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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
SMEOHHN

1. 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.jp /cont-01-grcj-e.html
Harita Metal.Co,.Ltd. Mr.Makoto HARITA
http/ /www.harita.co.jp/eng/index.html
Armec Co,.Ltd. Mr.Toshio HOSHIKAWA
http:/ /armec.jp/
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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.
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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.
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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.

EAEBHTIARROVYIINERETIELSIC, HFIADBRIATFLEETOCO2FHELMFIL . BREHS KRS
HLOBEICEETS

7 GRCI

the Glass Recycling Committee of Japan




The waste which a project intends for GReAT
GReATZOS I/ h BT 2 HREY

> Home Appliance Recycling Law  BERERAFA GML (RBIVYI12IiE)

> Law for the Recycling of ELV BREEEENZA GMV (BREVY17)ViE)

> Home Appliance Recycling BR7 7570857 A GME (RBIVH1VIVik)

> Construction Material Recycling Law BEXRRFE/SRIVHFA GMPV (BRVY 17V iERE)
> Construction Material Recycling Law BEEEZSRHF A GMA (BEBVY1I70MiE)

> Construction Material Recycling Law BEH 4T GMF (BB Yr7IiE)
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Glass characteristic
HS AN

Several glasses in market depend on the case of useful

GML GMA/GMV GMPV GMFI GMB GME
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Bwib&C ~850 720~740 | 720~850 | 720~740 | 720~740 | 690~715 | 655~675
HE 236~277 | 248~26 | 2.36~277 | 248~26 | 248~26 | 248~26 | 3.4~428
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Selection of recycle method in adequate glass material
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Glass category

HIADRZEZBHER

G-material
S—2FI)7 NV ERERFIC
GMB~GMQOEERICAIIZTITAN
G-material category —<FU7NDIEFE

Bottle Architectural Vehicle Fluorescent
GMB EUH5A GMA | "mamssz | MW ggmssz | M | asegasz
Liquid crystal Photovoltaic Electron tube Medical
GML | mamArsz| MPV | cmssnsz| 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
Leaqgs | SodaBolisilicate |  Sodalime Silicic acid 5 o"f(‘fsdlhuc“;t . Borosilicate
Y ik \y - g =+ N £
Soda alumina Alumina
Borocilicate | Aluminosilicate Borosilicate Quartz Non alkali Others
ARTNZ)F7) 73 /)EEEE oL + A% &®7IVvHY) Ttk
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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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PV Main maker and materials list
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Component test result of PV module
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Reuse of Equipment
ABRBEEBN)I1-R
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Reuse of Equipment
ABEREBREND)I1-A
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Reuse of Equipment
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Reuse of Equipment
ABRBEEBN)I1-R

® ARAA—T(ERER. RER)
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Reuse of Equipment
ABRBEEBN)I1-R

@® Image of the use (DC and AC power supply)

> The quantity of generation is available for adjustment in accordance with the
number of reuse panels and choice of the output level of the reuse panel

> To a concrete purpose of use, it is decided with the number of Pmax level and
combinations of panels to use.

Domestic Use

Overseas Use

@® Place to live in temporarily including a
mountain hut and the refuge.

> LED bulb (9W)

@ Africa and other areas where
transmission facilities are undeveloped

> LED bulb (9W)

D(?V\cl:er > Radio (0.08W) > TV (63W)
SUPPIY | Flashiight (0.25W) > Radio (0.08W)
> Charge of iPhone 6 (145W) > Flashlight (0.25W)
> Charge of iPhone 6 (145W)
AC |®@ Place to live in continuously including |@ Place to live in continuously including
power |2 Villa and the remote island a villa and the remote island
SUPPIY |> Overall electric appliance > Qverall electric appliance

GRCJ
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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)

1

ANBEXNZIVDHEZA)TLO)

Sheet

Ceram

Glass fiber 72 A 7741 1\—
Glass beads AiZAE—X

Material [REIN

glass t/RAZ A

ic B73Iv/%F

Glass cullet
H2AALYk

Non attached glass on the cell
T2 ADFREMBL TEHEWKR

Little attached glass on the cell
T2 ADFREMNBL TLBIKIR

Detaching of silver

Refining
SROENN(FEEK)

SN
/ 3
1

%
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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

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

@EDO New Energy and Industrial Technology

Development Organization

News
Release 20155%9AH16H

—KEXARBOITI 7NV HSBRERCPRBIAMERZEHIET —

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:§$?%:
EDFMENETH, TECHSELIRBRMOELZR/IMEL . RBIAMCERE T
BOAMEERTRIIED . KigkREBEHBICEESEILHICIVETY,

TIT. KFBRED1—-NOZRUIEBIAMNLTSAH/WeBIRICETF. XIEXRS
2=V 70 0B K. AEAOEIRER L. EIRSEECEZHR5R
L. TDMRERIESRICEIVREEL T,
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http://www.nedo.go.jp/english/index.html

Glass recycle of PV panel
KEERISZNDHFAVY LI

NEDO New separation method using a “hot cutter”

Aluminum  sjlver

Cell Reinforced glass
frame electrode

g[m@m..

EVA Ribbon

Hot (heated) cutter

PV module

Glass separating equipment

with a hot cutter

Silver

Separated cells, silver electrode, etc. electrode

24 GRCJ
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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
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Glass recycle of PV panel
KEERISZNDHFAVY LI
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CO2 discharge reduction effect when lightweight tile burning
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Basic unit of low carbon
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Glass recycle of PV panel
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Glass recycle of PV panel
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Recycle flow of Automobile glass
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Glass recycle of end of life automobile
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Automotive glass Wind shield Glass cullet Sheet glass HRAZ A
BEERIZA(GMV) BEEZ7OMZA 7iZAAL b | | Glass fiber732A77115—
L —— Glass beas#iZAE—X
Ceramic €33Iv/7%
Interlayer RRIMR | | Material REIAN

Glue EEHIZE
/ Material IREIN

PVB (interlayer film)
R R

Copper product $R¥m
Rﬁegjzé?)o;'ﬁaz A Material FR¥IA

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

Heat line print

R Tk
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Side glass Glass cullet
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Cross section of the liquid crystal display panel
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Cross section of touch panel

2yFINZIIVOBTEE
i BT X
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 GRCJ



Dismantled glass from used PC
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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(DEkE)

Glass after
treatment
HZ2A(kRE)

ﬁ

Deflection plate

Rare metal
9
Rt InEL7 X2
y
RAIREF InEE
Material indium
REA
Material
AR

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
AKEEHRES1-IVOHEHRA

39

70,000 4

60,000
50,000
40,000

30,000

Expected disposal volume (t)

0

20,000

10,000

Estimation of the future disposal

volume of PV module

B Over 10kW (non-residential) B Up to 10kW (residential) 900,000

800,000
700,000
600,000
500,000
400,000
300,000
200,000

Expected disposal volume (t)

== Life span: 20 yrs = Life span: 25 yrs Life span: 30 yrs

I I I I | | 100,000
- - 0 -
wow s 0 O

NN NN

Q0 O 0 Q0O

[V B o B o B o B o B o

it
\ [\
F:

L s e B I R R B N R B B B N B B B B B

(life span of 25 years)

Graph: Expected disposal volume of P
(life span of 20, 25, 30 years)

H# . KEARERBEEFDOVI—-X - VY1 7)) - BERSICEAT I ESES0HRR GRCJ



The ideal situation on Removal , Transport and Treatment in PV systems
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AEREREOME Bl - QB DHEINEE

[Disposal] [Removal] [Transport] [ Intermediate [ Disposal and

Procrastination of disposal due to Treatment ] Utilization]
long-term use and reuse
(in cooperation with FIT)

Promotion of
recycling

. = B c
' ) . = Architectural
Residential = wrecker NS
user =3 q
8 Housing smelters/glass
P . manufacturer
iy construction FiameilEe
Non- = ESIETY Photovoltaic treatment
residential 3 system —>
user, power nm_: Major manufacturer
generation S construction Final disposal
company, etc. = company
SNSRI ETLET L 3
FEER 7 At ]

2y BERS R
—‘-w- --------------- y— -------------- ! ---------------- v -=- Reduction of final disposal

\ lllegal disposal ! generated load and toxic
substance generated load

Minimization of illegal
disposal

Removal Development of economical and

efficient reuse and recycle business

Removal cost

removal, transport and

Appropriate cost sharing of ]
treatment

H# . KEARERBEEFDOVI—-X - VY1 7)) - BERSICEAT I ESES0HRR GRCJ
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The ideal situation on Removal , Transport and Treatment in PV systems

41

< Ideal situation>

Minimization of illegal
disposal
. J

rReduction of final disposal‘
generated load and toxic

ksubstance generated IoadJ

Procrastination of
disposal due to long-term
use and reuse

Promotion of recycling

4 ™
Development of economical

and efficient reuse and
recycle business

Appropriate burden )

sharing of the cost of
removal, tfransport and

\ treatment )

H# . KEARERBEEFDOVI—-X - VY1 7)) - BERSICEAT I ESES0HRR

<lIssues>
Short-term |Medium-term| Long-term
(~2020) | (2021~25) | (2026~)

Building a safety net that is )
adaptable with the increase of
disposal volume Y,

Realization of h
economies of scale y

AEREREOME Bl - QB DHEINEE

< A Menu of Measures (Draft) >

Reinforcement and
building of collection,
appropriate treatment

and recycle system

- Reinforcement and building
of collection, appropriate
treatment and recycle
system by related
manufacturers

Levelling of the )
modules’ disposal

timing -/

Study on the continuity of
electricity generation projects
after FIT period ending
(including reuse)

~
Reduction of recycling costs

Support for technology
development

J
N

AV

Improvement of recycling rate
y,

1 1
Implementation of appropriate )
treatment by intermediate treatment
service provider, etc. Y,
1 1

( Implementation of appropriate \

disposal and transport by architectural

wrecker and construction company,

\ etc.

1 1
4 Recognition of the cost sharing N\
burden incurred in treatment, etc. for
residential user and power generation

Promotion of
environmentally conscious
design

Development of a
guideline on removal,
transport and treatment

company, etc.

Awareness raising on
removal, collection and
recycling to residential
user and power
generation company, etc.

- Study on the possibility of the
continuity of electricity
generation projects after FIT
period ending (including reuse),
etc. to realize the levelling of
modules’ disposal timing.

- Government support for

technology development and
demonstration projects, etc.

- Promotion of environmentally
conscious design by related
manufacturers, etc.

- Development of a guideline on
removal, transport and
treatment and awareness
raising to related parties, etc.

- Creating mechanisms to
realize the information
provision on removal,
collection and recycling to
residential user and electricity
generation company, etc.

GRCJ
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Overall optimum of aiming GReAT project
GReAT7OVI/hDBIET 2 RE

\

Supply-Demand
balance

RS R

Impurity contents
AHMIRE

ransportation dista
% 2 B

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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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
slag

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 0 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
4 GRCJ



Glass Recycling Advanced Technology 3 (GReAT 3)
For reducing GHGs emissions in ceramic engineering, R & D on advanced recycling

Optimal recycling
among oxide-based
ceramics

Recovery of

T420 kt reduction

1.2 mil. t reduction]

2.3 mil. t-cullet waste glass Glass to glass 7 ~\
680 kt-C02 from ELV optimal recycling :
_ 1.5 mil. t-cullet Lime stone
96 kt-cullet 170 kt-CO2
Overall 27 kt-C02 Silica stone
H . . and.sand
optimal Energy savifg in glass _
recyclin Dolomite
amongs production by Wsing cullet Feldspar
oxide-based
s Recovery of
ceramics waste glass Clay
from EoL-PV \_ "
20 - 30 kt-cullet . EoL-LCD glass
(Home Appliance Recycling Law)
e = + EoL-CRT glass
.Rg!écbr (Home Appliance Recycling Law)
b =g __; , + ELV glass (Automobile Recycling Law)

» EoL-PV glass (Construction Recycling Law)
» EoL-architectural glass (Const. Recycling Law)
+ EoL-fluorescent bulb (Const. Recycling Law)

+ EoL-plateware, etc. GRCJ



Glass bottle (clear) Current [Nat' Ies. Consmp}
1.64 mil. t

QllmiD
I

2 GB (other color)

GB (brown)

GB (other colors)

Flat glass

lIronmaking slag
Reduction slag

Alumina refractory
udge molten

Glass short fiber

Tile

N -
(3]
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Glass bottle (clear) Optlmlzed Nat. reconsmp.w
21 mi
GB (brown) %\ reducthn
GB (other colors) \\\\’ GB (clear)
Flat glass ~. g
Blast furnace slag ~ AN kil
Reduction slag

20 > GB (other color)

Alumina refractory

udge molten
()
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Key location map of GReAT activity
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Thank you

H7ABRRLHRS

The Glass Recycling Committee of Japan
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