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ContextsContexts
““New National Energy StrategyNew National Energy Strategy”” 2006.52006.5
““A Next Generation Automobile Fuel InitiativeA Next Generation Automobile Fuel Initiative”” 2007.52007.5
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Automotive FuelAutomotive FuelVehicleVehicle

Cost Convenience

Minimum CO2

Zero Emission

Energy Source
EEnvironment  Protectionnvironment  Protection

EEnergy Securitynergy Security

EEconomic Efficiencyconomic Efficiency

Energy transformation

3E Requirements of Automotive Fuels
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1953 1976 1992 1997 2005

1.2% 0.5% 0.2%

0.05%

0.005%
（50 ppm)

1996 2005

0.01%
（100 ppm)

0.005%
（50 ppm)N/AGasoline

Diesel

2008

0.001%
(10 ppm)

"Sulfur free"

2007

～～

0.001%
（10 ppm)
"Sulfur free"

～～

Voluntary introduction of 
“Sulfur- free” by Japanese 
oil industries in 2005 --- the 

top runner in the world.

Sulfur Standards in Japan “The road to Sulfur-free”



5

Reduction of Emissions

Source : JCAP

＜Fuel＞
“Sulfur-Free” achievement

（Sulfur≦10ppm）

＜Vehicle＞
Improvement of emission reduction systems

（De-NOx catalyst、CRDPF）

Forecast of Air 
quality in Kanto 

area （t/day）

Forecast of Air 
quality in Kanto 

area （t/day）

"Toughest emissions regulations in the world“ <2009>
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Automotive FuelAutomotive FuelVehicleVehicle

Cost Convenience

Minimum CO2

Zero Emission

Energy Source
EEnvironment  Protectionnvironment  Protection

EEnergy Securitynergy Security

EEconomic Efficiencyconomic Efficiency

Energy transformation

Our Next Challenge

Has been almost solved
by “Sulfur-Free”

Next Target 
with keeping Zero-
emission and Economic 
efficiency
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““New National Energy StrategyNew National Energy Strategy””
By METI, 2006.5

<Objective>
1.Establishment of energy security measures that people can trust and rely on.

2.Establishment of the foundation for sustainable development through a 
comprehensive approach for energy issues and environmental issues all together.

3.Commitment to assist Asian and world nations in addressing energy problems.

1.Medium or long-term visions toward the specific direction, with specific 
numerical targets as milestone.

2.Breakthrough by the world’s most advanced technologies.

3.Strategic collaboration between the government and private organizations and 
government-wide efforts to strengthen the scheme of carrying out the strategy.
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Fiscal 1973 Fiscal 2003 Fiscal 2030
Target
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△37%

△30%

Fiscal 1973 Fiscal 2003 Fiscal 2030
Target

Specific numerical targets  
<Concerning to automotive fuel    in “New national energy strategy”>

To improve the energy 
consumption 
efficiency by at least 
another 30% by 2030.

To reduce dependence 
on petroleum in the 
transport sector to 
around 80% by 2030..
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２００6 ２０２０２００８ ２０１０ ２０１５

Crude Supply

Crude price will stay at high level, (Demand increase in China and the US, Production cost up) Conventional crude 
production 
decrease?Decrease API      Price discrepancy between heavy crude and light crude

First commitment period(2008～2013） Second commitment period(2013～）？

Diesel fuel demand decreasing

Total energy demand peak-out
in early ‘20s

Gasoline demand decrease

Further CO2 reduction pressure？

Introduction of electric vehicle？

ＧＴＬ

GTL
Diesel Vehicle Commercial production at Qatar in 2006 Certain amount of GTL supply in ’10s

GTL, CTL, BTL  R&D-promotion

Automotive Fuel Trend and Concerns in Japan 

Products Demand

CO2 Reduction

Revision of  fuel 
regulation?

Putting novel engine technology (example:HCCI) to practical use？

Promotion of fuel-cell and electric vehicle development Promotion of fuel-cell and electric vehicle development and spread

Oil Trend

（Expectation of GTL spread by “Diesel shift”）
New long term regulation (2005.10～） Post-long term emission regulation(2009.1～）Emission Regulation

Fuel Regulation

＜Vehicle trend and concerns＞

Fuel Economy 
Enhancement

Non-Internal 
Combustion Vehicle

Diesel passenger car decrease？Diesel Vehicle Trend Aim: Diesel vehicle demand increase

Diesel promotion = “Diesel 
Shift)（Application of GTL）

To make diesel’s roll clear
(In energy policy)

Diesel promotion = “Diesel 
Shift)（Application of GTL）

To make diesel’s roll clear
(In energy policy)

Decision of 
next fuel economy standard Further fuel economy improvementNext fuel economy standard？

Promotion of 
excellent FE vehicles Excellent FE vehicle will be dominant?

Bio-Ethanol
(Including ETBE

Using ETBE 
equivalent to 210 
thousand kl crude 

@2010 
Volume Increase?

Increase quantity under current law
Enhancement of

bio-ethanol spread

Infrastructure preparation for higher ethanol content than E3(Oxygen1.3%) 
E3 demonstration using domestic ethanol Expansion
（Higher ethanol content investigation）

Introduction of hybrid-car with lithium-ion battery？ Introduction of plug-in hybrid vehicle？

Introduction of commuter-type electric vehicle？

Introduction of FC vehicle？Preparation of hydrogen infrastructure Introduction of FC vehicle？Preparation of hydrogen infrastructure

Source:" New National Energy Strategy” METI 2006.5

Investigating whether 
octane number of regular 

grade should be enhanced 
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““A Next Generation Automobile Fuel InitiativeA Next Generation Automobile Fuel Initiative””
By METI, 2007.5.28

Strategy 1:  Battery--Battery Project for Next-Generation Automobiles 
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Strategy 2:  Hydrogen/Fuel Cells
--Development of Fuel Cells and Establishment of Infrastructures

Strategy 4:  Biofuels--"Worry-Free, Safe and Fair" Expansion and the Second-
Generation Bio

Strategy 3:  Clean Diesel--Refurbished Image of Fuel-Efficient and Clean 
Engine

Strategy 5:  World’s Most Friendly Automobile Society Initiative
Creation of the World's Most Friendly Automobile Society, Capitalizing on IT
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Innovation of Infrastructure

Achieving energy security, environmental preservation 
and enhancement of competitiveness at the same time.
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Targets

““A Next Generation Automobile Fuel InitiativeA Next Generation Automobile Fuel Initiative””
By METI, 2007.5.28

TodayToday’’s topicss topics

Current 2010 2015 2020 2030

Usage
Small EV for electric

power company

Commuter EV for
limited use,

High performance HV

FCV, Commuter EV for
general use, Plug-in HV

High performance Plug-
in HV

EV

Performance 1 1 1.5 3 7

1 1/2 1/7 1/10 1/40

200,000\/kwh 100,000\/kwh 30,000\/kwh 20,000\/kwh 5,000\/kwh

Cruising 300km 400km 800km

Vehicle Cost ×20 ×3-5 ×1.2

Cost Several million \/kl 5,000\/kw 4,000\/kw

Durability 2,000hr 3,000hr 5,000hr

 
Emission, Performance,
Cost= Same as gasoline
vehicle

Resource
Ｗａｓｔｅ wood from

factory, Straw
Ｗａｓｔｅ wood by

thinning, Energy crop

100\/L
"Biomass NIPPON"

100\/L
"Biomass NIPPON"

40\/L,
Efficiency >35%

"Innovation" case

40\/L,
Efficiency >35%

"Innovation" case

ITS
CO2～▲30%

Average speed at
Tokyo, Osaka,

Nagoya

×1.5
CO2 ▲20%

×2.0
CO2 ▲30%

Hydrogen
FCV

CO2▲66%

Battery

CO2▲50%(HV)
CO2▲75%(EV)

Biomass
Fuel

CO2▲3%
"Biogasoline"

Cost

Cost

Clean Diesel
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““BioBio--GasolineGasoline””
Ethanol production from Ethanol production from lignocelluloselignocellulose



13

Gasoline quality standards

No.1 No.2

96.0min. 89.0min -

Density 15℃ g/cm3 -

T10 ℃ -

T50 ℃ -

T90 ℃ -

EP ℃ -

Residue vol% -

Copper corosion（50℃、3h） -

Sulfur mass%

RVP（37.8℃） kPa -

Existent gum mg/100ml

Oxidation stability min -

Benzene vol%

MTBE vol%

Ethanol vol%

Oxygen mass%

Colour 1)93kPa max in Winter season

Kerosene vol% 4max  65kPa max in Summur season

Methanol Non detective 2)Unwashed gum 

Non detective 20mg/100ml max

Orange

Research octane number

Fuel quality
maintainance law

JIS

2.0max

1max

0.783max

70max

75min  110max

180max

5max2)

44～78
1)

240min

220max

-

-

-

D
is

ti
lla

ti
on

Lead

0.0010max

7max

3max

1.3max

1max
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CO2 emission of transport sector

200

210

220

230

240

250

260

270

CO2 emission of transport sector and reduction plan 

C
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2
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 t

FY1990
（Base）

FY2005
（Result）

FY2010
（Target）

+18.1%

217 
million t

257
million t

250
million t

Reduction plan
（example）

・Fuel economy improvement
：CO2▲21 million ton

・Public transportation
：CO2▲3.8 million ton

・Clean energy vehicle
：233 million vehicle

CO2▲3 million ton

・Biomass fuel for transportation.
（500 thousand kl as crude）

：CO2▲1.2 million ton

-2.7%
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Target  : 840thousand kl* Bio-ETBE application as 7% blend gasoline at FY2010
*360thousand kl as Bio-ethanol

JAPAN BIOFUELS SUPPLY LLP
(Limited Liability Partnership) 

Date of Establishment：January 26, 2007 

Partners：Idemitsu, Tonen General, Taiyo Oil, Fuji 
oil, Cosmo Oil, Kyokuto Petroleum, Kyushu Oil,
Showa shell, Nippon Oil, Japan Energy 

Main Activities
1. Importing of Bio-ETBE and Bio-ethanol
2. Purchasing Bio-ethanol from domestic production
3. Storing/distributing

Bio-Gasoline Introduction Scenario by PAJ
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2.Hokkaido Tokachi “Wheat” ”Corn”

4. “Sorghum”

6.Ohsaka Sakai “Waste wood”

7.Okayama Maniwa

9.Okinawa Ie-island

5.Niigata “Rice”

8.Fukuoka Kitakyusyu
10. Okinawa Miyako-island

3.Hokkaido Tomakomai “Rice” 1.Hokkaido Shimizu “Wheat” ”Beet”

Yamagata Shinjou

“Waste wood”

“Waste food”

“Cane”

“Cane”

(15 Million L)
(15 Million L)

(1 Million L)

(4 Million L)

(0.1 Million L)

(0.1 Million L)
(0.7 Million L)

Demonstration Programs for bio-ethanol in Japan



17All Biomass fuels have competing application.  All Biomass fuels have competing application.  ””Food, Feed etcFood, Feed etc””

Supply Chain of Automotive Biomass Fuel

Transformation
Interim Products

Competing
Application

Sugarcane
Corn

Grains

Wood

Rapeseed
Soybean

Palm

Food

Building
Pulp

Waste wood

Waste oil
Cooking

Oil

Feed
Fertilizer

Electricity

Ethanol

ETBE

FAME

Diesel Fuel
（Hydrocarbon）

Ethanol

Fat Oil

Synthetic
Gas

Cellulose

Raw Material
Fuel
Application

Nonstandard
Residue
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By METI, 2007.5.28

Strategy 1:  Battery
Strategy 2:  Hydrogen/Fuel Cells
Strategy 3:  Clean Diesel
Strategy 4:  Biofuels "Worry-Free, Safe and Fair" Expansion and the Second-
Generation Bio”
Strategy 5:  World’s Most Friendly  Automobile Society Initiative

METI Related Ministries

Bio fuel technology innovation council

Executioners (Company, Academy, Governmental organization)

Pretreatment
Saccharification

Fermentation 
DehydtrationSource Collection Fuels

Chemicals

Target (Cost, Efficiency, Quantity), Roadmap, Schedule

Outcome

Coordination

“Bio fuel technology innovation plan”

Planning

Bio fuel technology 
innovation council

“A Next Generation Automobile Fuel Initiative”

○Setting up the bio fuel technology 
innovation council (The industrial, 
academic and government sectors 
cooperate with each other to accelerate the 
development of next-generation 
biotechnology)
○Establishment of systems and 
infrastructures to secure quality and 
prevent tax evasion (the next ordinary Diet 
session)
○Aiming at the advent of next-generation 
domestic bio fuel of 100 yen per liter in 2015 
(Biomass Nippon) Then, further aiming at 
bio fuel of 40 yen per liter (technology 
innovation case)
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Bioethanol conversion from lignocellulose

①Cultivation ②Collection
Transportation ③Pre-treatment ④Saccharification ⑤Fermentation ⑥Distillation

Dehydration

C5 sugar

Lignin

Cellulose

C6 sugar

Hemicellulose

Lignin

Hemicellulose

Cellulose

Ethanol

Dehydrated
Ethanol

① ② ③ ④ ⑤ ⑥

Idle farming land
Abandoned land

Energy Crops

Grains

Ethanol

Current fermentation technology can be 
applied to this area.Lignocellulose=Bio-ethanol raw material 

which does not compete with food and feed
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Market trendMarket trend
New fuels for dieselNew fuels for diesel
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Diesel vehicle and fuel market trend

0
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Diesel fuel Gasoline

Diesel vehicle Gasoline vehicle
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Vehicle amount and Fuel demand The amount of diesel 
vehicle is decreasing.

60.9 67.8

11.8 7.7

・Small economical user merit due 
to short driving range and 
vehicle/fuel tax structure.
・Unpopularity due to bad image  of 
diesel vehicle
・Car makers has quit diesel 
passenger car line-up in 2002.

Reason

0% 20% 40% 60% 80% 100%

Durable

Slow

Vibratory

Noisy

Smelling

Dirty

“Diesel image” Japanese customer survey 

“No diesel” action
by Tokyo metropolitan
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0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

NOx  g/kwh

PM
  g

/k
w

h

Short-term １９９４～

Long-term １９９７～

New Long-term ２００３～

New Long-term ２００５～

EUROⅡ １９９５～

EUROⅢ ２０００～

EUROⅣ ２００５～

Post New Long-term（2009）

＜Emission Regulation   Heavy Duty Diesel＞ Technologies for “Clean diesel”
1.Continuous regeneration diesel 
particulate filter.
2.NOx absorption/reduction catalysts
3.Simultaneous NOx/PM reduction 
catalysts
4.Sulfur-free diesel fuel

1995 1997 1999 2001 2003 2005 2007 2009

～～～～

100ppm

200ppm

300ppm

400ppm

500ppm

0.2%

Regulation

Voluntary

ＥＵ

CARB

Su
lfu

r
Prior to Regulation

Prior to Regulation

10ppm
50ppm

Moves toward clean diesel “Diesel shift”
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Reference: METI

WTW Energy Efficiency 
%

10

12

14

16

18

Gasoline Diesel ＣＮＧ

(Thousand ton – CO2)

-1,800

-1,600

-1,400

-1,200

-1,000

-800

-600

-400

-200

0

Gasoline:61million kl
Diesel:40million kl

Gasoline:57million kl
Diesel:44million kl

Gasoline decrease
Diesel increase

Reference: PAJ

CO2 emission from refinery

Diesel is better with fuel economy.
→ Reduces CO2 from vehicle Diesel reduces CO2 from refinery.

CO2 reduction by diesel “Diesel shift”
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Reformulation

C
O

CC
OO

HH
Liquid Fuel

Naphtha
Kerosene

Diesel Fuel

Gasification

Hydrocracking

Fisher-Tropsch 

Wax

Asphalt to Liquid 
“ATL”

Natural Gas

C
H

C
H

C
H

Coal

Synthetic 
Gas

Gasification

Asphalt

Coal to Liquid “CTL”

Gas to Liquid
“GTL”

Vegetable 
oil

FAME

“Bio 
hydro-fined Diesel”

<BHD>

Esterification

Hydro-fining

GTL/CTL/ATL

New fuels for diesel “Diesel shift”
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“A Next Generation Automobile Fuel Initiative”
Strategy 1:  Battery
Strategy 2:  Hydrogen/Fuel Cells

Strategy 3:  Clean Diesel

Strategy 4:  Biofuels
Strategy 5:  World’s Most Friendly  Automobile Society Initiative

○Setting up the clean diesel promotion council (The industrial, academic and 
government sectors cooperate with each other in studying measures to 
improve the image of diesel engines and incentives to encourage the 
introduction of diesel engines)
○Research and development of gas oil-based new fuels (GTL [FY2007: 6.9 
billion yen or 24 billion yen for five years], hydrogenated bio light oil], bio 
hydro-fined diesel, etc.)
○Aiming at full-scale introduction of clean diesel passenger cars in the 
Japanese market in and after 2009 where the emission control is most rigorous 
in the world.

Governmental action toward  “Diesel shift”
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Clean diesel phase-in schedule 

Clean diesel 
promotion 
strategy

☆Summit

Action
（０８．５～）

Planning
（０８．
１～５）

Putting on Japanese market（’０８ Autumn～）

２００５ ２００７ ２００９ ２０１１ ２０１３

NISSAN

HONDA

MAZDA

SUBARU

‘０９

‘０８ Autumn,

New long term
（０５．１０～）

Post new long term
（０９．１０～）

Emission regulation

Diesel passenger 
car

Market-in
schedule

‘１０

‘１０

Government
(METI)
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Existing ProcessExisting Process

CO2 Reduction
(Syngas section)

SyngasSyngas
ProductionProduction

Natural Gas
（CO2 20％） FTFT

SynthesisSynthesis

HydrocrackingHydrocrackingSulfurSulfur
RemovalRemoval

Natural Gas
（containing CO2 ）

Air
Syngas

Conditioning

Oxygen
Generator 

CO2
Removal

HydrocrackingHydrocracking

FTFT
SynthesisSynthesis

SyngasSyngas
ProductionProduction

SulfurSulfur
RemovalRemoval

Development of New GTL Technology
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Establishment： Jointly established by the following six Japanese private companies
on October 25th 2006

Purpose： In order to conduct GTL Demonstration Test Project with 
JOGMEC to develop commercial GTL Technology

JOGMEC Nippon GTL
Technology Research Association

INPEX Corporation 
Nippon Oil Corporation 
Japan Petroleum Exploration Co.,Ltd. 
COSMO Oil Co.,Ltd. 
NIPPON STEEL ENGINEERING Co.,Ltd. 
CHIYODA Corporation

FundFund

Joint ResearchJoint Research
ContractContract

1998 1999  2000 2001   2002   2003   2004 2005 2006 2007 2008   2009   2010 2015           2020

Lab/Bench

7BPD
Pilot Plant
(Yufutsu)

500BPD500BPD
Demonstration PlantDemonstration Plant

(Niigata)(Niigata)

Capacity (BPD)

20,000~
15,000

500

7

0.01

15,000～20,000BPD
Commercial Plant

JOGMEC

Nippon GTL INPEX
NOC
JAPEX
COSMO OIL
NSE(←NSC)
CHIYODA

JOGMEC

Nippon GTL INPEX
NOC
JAPEX
COSMO OIL
NSE(←NSC)
CHIYODA

JOGMEC（JNOC)

JAPEX
CHIYODA
COSMO OIL
NSC
INPEX
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Bio-diesel Fuel

HydroHydro--finingfining

FAMEFAME
（（BDFBDF））

BHDBHD（（Bio HydroBio Hydro--fined dieselfined diesel））
Second generation BiodieselSecond generation Biodiesel

palm

Direct Direct 
blendblend

fat

rapeseed

soybean animal

Transesterification
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<Influence on vehicle>
Metal corrosion
Rubber deterioration
Deposit on fuel system
Cold start-ability
Exhaust emission

Reference: METI

<Influence on 
distribution systems>

Now investigating

Quality and influences on vehicle performance

Product quality changes 
according to raw material choice.

Cold flow property --- FAIR
Thermal stability --- BAD

Cold flow property 
------ BAD

Oxidation stability
------BAD

Cold flow property 
------ BAD

Product quality changes 
according to upgrading condition

Tri-glyceride, Methanol, 
Agricultural chemicals 
and etc. remains  if not 
treated enough. 

①FAME contained fuel standard 
(Fuel quality maintenance law) 
Blend upper limit：5%、
Oxidation stability standard etc

②Neat FAME ⇒ JIS standard

Be effect in 2007

FAME Concerns Quality of fuel product
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FAME containing Conventional Diesel
Sulfur Content
Cetane Index

T90
FAME Content 5.0mass% max 0.1mass% max.
Triglyceride

Methanol 0.01mass% max. -
Acid Number 0.13mgKOH/g max. -

Formic/Acetic
0.003mass% max. -

Oxidation Stability 0.12mgKOH/g max. -

0.01mass%  max.

Existing

New 
requests

0.001mass% max.
45  min.

360℃ max.

/Propionic Acid

Fuel Quality Maintenance Law
FAME containing Diesel Fuel Standard

(2007.3.31-)
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Period： FY2006～FY2007 (supported by METI)
Objective： To verify FAME concerns at delivery stage

-Quality stability (storage / delivery)
-Material compatibility
(Diesel containing FAME / FAME 100%) 

Gas Station
Storage Tank

FAME
Tank

FAME
Blend

Diesel
Fuel

Refinery
Blend/Storage/Shipping

T/L
Delivery

Gas Stations
（2～3 Stations)

Blend/Storage/Shipping

FAME Field Test Program
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fat（ex） palm
3HC C

O

O CH2

CH3HC C

O

O

3HC C

O

O CH2

3HC C

O

O CH2

CH3HC C

O

O

3HC C

O

O CH2

Example of structure 

High viscosity、High boiling point、High acid value、High pour point
These are not favourable for diesel fuel.

FAME

3HC C

O

O CH33HC C

O

O CH3

Double bond still exists in the 
structure.  This is considered as 
“unstable”.

Hydro-fining

Double bond disappears in the 
structure. This means “more 
stable”.

3HC CH3

Second Generation is Second Generation is ””BestBest””First Generation is First Generation is ””BetterBetter””

Transesterification and Hydro-fining 



34NIPPON OIL

Bio HydroBio Hydro--fined Diesel is fined Diesel is the bestthe best optionoption

Fat oil
Direct blend

FAME
Bio Hydro-fined

Diesel
Sulfur-free

Diesel

Volatility × ○ ○ ○
Viscosity × ○ ○ ○
Cold Flow × △ △～○ ○
Stability × ×～△ ○ ○

Car Performancess × △ ○ ○
CO2 ○ ○ ○ △
Cost ○ △ △ ○

Biomass Fuel for Diesel : Comparison
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①Tokyo Metropolitan Government has done demonstration of its own 
two buses in cooperation with NOC and Hino since October 2007.
②NOC is preparing to organize an global group supporting the 
technology.

【Toward Global Use】

①Research （complete）

Scale： 0.15BPD
Participation： NOC、Toyota
Place: NOC Laboratory

②Demonstration 
-----under consideration

【R&D】

R&D Program for BHD
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Hydrogenated Bio-diesel in the world

H-BIO

MoU BHD

NExBTL

Natural Resources 
Canada 

Super Cetane

Green Diesel

Cooperative activity has been started
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Consumed food oil
2.5 Million ton

Wasted food oil
0.45 Million ton

Household
(0.4) 

Commercial
(0.8) 

For processing
(1.3) 

0.2
Million ton

0.18
Million ton

0.07
Million ton

[Uncollected]
Probable Max volume ：

< 0.2 Million ton/year

Already
Collected

*Due to lack of gathering system

Animal Feeds
Industrial Uses

Waste Oil balance in Japan

Current energy-use waste oil : 3,000kl/y

Diesel fuel demand : 35 Million kl/year

BF for Diesel : Resources? “Waste Oil”
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Summary

“Sulfur-free” has been achieved. Next targets are energy security 
and CO2 reduction.

The government has established “New national energy strategy”
and “A Next generation automobile fuel initiative” which contains 5 
strategies, “Battery”, ”Hydrogen”, ”Clean diesel”, ”Biomass fuel” and 
“ITS”.

Gasoline : Bio-gasoline introduction has been started. All Japan 
development program of bio-ethanol production from lignocellulose 
will start in FY2008.

Diesel : Clean diesel promotion has been started. The 
development of new fuels for diesel, ”GTL”,”FAME” and “BHD” is 
now on the move.
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