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1. GSC : Concept and Promotion in Japan

Green andSustainableChemistry

Chemical technologie® realize thehuman and environmental
health, minimization of energy andesourceconsumption and
others, through innovations andmprovementsin product and
processdesign, selection ofeed stocks formulations and
applicationsand resource recycling
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[ GSC Networkaunched in March, 200@)
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Rio Declaration on Japan Chemical innovation GSC Workshop O
Envi ‘& Institute (JCII*) established: A
nvironmen * Japan Association for Chemidal GSCN
D eve | O pm e nt - Green & Sustainable
Innovation (JACI) at present Chemisey Network
\—> OSustainable Chemistisy - Strongly supported
adopted by OECD Working F&’P'\ﬁETI NEDO,
Party on Risk Management - JACE secrotariat
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Committee (Industry, Academia o
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US 1996: Presidential Green Chemistry Challenge Awards
97 Green Chemistryhstitute (GCl)established
EU Green Chemistry Symposium (DE) 2004: SusChem

Green Chemistry Network (UK) > EuropeanTechnology
XXXXXXXXXX Platformfor SC A




Beginning of GSC in Japan

Therewasno term 0GSCOo0o,butiR&D dn dhe haSiH
of industrial ecology have beentaking placesincel 9 6 0 0 s
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Pollution (air & water):

g Major social problem

[e.g.] NaOH production {Oil crisis
Mercury cell electrolysis
promoted by
ASSOCIATION
Eco-friendly process
(ion exchange membrane [Exhaust gas problem
method) by motorization




/> > JACI (Japan Association for Chemical Innovation) \

Membership : 95 Companies, 29 Scientific

[ General Meeting ] societies& industrialassociations (Sef0, 201}
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[Board of Directors ] ( @
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[ Advisory Committee [ Plangmg & Steermg} Gsc"
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GSC Networks promotingGSG OO0 A GA B A S

through
- holding GSC Symposium

Frontier & Finance GSCN Steer;
Cooperation Co

-running GSC Awards
- providing Information GSC S .
| ymposiun
(http://www.gscn.net /) SO ol (June 23, 2011)
- supporting Education ‘ | 6



12 Principlesof Green Chemistry P.T. Anastas & J.C. Warne

1.Prevention

Itis better to Prevent wastethan to treat or clean up waste after it has
beencreated

2.Atom Economy

3.LesdHazardous Chemical Syntheses

Wherever practicable, synthetic methods should be designed to use gaederate
substanceghat possess little or no toxicity to human health and the environment

4.Designingsafer Chemicals
Chemical products should be designed to effect their desired function
while minimizing their toxicity

5.Safer Solvents and Auxiliaries

The use of auxiliary substances (e.g., solvents, separation agents, etc.) should |
madeunnecessary wherever possible and innocuous when used
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Principlesof Green Chemistry P.T. Anastas & J.C. Warne

6.Desigrfor Energy Efficiency

Energy requirements of chemical processes should be recognized for their
environmentaland economic impacts and should be minimized. If possible,
syntheticmethods should be conducted at ambient temperature and pressure.

7.Useof Renewabld~eedstocks

8.ReducedDerivatives

9.Catalysis

Catalytic reagents (as selective as possible) are superior to stoichiometric reag

10.
11.
12.

Desigrfor Degradation
Realtime analysis for Pollution Prevention

nherentlySafer Chemistry for Accident Prevention

Substances and the form of a substance used in a chemical process should be
choserl0 Minimize the potential for chemical accidents

Includingreleases, explosions, and fires






to minimize the bad effect on the Earth GSC Award
NovelNon-phosgenePolycarbonate Production

ProcesdJsing Byproduct CQas StartingMaterial

Awardedby Minister of Economy, Trade ariddustry: Asahi KaseCorporationo W n

Novel technology ez

el A Dimethyl
carbonate Phenol |« Polycarbonate
[ CH-CH S,[ Ethylene FDlphenyI bis-phenol A
Q carbonate CHOH . |_carbonate |

5. SaferSolventsand Auxiliaries

3. LesdHazardous Chemical Syntheses
12.InherentlySafer Chemistrfor AccidentPrevention
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b 2 @ LhprotactanmProduction '
without ammonium sulfate formation

Awardedby Minister of Economy, Trade anddustry: Sumitomo Chemical Ca@. W n

Cyclohexanone Cyclohexanonexime s-Caprolactam
< SUMITOMO CHEMICAL
4 H N

NOH * Novel solid acid

0O
@ @ catalyst U
—— > , >
Ammoximation Gasphase
X EniChen{ltaly)

2 . Beckmann reaction
N A
__________ NHOH L SQhRsq
Conventional \' Conventional \v
Ammonium Ammonium
sulfate sulfate

1. Preventwaste
9. Catalysis
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2. (in addition to minimizing the bad effect on the Earth)
Contribution of chemicaltechnologiestwoward asustainable society

[Energy & environmental fields ] [ Green raw materials ] [Green processes]

Storage
battery

Application

Photovoltaic power
generation

; Saving
Automobile Optical energy
(bumper, etc.) disk in plants

Electric vehicle

[Green products & materials ]

. Semiconductor

Water treatment Photocatalyst electronic device 12




Chemical Technologies
for Greenhouse Gas Emission Reduction:
aD/ 1 ¢ {{dzR&
FNRY aLyy20F A2y FT2NJ DNBS
by ICCA (International Council of Chemical Association:

Total life cycle Cg)emissionof chemical product
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[ExtractlonJ ‘[Productlo&u» Dlstrlbutloﬂ‘ Consumpt|oﬂ1»£Dlsposa}

Recycle




Gross emission savings from using chemical prodt

CQ emission

Chemical = Non-chemical @ O

products product

emissions  emissionSover !

over life cycle life cycle ¥
Difference Gross
inin-use emissions
emissions

savings

due to performance
difference between
chemical and non

chemical product
14



Evaluation of Gross C&mission Savings in 2020

by Japan Chemical IndustAssiciation

Renewable energy Lightweight Saving energy
Photovoltai . : . High- -
otovoltaic Wind power | Automotive | Airplane S g Piping
power . . . LED lighting|performance | Hall element .
. generation weight weight : : material
generation foam insulation
- . . . Foam heatinsulating | Brushless DC
. FRP (carbon fiber reinfor _ i
Chemical produc?'“corl solar CFR.P wind CI ) (carbon fiber reinforc LED lighting (r;‘)zfj;'rﬂfhane motor (for air- PVC
cell turbine plastics) Sonaten) conditioner)
Conventional Public Power Supply Syste Steel Aluminum Light bulb Non-insulation A.C mou?r. (for F)uctll_e .CaSt
product alloy air-conditioner) |iron piping
CQ emission over lifg
cycle of chemical 1,290 9 93 176 92 2,350 << 10 740
product (kT)
Gross C®
emission saving -8,980 -8,540 -75 -1,220 -7,450 -76,000 -6,400 -3,300
(kT)




Evaluation of Gross C&mission Savings in 2020

by Japan Chemical IndustAssiciation
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/' Renewable energy Lightweight Saving energy
Photovoltai . : . High- -
otovoltaic Wind power | Automotive | Airplane S g Piping
power . . . LED lightinggperformance || Hall element .
. generation weight weight : : material
generation oam insulatioy
lzoam heatinsulating | | B
: li ' FRP (carbon fiber reinforf _ : rushiess DC
Chemical produ ;§|I|con solar CFR.P wind CI ) (carbon fiber reinfo LED lighting rgztl;z'rz'fhane motor (for air- PVC
cell turbine plastics) oerene) conditioner)
Conventional Public Power Supply Syste Steel Aluminum Light bulb  JINon-insulation A.C mou?r. (for Puctllg .CaSt
product alloy air-conditioner) |iron piping
CQ emission over liff§
cycle of chemical 1,290 9 93 176 92 2,350 << 10 740
product (kT)
Gross C®
emission saving -8,980 -8,540 -75 -1,220 -7,450 -76,000 -6,400 -3,300
(kT) u
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Promotion of GSCG reen I N nOvatiOn

by the JPN Government

p
\_
4 g “: _ )
Process i Material
Innovation i Innovation Government
G \ / J Industry University
4 Y4 N/ . RAY4 )
Resources | | Environment -
] Ear\]/ifrgy Diversification | | - Ensure safety Lll_il:eemtf tyle
- Efficiegncy Fossil i ﬁesgsggty Comfortable
\_ Newenergy resource

) \ substitute )

\ emission

J

\_

J
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Green Innovation by JPN Companies
Priority themes for quick commercialization

SiC epitaxial wafers for power devices

W Provide high-quality SiC epi-wafers through integration of multiple technologies
B Promote industrialization as a major member of METT' s project

helooy costed Uniformity control
fer detect contrg '
Epi defect control ﬂa_‘ : '

2009] 10 | 11 | 12 { 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20
Data center power source; commodity inverters; | }
: Powqr conditlpnefs IH appliances

PC power source, general q;pllam >

>
Ligh voltage (~kV) 1 Rapid lransl rallwayllndudthl hvu!en >

spi  New material power device project :

Joining ‘ ("E 1 . !

e R 2 e L 149 ] Power infrastructure
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£ Mitsubishi Chemical Holdings Corporation

The Way Forward for the OLED Lighting Business

e
¥

QLED LighiAg

| hun and Ighiwesght
surface emission
e Sofl hghl walh less ghae
« Touchable surface

with low heat generation 20 1 5

Lighting desugn Uchhara Creative Lighting Dewgn Inc OLE2

Coating type

Mass Production OLE1 OLED lighting
(Jul. 2011)
Ver. 2 Low Coat (for large
O LE1 panels with fast
Vapor deposition-based increasing of performance) on
the brightness and new production line

(CoaothEgculvd:trl et the luminous efficiency
ghting Variety of whites

from cool to warm

oCreate a new lighting
world differentiated from
existing lighting

eDevelop coating materials

Jointly develop coating
process with Pioneer

Cut costs substantially
with coating technology
and fully commercialize in

2014

OLED (Organic photo semiconductors

19
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Great East Japan Earthqualégacked us on March 11, 2011

: - J

Nuclear Power
Plant Accident

(Fukushima) 15,805 deaths

4,040 people missing
(Sep. 22, 2011)
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Problems to be solved

<> Cleanup : Land
Water

<> Creation : Industry
Employment }




Problems to be solved
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4. Promotion of GSC for the Future &)
(Educatio) MINIMALIST CHEMISTRY ™

Through SMALL-SCALE EXPERIMENTS, Asian educators
increase access to, and safety of, hands-on lab experience

. MAUREEN ROUHI, C&EN WASHINGTON , : :
A Chemical & Engineering New

Oct. 3, 2011
Prof.Oginosaidd Ay (0KS addzRée| 2F O
 Qldzr f SELISNASYOS 27F| SELIS

Prof. Kazukddginowon .
FACS P

(Foundation of Asian Chemical Society)
Distinguished Contribution

to Chemical Education
Award 2011

Also, she won 2007 GSC Award by
Minister of EducationCulture,
Sports, Science and Technology.,,




Hoffman Electrolysis Apparatus

\ % 4,.(,,‘:::.- Py

Prof.h 3 A \Sthd&l&cale Experiment

Conventional Apparatus

D{/ bSU62N)] OWI/LO A& LINRPY2UA
- Textbook on GSC
- Student Travel Grant Award (for International GSC Conferencg:



Communication with

(US)

Their programs :

K-12 Field Trips
Educator training

Fellow program
XXXXXXXX
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