4] 870.7] 813.6] 10335 15102] 18681

Demolition Cost 139.5 189 697 1699 2300 2751 2518] 2353 2989 4367 5402

Process 11,209.0 00 0.0 00 0.0 0.0 00 0.0 00 0.0 0.0

construction cost

E;‘S’fess operating 5847 4198 4893 6263|7085 7703|7383 7157  8027|  991.3| 11328

- Annual labor cost 326.9 326.9 326.9 326.9 326.9 326.9 326.9 326.9 326.9 326.9 326.9

- Electricity cost 3.4 0.5 1.7 4.1 5.6 6.7 6.1 5.7 7.2 10.6 13.1

- Diesel cost 0.6 0.1 0.3 0.8 1.1 13 1.2 1.1 1.4 2.0 2.5

- Water cost 0.1 0.0 0.1 0.2 0.2 03 0.2 0.2 03 04 05

- Nitric acid 15 02 08 18 25 3.0 27 25 32 47 5.8
purchase cost

- Calcium
hydroxide 176.0 239 88.0| 2145 2903 3473|3178 2970 3772|5512 6819
purchase cost

- Maintenance 9.1 1.2 4.5 11.1 15.0 17.9 16.4 15.3 19.5 28.4 35.2

- 1% of Equipment | 7 | 67.1 67.1 67.1 67.1 67.1 67.1 67.1 67.1 61| 671
construction cost

é‘:‘;tdﬁu Facility 2500 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Landfill facility

operation and 67.0 9.1 335 817| 1106 1323|1210 1131 1437 2099 2597

consumables cost

- Ef)cs‘tl;“/ Operating| 57 78] 289  703|  9s2| 1139|1042 974 1237| 1807| 2236

~ Facility Support 05 0.1 03 06 038 1.0 0.9 038 11 16 19
Fund

- Maintenance 45 0.6 22 5.4 73 8.8 8.0 75 9.5 13.9 17.3
Costs

- Energy cost 2.8 0.4 1.4 3.4 4.6 5.5 5.1 4.7 6.0 8.8 10.9

. Séftmml material 16 02 038 1.9 26 3.1 28 26 33 49 6.1

Total Cost 12.2502]  447.8] 59250 878.0] 10490 1.177.7] L111.1] 1064.1] 1.2453] 1.637.9] 19327
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Table 3. Solar PV Panel Recycling Profit by Year (2020~ 2030)

Year 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Low iron glass 345.6 46.9 172.8 421.1 570.0 681.9 624.0 583.1 740.7 | 1,082.4 | 1,338.8
Aluminum 183.1 24.8 91.5 223.1 301.9 361.2 330.6 308.9 392.4 573.4 709.3
Silicon Material 160.9 21.8 80.5 196.1 265.4 317.6 290.6 2715 344.9 504.0 623.5
Silver 143.8 19.5 71.9 175.2 237.1 283.6 259.6 2425 308.1 450.2 556.9
Copper 14.0 1.9 7.0 17.1 23.1 27.6 25.3 23.6 30.0 43.8 54.2
Profit.fr.om 0.003 0.000 0.001 0.003 0.005 0.005 0.005 0.005 0.006 0.009 0.011
electricity sales
Profit from
carbon emission 11.7 1.6 5.8 14.2 19.2 23.0 21.0 19.7 25.0 36.5 45.2
reduction
Reduction of
environmental
damage cost due 66.2 9.0 33.1 80.7 109.2 130.6 119.5 111.7 141.9 207.3 256.5
to proper lead
treatment

Total Profit 925.3 125.5 462.5 | 1,127.5 | 1,5259 | 1,825.6 | 1,670.6 | 1,561.0 | 1,983.1 | 2,897.7 | 3,584.4
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Table 4. Net Present Value(NPV) and Benefit/Cost
(B/C) estimation results for Solar PV Panel
recycling project (2020~2030)

Year 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
NPV for
profit

(one 925 | 119 | 416 | 960 |1,232{1,397|1,212|1,073|1,225|1,790|2,098
million
won)

NPV for
Cost

(one 12,250 424 | 532 | 748 | 847 | 901 | 806 | 731 | 811 |1,012|1,131
million
won)

NPV (one

million -7.748
V\/Dﬂ)
Benefit cost]
ratio 0.62
(B/C)
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Fig. 2. Solar PV Panel Recycling Profit by Year (2020~ 2040)
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Table 5. Net Present Value(NPV) and Benefit/Cost(B/C)
(2020~2040)

estimation results for Solar PV Panel recycling project

Year | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029

2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 2036 | 2037 | 2038 | 2039 | 2040

NPV
for
profit
(one
million
won)

925 416 | 960 |1,232/1,397(1,212{1,073|1,292|1,790

2,0983,299 | 4,705 [20,581(12,359] 9,226 | 5,911 (17,787/29,409/47,954|56,041

NPV
for
Cost
(one
million
won)

21,440] 417 | 505 | 686 | 767 | 811 | 728 | 662 | 728 | 896

996 |1,422|1,923 (7,703 | 4,694 | 3,542 (2,323 | 6,646 [10,877|17.633[20,576

NPV
(one
million
won)

113,808

Benefit
cost
ratio

(B/0)
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