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Eco-friendly 
Chemistry
& Technology

(from Japan 
Environment 
Association)

1. GSC : Concept and Promotion in Japan

Green and Sustainable Chemistry :
Chemical technologies to realize the human and environmental 
health, minimization of energy and resource consumption and 
others, through innovations and improvements in product and 
process design, selection of feed stocks, formulations and 
applications and resource recycling

ƛƴ ǎƛƳǇƭŜ ǿƻǊŘǎ Χ
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GSC Network Launched in March, 2000

- Strongly supported 

by METI, NEDO, 

IUPAC

- JACI: secretariat

ƶ

Rio Declaration on
Environment &
Development

άSustainable Chemistryέ 
adopted by OECD Working 
Party on Risk Management

Committee (Industry, Academia
ŀƴŘ DƻǾŜǊƴƳŜƴǘύ ǇƭŀƴƴŜŘ άD{/έ

ƶ ƶ ƶ
Japan Chemical innovation 
Institute (JCII*) established; 

* Japan Association for Chemical 
Innovation (JACI) at present

1992 1998 1999 2000

US 1996: Presidential Green Chemistry Challenge Awards

97 Green Chemistry Institute (GCI) established

EU  Green Chemistry Symposium (DE)
Green Chemistry Network (UK)
ΧΧΧΧΧΧΧΧΧΧ

2004:  (SusChem)

European Technology
Platform for SC

GSC Workshop
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There was no term òGSCó in the 1960õs, but R&D on the basis 

of industrial ecology have been taking place since 1960õs.

Beginning of GSC in Japan

мфслΩǎ мфтлΩǎ мфулΩǎ

[e.g.] NaOH production

Mercury  cell electrolysis

Eco-friendly process

(ion exchange membrane 

method)

Pollution (air & water) : 

Major social problem 

Oil crisis 

Exhaust gas problem 

by motorization
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General Meeting

Board of Directors

GSCN Conference

GSCN Steering

Committee

Planning & Steering

Conference
Advisory Committee

Strategy

Committee

Frontier &

Cooperation

Committee

Finance

Committee

JACI (Japan Association for Chemical Innovation) 

GSC Network is promoting GSC !ŎǘƛǾƛǘƛŜǎ ΧΦΦ

Membership : 95 Companies, 29 Scientific 
societies & industrial associations (Sep. 20, 2011)

through

- holding GSC Symposium 

- running GSC Awards 
- providing Information 

(http://www.gscn.net /)
- supporting Education

GSC Symposium
(June 2-3, 2011)

6



1.Prevention
It is better to prevent waste than to treat or clean up waste after it has 

been created.

2.Atom Economy

3.Less Hazardous Chemical Syntheses
Wherever practicable, synthetic methods should be designed to use and generate 
substances that possess little or no toxicity to human health and the environment.

4.Designing Safer 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 be 
made unnecessary wherever possible and innocuous when used.

12 Principles of Green Chemistry P.T. Anastas & J.C. Warner
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6.Design for Energy Efficiency
Energy requirements of chemical processes should be recognized for their 
environmental and economic impacts and should be minimized. If possible, 
synthetic methods should be conducted at ambient temperature and pressure.

7.Use of Renewable Feedstocks

8.Reduce Derivatives

9.Catalysis
Catalytic reagents (as selective as possible) are superior to stoichiometric reagents.

10.Design for Degradation

11.Real-time analysis for Pollution Prevention

12.Inherently Safer Chemistry for Accident Prevention
Substances and the form of a substance used in a chemical process should be 

chosen to minimize the potential for chemical accidents, 

including releases, explosions, and fires.

12 Principles of Green Chemistry P.T. Anastas & J.C. Warner
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CO2

CH2-CH2

O
Ethylene
carbonate

CH2-CH2

OH  OH
Dimethyl
carbonate

CH3OH

Phenol

CO

Cl2

Phosgene

Novel technology

Conventional

to minimize the bad effect on the Earth

Novel Non-phosgenePolycarbonate Production
Process Using By-product CO2 as Starting Material

Awarded by Minister of Economy, Trade and Industry: Asahi Kasei Corporation όΨлнύ

Diphenyl
carbonate

Polycarbonate

bis-phenol A

Phenol

3. Less Hazardous Chemical Syntheses
5. Safer Solvents and Auxiliaries
12.Inherently Safer Chemistry for Accident Prevention
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GSC Award



bƻǾŜƭ ʶ-CaprolactamProduction
without ammonium sulfate formation

Awarded by Minister of Economy, Trade and Industry: Sumitomo Chemical Co. όΨлоύ

1. Prevent waste 
9. Catalysis
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₀
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Cyclohexane Cyclohexanoneoxime -ʁCaprolactam

Ammoximation
EniChem(Italy)

Gas-phase
Beckmann reaction

Novel solid acid
catalyst

Conventional Conventional

SO3-H2SO4

Ammonium
sulfate

Ammonium
sulfate

Cyclohexanone

GSC Award



Energy & environmental fields

Photovoltaic power 

generation

Storage 

battery

Application

Electric vehicle

Green raw materials

Biomass resources

Automobile

(bumper, etc.)

Optical 

disk

Green processes

Saving 

energy 

in plants

Water & environment

Water treatment Photocatalyst

Green products & materials

Large area 

electronic device

Semiconductor 

device

2. (in addition to minimizing the bad effect on the Earth)

Contribution of chemical technologies toward a sustainable society
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Chemical Technologies
for Greenhouse Gas Emission Reductions

άŎ-[/!έ {ǘǳŘȅ
ŦǊƻƳ άLƴƴƻǾŀǘƛƻƴ ŦƻǊ DǊŜŜƴƘƻǳǎŜ Dŀǎ wŜŘǳŎǘƛƻƴǎέ 
by ICCA (International Council of Chemical Associations)

Extraction Production Distribution Consumption
Disposal
Recycle

CO2 CO2 CO2 CO2
CO2

Total life cycle CO2 emission of chemical product
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Gross emission savings from using chemical products

Difference 
in in-use 
emissions 
due to performance 
difference between 
chemical and non-
chemical product

Non-chemical 
product 
emissionsover 

life cycle

Gross 
emissions 
savings

Chemical 
products 
emissions
over life cycle
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CO2 emission
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Photovoltaic

power

generation

Wind power

generation

Automotive

weight

Airplane

weight
LED lighting

High-

performance

foam insulation

Hall element
Piping

material

Chemical product
Silicon solar

cell

CFRP wind

turbine
LED lighting

Foam heat insulating

materials

(polyurethane,

polystyrene)

 Brushless DC

motor (for air-

conditioner)
PVC

Conventional

product
Steel

Aluminum

alloy
Light bulb Non-insulation

AC motor (for

air-conditioner)

Ductile cast

iron piping

CO2 emission over life

cycle of chemical

product (kT)

1,290 9 93 176 92 2,350 << 10 740

Gross CO2
emission saving

(kT)

-8,980 -8,540 -75 -1,220 -7,450 -76,000 -6,400 -3,300

Public Power Supply System

Renewable energy Lightweight Saving energy

CFRP (carbon fiber reinforced

plastics)

Evaluation of Gross CO2 Emission Savings in 2020
by Japan Chemical Industry Assiciation
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Sustainable Society

Process
Innovation

Material
Innovation

Energy
- Saving
- Efficiency
- New energy

Resources
- Diversification
- Fossil 

resource 
substitute

Environment
- Ensure safety 

& security
- Reduce 

emission

Life Style
- Health
- Comfortable

Government
Industry   University
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Promotion of GSC : Green Innovation 
by the JPN Government
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Green Innovation by JPN Companies
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Great East Japan Earthquake attacked us on March 11, 2011.

Sendai Oil Refinery

Cosmo Oil Explosion

Nuclear Power
Plant Accident
(Fukushima) 15,805 deaths

4,040 people missing
(Sep. 22, 2011)

20
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Problems to be solved

Supply : Energy (Electric power)
Resources

Cleanup : Land
Water

Creation : Industry
Employment
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Problems to be solved

Supply : Energy (Electric power)
Resources

Cleanup : Land
Water

Creation : Industry
Employment
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4. Promotion of GSC for the Future

Education

Chemical & Engineering News, 
Oct. 3, 2011

Prof. Kazuko Oginowon
FACS
(Foundation of Asian Chemical Society)

Distinguished Contribution 
to Chemical Education 
Award 2011

Also, she won 2007 GSC Award by 
Minister of Education, Culture,
Sports, Science and Technology.23

Prof. Oginosaid ά ƛƴ ǘƘŜ ǎǘǳŘȅ ƻŦ ŎƘŜƳƛǎǘǊȅΣ 
ŀŎǘǳŀƭ ŜȄǇŜǊƛŜƴŎŜ ƻŦ ŜȄǇŜǊƛƳŜƴǘ ƛǎ ƛƳǇƻǊǘŀƴǘέΦ
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D{/ bŜǘǿƻǊƪ όW!/Lύ ƛǎ ǇǊƻƳƻǘƛƴƎ ΧΦ
- Textbook on GSC
- Student Travel Grant Award (for International GSC Conferences)

Hoffman Electrolysis Apparatus

Prof. hƎƛƴƻΩǎSmall-Scale Experiment

1 ml

3 ml

Conventional Apparatus



Communication with (US)

Their programs :

K-12 Field Trips
Educator training
Fellow program
ΧΧΧΧΧΧΧΧΦ
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