.

GReAT: Glass Recycling Advanced Technology i
-The concept on the global optimal glass and ceramics recycling system
-Technical feasibility of recycling PV panel glass to ceramics and.tiles
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The Glass Recycling Committee of Japan
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Chairperson SO KATO
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1. EERDIEMI BCarbon Neutrality (1)

® HAMCO2HFH=(G. tH5FR T 5 &FH . CO2HFEOREROAREIRILF—EIREN 58S
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2. EERDEMI DCarbon Neutrality (2)

RE - pE  FBREER %ff WA R
5% 2%

bt i
2%

7.3 5 3
40%  GHG(CO2)HHLER

JULT -4 -HED T8¢
. (kt-CO2)
E%Eﬂf_‘i%ﬁi
IRILF—ER e E £ 4 :1,306,670
BRNES CO2#kt&E
13% 417,735 ® EXEPPY: 417,735

kt-CO2

=2 tE% ® §%X i ¥ : 165,741

(H88) EUARBMFEEAECRBAFNA [BROEENEHAGHEET —4 (2016) J
(B92] BARDESRIBFIDCOHEEEDMER (20164F) (s : (—%t) BAREKMEREN)
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Disposal PV management report by IRENA
IRENA PV R— A MLR—M2016

®® IRENA

.{/

‘ ’

" END-OF-LIFE
“ MANAGEMENT

Solar Photovoltalc

' Panels
N li

> |
e e |

\\

CHALLENGES AND
OPPORTUNITIES

Andreas Wade (IEA-PVPS Task 12), Stephanie Weckend (IRENA), Garvin Heath (IEA-
PVPS)

Contributors

Dr. Karsten Wambach (bifa Umweltinstitut), Tabaré A. Currds (WWF), Knut Sander
(6kopol)

IEA-PVPS Task 12: Zhang Jia, Keiichi Komoto, Dr. Parikhit Sinha

IRENA: Henning Wuester, Rabia Ferroukhi, Nicolas Fichaux, Asiyah Al Ali, Deger
Saygin, Salvatore Vinci, Nicholas Wagner
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Disposal PV management report by IRENA
IRENA JREPVI2R—I A MLER—b2016

F )

-~ CUMULATIVE PV WASTE: Q®IRE@|§£
== TOP 5 REGIONS 2050

China

20 million

13.5 million

10 million

| o=
w

7.5 million

s

o

o

=]

-
e
wn
2
s
-

4.5 million

2050

4.3 million 78 million tonnes of PV
—p——

4.4 million panel waste globally

0 5 10 15 20
Regular-loss scenario || Early-loss secnario
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Disposal PV management report by IRENA
IRENA JREPVI2R—I A MLER—b2016

- GLOBAL PV PANEL WASTE @c@IREmﬁé
PROJECTION 2016-2050

100 5,000

o The world’s total e-waste reached a record of o
= 41.8 million metric tonnes in 2014. Annual PV m '
E 80 waste was 1000x less in the same year. Yet by pe- .‘ 78 Million 4000
Lo 2050, the PV panel waste added annualy o g
T 70 could exceed 10% of the record global e- v " 3500 2
S~ - 2® >
- waste added in 2014. 43 i i £
B 60 " 3,000
E S
T 50 . 2500 =
5 . a
S ol 2000 2
> . =
2 R cs0cw | B
= 30 . 1500 £
‘é‘ ® ® -
= . ~
£ 20 .t 1,000
: 55
O m s

10/ «® 8 Million 500

® [ ]
/ .+ 43500 250,000 1.7 Million -
Op= I v

2016 2030 2050
Regular-loss scenario ] Early-loss scenario esssfp Linear (Cumulative PV capacity)
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Disposal PV management report by IRENA
IRENA JREPVI2R—I A MLER—b2016

JAPAN — @ IRENA

Infernational Renewable Energy Agency

- advanced market without PV
specific waste regulations

"
Vs o

BN

800,000

700,000 ! _
A PV pioneer market with

recent rapid growth
500,000 potentially leading to a large
400,000 increase in waste by 2040.

600,000

300,000

200,000

Annual PV waste (thousand mt)

100,000

or =
2020 2025 2030 2035 2039
Regular-loss scenario [} Early-loss scenario [l METI/MOE scenario
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Disposal Volume (

600,000
500,000
400,000
300,000
200,000
100,000

0

0
2016

Expected Disposal Volume of the End-of-Life Facilities for PV Module

- (A)
— (C)

2017

w o

ABREBRE2—IVOBELH RA
Estimation of the future disposal volume of PV module

Ratio of Industrial

Expected Disposal Waste to Final

Yg)luz?;e): Disposal in FY
’ 2015
2020 3,000t 0.03%
——— 2025 6,000 t 0.06%
’ L ]
A £ 2030 22,000t 0.2%
. . & 2036 170,000 ~ 280,000t 1.6~2.7%
t—"""“#}w
DA O - ANMTNONOONO MTDOND OO
S HANANNANANANNNNANMM T -+ W
OO0 0000 OO0 O 00 990 9 Q0
NANANNNANANNNANNNNN NNNANNNANN
cenario of mass disposal after FIT —= (B) Scenario of disposal from leased land after FIT
cenario of disposal from fixed-term land lease after FIT - « = (D) Scenario of no disposal after FIT
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IEA PVPS Task12: PV Module Design for Recycling Guidelines

IEA PVPS Task12: PV Sustainability

IEARTOXRIEXRES AT LICET 281l
WA 70%55 L(PVPS:Photovoltaic Power

Systems Programme )D& ETRESHTLY
370z I9MER7)DH—D

- Subtask 1: Recycling
- Subtask 2: LCA
- Subtask 3: Other sustainability

KE(NREL )&A—2RRFUF7(UNSW )H ik
RigefB4L. LTOREAHSH

) PV Module Design for
- A=AV T . NVF—, HE, 77X Recycling Guidelines
KLY 1429)7 . BER(HT I —F 2021

N RVI—T0 A1 A, KE

202110 A ICKIBGEBIRES 12—V DU 1
WHEEICR T =AM 2 AR S

Ref.) IEA PVPS Task12, PV Module Design for Recycling Guide, IEA-PVPS T12-23
(https://iea-pvps.org/key-topics/pv-module-design-for-recycling-guidelines/)

MIZWHO

Copyright (c) Mizuho Research & Technologies, Ltd. All Rights ReserveG m J



IEA PVPS Task12: PV Module Design for Recycling Guidelines

General ‘Design for Recycling (DfR) quidelines
1. BEEENE. REW. WA, (S, :th&@%E:;{*h‘EE
DIRIFENSZTH. IBILTAINEELENDTHDH. V17t bL—RA7E64:5,

2. BHVOER., HELI=RM OEINFTREEHER

‘DROBRUCENT, HHEDBIR. MEOSBHEERICTEILIIATRTHD,
3. RMICFFNSFEFMHOMF EEIR

-HREmPOFEMHOR/IME. F2LECE>TIV LML BMELEES.

4. UYFLIMUIEKOTHOMHIE B
VSOV HEREHHEORME, BHLERICEST, U IV EHYBENS,
5. REBMLEEROMH |
FABLEE LA, BRAORIMUICLY). REOBOHHOERSHRILS,
6. AMEMBELABE
- RBERBEL AR IV 1ML HETS,
7. VS MEORBL TN SRFECREEN L/ S ORE
DIRICEBHRDFMIE. F—FA7 DR BPIZT1=4— 2 HEOR LIZOLHS,
8. USAINTRELHE. YUY o VEREHHEEET TN
FIRUL GG NEREICLSDRERSLHIEL). TORELHIEETHS,

9. V1o hEhi=#HniEHR
VYL INHEERTIRmEETIS, BIREDHIRMBEZ(EET S,

Copyright (c) Mizuho Research & Technologies, Ltd. All Rights ReserveG m J



Predictable! Scenario for introducing photovoltaic power as a main power source
FHATHE | ENBRELTOKRKBAREBEEA S FVA smart seLir
100GW in 2030 ! ~200GW in 2050 ! = 250GW potential, Is there a place to install it ?
Japan's Cumulative Capacity Target by Japan Photovoltaic Energy Association (Z.~2-D declzfsg:?zt::inp‘:)fwer

— 250GW
. ZZE T (AC) ¥
PV OUTLOOK 2050 : GHG emission 80% by 2050 | i
.
HTH ess than * i FY2050
Sw (million kW) Eep'{gi"g g%%{hanmkw “““ in
Rﬁaciig less than 1MW X A *
180 Greater than 1MW Peak demand ofJapqt(Summer) Power.lgeneratlol for large and
160 = mE——— —. Rﬁng gﬁthanﬂ — — mE— — e Iu IZ bus'ﬂr-lless use
e k*iﬂiﬁ$¥ﬁﬂ &
120
S y o0 { Industrlal and Public use
~ 506W Rt _ | E%Fﬂ’.’&ﬁﬁﬂ
80 in FY2018 .* ‘ ‘ : | J | J
60 ¥, p: ‘ I j111d4dax8 [l
40 : . B -
] ‘ W | | Residence use
20 | B , | | |
ST R
5 :

LA = N S - o T o o M e |

O 3 ) O 0 O D O D 9 o O O D o O O 0 O o O O O O O D o 3 O 3 O 3 3 £ o3
Pt S R o B S R I B B o B o R o (e R o R e R I I o B e R et et e (R e R e e R N . I ot B oot R o R v Bt S B e R S R e B S A S e |

» Current installed capacity is around 6GW/year, with 7GW/year installed for 120GW in 2030, 200GW in 2040, and 250GW in 2050
BROBAESGW/FIRE ., BF7CGWIZE DT/ A T20304120GW, 20404E200GW., 205042250GW

Source: Created with smart solar based on PV OUTLOOK 2050 of Japan Photovoltaic Energy Association * No copying or distribution of this material without Smart Solar's permission
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Guidelines for promotion of recycling on PV generation facilities
HAIRS1
Transmission of information for toxic substances :
Offer of the information necessary for appropriate disposal

AEVMRZFORREE  BELR L ELIFHRIESH

[Changes]

Introducing the "Guidelines for Providing Information Contribution to Proper Disposal of
Used Solar Cell Modules" formulated and published by the Japan Photovoltaic Energy
Association. In addition, creating a correspondence table between the constituent parts
of the solar cell module and the four parts shown in the information provision.

B —-EHAEZAABERBRRARKE - ARLTVAERFABRE BT 21— ILOBEDRE KT HHEREA 74
VIERR . F - ABEHEV - L OB B RA TR 4B L ORBREER

Excerpt of "Guidelines for Providing Information Contribution to Proper Disposal of Used Solar Cell Modules

4. Types and thresholds of target substances for which information must be provided
1) Target substance
Considering the viewpoint of chemical substances that may affect the environment at the time of
disposal and the high possibility of inclusion depending on the type of photovoltaic power
generation module, the following four substances are targeted.

Lead, cadmium, arsenic, selenium

2) Content rate standard value
The content rate standard value at the time of labeling shall be as follows, and if it exceeds this, it
shall be labeled by the method specified in Section 4.

Lead: 0.1wt%

Cadmium: 0.1wt%

Arsenic: 0.1wt%

Selenium: 0.1wt%

The content rate of the target substance is a theoretical value calculated by dividing the mass of
each of the four parts (*) that make up the module part that can be disassembled relatively easily
as the denominator and the content of the target chemical substance in each part as the
numerator.

(*) © Frame, @ Screw, ® Cable, @ Laminated part (including terminal box, parts other than @),
@, ®)

ERFAMBEES - VOBEDBRICRTIWNERADA L1 Ho0ER

4 HRBBT A EHROBRLM 8
DR EHR

BRI R RITT TR O
NTRBOHIEEBL U T4 KL T2

§o, ARI7 L, ER, €2

DENELLE
DEREEREIUTOE)L, INEBLEBEI4REDLFETRAT S

70

wi
- () 1wt O
a: 0wt %

wi%

RTE4HDEE(D7L—4, @2

B HEHROSTRL, LEOESIIRETILE 2858
)V EORBEDR, INThodMES

Y\ @7 =70, @734 -MIORTHESE, O- Q- Ousheh9

PHEMFHREFREDFLL BL LT 2R

12

WA ERFARRRE 2~ LOSERBCRTHRBR{OAAEF12 (F1R) (KRARERE))

-
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mmRE/1-IThBaHEItERED2-NTEL BHHIER,

Elution test result according to each modules
ERREV1-NVOSURBHARER

BHAROER. FHOXSVEBMZHRELL

as i—n— | mas |  se%E T [2e=m (L nEst i on | sima | 577 | BT | zow
B ke) - 2.8900 | 12.3400 | 0.1400 |4}AERa| 2.2400 | 0.1300 | 0.3400 | 0.0800
Mkt - 15.9% | 68.0% 0.8% - 123 | 0.7 | 1.9% | o0.4%
2R | ER Git  |2012L05% pH 6.5~6.6 - 9.2 10.1 - 1.8 1.7 1.6 =
EC (mS/m - " 2.3 8.7 . 1.3 3.6 1.8 .
Pbmg/L) | 0.30~0.42 - <0.01 500 - <0.01 | <0.01 | <0.01 -
B (kg) - 2.4500 | 11.9700 | 0.1400 |4}AE7Fa| 2.2500 | 0.1300 | 0.3400 | 0.6500
: §54:4 - 13. 7% 66. 8% 0.8% - 12.5% 0.7% 1.9% 3. 6%
S8 | w5 | 13 | 2012 p H 6. 6~6.6 -~ 9.3 10.3 - 1.4 8.2 1.5 =
EC (mS/m - - 2.6 9.3 B 1.5 3.1 1.2 »
Pbmg/L) | 0.29~0.44 - <0.01 570 - <0.01 | <0.01 | <0.01 =
FE ke) - 3. 4600 12.4700 | 0.1600 |4 BEA=| 2.1400 | 0.3500 | 0.3300 | 0.1400
i §54:4 - 18. 2% 65. 5% 0.8% = 11.2% 1.8% 1. 7% 0.7%
sea | # | kit | 2013 pH 6.5~6.7 - 9.6 9.9 - 1.4 8. 1 7.5 =
EC (mS/m) - - 3.4 8.1 - 1.0 2.7 1.4 -
Pbmg/L) | 0.20~0.90 - <0.01 470 = <0.01 | <0.01 | o0.01 ~
e A—ty— A AR njml:';‘/ﬁ'.a T EVA CREWS |mmnsz| Ruse—tr-2om
Y e SRETa SRET
pH 9.8 - - 9.1 - 9.9 = 7.6
CIs @MW | D# (roms/m)| 2.1 . = 6.1 = 1.9 - 2.7
Se(mg/L ) | 0.04 - = <0. 01 = 0.06 = <0.01

GRCJ
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Ideal situation on Removal, Transport ,Treatment in PV systems
ABRREBRIFORE - Ef - DIBDHEINEE
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Ideal situation on Removal , Transport ,Treatment in PV systems
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Glass recycle of PV panel
y N b A I Y P UL e/ )N

PV panel module Sheet glass A7 A
icli;ﬁ/\"z»mﬁa:« GMPV) After separation Glass fiber 72 RA774115—

Glass ﬁ?ﬂﬁﬁﬁ&) Glass beads #iZAE—X
e T Ceramic 273Iv/%
Material IREIN

Glass cullet
12 AALYk

After separation
Cell V(2 BEi)

Silver
R Detaching of silver
Refining
SROENN(FEH)
Removal aluminum from module Non attached glass on the cell
RNEHRENTRE(TIVT) B2 AHDBEMBLTHEVIKR

Little attached glass on the cell

HSANBERBL TSR GRCJ



Glass recycle of PV panel
AKBENZIVDHZA)GLIN
Study for establishment of a nationwide recycling system
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Processing by PV Recycling Hommer

Disposed PV Panels

Junction Boxes Aluminum Frames

Scrap Recycling Companies
Metal Recycling Companies

Removing Aluminum Frames Pre-Heating Removing Glass

Cell Sheets

Used as materials for; Smelting Companies Rare Metal
Glass fiber, Insulation material, Foam glass, Recycling Companies

Ceramic clay Recycled aggregates for

concrete pavers, blocks, etc.



Facilities capable of recycling photovoltaic cell modules (GRCJ GReAT6)

O The facilities that are currently able to recycle photovoltaic cell modules as determined by the Glass Recycling Committee of Japan (GRCJ) are as follows.

MATEC Corporation ®Already accepting goods for
recycling
DOWA .
(Kosaka Smeltery) Has the capability to accept

goods for recycling

ﬂ@ Seinan Corporation

Harita Metal Co., _
Ltd.
’]ﬁ Keiaisha Co., Ltd.
Mitsubishi Materials Corporation 'j

Hirakin Orix Eco Services Corporation
IrakKi ‘ ‘
(Hirabayashi Kinzoku KK) ‘ *

Kaiho Sangyo Co., Ltd.

SO S e
Yamakoh Co., Ltd. ""‘ ‘ %’ ﬂ‘;‘
7 "X A Hamada
s (2 Wi
Shinryo Corporation , bog a “, Econesol Tnc

7

Kyushu Metal Industry %
Co., Ltd.

Hamada Toshiba Environmental Solutions Corporation

Recycle Tech Japan
Kaneshiro Sangyo

19 GRCJ



Glass recycle of PV panel
RNEXNRXVDEZA)TL I
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Glass recycle of PV panel
RKBXNZVDEZA)G1L))
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Glass recycle of PV panel
RKBXNZVDEZA)G1L))

0 FLIZKBTARNE—R(BAIL) DIFERK
> B3R 1 (A-50. B-500)25E%E)
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Glass characteristic

HI AN
Several glasses in market depend on the case of useful
FERAREICRVWBEREITZADAREREINTIVD

GML GMA/GMV GMPV GMFI GMB GME
Liquid crystal ':‘r::'\t;:%tiggl Photovoltaic Fiber Botﬁole Electron tube 759> &
A . HEE KiaE® w7 A UA Panel /3%JV | FunnelZ7> 3
Sodalime/ .
Glass type Aluminoborosilicate Sodalime Aluminosilicate Sodalime Sodalime Bsatrrlgmissnd Lead
b, ZIE/)Fk S )— P S)—4 { )=/ R W § A
15 A EH PN R 18 )—SRR ,—’,,éfgé ) =S BIR J—5 AR T e Y fa
- Scientific Light Light Light X-ray Higher X-ray
Char:%cgrlstlc durability transmittance transmittance transmittance Cg)grﬁcgr;gol absorptivity absorptivity
FEENm A p e ] e 1 SeiZEB 1 i X-RIRME | JUELX-SRERE
SO Aot ~850 720~740 720~850 720~740 720~740 690~715 655~675
SpecllaralV | 236~277 | 248~26 | 236~277 | 248~26 248~26 2.48~26 3.4~4.28
Color tone GMA:Clean. Clear Clear Clear, Brown, Blue,
& Clear GMV:Clean. Galaxy Clear mixed color Green, Other color Clear

23

Selection of recycle method in adequate glass material
HZ2AMBICEBL /=T 170G iEEEIR
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FH : IEESHSADFHMIRE

o AN : ASRFRE = I\ HFTAGEBRE = & (MILPITW)
- SRBAZER(4Rk3%R) : Si02, B203, Na20, Al203
- ANT—HECRESHEREYIHE) : 86518 (INTERGLAD)

o HxiE{ b’fti

(HEAX=>)

INALYIRAHS AISEWFEBE DY
A TE5NE !

Si0, B,0; Na,0 AlO;
81.6 14.7 2.6 1.1 (wt%) Y,

------------- BN 524 DB SRAS (XL T
3 BAGIEHAD RO S
N ESRAHEREERTES
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Overall optimum of aiming GReAT DX project

GReAT DX 7Oz /MDD EIEYT 2 A RE

< Image of an information platform >
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Recycling of glass cullet should be considered within family

materials (glasses and other oxide-based ceramics)

GMA

Optimal recycling
among oxide-based
ceramics

2.3 mil. t-cullet

680 kt-CO2

Overall
optimal
recyclin
amongs
oxide-based
ceramics

Recovery of Glass to glass

waste glass optimal recycling

gthEL}f t 1.5 mil. t-cullet
-culle

57 Kt.C02 170 kt-CO2

Energy saving in glass
production by using cull

Recovery of
waste glass
from EoL-PV
30 kt-cullet
94 kt-CO2

420 kt reduction

[1.2 mil. t reduction

Lime stone

Silica stone
and sand

Dolomite

Feldspar

Clay

 EoL-LCD glass (Home Appliance Recycling Law)
» EoL-CRT glass (Home Appliance Recycling Law)
- ELV glass (Automobile Recycling Law)

» EoL-PV glass (Construction Recycling Law)

» EoL-architectural glass (Const. Recycling Law)

» EolL-fluorescent bulb (Const. Recycling Law)

» EolL-plateware, etc.

o RENE GRCJ
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High visibility projects from Oslo to Hong Kong BIPV

wCanopies
= Saud Consult

La Seine Musicale
Shigeru Ban
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Overall optimum of aiming GReAT project
GReAT7O0 /DB £ FmE

N\

Supply-Demand
balance

Composition+Color
5%, & =}

Impurity contents
AHIRE

Transportation distance (
\ i X PRl \

Oxide-based ceramics like almost same glass composition are included in the overall optimum evaluation
72 AICHRE(Si02-Ca0Rt I3y ) DAL /-EE{E MR EFIV/HALEHREOEMIRAICZTHS
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[Sustainability] Design for Resource Circular Economy
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End of Life Glasses Recycling Flow
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New area design department

Network that promotes integrated system from glass
collection to application development and use of recycled
products
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Thank you
FHSCENET

GRCJ renewed homepages as follows:
HSABERIERHES (GRCJ) DIR—LR—DF)=a—FILLELT-

http:/ /www.grcj.jp/index.html

GRCJ
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GRCJ

the Glass Recycling Committee of Japan

h>AB&ERLHRS

iNcE3NAGONAL YEAI OF

M) S22

J EFRH S RAE2022

b Cltmnn Bty T omremeries wF Jagtsrs



