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Details of Bio-Fuels (Cellulosic Ethanol)

Sugar cane

Corn

Ethanol

Bio hydrofined fuel (BHD)

Saccharification

Synthetic oil
Gasification

Fatty acid methyl ester (FAME) 

Plant stalks, 
etc. (cellulose)

Algae
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Thermal 
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Bio-fuel based on non-Food ⇒ cellulosic ethanol

Non-food
⇒ No competition with food    

and agricultural land

Pre-treatment/saccharification
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Bio-Fuel: Cellulosic Ethanol Production Process

(1) Effect on food price and supply

(2) Cost and sustainability

Issue 1: Stable supply of raw 
materials

(1) Raw materials (2) Pre-treatment (3) Saccharification (4) Fermentation (5) Refining

Cellulose

Hemi-cellulose

Glucose (C6 sugar)

Fiber extraction

Xylose (C5 sugar)

Micro-organism

Ethanol Ethanol

Glucose

Fibers (cellulose, 
hemi-cellulose) Sugar Ethanol

Conversion to sugars that can 
be eaten by micro-organisms

High temp./ 
pressure etc.

Plants (fibrous 
portions)

Xylose

Enzymes

- Member of The Research Association of 
Innovative Bioethanol and carries out 
consigned research from the New Energy 
and Industrial Technology Development 
Organization (NEDO)

- Bacteria/process development: In-house and at Toyota Central 
R&D Labs., Inc.

- Practical production technology and know-how: Research 
consigned from NEDO (Kyoto University, Tottori University, 
Japan Chemical Engineering & Machinery Co, Ltd.)

3F laboratories

Aim: accelerate spread of bio-fuels by greatly reducing cost of cellulosic ethanol production process

Micro-organisms convert 
sugar to ethanol

(1) Improving yield

(2) Reducing cost of equipment and 
sub-materials

Issue 2: Reducing production costs

1F laboratories
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Issue 1: Stable Supply of Raw Materials

Cultivation trials are underway in Indonesia on land unsuitable for growing crops, with the aim 
of establishing a cheap and sustainable method of producing raw materials for bio-fuels.  
Napier grass is a promising candidate due to its high growth rate and low cultivation cost.

⇒ Secure site for large-scale cultivation of plants that 
can be grown on land unsuitable for crops.

⇒ Select plants and cultivation method with high 
production volume per unit area and create 
cultivation system that does not degrade soil.

2. Countermeasures

RefiningSaccharificationPre-treatmentRaw materials Fermentation

Napier grass Sugar cane

(Consigned from NEDO)
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(1) Effect on food price and supply

(2) Cost and sustainability

Issue 1: Stable supply of raw 
materials
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Leaves

Stalks

Industrial 
material

Ethanol raw material

Animal Feed 
(cows)

Roots

Atmospheric CO2

Conversion of 
fermentation residue 

into fertilizer

CO2 CO2

RefiningSaccharificationPre-treatmentRaw materials Fermentation

Increase of carbon 
that can be fixed in 

the soil

A system is being constructed that considers the various usages of Napier grass and the 
sustainability of the soil.

Issue 1: Stable Supply of Raw Materials



5ReagentsWaste processingReagentsOther

Ammonia process
Alkali process

Steam treatment
( acid.etc)

Ammonia process
Ionic liquid

Pulverization

Low amount

High

High (Re-use of ammonia)

Change lignin structure

Large amountLow amountMediumFermentation inhibitor

MediumMediumMediumEquipment cost

MediumHigh to mediumHighInput energy

Lignin removalHemi-cellulose dissolutionBreak up crystal structureMechanical
Crush 

Issue 2: Reducing Production Costs (Pre-Treatment)
Evaluation of various pre-
treatment methods

RefiningSaccharificationPre-treatmentRaw materials Fermentation

×

(1) Raw materials (2) Pre-treatment (3) Saccharification (4) Fermentation (5) Refining

Ethanol Ethanol

Sugar Ethanol
Plants (fibrous 
portions)

Fibers (cellulose, 
hemi-cellulose)

High temp./ 
pressure etc.

Fiber extraction

Enzymes

Cellulose
Hemi-cellulose

Glucose (C6 sugar) Xylose (C5 sugar)

Conversion to sugars that can be 
eaten by micro-organisms

Micro-organismGlucoseXylose

Micro-organisms convert sugar to 
ethanol

×

×
×
× ×

×
×
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Establishment of a simple combined 
crushing and steaming process, and 
optimization of conditions

BMProcess material

Raw materials

Steaming (dilute acid)Steaming (dilute acid)CompressionCompression
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Issue 2: Reducing Production Costs (Pre-Treatment)
RefiningSaccharificationPre-treatmentRaw materials Fermentation

(1) Raw materials (2) Pre-treatment (3) Saccharification (4) Fermentation (5) Refining

Ethanol Ethanol

Sugar Ethanol
Plants (fibrous 
portions)

Fibers (cellulose, 
hemi-cellulose)

High temp./ 
pressure etc.

Fiber extraction

Cellulose
Hemi-cellulose

Glucose (C6 sugar) Xylose (C5 
sugar)

Conversion to sugars that 
can be eaten by micro-

organisms

Micro-organismGlucoseXylose

Micro-organisms convert 
sugar to ethanol

Enzymes
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Issue 2: Reducing Production Costs (Saccharification and Fermentation)

RefiningSaccharificationPre-treatmentRaw materials Fermentation

(1) Raw materials (2) Pre-treatment (3) Saccharification (4) Fermentation (5) Refining

Ethanol Ethanol

Sugar Ethanol
Plants (fibrous 
portions)

Integrated (simultaneous saccharification and 
fermentation)

⇒ Reduce equipment costs and improve yield

Ethanol

Acetic 
acid

Glucose

XI: Xylose isomerase
XR: xylose reductase
XDH: xylose dehydrogenase

Development item 1: 
Integration of saccharification and fermentation
Identification of optimum conditions for saccharification 
enzyme and yeast

Xylose
XR

Xylitol 
XDH

Xylulose

XI

Establishment of a simple 
integrated saccharification 
and Fermentation process 
and optimization of conditions

Toyota-developed 
yeast

Fibers (cellulose, 
hemi-cellulose)

High temp./ 
pressure etc.

Fiber extraction

Cellulose
Hemi-cellulose

Glucose (C6 sugar)
Xylose (C5 

sugar)
Conversion to sugars that can 
be eaten by micro-organisms

Enzymes

Micro-organism
GlucoseXylose

Micro-organisms convert 
sugar to ethanol

Development item 2: 
Development of new bacteria which can eat xylose with           
resistance to fermentation inhibitors such as acetic acid, etc.
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Future Technological Development at Toyota

In addition to further refining Toyota’s yeast technology, we are making progress 
in verification by improving the production processes.
In the medium to long term, we will promote the spread of renewable fuels in 
cooperation with energy companies and the like.

Open Innovation

Gasoline engine Diesel engine Alternative fuel 
engine Electrical energy

The Right vehicle for the right place at the right timeThe Right vehicle for the right place at the right time

Ultimate Eco -Car

Plug-in hybrid vehicles

THS II Diesel HVs Alternative fuel
HVs ＥＶsＦＣＶs

Hybrid technologyHybrid technology

VVT-i Common rail DI ＣＮＧ

Lean burn DPNR Synthetic fuels

D-4 バイオ燃料Bio-fuels
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Optimization of 
fermentation conditions

Yeast Development Procedure
Yeast gene engineering Selection of superior strains

Evaluation with actual 
raw materials

3,000 strains/year

2 strains/year

Vector DNA 
(plasmid)

Yeast produced by 
gene recombination

Promising genes

Xylose

Ethanol

XR

Xylitol
XDH

Xylulose

XI

Acetic 
acid

Map of reactions 
inside yeast

Product analysis

Nucleus

1 strain/year

Supplement (1)

Mutation

2 strains/year
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Evaluation of Toyota’s yeast by Full Process Test

- 150 g/L Napier grass 
pre-treatment 
sample

World class ethanol productivity by Toyota’s new yeast using Napier grass samples.
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BMProcess materials

Raw materials

Steam

Xylose is 
consumed

Ethanol is 
produced

U.S. Department 
of Energy: 84%
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The saccharification ⇒ fermentation process 
reduces equipment costs and simultaneous 

saccharification and fermentation is highly efficient.

RefiningSaccharificationPre-treatmentRaw materials Fermentation

Steaming (dilute acid)Steaming (dilute acid)CompressionCompression

Simultaneous 
saccharification and 
fermentation

48 h saccharification 
+  fermentation
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Ethanol Xylose Glucose

87% of raw 
material 

sugar used

Supplement (2)
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(1) Raw material 

area

(2) Pre-treatment area
(3) Saccharification 

area

(4) Fermentation 
area

Current 
location

Technology is being developed to achieve practical application of the saccharification 
and fermentation plant (joint development with Kyoto University, Tottori University, and 
Japan Chemical Engineering & Machinery Co, Ltd.).

Raw material 
Tank

Saccharification 
Tank

Main fermentation 
Jar     

In charge: Japan 
Chemical 

Engineering & 
Machinery Co, Ltd.

Supplement (3)
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