J. of Korean Inst. of Resources Recycling https://doi.org/10.7844/kirr.2020.29.4.15
Vol. 29, No. 4, 2020, 15-30 pISSN : 1225-8326 eISSN : 2287-4380

>& AL

Current Status and Utilization Technology of End-of-Life Photovoltaic Modules

Jai Young Cho, Areum Park, Hyun Mok Yun, Yun-Su Jun and $Joon Soo Kim

Institute of Research and Development, Wongwang Electric Power Corporation

2 o

2ol BiFF T A1 Ho] F43] S7HEC Tt AN & HER Z'e] 8Tl 358 ALE dVdEr: S ¥ ZE2] Mol

< L SR Alstal AT, BA o] i A8} 71| FAR b g WA % H7|Ho, @592 28 7
T SO E B2 ZAIE o7IAI71 AL QLo B = i viio] AlESitt. o|9f g2 AAlof| wiFo] & 7|s oA = ¥ e 4ed
A, EFulE 22 Y A, el vhEa) 9 H2], back sheet H EVAS] £2] A7, f7Ha59] A& A4 35 L 5|9 A2 2] 7]
W 716 SR b, o1 7122 g A2 AES AA Al 9 2o 24 A8a7|ES Sl & dTolile e Al
¥& F310] 1 ton/day #EL9] H] BLE A 2|9 HZ 2738 SR TS, Ao ARE 7= BAY AEE A 2| SiA] 9
70*9}%‘“4 2] 37 = BAg0l A, RV S E R A 3798 5k A FY(EPR) A2 AlFe] mE A
& 2HEY A €o] o]FoNAA] Y= T Aol Hest it I g ¥ ZEY 7, ARG ISV AN B, e AU A
71& S, T WA 9 EPR A= 59 ZA7H s A9 T, BAE S} -golste] 48t 7Hed At

FHI0] : g H 2, SIS, A Ale, BA AR I AT

Abstract

Recently, it is increasing a amount of installed solar-cell rapidly, and end-of-life photovoltaic(ELP) modules are generated in
according to the reduction of cell efficiency largely. Recycling of ELP modules are begun at an advanced nation already, but
there are bring about environmental contamination and resource recovery problems owing to not treated ELP modules because
of economic cost completely. First of all, there were researched basic study for treatment conditions of used solar cell
inspection, dismantling of aluminum frame, crushing / grinding & separation of tempered glass, removal of back sheet & EVA
film, leaching & precipitation recovery of valuable metals and treatment of waste water. Therefore, we establish optimum
conditions through carried out of designed apparatus, installation of equipment, test operation & trouble shooting in scale of
Iton/day pilot plant test. Following to economic review, it does have the economic efficiency until to the case of tempered glass
recovery, but does not have the economic value in case of total processes until to recover the valuable metals. However, there
are guaranteed economic value if we are gained a large amount of the expenses through EPR supported system. It was
confirmed the commercialized possibility of ELP modules recycling if there were established on the collecting ELP modules,
reusing criteria, economical technology, enactment of directives and enforcement of EPR supported system efficiently.
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Table 1. Market share of variable photovoltaic panels at intervals of five or ten years(Unit : wt%)

Year
Variables of PV panel 2010 2015 2020 2030
Monocrystalline 86 92 73.3 44.8
Poly-or Multicrystalline
Silicon based(c-si) -
Ribbon
a-Si
CIGS 1 2 5.2 6.4
Thin-Film based

CdTe 13 5 5.2 4.7
Concentrating solar PV(CPV) - 1 1.2 0.6
Organic PV/dye-sensitized cells(OPV) 5.8 8.7
Other Crystalline silicon(advanced c-Si) 8.7 25.6
CIGS alternatives, heavy metals 0.6 93

(e.g.perovskite), advanced I1I-V ' ’

Table 2. Status of accumulate installation for photovoltaic electric generation at the domestic annually(Unit : kW)

Usages Years "6 "7 "8 Ratio(%)
Home 241,076 290,987 387,067 4.9
Public 158,913 199,184 220,810 2.7
Education 77,160 89,340 118,403 1.5
Social welfare 27,461 31,728 41,588 0.5
Industry 10,619 12,041 16,774 0.2
Business 7,180 7,275 10,260 0.1
Electric generation 3,950,561 5,169,549 7,258,762 89.6
Others 28,681 34,440 45,476 0.6
Total 4,501,652 5,834,543 8,099,140 100
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Fig. 1. General structure of silicon photovoltaic panel.
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Fig. 2. Flowsheet of the treatment obtained by basic research test for end-of-life photovoltaic silicon cell modules.
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Table 3. Material compositions of photovoltaic module in Yingli solar product

Variables Thickness Weight Contents
Parts (mm) (g) (wt.%)

Tempered Glass 3.30 184.6 79.4

Front EVA film 0.50 11.2 4.8

Ag Metal 0.5 0.01

Si layer 0.17 9.5 4.1

Photovoltaic Cell Allayer 0.04 26 I
Metal wire }Vhiiiln;gs'lz 10.03(75ea) 04 02

Subtotal 13.0 5.4

Metal ribbon "lwhll(itl?nesls%o 23(75¢a) 2.5 1.1

Back EVA film 0.50 11.2 4.8

Back Sheet 0.20 10.6 4.5

Total 4.71 233.1 100

Table 4. Composition ratios of module panels(6*10 cells)

Components Weight(g) Ratio Components Weight(g) Ratio
Glass 11,100 79.4 Copper 132 0.9
EVA 1,365 9.6 Lead 40 0.28

Silicon 571 4.1 Tin 1 0.01

Aluminum 156 1.1 Backsheet 634 4.6

Silver 1 0.01 Subtotal 14,000 100
Al frame 4,000 Total 18,000

Table 30)4 B ule} Zo] 44 AR ) AL
0% 17} 24318 2] o], olAl $7Ha EVA
film ¥ back sheet2 A= 0] 9ot o, 71 7Fx)7} QL
=2 RS ZEA] AU wF oRRE o A
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cell2 /= 0] QL3 o] & YFulw T o] THAL L
= FHlelth Hd o] 24 9 A= Table 42} ATh

Table 4014 K= v} Zo] A3G2E AQRt F8
AEL Al frame, back sheet @ EVA A¥o0]11, dF0|EH
T AS 23R AA wid W) T ks ZH A FA H]

Fe oF2%olt

2) HjoFg ¥ &0 A5AA

HFg ZEo] gt &2 JAIE2 HA AE 48 &
Ql} 4] 501 93t A 0 = KSC8561(IEC 60904, JIS
8912) 720l HA=|o] YO, o] = Y BE AIA 7]

ol TAE Zoloh Y7 AR SR A= AU s =
480 2 % 11710]7] wizel, g A ] FelA
e T G mEe] A5aA Mgl ol
olol wek ¥ W] 7] WA 2ol A we)
N A5 dolElE S WTate 2 LG % At
Brecycling) OJF-E T<oHA WetA B 453
A1 2 Atk

el AR & H9E 28 715 1EsHlaL, A
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FAE S Sl o 242 ffsl &Y Bu AE:
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Table 5. Specification of efficiency inspection apparatus for ELP cell module

Variables Range & Size Variables Range & Size
. Max. 2,180 x 1,330mm’
Measuring Area Min. 2,180 * 510mm? Current Range 0-150A DC
Pulse Width 1-100 sec Voltage Range 0-50V DC
Measurement Repeatability <0.3% Lamp Halogen 1,000W

Table 6. Specification of separation apparat

us of Aluminum frame for ELP cell module

Variables Range & Size Variables Range & Size
Charging Area MMai(n22,’118 800Xx ls’??)(r)nnrlnnzlz Distance of Moving Table 250mm
Electric Source 3 x 380V x 60Hz Operation of profile Oil pressure Cylinder
Electric Power >2.2kW x 4P x 60Hz Distance of profile Sep. Left & Right 200m
No. of Moter lea Method of Moving Table Oil pressure Cylinder
Table Roller Dia @60.5 Total Type Separation of Oil pressure cylinder
Upper Table Height 1,000mm Capacity 1ton/day

Fig. 3. Overview of efficiency inspection apparatus for ELP
cell module.

Table 59| 28] F40] ojsto] A2t AXd J5dA
A2 9] m5E Fig. 33 201, 240 oJet 244 Bt 2
I 28 174 G AYAEL 60% o|YEA, 1Y 54172
2] A] 2F 3004](5.4ton) oA} 27} 71551t

3) ¥ 2E Fo IFu)E T Y A

¥ 2E F H&3 A unction box)E E23 th3, &
Fulg meQlo] £ 34 ojof sh=d], o= 71AA
T& ol-8oto] &4 0= A2|stoof git. sfA] Eeit
A= BA F+2E, up&down ZAH[o]o] Ho|E, Ea3|

J. of Korean Inst. Resources Recycling Vol. 29, No. 4, 2020

Fig. 4. Overview of separation apparatus of aluminum frame
for ELP cell module.
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Table 7. Specification of roll crushing apparatus of tempered glass

Variables Range & Size Variables Range & Size
. . X . First 100,

Width of In & Outline 1,200mm Dia. of Axis Second 280
Electric Source 3@ x 380V x 60Hz Method of Gear Box & Body Universal joint
Electric Power >3.7kW x 4P x 60Hz Reversible Rev. Possible

No. of Motor lea RPM Difterence speed of 2 Axis
. First 12mm, . .
Width of Roller Second 25mm Type 2 axis Crushing Roller
. First @250, .
Dia of Roller Second &80 Capacity 1ton/day(60sheets)
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Fig. 5. Overview if roll crushing apparatus of tempered glass.
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Table 8. Specification of heating separation apparatus of crushed tempered glass

Contents Variables Range & Size
W2,400 x L5,000 x H2,500
Blade Size W50 x L524
Scrapping Separator Capacity of Moving Motor 0.75kW, 4P, 220/380V, 60Hz
Capacity of Scrapping Motor 2.2kW, 4P, 220/380V, 60Hz
Capacity of Ventilator 155m°*/h
W1,000 x L980 x H2,212mm
Air Flow 80CMM
Dust Collector Pressure 230mmAq
5.5kW
380V, 2P, 60Hz
Air Compressor Capacity 235L/min, 40L
Pressure 0.8Mpa
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Fig. 6. Overview of heating separation apparatus of tempered

glass.
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Table 9. Specification of swelling separation apparatus of back sheet component

Variables Range & Size Variables Range & Size
Size Measurement W.1,550 x D.1,000 x H.2,358 Motor Single 220V, 55W
Working Temp. 80°C Ultrasonic 220V, Sonic power 50~1,800W
Heater 3kW x Sea Material SUS304
Ventilation 3Hp Capacity 0.5ton/day(cell)

Fig. 7. Overview of swelling separation apparatus of back
sheet component.
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Table 10. Specification of leaching & precipitation reactor of ELP module

Variables Range & Size Variables Range & Size
Outsize of Reactor W.1,260 x D.1,000 x H.3,590 Sight Glass Max. 20bar
Reactor Type Jacket Seal Unit Max. S0bar
Internal Volume 107L Design Temp. Max. 300°C
Stirring Mechanical Seal Working Temp. Rt-200°C
Vessel Max. 50bar Heating Indirect Heating
Charging Gate Upper cover Discharging Gate Valve of Down Gate
Atmosphere Controlled Capacity 0.5ton/day(cell)

Fig. 8. Overview of leaching & precipitation reactor of ELP
module.
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320%(18kg )y 497 Aol 4 B+ 1.43E A
&S AT 57251, A IO Rte] 4o
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A4 HEZ AZE Table 110] ERJIL.

Table 119]4] B v}e} Zo), v]1o]| TASH 7|& 9
Y87} 9& 272 Fusie] sfekEos ARsig,
E5] AR} YA = (Extended Producer Responsibility,
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T A H7|A] HEE AYHIE FAJA] AESH=
AG7HEo] FdE Ao R 011/2}6}04 18182 100kW &
HFAL 7% 1119 43 Y02 AYEIAT). Table 112]
A HE A4 & 4= = vt 2o, L fH], A=
], H] 9 28] = ] A&-E(recycling) A 2] A] 2]
A A8 E= H8ol, 34 < Tl =27} vj&A &
o H]8 9 EPR A ¥g-2 W Fdo] sidHrt. o2t &
2 At=20f| 2l A4S B/C ratio gt AFAEE A 7
2 EPR A Q2 glo]% B/C=1.192 BA4 9lo1}, B
79 EPR A YEL 5009/kg 02 =7 HA5A 20| =

B/C=1.00.8 Z£:=0]4o] H]oks} 74__% TotE|Qiet. o9t
o] =21/do] A9 gl= olf= HYF AYE o BE
ol 34 3t 11719 ‘rrﬂ'%"‘—‘?ol ZIFE|R] ko=
AT} 2Rtol S A FAo] u- Bttt ook

<, JAT(Ag 5)2t HlAE] & 28] 29719 E3] ARISE B 370l ofet -85} Al 4SS HEFE
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Table 11. Economic reiview of the recycling treatment for ELP cell module(Unit : Won)
. . Industrialize Step Case A Case B Reference
Classification
Sep. of frame & glass 800,000 800,000 4day*2persons
o *
Labor Sep. of cells 400,000 400,000 4day* 1 person
Recovery of *
valuable metals - 800,000 4day*2persons
Materials Reagent et.als - 1,260,000 200,000Won/ton
Collection - - -
Cost
Transportation 500,000 500,000 Truck charge cost
Expenses
Storage 200,000 200,000 Warehouse
Environmental cost - 1,200,000 100million Won/year
. . Recovery instrument
Indirect cost Depreciation - 600,000 (500million Won/10year)
Total Total of cost 1,900,000 5,760,000 -
Convenience Convenience of 1,150,000 1,818,000 LME&Commercial price
recovered metals
Treatment Discharger burdens 1,114,000 1,114,000 100k W Power plant
Benefit Treatment
500Won/kg
Supports EPR allotment - 2,350,000 (In case of EPR allotment)
Total Total of Benefit 2,264,000 5,782,000 -
B/C Ratio 1.19 1.00

* Case A(Frame, Glass)
* Case B(Frame, Glass, Copper, Silicon, Silver metal)
* Reference(Basic) year : Feb. 2020.
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