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1. Kyoto Protocol and present status in Japan

� 13.8%13.8%13.8%13.8% additionaladditionaladditionaladditional reductionreductionreductionreduction requiredrequiredrequiredrequired bybybyby 2008200820082008----2012201220122012
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1. Prospect of Bioenergy until 2010
� NewNewNewNew energyenergyenergyenergy :::: 1.8%1.8%1.8%1.8% inininin TPES(2003)TPES(2003)TPES(2003)TPES(2003) totototo 3%(2010)3%(2010)3%(2010)3%(2010)
� HalfHalfHalfHalf ofofofof totaltotaltotaltotal NewNewNewNew EnergyEnergyEnergyEnergy (2010)(2010)(2010)(2010) fromfromfromfrom BioenergyBioenergyBioenergyBioenergy
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1. “ambitious” biofuels targets
� JapanJapanJapanJapan setsetsetset ““““ambitiousambitiousambitiousambitious”””” biofuelsbiofuelsbiofuelsbiofuels targetstargetstargetstargets bybybyby domesticdomesticdomesticdomestic biomassbiomassbiomassbiomass

� By 2010: 500 million Liter of Oil Equivalent (LOE), equal to 760 million L 
bioethanol (0.8% of petrol consumption in Japan)

� By 2030: 3600 million LOE, 6000 million L bioethanol (10%)

� HoweverHoweverHoweverHowever JapanJapanJapanJapan isisisis veryveryveryvery limitedlimitedlimitedlimited forforforfor domesticdomesticdomesticdomestic biofuelsbiofuelsbiofuelsbiofuels
productionsproductionsproductionsproductions
� The present biofuels production: Bioethanol 30kL and BDF 5million L
� Japanese food self-sufficiency ratio is only 40% of all calories suppliedH ow  to achieve 500m illion LO E byFY2010?H ow  to achieve 500m illion LO E byFY2010?H ow  to achieve 500m illion LO E byFY2010?H ow  to achieve 500m illion LO E byFY2010?
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•How to achieve 500million LOE by
2010?
–Petroleum industries: 210m LOE
–Import from Brazil: 140m LOE 
–Domestic: MAFF+MOE= 40m LOE
–Shortage 100m LOE…import from
Brazil??
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1. Research objectives
� FocusFocusFocusFocus onononon thethethethe 2222ndndndnd generationgenerationgenerationgeneration bioethanolbioethanolbioethanolbioethanol

� Like other industrialized countries: food competition, GHG reduction
potentials…

� Low food self sufficient ratio
� Huge lignocellulosic biomass potentials in Japan

� Rice husk, rice straw
� Woody biomass

� ThreeThreeThreeThree researchresearchresearchresearch objectivesobjectivesobjectivesobjectives
1.Potential estimate lignocellulosic bioethanol in
2.Trial calculation of bioethanol production costs
3.CO2 reduction costs by bioethanol
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1. Methodology

1.1.1.1. SettingSettingSettingSetting thethethethe optimaloptimaloptimaloptimal transporttransporttransporttransport distancedistancedistancedistance
� Biomass feedstock costs estimate in the 50km radius, according to

Fujimoto et.al (2004)
� 8 lignocellulosic feedstock costs including transportation costs

2.2.2.2. ProductionProductionProductionProduction costcostcostcost bothbothbothboth thethethethe presentpresentpresentpresent casecasecasecase andandandand thethethethe innovativeinnovativeinnovativeinnovative
casecasecasecase
� The present case: Saccharification with strong sulfuric acid, so called

NEDO(New Energy and Industrial technology Development
Organization) process

� The Innovative case:
I. Innovation in saccharification and fermentation process

– Saccharification without sulfuric acid, AIST(National Institute of Advanced 
Industrial Science and Technology)

II. Up scaling factor in ethanol production plant
27th  SEP 2007 FEEM TranSust conference7



1. Introduction: Saccharificaition and fermentation
process

FermentFermentFermentFerment

Enzymatic
Saccharification Fermentation

LignocellulosesLignocellulosesLignocellulosesLignocelluloses

CelluloseCelluloseCelluloseCellulose
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AlcoholAlcoholAlcoholAlcohol
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� AISTAISTAISTAIST process:process:process:process:
– Lignocelluloses are activated and degraded to lower molecules

through hydrothermal treatment (treatment with high pressure hot
water at more than 100 C) and mechanochemical treatment
(causing a chemical reaction with mechanical crushing energy)

� moremoremoremore efficientefficientefficientefficient saccharificationsaccharificationsaccharificationsaccharification andandandand environmentalenvironmentalenvironmentalenvironmental
harmlessharmlessharmlessharmless
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2 Potential estimate bioethanol production in
Japan

1.1.1.1. FeedstockFeedstockFeedstockFeedstock andandandand innovationinnovationinnovationinnovation inininin logisticslogisticslogisticslogistics
• 8 feedstock: Waste timber from construction, By-product from 

lamwood manufacture, Branches, Thinned wood, Rice husk,
Rice straw, Logging residue, Unutilized bamboo, bamboo glass

• Innovation in logistics
I. The present case: Potential minus Material use

with the existing collecting process
II. The innovative case: innovation in collecting

process

2.2.2.2. BioethanolBioethanolBioethanolBioethanol potentialpotentialpotentialpotential andandandand feedstockfeedstockfeedstockfeedstock costscostscostscosts inininin thethethethe 50505050 kmkmkmkm
radius,radius,radius,radius, thethethethe optimaloptimaloptimaloptimal transporttransporttransporttransport distancedistancedistancedistance inininin JapanJapanJapanJapan

3.3.3.3. InnovationInnovationInnovationInnovation inininin saccharificationsaccharificationsaccharificationsaccharification andandandand fermentationfermentationfermentationfermentation process process process process 
I. The Present case: NEDO Process:244L/dry-t wood
II. The Innovative case: AISTProcess:366L/dry-t wood27th  SEP 2007 FEEM TranSust conference
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Bioethanol potential in the 50km 2 and feedstock costs
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� Bioethanol potentials are very limited within the 50km radius
– The Present case: 20million L in the 50km radius, total 1 billion L
– The Innovative case: 120 million L, total 5.8 billion L, equal to 10% of

transport fuel consumption

2 Potential estimate bioethanol production in Japan
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� BioethanolBioethanolBioethanolBioethanol productionproductionproductionproduction costs:costs:costs:costs: 5555 costscostscostscosts contentscontentscontentscontents
� プラントコストプラントコストプラントコストプラントコスト

– Up scaling factor: Biomass projects tend to strong “economies of
scale”

– Yamada et. al (2006): 0.67 for lignocellulosic bioethanol plants

3 Calculation of bioethanol production
costs

1MW 3MW

9miilion EURO 17 million EURO

Size

Cost

Feedstock costs Plant costs
Personnel 

costs
Operational 

costs
Maintenance

costs
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� AssumptionAssumptionAssumptionAssumption ofofofof calculationcalculationcalculationcalculation
1. Basic plant information

– Plants size: 20 million litter per year in the present case and 70 million 
litter per year in the innovation case

2. Plant costs (Construction costs)
– 20million L=3.8 billion JPY

– according to Yamada et. Al (2006)
– Up scaling factor: 0.68

– Depreciation period 15years, interest rates 4%
3. Personnel costs

– Personnel costs per person: average yearly personnel costs 4.67
million JPY

– Number of person: up scaling factor 0.27
4. Operational costs

– 3% of construction costs
5. Others

– No initial subsidies

3 Calculation of bioethanol production
costs
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3 Calculation of bioethanol production
costs
The optimal scale questions

� TheTheTheThe presentpresentpresentpresent case:case:case:case: 20 million litter per year,20 million litter per year,20 million litter per year,20 million litter per year, FeedstockFeedstockFeedstockFeedstock amountamountamountamount 91,000dry91,000dry91,000dry91,000dry----
t/year,t/year,t/year,t/year,

� The innovative case:The innovative case:The innovative case:The innovative case: 70 million litter per year,70 million litter per year,70 million litter per year,70 million litter per year, 208,000t/year208,000t/year208,000t/year208,000t/year
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O ptim al bioethanol plant size in Japan
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3 Calculation of bioethanol production
costs
� TheTheTheThe presentpresentpresentpresent case:case:case:case: 98989898 JPYJPYJPYJPY (62cents)/(62cents)/(62cents)/(62cents)/ LLLL ofofofof petrolpetrolpetrolpetrol equivalentequivalentequivalentequivalent
� TheTheTheThe InnovativeInnovativeInnovativeInnovative case:case:case:case: 58.158.158.158.1 JPY(36cents)/JPY(36cents)/JPY(36cents)/JPY(36cents)/ LLLL ofofofof petrolpetrolpetrolpetrol
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4 CO2 reduction costs caliculation
� Bioethanol:Bioethanol:Bioethanol:Bioethanol: costcostcostcost effectiveeffectiveeffectiveeffective onlyonlyonlyonly moremoremoremore thanthanthanthan 70$/bbl70$/bbl70$/bbl70$/bbl casecasecasecase

– The existing study: 20,700JPY-34,700JPY (120-200Euro) /CO2-t in Japan
– Bioethanol: 7,000JPY-32,000JPY(45-130Euro)/CO2-t

� CO2reductionCO2reductionCO2reductionCO2reduction costscostscostscosts highlyhighlyhighlyhighly dependdependdependdepend onononon oiloiloiloil pricepricepriceprice
– Huge fluctuation of CIF oil import price 24$/bbl(Jan.1997)→60$/bbl(Jan.2007)
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5 Conclusions
I.I.I.I. lignocellulosic bioethanol potentials are very lignocellulosic bioethanol potentials are very lignocellulosic bioethanol potentials are very lignocellulosic bioethanol potentials are very 

limited within the 50km radius limited within the 50km radius limited within the 50km radius limited within the 50km radius 
– The optimal size of bioethanol plants are: 20 million litter per

year in the present case and 70 million litter per year in the 
innovative case

II.II.II.II. Bioethanol production costs:Bioethanol production costs:Bioethanol production costs:Bioethanol production costs: competitivecompetitivecompetitivecompetitive withoutwithoutwithoutwithout
petrolpetrolpetrolpetrol taxestaxestaxestaxes

– The present case 98 JPY(62Euro cents)/L , and the innovative
case 58.1JPY (36 Euro cents)/L 

III.III.III.III. CO2CO2CO2CO2 reductionreductionreductionreduction costs:costs:costs:costs: notnotnotnot costcostcostcost effectivenesseffectivenesseffectivenesseffectiveness
• The present case: 78,000–150,000JPY/ CO2,
• The innovative case: 7,000-32,000 JPY(45-130Euro)/ 

CO2 only in high oil price 70 to 90USD/bbl
• PromotingPromotingPromotingPromoting bioethanolbioethanolbioethanolbioethanol inininin JapanJapanJapanJapan

• importantimportantimportantimportant forforforfor energyenergyenergyenergy securitysecuritysecuritysecurity pointspointspointspoints ofofofof viewviewviewview
• hardhardhardhard totototo recommendrecommendrecommendrecommend asasasas GHGGHGGHGGHG mitigationmitigationmitigationmitigation optionoptionoptionoption27th  SEP 2007 FEEM TranSust conference
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