Detalls of Bio-Fuels (Cellulosic Ethanol)

Bio-fuel based on non-Food = cellulosic ethanol
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Bio-Fuel: Cellulosic Ethanol Production Process
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Aim: accelerate spread of bio-fuels by greatly reducing cost of cellulosic ethanol production process

Issue 1. Stable supply of raw
materials

(1) Effect on food price and supply
(2) Cost and sustainability

Issue 2: Reducing production costs

(1) Improving yield

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

(2) Reducing cost of equipment and
sub-materials %

- Bacteria/process development: In-house and at Toyota Centra
R&D Labs., Inc. ' .
1F laboratories

- Practical production technology and know-how: Reséare
consigned from NEDO (Kyoto University, Tottori University, 2
Japan Chemical Engineering & Machinery Co, Ltd.)




Issue 1: Stable Supply of Raw Materials

Raw materials ||Pre-treatment|Saccharification |Fermentation| Refining
——

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.

2. Countermeasures

— Secure site for large-scale cultivation of plants that
can be grown on land unsuitable for crops.
= Select plants and cultivation method with high

Issue 1. Stable supply of raw
materials

(1) Effect on food price and supply

(2) Cost and sustainability production volume per unit area and create
cultivation system that does not degrade soil.
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Issue 1: Stable Supply of Raw Materials

A system is being constructed that considers the various usages of Napier grass and the
sustainability of the soil
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Issue 2: Reducing Production Costs (Pre-Treatment)

Refining

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

Establishment of a simple combined
crushing and steaming process, and
optimization of conditions
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Issue 2: Reducing Production Costs (Saccharification and Fermentation)

Establishment of a simple
integrated saccharification
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Integrated (simultaneous saccharification and
fermentation)
= Reduce equipment costs and improve yield

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

Development item 2:
Development of new bacteria which can eat xylose with
resistance to fermentation inhibitors such as acetic acid, etc. 7

XDH: xylose dehydrogenase



Future Technological Development at Toyota
Open Innovation

v In addition to further refining Toyota’s yeast technology, we are making progress

in verification by improving the production processes.
v In the medium to long term, we will promote the spread of renewable fuels in

cooperation with energy companies and the like.
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Yeast Development Procedure
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Evaluation of Toyota’s yeast by Full Process Test

Pre-treatment Saccharification. Fermentation @ Refining

World class ethanol productivity by Toyota’'s new yeast using Napier grass samples.
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Mini-Plant Outline

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.).
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