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ABSTRACT The installation of photovoltaic power in Korea has expanded rapidly owing to various energy subsidies. On the other
hand, this has naturally raised concerns regarding the increase in end-of-life photovoltaic (PV) modules and the associated costs for
treatment. This research estimated the unit recycling cost of end-of-life PV modules to draw appropriate policy implications by
analyzing the data collected from site surveys and a literature review. The results suggest that the decommissioning of PV modules can
cost as much as 87% of the entire recycling cost. Moreover, the recycling cost of domestic scale PV modules is approximately twice as
higher than that of commercial scale PV modules. Therefore, an increase in the awareness of such costs and the appropriate
distribution of the responsibilities in the decommissioning of end-of-life PV modules on a domestic scale is required.
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Table 1. Recycling unit cost classification
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Recycling Unit Cost (KRW/ton)
Scope - -
Collection Unit Cost (KRW/ton)
Cost 1) Decommissioning 2) Transportation 3) Treatment
Definition Decommissioning cost of Cost of transporting PV module Total cost incurred in recycling
end—of—life PV module to a recycling facility process
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Fig. 1. Recycling unit cost analysis framework
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Table 2. Domestic PV power station decommissioning cost

case study
T 0.26~0,3kW 3kW 3~10kW
Classification (KRW) (KRW) (KRW)
Ground (A) 200,000 800,000 960,000
Rooftop (B) - 1,040,000 1,248,000
Slope (C) - 960,000 1,152,000
Combined (D) - 1,200,000 1,440,000
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Table 3. Commercial PV power station decommissioning cost

case study

Estimated Per

Case | Capacity Classifi— m'\:)%ulc:s Cost module”

cation (EA) (thousand | (thousand

. KRW) KRW)

1 100kW | Ground 500 6,900 13.8

2 100kW | Rooftop 500 8,950 17.9
f

3 | 100kw | FOOTOP | 500 10,682 21,4

+ Slope

1
For reuse purpose
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Table 4. Decommissioning cost weight value

Ground Rooftop Slope Combined
(A) (B) (©) (D)
For disposal 0.8 1.04 0.96 1.2
For reuse 1 1.3 1.2 1.5
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Table 5. Domestic PV power station Mass

Capacity No. of modules Total
Classification (Intermediate (Intermediate mass
value) value) (kg)

~1kW 0.5kW 2.5 50
1~3kW 3kW” 15.0 300
3~10kW 6.5kW 32.5 650

Y It has been confirmed by the installation company that the
majority of 1~3kW power stations has 3kW capacity, Hence,
the capacity value is based on 3kW instead of the intermediate

value,
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Table 6. Domestic PV power station unit decommissioning

cost (for disposal)
unit : thousand KRW/kg

. Power
Capacity (kW) A B © D
Weight value 0.8 1.04 0.96 1.20
4,568
~1kW (1.9%) 3.20 4.16 3.84 4.80
215,065
1~3kW (87.7%) 2.13 2.77 2.56 3.20
25,697
~10k ’ 1.1 1.54 1,42 1
3~10kW (10.5%) 18 5 . 7
Unit decc;r;];nssmmng 9 05 9 67 9 46 3.08

788 g AR F RE0 AATSINE Ak At
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Table 7. Commercial PV power station unit decommissioning
cost (for disposal)

50kW~ A B C D
Weight value 0.80 1.04 0.96 1.20
Unit cost 11,04 14,35 13.25 16,56
(thousand KRW/EA) | (.55 0.72 0.66 0.83

AT GO F71he A et AN 7HEA
= Hgat 17 B9IES Table 80 AAEILe, F
TAUS ALS T BE HA G918 BEY 17,340
2, kg 870%0] WYFH= 2 & % glek,

1) 7P3-8(3~10kW): 1,184 ¢/kg
2) A}l 8 0.55% Y/kg
3) TE-AFIR (118 + 0.55)/2 = 0,874 YU/kg

ol
o

Table 8. Intermediate PV power station unit decommissioning
cost (for disposal)

10~50KW A B c D
Weight value 0.80 1,04 0.96 1.20
Unit cost 1734 | 2254 | 20.80 | 26,00
(thousand KRW/EA) | 0,87 1.13 1.04 1.30
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Table 9, Decommissioning cost by scale and installation form
unit : thousand KRW/kg

A B C 2
Dgrlr(l)es;\i]c 2.05 2.67 2.46 3.08
Co;gfg;iial 0.55 0.72 0.66 0.83
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‘ Area division (9 Provinces) ‘

‘ Identifying end—of—life PV module volume ‘

‘ Calculating mean distance to recycling facility (by area) ‘

Calculating mean transportation cost (by area)

Intermediate & domestic

Commercial

Direct collection Indirect collection

— cost analysis — cost analysis

Fig. 2. Transportation cost calculation process

Table 10. Cargo optimization

Standards
20kg/1 module, 1ton/50 modules

6ton (remodeled ver,)
length: 850cm,
height: 200cm, wide: 230cm

Classification
Weight/module

Truck dimension

No. of modules

250 modules per delivery
transported

42 MxHHOfAX]

3.3.2 EiE AME = 2E #2E 2HHIE MY

ARG & gl A 28-S APs] ffste] o=
71 FHIE AeA(ET R <k A (Gt 2 T2
shth o] 22 BT 24 S (iLE T 250 <
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A A9 71 ol s rlE, =2EE B 7|Eh]Eo] 3l

CHTable 12 &11).

Table 11, Transportation cost evaluation

Classification Direct collection Indirect collection
source
source
Process . . — Collection point
— Recycling facility . -
— Recycling facility
Capacity over 50kW 50kW or less
No. of
0. © over 250 250 or less
modules

Table 12, Decision criteria for transportation cost analysis

Classification Standard

Nation—wide freight truck

Cost/distance . 1)
transportation cost list

Additional cost
(island area)

Weight value applied
(island area : 3.0)

Expressway Corporation

A toll
transport chargez)

Returning fee,
Others | Tax, Remodeled
truck fee etc,

Nationwide freight truck
transportation cost list

U AwetgEd entagE
Y mRgalelw

Eejo] A7) g3t /et TS et AL T
Ol g AL Table 133} 2k,
WA G AR A Bols AeE 7]
FOR WE SHEN§S AEIHAT. TeoR UN Ao
o BBk G I AFAE HEsta, oF A
FARE okl A L5u18L st A
o

= T
olle dGE ARE § g T vSS REFsiRlaL, ol

£ EUE T 2982 AESITE AMGE AR S 1
Fo] HEouh) 8- 65T 300,9619, kg 50,1690



Table 13. Transportation cost calculation

unit : KRW

Cost @ Total \ o

_ Mean @ toll| (KRW) ® | ® Unit

9 Provinces | D. A , |Power| cost
(km) @ @ fee |(=DOX@ % |(=@x6)

Inland | Weight +@) - -

—

. Capital area
(Seoul,
Gyeonggi,
Incheon)

100 | 154,060 | 1.0 5,000 | 159,060 | 7% 10,815

2. Gyeongnam

260 | 217,620 1.0 13,000 | 230,620 9% 21,714
(Busan, Ulsan)

3. Gyeongbuk

185 (203,000 1.0 |9,250 | 212,250 | 13% | 26,940
(Daegu)

4. Chungnam
(Dagjeon, 90 146,880 | 1.0 4,500 | 151,380 | 13% 19,515
Sejong)

5, Jeonnam

i 260 | 217,620 1.2 13,000 | 274,144 | 28% 77,549
(Gwangju)

6. Gangwon | 180 |191,620| 1.0 |9,000 | 200,620 | 5% | 9,961

7. Chungbuk | 50 [115420| 1.0 |2500 | 117,920 | 4% | 5,107

8. Jeonbuk 150 {185,850 | 1.0 7,500 | 193,350 | 18% 34,451
9. Jeju 450 320,520 3.0 [22,500| 984,060 | 3% 27,549

Total - - - - - 100% | 238,601
Transportation | Remodeled Returning Tax Total
Cost truck fee fee (10%)
233,601 20,000 20,000 24,550 300,961

2 S
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Table 14, Transportation cost by scale

Unit Domestic Intermediate Commercial
KRW/6 ton 269,397 270,593 300,961
KRW/kg 44,90 45,10 50.16
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Table 15. Sensitivity analysis on facility life expectancy

unit : KRW/kg
Life expectancy | 10yrs 15yrs | 20yrs | 25yrs | 30yrs
Treatment cost | 584 480 430 400 381
2) Wle
3Algo] 7S ARk Aelulg L Aekg kol
ol S7IRI: Aol e aefslo] EeleS 4.5%
2 7|20% 3 5~6%714) thakalA] Zgaigich

Table 16. Sensitivity analysis on discount rate

_ _ _ it : KRW/k
3.4.3 WS A2 S8 U UAEEy unlt | KRk
Discount rate (%) | 3.5 4 45 55 6
Z. 37 =y o] = = 3=
A gofs e A AlEE 7P o § A= Treatment cost | 409 | 419 | 430 | 440 | 451
o= A 2Adul8at fx]e]n]E-2] 3}l 429,618¢/E,
4309¥/kgo] gt Ao & Yepyith AHeju]gol F3F =
%) 2= o) 23} BlZ=0] A @] AdH|o 5Lyl srol2 3.5 TF7| S HHHIE
njd 4= F 2% M=l Al o] Y Agtat e
Tir o) (o]
off elAE 2t vt wise A4S Hejuigol ofgA vy ATEMI A HEE g S mme) A ek A
T=x] gioral @7} e} o] o8| thoat Zho| wizhe 2] TAME 28882 Shtsto] 7] g Thefu]-8(d
B9 Zalalolh /kg)e AFESHH Table 173} Lok, Bf3g ARG & 2E
A2 EE R 7188 2,528~3,555¢¥/kg, T35 FHE
Table 17. Unit recycling cost summary
unit : KRW/kg
Commercial Intermediate Domestic
) A B C D A B C D A B C D
552 718 662 898 867 | 1127 | 1040 | 1.300 | 2,054 | 2,670 | 2,464 | 3,080
2) 50 50 50 50 45 45 45 45 45 45 45 45
3) 430 430 430 430 430 430 430 430 430 430 430 430
SUM | 1,032 | 1197 | 1142 | 1,308 | 1341 | 1602 | 1515 | 1775 | 2,528 | 3.144 | 2,939 | 3,555

1) Decommissioning unit cost
2) Transportation unit cost
3) Treatment unit cost
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