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SustainableSustainable



…to…to avoidavoid thisthis ::
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RethinkingRethinking NatureNature

equalsequals

RethinkingRethinking Science…Science…

Rethinking Nature in Contemporary Japan: Science, Eco nomics, Politics



…from…from a a chemistchemist’s ’s perspectiveperspective ..
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Nature

ScienceChemistry
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Role of chemistryRole of chemistry ??
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Impact on:Impact on:
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ENERGYENERGY PRODUCTSPRODUCTS



OilOil--based industrybased industry

Burn 90%Burn 90% Products 10%Products 10%

Where are we nowWhere are we now ??
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Burn 90%Burn 90% Products 10%Products 10%

Green Green 
ChemistryChemistry

Green: possiblyGreen: possibly
Sustainable: no!Sustainable: no!



Green Green ChemistryChemistry

Alternative chemical processes

Greener solvents

Safer chemicals

Molecular design

Higher efficiency
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The way forward:The way forward:
Learn from NatureLearn from Nature
Move away from fossil resourcesMove away from fossil resources

Grand challengeGrand challengeWhat Nature doesWhat Nature does

H2O → H2 + O2

CO2

O2

H2O
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One step a One step a aa timetime
Alternative energy sourcesAlternative energy sources

WindWind SolarSolar NuclearNuclear Renewable resourcesRenewable resources
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EnergyEnergy EnergyEnergy EnergyEnergy Energy + ProductsEnergy + Products

Green: yesGreen: yes
Sustainable: yesSustainable: yes



Renewable biomassRenewable biomass

Chemical Chemical 
technologiestechnologies
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FuelsFuels BioBio --based based 
chemical productschemical products

COCO22



Aim: the Aim: the biorefinerybiorefinery
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Lignin:Lignin:
renewable chemical feedstockrenewable chemical feedstock

•• Useful as a source for a Useful as a source for a 
variety of chemicals variety of chemicals variety of chemicals variety of chemicals 

•• Only source of Only source of 
renewable aromatics.renewable aromatics.
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Last generation Last generation biofuelsbiofuels
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ChemistryChemistry : : 
Green AND BeautifulGreen AND Beautiful

•• ItIt improvesimproves knowledgeknowledge ofof the the lawslaws ofof NatureNature

•• ItIt teachesteaches toto applyapply the the lawslaws ofof NatureNature

•• … and … and itit’s ’s creativecreative•• … and … and itit’s ’s creativecreative

ThatThat makesmakes usus ““molecularmolecular designersdesigners ””
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CreativeCreative

N

NH3

CO2CH3

H

+ O

P OHO
OH

-

NH2

CO2CH3

Na2CO3

H2O
a2

a1

N

NH2

CO2H

H

H3PO4

(H3CO)2CO
(DMC)

CH3OH
SOCl2

b

CO2CH3

+

N

NH2

H N

NH3

H

+
Cl-

HCl
a3

1

c
O

O

O

H

N

NH2

CO2CH3

O

O

H
Cl-

2

N

N

O

O

H

N

O

O

CH3

Tadalafil

95%

d + e

88%

Rethinking Nature in Contemporary Japan: Science, Eco nomics, Politics



Examples in JapanExamples in Japan



Examples in JapanExamples in Japan



Examples in JapanExamples in Japan



Some Some ofof the key the key issuesissues involvedinvolved ::

•• KnowledgeKnowledge
•• DevelopmentDevelopment
•• EnvironmentEnvironment
•• HealthHealth

•• ProductsProducts
•• ProcessesProcesses
•• MaterialsMaterials•• HealthHealth

•• SecuritySecurity
•• EconomyEconomy
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In a SUSTAINABLE way!In a SUSTAINABLE way!

•• MaterialsMaterials
•• FuelsFuels
•• EnergyEnergy



In summary:In summary:
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ThankThank youyou !!
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