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Abstract : In this study, the resource efficiency and future metal resource requirement in photovoltaic (PV) production system were
evaluated by using material balance data and life cycle assesment (LCA) method. As a result, in the resource efficiency of ferrous
and non-ferrous metal, lead and tin had higher resource efficiency than other materials in all PV systems (SC-Si, MC-Si, CI(G)S,
CdTe). In the resource efficiency of rare metals, gallium and rhenium in silicon system and rhenium and rhodium in thin-film sys-
tem ranked as the first and second high resource efficiency. In case of rare earth metal, gadolinium and samarium took higher resource
efficiency. The results of the future metal resource requirement in PV systems showed that 2,545,670 ton of aluminium, 92,069 ton
of zinc, 22,044 ton of copper, 1,695 ton of tin and 31 ton of nickel will be needed by 2030 in South Korea, except resource recycling

supplement.
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Table 2, Input materials of SC-Si module and MC-Si module

Table 1, The general data of the photovoltaic module

Category SC-Si MC-Si ClG)S CdTe
Area/f.u 1m? 1m? 1m? 1m?
Weight/f.u 19.5kg 20.1 kg 17 4 kg 158kg
Capacity/fu 9218Wp 8642Wp 9861 Wp 9028 Wp
Performance g9, 91% 90% 89%

efficiency
Conversion 54, 19% 13% 9%
efficiency
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Table 3o YElUY it CI(G)S &ty HES
sheet, Nitrogen 52| <22, CdTe ¥} E%O
soda lime, Wire 59| £0 2 JLAEo] Qith
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Glass sheet, Aluminium

r

Materials (SC-Si) Weight (kg) Ratio (%) Materials (MC-Si) Weight (kg) Ratio (%)
Glass 1.01E+01 51.635 Glass sheet 1.00E+01 50.035
Aluminium 3.77E+00 19,345 Aluminium 3.77E+00 18.862
Ethyl vinyl acetate 1.52E+00 7.788 Silicon carbide 3.01E+00 15,085
Silicon carbide 1.48E+00 7,566 Ethyl vinyl acetate 1.42E+00 7.094
Steel wire 9.42E-01 4833 Steel wire 9.42E-01 4712
Others 8.80E-01 4512 Others 9.75E-01 4874

Total, Cut-off 1.87E+01 95,679 Total, Cut-off 1.89E+01 94 501
Table 3. Input materials of CI(G)S module and CdTe module

Materials (CI(G)S) Weight (kg) Ratio (%) Materials (CdTe) Weight (kg) Ratio (%)
Glass sheet 1.09E+01 62,787 Glass soda lime 1.29E+01 81.386
Nitrogen 2 78E+00 15,964 Wire 1.94E-01 3614
Aluminium 1.70E+00 9743 Ethyl vinyl acetate 3.76E-01 2.381
Ethyl vinyl acetate 8.68E-01 4989 Corrugated box 5.71E-01 1.227
Ammonia 2 93E-01 1,686 Plastics 7.03E-02 0.445
Others 1.60E-01 0916 Others 3.70E-01 2344

Total, Cut-off 1.67E+01 96.086 Total, Cut-off 1 44E+01 91.394
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Table 4, Input materials of PCS and BOS

Materials (PCS) Weight (kg) Ratio (%) Materials (BOS) Weight (kg) Ratio (%)
Aluminium 6.82E-01 42625 Aluminium 7 96E+00 29334
Transformers 3.10E-01 19.375 Steel 7 21E+00 26,571
ABS 1.48E-01 9.250 Steel section bar rolling 6.15E+00 22 664
Steel 7.80E-02 4875 Concrete 1.34E+00 4947
Coils 7.40E-02 4625 Wire drawing 1.06E+00 3.906
Others 2 70E-01 16.901 Others 6.04E-01 2227
Total, Cut-off 1 .56E+00 97.650 Total, Cut-off 2 43E+01 89.651
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Table 5, The result of material analysis of the photovoltaic system
SC-Si MC-Si ClG)S CdTe
Category Metal material Unit Direct Indirect Direct Indirect Direct Indirect Direct Indirect
Value Value Value Value Value Value Value Value
Aluminium kg 1.3E+01 9.9E+00 1.3E+01 9 9E+00 1.1E+01 7 5E+00 8.7E+00  55E+00
Copper kg 1.2E-01 1.6E-01 1.2E-01 1.5E-01 4 7E-02 9.4E-02 3.4E-02 6.3E-02
Ferrous Iron kg 0.0E+00  7.7E+00  0,0E+00 77E+00  0.0E+00 77E+00  00E+00  75E+00
Non fi TOUS Lead kg 3.5E-03 9.1E-03 3.5E-03 9.1E-03 0.0E+00 4 OE-03 0.0E+00 3.6E-03
metal Nickel kg  17E-04 41E-01 17E-04 41E-01 0O0E+00 41E-01  00E+00  4.0E-O1
Tin kg 5 7E-03 1.6E-02 5 7E-03 1.6E-02 1.1E-02 1.8E-02 0.0E+00 4 9E-03
Zinc kg 2 7E-01 2.9E-01 2 7E-01 2 9E-01 2 8E-01 3.1E-01 2 7E-01 2 9E-01
Total kg 1.3E+01 1.9E+01 1.3E+01 1.9E+01 1.1E+01 1.6E+01 9.0E+00 1.4E+01
Bentonite kg 0.0E+00 7.2E-01 0.0E+00 8.2E-01 0.0E+00 6.2E-05 0.0E+00 1.1E-04
Cadmium kg 0.0E+00 9.2E-06 0.0E+00 9.3E-06 3.4E-02 7.7E-01 0.0E+00 6.2E-01
Chromium kg 0.0E+00 1.6E-01 0.0E+00 1.6E-01 0.0E+00 1.6E-01 0.0E+00 1.5E-01
Cobalt kg 0.0E+00 1.4E-07 0.0E+00 1.4E-07 0.0E+00 1.2E-07 0.0E+00 1.2E-07
Gallium kg 0.0E+00 2 0E-10 0.0E+00 21E-10 1.1E-02 1.4E-02 0.0E+00 1.2E-10
Gold kg 0.0E+00 8.0E-05 0.0E+00 8.0E-05 0.0E+00 8.0E-05 0.0E+00 8.0E-05
Indium kg 0.0E+00 1.6E-07 0.0E+00 1.6E-07 5 5E-03 1.1E-01 0.0E+00 1.7E-07
Manganese kg 0.0E+00 2 0E-01 0.0E+00 2 0E-01 0.0E+00 2 0E-01 0.0E+00 2 0E-01
S Molybdenum kg 0.0E+00 1.0E-01 0.0E+00 1.0E-01 1.1E-02 1.3E-01 0.0E+00 1.0E-01
Pd kg 0.0E+00 8.8E-08 0.0E+00 3.5E-07 0.0E+00 7.7E-08 0.0E+00 6.5E-08
Pt kg 0.0E+00 1.2E-08 0.0E+00 4 6E-09 0.0E+00 3.2E-09 0.0E+00 2 8E-09
Rh kg 0.0E+00 2.1E-09 0.0E+00 2 2E-09 0.0E+00 1.6E-09 0.0E+00 1.3E-09
Rhenium kg 0.0E+00 57E-10 0.0E+00 59E-10 0.0E+00 4 5E-10 0.0E+00 3.7E-10
Silver kg 8 8E-03 9 3E-03 8.8E-03 9 3E-03 0.0E+00 2 4E-03 0.0E+00 4 2E-03
Tantalum kg 0.0E+00 6.2E-07 0.0E+00 6.2E-07 0.0E+00 6.9E-07 0.0E+00 5 9E-07
Tellurium kg 0.0E+00 4 6E-04 0.0E+00 4 6E-04 0.0E+00 1.2E-04 0.0E+00 4 0E-04
TiO kg 0.0E+00 5.6E-03 0.0E+00 1.6E-02 0.0E+00 51E-03 0.0E+00 4 8E-03
Zirconium kg 0.0E+00 8.3E-07 0.0E+00 8.3E-07 0.0E+00 9.4E-07 0.0E+00 8.0E-07
Total kg 8.8E-03 1.2E+00 8.8E-03 1.3E+00 6.2E-02 1.4E+00 0.0E+00 1.1E+00
Cerium kg 0.0E+00 58E-15 0.0E+00 58E-15 0.0E+00 4 BE-15 0.0E+00 3.4E-15
Gadolinium kg 0.0E+00 8 8E-17 0.0E+00 8 8E-17 0.0E+00 6.7E-17 0.0E+00 4 9E-17
Lanthanum kg 0.0E+00 1.1E-15 0.0E+00 1.1E-15 0.0E+00 7 4E-16 0.0E+00 52E-16
Raﬁe‘:‘;“h Neodymium kg  OOE+00 30E-15 0OE+00 30E-15 0O0E+00 23E-15 0OE+00  17E-15
Praseodymium kg 0.0E+00 2 5E-16 0.0E+00 2 5E-16 0.0E+00 1.9E-16 0.0E+00 1.4E-16
Samarium kg 0.0E+00 1.1E-16 0.0E+00 1.1E-16 0.0E+00 8.3E-17 0.0E+00 6.1E-17
Uranium kg 0.0E+00 4 BE-02 0.0E+00 4 9E-04 0.0E+00 2 4E-03 0.0E+00 9.2E-04
Total kg 0.0E+00 4 6E-02 0.0E+00 4 9E-04 0.0E+00 2 4E-03 0.0E+00 9.2E-04
Table 6, Result of power production of the photovoltaic system SHA g, A, FE 59 £o0 2 AYagAdol =4 YE
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(Unit: Wp/kg)
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Fig. 2. Results of resource efficiency of the photovoltaic system,
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Table 7, The necessary area of the photovoltaic system

Year
Category Unit
2010 2015 2020 2025 2030
SC-Si m? 12,207,036 27,686,974 46,658,006 65,760,740 107,248,938
MC-Si m? 13,916,809 31,564,936 51,871,741 73,109,085 121,923,345
ClG)S m? 1,638,511 3,716,333 11,469,578 16,165,456 36,439,064
CdTe m? 4,574,780 10,376,131 23,527,440 33,160,051 77 515,526
Total m? 32,337,136 73,344,374 133,526,765 188,195,332 343,126,873
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Table 8, The prediction of rate of resource recycling for internal
metal materials

Metal Year
resource 2010 2015 2020 2025 2030
Aluminium % 34348 35378 35909 36555 37213
Copper % 28415 29267 29706 30241 30.786
Nickel % 17463 17987 18257 18585 18920
Tin % 0.641 0660 0670 0682 0.694
Zinc % 0933 0961 0975 0993 1.011
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Fig. 3. Results of metal resource requirement of the photo-
voltaic system,
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