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Purpose of the Mission
REOHN

The purpose of this mission is to investigate the most advanced technology,
operation and system for recycling and waste disposal in the world, and to
exchange opinions with business persons working in this field.

The members of this mission are committed to recycling and waste
disposal business in Japan, so that, after the investigation, they will be
able to contribute to constructing a new resource-circulating economy for
the next generation in various manners.
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Introduction of the Participants
SMEOBAN

Keio University. Prof. Dr. Eiji HOSODA (Leader)

http//www keio.ac.jp/inde-en.html

The Glass Recycling Committee of Japan. Mr.So KATO (CrystalClay Corp.)
http/ /www.grcj.ip /cont-01-grcj-e.html

Hamada Co,.Ltd. Mr.Tokusuke HAMADA
http./ /www.kkhamada com/

Harita Metal Co,.Ltd. Mr.Makoto HARITA
http//www.harita.co.jp/eng/index.html

Eco Staff Japan Co,Ltd. Mr.Kazuo TANABE

https:/ /ecostaff.jp/about/index.html
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General waste

Others
(Parsonal computens,
a8 applances, etc.)

Fumiture
Clothes

Home appliances

Paper

Containers and
packaging

Garbage
(Business-related
garbage,
household garbage)

Laws and Guideline to Control Waste
REYBEEDEBEHIRS 1Y

ot

Law for Promotion of Effective Utilization
of Resources
(Specitied resources-recycled products)
*» Parsonal computers = Rechargeable batteries

Home Appliance Recycling Law

* Air conditionars, televisions. refrigerators,
washing machines

» Consumers bear the costs for recycing

* Retailers receive disposed appliances and
manufacturers reproduce products therafrom

Ny

L

Containers and Packaging Recyciing Law
» Cans, bottles, PET bottles, paper or plastic
containers and

packaging
« Separate collection of containers and
packaging by municipaiities, recycling of
euﬂanersmdpdudngbymandactum
and user entities :

Construction Material Recycling Law

« Concrete, asphalt, wood

« Construction contractors take charge of
sorling dismantled construction materials
and racycling construction matarial waste

N

Law on the Appropriate Treatment and

Prometion of Utllization of Livestock Manure

* Qbservation of management criteria for
disposal and storage facilities, maintenance
|_of faciiities

[Food Recycling Law
 Businesses that manulacture, process and
sell food products take charge of recyeling
food waste

Law for Promotion of Effective Ulilzation ol
Resources

Dosignlngwthmmmssoﬂhesns,pmdm
labeling for separate collection of waste

* Specified resources-saved products

+ Specified rause-promated products

* Specified labeled products
Promotion of 3Rs of by-products,
utilization of recycled materials

+ Specified by-products

* Designated resources-saving industries

* Designated resources-reutilizing industries
Guidelines issued by the Industnal
Structure Council ,

* Guideline by product catepory {35 commodities)
* Guidefine by sector (18 businesses)

End-of-Life Vehicles Recycling Law

* End-of-ife vehicles

* Purchasers {car owners) bear the recycling
cost, and manufacturers tack back and
racycle ffuorocarbons, air bags and shredder
dust

{
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Industrial waste

Construction

Agriculture

Food

Electricity, gas,
heat supply
and water

Chemicals

Others

Manufacturing of
vehicles
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GRCJ Profile
GRCJOBLE
[Basic Data]

« Organization Name : The Glass Recycling Committee of Japan +++GRCJ

* Founded : 1999.

- The core members : The corporates of recycling, producing, R&D waste glasses, and code of ethics promote

the use of waste glasses.

[Objectives]

« To research and develop environmental technology.

« To promote multi-purpose development of waste glasses.

« To support market expansion of recycled glasses.

« To advocate and offer guidance on the use of eco-friendly glass material in compliance with the international
standard of Life Cycle Assessment, for the purpose of establishing a resource-recycling socioeconomic
system.

[Policy]

« To reconsider our current consumption—-based lifestyle and find ways to effectively make use

of limited resources, in order to transform our society into a sustainable society.
« To recognize the importance of advocating for recycling waste glass and prioritizing its reuse.
« To raise public awareness, prioritizing the use of recycled material, and collaborating with government bodies

and related industries to diffuse knowledge and increase demand in this area.
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GReAT (Glass Recycling Advanced Technology) Project Summary

GReATOBIE

[Summary]

- To collaborate with various companies which are responsible for transportation, dismantling,
separation, segregation, raw materials manufacturing and product development.

- To conduct R&D activities on advanced recycling of glasses of end of life vehicle (ELV),
PV panel, liquid crystal panel display and others.

- To establish criteria to judge whether the used PV panel should be reused or recycled and
researched on the basic technique to recycle the PV panel.

+ To develop an evaluation system of total optimization and specific optimization of recycling
of ahove-mentioned various glasses with different compositions and concentration of impurities.

- This project proved that the glass recycling could significantly contribute to the waste and
CO2 reduction.
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Objectives of GReAT PJ
GReAT7OYx/1)ERM

@DThis project develops the following techniques for the abolished glass and build a integrated

recycling model system of the glass.
RBAHZADL T OF: kS, HaLEAFABRBILOBREETFT IV ATLOBETS
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@ Through the (abolished glass collection) down stream (development and production of the
glass recycling product) of upper reaches, GreAT builds the model of the effective supply chain

managed on the basis of commerce.
FR(BEASARE DS TR(ISABE R EROMR- -858)%BL. HEN—-ATRIIDOWENLY TS51F IV DEFNEBETS

GReAT promotes recycling of the used glassware and control a CO2 discharge in the whole
circulation system of the glass and contribute to the construction of recycling society, the

low-carbon society.
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The waste which a project intends for GReAT

GReAT7AYIVMHMRET IR

Home Appliance Recycling Law BRRHFA(REIVI7)VEREE)

Law for the Recycling of End-of-Life Vehicle REBEH>A(BBEIYr7)VEEE)
Home Appliance Recycling R7 5787 A( KRBV iEEE)

Construction Material Recycling Law RABE/SZNHFR(RR)T17)VERE)
Construction Material Recycling Law RREHFRACRRIT17)VERE)

Construction Material Recycling Law BESRREATCGREBYY /I iEREE)




Glass characteristic
72 ADFH
Several glasses in market depend on the case of useful
EAHREICRVBIREHFIADHAREESIATISD

GML GMA/GMV GMPV GMFI GMB GME

708
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BE | HEMEAN| KESlE | KESE | LESE | SHEE | CHERE | el

RiEATC ~850 720~740 | 720~850 | 720~740 | 720~740 | 690~715 | 655~675
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Selection of recycle method in adequate glass material
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Bottle Architectural Vehicle Fluorescent
GMB EUH5A GMA | "mamssz | MW ggmssz | M | asegasz
Liquid crystal Photovoltaic Electron tube Medical
GML | mamArsz| MPV | cmsssz| OB | mzeysz | WM | memyss
Planter Ceramic Table ware Fiber
GMP | yemysz| OGMC  listyppsxz| GMT | gaeysz GMFI | w2
Optical Quartz
GMO | w5z | OMO | Zaysz
Glass category 7iZANIERA
Leaggs | SodaBolisiicate | Sodalime Silicic acid 5 o"ffg::'c";t . Borosilicate
YL k™ £ \y — g =+ = N £3
Soda alumina Alumina
Borocilicate | Aluminosilicate Borosilicate Quartz Non alkali Others
ART7NZ)F7) 7S/ EEEE oLy + A% ®7IVvHY) TNtk
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Glass category
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Basic structure of PV
KBRS DOBEAIES
Typical example

Cross section view of crystal silicon PV
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Cross section view of thin film PV
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Glass recycle of PV panel

PV panel module
ABENRIVATZA(
GMPV)

After separation
Glass HZA( 2 EfiE)

Removal aluminum from module
REHhRENAKE(FVE)

After separation
Cell ©IV( D EEE)

)'s / " - }‘

ANBEXNZIVDHEZA)TLO)

Sheet glass K77 A
Glass fiber 72 X771 15—
Glass beads iZAE—X
Ceramic ©73v/%
Material FR¥IN

Glass cullet
H2AALYk

Silver
ﬁ \

Non attached glass on the cell
T2 ADFREMBL TEHEWKR

Little attached glass on the cell
T2 ADFREMNBL TLBIKIR

Detaching of silver

Refining
(ﬁ )

SROEMN

GRCJ



Glass recycle of PV panel
KEERISZNDHFAVY LI

NEDO New separation method using a “hot cutter”

Aluminum), *Silir Cell Reinforced glass

frame electrode Hot (heated) cutter
[=———=]
S—0—L——

Ribbon
Back sheet M

PV module

Glass separating equipment

with a hot cutter
Silver
Separated cells, silver electrode, etc. electrode

15 GRCJ



16

ABENRNDHF AR IR(RTIAE )

Glass verification tests of the PV panel (By RTJ)

Machine to take of the
aluminum frames

~

The appearance of the crush by the crusher




AKBENZWVDHFARIEAR(/NI2EE )
Glass verification tests of the PV panel (By Harita Material)
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KBENRXNDTZARASAE(EH , IX-E—->—)

Glass verification tests of the PV panel (By Hamada , NPC)

@EDO New Energy and Industrial Technology

Development Organization

B 201549A 168
—ABRERBOVYII/ VA SBREPRBIAMERZHIET—

To direct toward an intended goal at recycling society construction of the
photovoltaic power generation and the reduction of the generation cost

KEXAREIYr70EREAR7TOS I
Photovoltaic power generation recycling technology development project
KEARBOKXES AICHEL, EFHiﬁ&icﬁ%%%%’xli—bﬁ‘ﬁ?ﬁkit:§$?%:
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http://www.nedo.go.jp/english/index.html

KBENRXNDTZARASAE(EH , IX-E—->—)

Glass verification tests of the PV panel (By Hamada , NPC)
FTYMNFL7 9B EICEDEFAREEBDTEV 17V iR R

Glass and metal complete recycling technology development
by the hot knife separation method
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Glass recycle of PV panel
KEERISZNDHFAVY LI
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Glass recycle of PV panel
KEERISZNDHFAVY LI
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Glass recycle of PV panel

KBIENRINDIZAIFLIN

@ LKA TFARANE—R(BAIL) DBERK
> B 71 (A-50, B-500)2i8%F)

AR
KESE)

GRCJ



@ )Y ALY AT LDEF|IA A—D
EREARELES2—)
YA OB

GRCJ

Tru Glere Nemrvamg Gevvee O am

ERH
AEBEEHEDS2—)L
() A—AF# &h)

Glass recycle of PV panel
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Glass recycle of PV panel
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Recycle flow of Automobile glass
HEEHSADYH 7N 70—

W (2142 K—=IEK)

Tempered glass
bAoA

l BL. FD. RD

D(7|:|>|~ K7)

DVFZR7)

Print

Recycle a[detachment
Y10

7)ot

I | Crushmg I |

WS

Laminated glass
abEHTA

A 4

vWS

QW(?#—&—ﬁ?Z)

BL (8v 2314 b)

Exfoliation
*Fﬂﬁﬁ}ﬁﬁ

PVB packing

*Fa'iﬁﬂa% ]

|

G

lass cullet #ASZRALYH

Silver
SR

]

.

:

[PVBJ

}

Glass maker
5 A A—H—

PVB maker
PVBXA—AH—

Silver refining maker
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Structure of the laminated glass for the car
HEEESbEHSANEE

BOENFADFHIE. HFEDWMHFALEDLSEERE
26 DMILHF AL, BFRLEBICIEHlALHFIARESLL,
BULMBIKOBRHEY. 7O0UMIZAICBFIBETELRL

PVB Glass
S H52R

h | 94
bl

Glass
A7 AR

The characteristic of the laminated glass has normal flat glass and seeing through.

When tempered glass crushed it, it becomes the small glass piece, and a white reticular crack
enters and is broken, and it cannot reuse as windshield glass.
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2016 Enforcement Status of the Home Appliances Recycling Law and Recycling Statistics

20165 RVZEDWEREIVYII7NVEE

Collection statistics

Number of waste home appliances collected at designated sites across Japan in FY 2016

(thousands of unites)

Num%eprpcl)i;r(l::g:cted Percentage of Total Year-on-year Change
Air Conditioners 2,567 22.90% 9.00%
CRT TVs 1,184 10.60% A23.7%
LCD and Plasma TVs 1.279 11.40% 23.80%
Refrigerators and Freezers 2,829 25.30% 1.10%
Clothes Washers and Dryers 3,339 29.80% 6.40%
Total of 4 Designated Products 11,198 = 2.90%

21
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2016 Enforcement Status of the Home Appliances Recycling Law and Recycling Statistics

20165 RVZEDWEREIVYII7NVEE

Recycling rates(actual results from the last three years)

FY 2014 FY 2015 FY 2016
Air Conditioners 92% 93% 92%
CRT TVs 75% 73% 73%
LCD and Plasma TVs 89% 89% 89%
Refrigerators and Freezers 80% 82% 81%
Clothes Washers and Dryers 88% 90% 90%

GRCJ



Glass recycle of end of life automobile
RESEOHSAVYII0

Automotive glass Wind shield Glass cullet Sheet glass HRAZ A

BEEAASZ(GMV) | | BBIE7OVMNIFA HZZAAL b | | Glass fiber7 52774 /3—
il Glass beas#/iZAE—X
' Ceramic €53V %
Interlayer RRGER | | Material FR¥IAN

Glue EEHIZE
/ Material IREIN

PVB (interlayer film)
R R

Copper product $R¥m
I;egé?)o;ﬁaz A Material FR¥IA

| H| Heat line (Copper) ##R(8R)

Heat line print
R Tk

Side glass Glass cullet
BEIEYIRHZA B2 AALYb
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Cross section of the liquid crystal display panel
BB/ S2IVDHSAIS LI VOBRE

Polarizer { I > 1 Acet Celllose TAC

Bty —....—3 Poly Vinyl Alcohol PVA 3%

I 1 el Calose TAC
3 g

Glass substrate TFT |7 NHUHFR

Liquid crystal

. - CFER¥ : ZEBAFR)2##
material

- BEFII Poly-Imide

» AR—Y— WP NAVHFR or TFRFVY
- BER TVFNELEY

Glass substrate - ITO 194

HI7AER

TFT |7ZNVHVHZA

4 —
Polarizer ity

I —> Tri Acety Cellulose TAC

Rty  =————————""—3 poly Vinyl Alcohol PVA 3%
Tri Acety Cellulose
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Cross section of touch panel
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Existing type In cell type
BRE217 128
— AVFNRIWVFGTZ7ADHIRTER, EE{LEIR
=iPhone

SIFINRIV
ez R

HIADNFEW
HAN=HFR, ZIFNZWVHSR : J=FRREFA({L (L)
BRNZIWHIR BT IVHITZ VI )F251EEHFR

3 GRC)



Dismantled glass from used PC
= - AV m M2 =00y 8 3 X
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Glass recycle of wasted liquid crystal display panel
BB /ISINOHFTAVY 1IN OIBE

Disposal liquid crystal glass

e/ SRIVABZA(GML)

LCD panel glass
BRNRNVTTZA
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After separation
T2 R(DEk%)

Glass after
treatment
HZ2A(kRE)

1i|& -

Deflection plate

Rare metal
9
W InEL7 X2
y
RAIREF InEE
Material indium
REA
Material
REIN

Sheet glass tRHZA
Glass fiber 72 RX771 15—
Glass beas iZAE—X
Ceramic €73Iv7%
Material IREIN

Glass cullet
B2 AALYb
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Expected Disposal Volume of the End—-of-Life Facilities for PV Module
ABREBES1—-IVDOPEH R A
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Estimation of the future disposal volume of PV module

B Over 10kW (non-residential)
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Graph: Expected Disposal Volume of PV Module
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The ideal situation on Removal , Transport and Treatment in PV systems
icl%%ﬁ'ﬁﬂﬁ‘a)mf B WIBDHINEE
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The ideal situation on Removal , Transport and Treatment in PV systems
ABERRERFEOWE - Ef - WIBDHINEE

<ldeal situation> <lIssues> < A Menu of Measures (Draft) >
Short-term |Medium-term| Long-term
~ ™ (~2020) | (2021~25) | (2026~)
Minimization of illegal Building a safety net that is ¥ ' - Reinforcement and building
\« J disposal volume ’ building of collection, treatment and recycie
: appropriate treatment | system by related
(" ; - > Realization of and recycle system manufacturers
Reduction of final disposal economies of scale )
generated load and toxic - Study on the possibility of the
[ Study on the continuity of | continuity of electricity

ksubstance generated load Y

Levelling of the = Eelectncily generation projects} generation projects after FIT
modules’ disposal ’ after FIT period ending period ending (including reuse),
timing o3 (including reuse) elc. to realize the levelling of
modules’ disposal timing

Procrastination of
disposal due to long-term

- Government support for

L

Promotion of recycling

use and reuse [5 : , = Support for technology | 1echnology development and
~ < & Reduction of recycling costs ) development demonstration projects, etc,
= N } - , ' '
[< ") Improvement of recycling rate Promotion of - Promotion of environmentally
J nvironmentally conscious} conscious design by related

: ; ; design manufacturers, etc,
Implementation of appropriate \ 4
- 7 treatment by intermediate treatment - Developreitof a guideling on
. \ service provider, etc. J Development of a removal, transport and
Development of economical ( ' = — guideline on removal, treatment and awareness
and efficient reuse and Implementation of appropriate \ transport and treatment | raising to related parties, etc.

disposal and transport by architectural
wrecker and construction company,

etc. s 2 [
NS Awareness raising on | - ©réating mechanisms to
realize the information

] 18 .
/" Recognition of the cost sharing '\ } removal, collection and provision on removal,

recycle business

. >,

(" Appropriate burden
sharing of the cost of
removal, transport and
\_ treatment Y,

burden incurred in treatment, etc. for recycling to residential collection and recycling to

residential user and power generation B3%) and acet residential user and electricity
company, etc. ) generation company, etc. | generation company, etc.
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Overall optimum of aiming GReAT project
GReAT7OVI/hDBIET 2 RE

\

Supply-Demand

balance
miaE

CompositioneColor
|57% £ =1

Impurity contents
AHMIRE

ransportatlon dista
1% Bt

Oxide-based ceramics like almost same glass composition are included

in the overall optimum evaluation
HI2AICHRE(Si02-Ca0RtFIv 7 )DFELIL ZERILMR I3V /58S
2HREOEMMIRAICETHS
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Minimizing natural resource consumption for ceramics, glass materials

Possibilities are subject to:

Supply-demand
balance

Composition
Color

| Impurity
i | ’ contents
Transportation

distance

Bottles, &5
Ceramics

[

. b’xide-based c.er

Subject to:

G bottles FatG  Gwool  Tile Alumina Ironmaking
(clear) refractory  slag

Quantitative conditions "porang) 578 820 214 448 na. na.

~ Supply(kt) 578 797 n.a. n.a. 186 24639

SiO2 TiOz Al203 Fe;03 Ca0O MgO K20 Na;O MnO P20s

Qualitative conditions  FlatG
Max %

73 231 012 95 5.5 2 14 0.05

Min %

38

1
67 0 12 0.01 65 25 T 12 0 0O
GRCJ



Major ten oxides consisting glasses and their raw materials

[SiO, [TiO, JALO. [Fe0. | CaO [ MgO [K,O INaO |MnO |P,O. |Others
8 8

725 0 1. 0.03 112 0.1 O. 131 O 0 0.8
726 0 20 026 105 02 12 131 001 O 0.09
719 0 20 015 106 03 13 131 O 0 041
colors

70 0 1.7 01 80 40 15 13 0 0 0.4
70 0 1.7 01 80 40 15 13 0 0 04
338 0 134 04 417 74 0 0 03 01 038
188 0 165 03 551 7.3 0 0 1 0.1 0.09
slao

304 0 129 112 171 264 216 105 0 158 0.2
09 02 927 01 08 5 0.1 0.1 0 0 0
99.8 0.03 0.04 001 005 005 O 0 0 0 0
752 0.03 145 023 062 0.04 6.08 33 0 0 0
654 054 302 178 027 04 12 026 O 0 0
794 011 165 054 021 012 29 023 O 0 0
77.7 0.38 203 025 008 013 065 049 O 0 0
1.02 0 034 017 976 082 0 0 0O 002 0O
067 O 0.09 008 638 353 0 0 0O 004 O
659 0 0.08 007 044 335 0 001 O 0 0
83.8 0.15 108 23 124 077 045 042 002 001 O
765 01 137 10 066 013 40 388 003 O 0
0 0 0 0 0 0 0 100 0 0 0
39 GRC)
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Key location map of GReAT activity
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Facilities capable of recycling photovoltaic cell modules (GRCJ)

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.

Address

Equipment capacity

Quantity of goods
accepted up to now

Areas for acceptance of

34-11 Shinbori, Imizu City,
Toyama

2,800 tons/month
(20 tons/hour, 7 hours/day x 20
days operating)

110 tons/year (2014)
8 tons/year (2015)

Hokushinetsu area (3 prefectures

DOWA
(Kosaka Smeltery)

Next Energy
& Resources

MATEC
Corporation

Seinan

ﬂ@ Corporation

Address

Co., Ltd.
goods in the Hokuriku region, Niigata, . . .
Gifu, Nagano) Harita Metal Equipment capacity
Co., Ltd.
Sales Glass Tile manufacturers Keiaisha = —
channels for - : Kaiho Co., Ltd. JEldLL)
Il I !
products after Sﬁgae[isce SRl Sangyo Orix accepted up to now
processing . iohi Co., Ltd. Eco Services
Hirakin T/Ilzst:l;laslsl 7~ Corporation Areas for
i i Ki - t f d
(Hirabayashi Kinzoku KK) Corporation & Ichikawa acceptance of goods
Yamakoh Kankyo Sales Glass
Co., Ltd. Engineering channels
. Co., Ltd.  for
Shinryo products
Corporation Econecol Inc. Tochib after
oshiba rocessin
Kyushu Metal ﬁf@ Hamada Environmental 2 e
Industry Kaneshiro Recycle Tech Solutions
Co., Ltd. Sangyo Japan Corporation
Scrap
Address 8-6 Hashiramoto 3-chome, 7-5 Keihinjima 2-chome, Ota-ku, cell
Takatsuki City, Osaka Tokyo sheets
Equipment capacity 86.4 tons/month 86.4 tons/month
(4.32 tons/day x 20 days) (4.32 tons/day x 20 days) Address

Quantity of goods accepted
up to now

Areas for acceptance of
goods

Sales channels  Glass
for products Scrap cell
after processing e

Notes

10 tons/year

Nationwide but
primarily the Kinki region

Glass manufacturers (anticipated)
Smelting companies

Research institution owned by
NEDO (modules are provided as
research materials)

Nationwide but
primarily the Kanto region

Glass manufacturers (anticipated)
Smelting companies

Used in prototypes

Acquisition of intermediate
processing permit expected in April
2017 or thereafter

Equipment capacity

Quantity of goods accepted up to

now (tons/year)

Areas for acceptance of goods

Sales channels for  Glass

products after

processing Scrap cell
sheets

® Already accepting goods for
recycling
Has the capability to accept
goods for recycling

20-1 Kansei-cho, Tsurumi-ku,
Yokohama City, Kanagawa

Crushing capacity
44 tons/month/machine

180 tons/year (10,000 sheets/year)
Note: crystalline system 250W class
Average for 2013 - 2015

Head office: Kanto region
Affiliates: Nationwide

(1)Damaged goods as well as
modules with high resource value
(with large quantities of Ag)

— Crushed and provided to
smelting companies as
resources

(2)Undamaged modules
— Separated and recycled as

sheet glass (currently in
development)

Separated and then recovered as
battery powder (in a powdered state)
and provided to smelting companies
as a resource
204 Jinguji 1-chome, Minato-ku,
Nagoya City

642.6 tons/month

2014 Approx. 54 tons/year
Approx. 2,700 sheets

2015 Approx. 36 tons/year
Approx. 1,800 sheets

Nationwide

Cullet trading companies (for use
as raw material for glass wool)

Rare metal recycling companies



Thank you
HESTILVET

A

GRCJ and EPC renewed homepages as follows:
HSABEE R ES(GRCY) ETaTLI7LYST(EPC) DIR—LR—UF ) =a—FI)LLELT:

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

http:/ /ecopremiumclub.jp
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