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oReport summary (English)

Principal investigator: Shiro Saka University professor (presently, professor emeritus) of Kyoto
University, Graduate School of Energy Science
R & D title: Advanced Ethanol Production with Acetic Acid Fermentation from Lignocellulosics

1. Purpose of R & D

Since practical ethanol production from sugarcane molasses and corn starch as a raw material competes
with that from food, ethanol production from non-edible lignocellulosics is being investigated. However,
as yeast is used in the conventional method, only 2 mol of ethanol can be produced from 1 mol of glucose
with discharging 2 mol of CO as in the following equation. Therefore, carbon utilization efficiency of the
raw material is low.

Ce H1206 (hexose) — 2CH3CH2OH (ethanol) + 2CO »

Given such a situation, a novel process of bioethanol production is developed from decomposed products
of lignocellulosics by hot-compressed water, followed by acetic acid fermentation and then hydrogenolysis
of the obtained acetic acid to ethanol.

2. Outline of R & D

The present ethanol production process consists of three key technologies: hot-compressed water
treatment of lignocellulosics, acetic acid fermentation and hydrogenation. This efficient process has a large
CO; reduction effect and the obtained results to construct a low carbon society are summarized below.

2.1 Various lignocellulosics as raw materials

A variety of taxonomically different lignocellulosics (such as Japanese cedar as gymnosperm, Japanese
beech as angiosperm/dicots, nipa palm, rice (straw, husk), corn (cob) as angiosperm/monocots, etc.) were
studied. As a result of examining the potential as a raw material, it became clear that any lignocellulosics
could be used in this process.

2.2 Hot-compressed water (HCW) treatment

The acetone-extracted lignocellulosic flour is subjected to two-stage HCW treatment (first stage:
230°C/10MPa/15-30min, second stage: 270°C/10MPa/15-30min) with a pressurized hot water. Sugars
derived from hemicellulose and lignin-derived products are obtained in the first stage, while cellulose-
derived sugars in the second stage. In addition, it was clarified that dehydrated, fragmented products and
organic acids are obtained as sugar-overdegraded products. The water-soluble portion containing sugars
and these overdegraded products in a low concentration was subjected to acetic acid fermentation to obtain
acetic acid.

2.3 Acetic acid fermentation

The above-mentioned decomposed products are subjected to acetic acid fermentation in a co-culturing
system (Clostridium thermocellum and C. thermoaceticum). Depending on the conditions, these
microorganisms are either used as free cells or immobilized cells in activated carbon and sodium alginate
beads. The optimum pH for both microorganisms to grow and well-ferment was between 6.5 and 7.0. To
control the pH, NaOH or Ca(OH), was used as a pH adjuster. For optimizing fermentation, nipa sap (after
invertase saccharification), paper sludge (without pre-treatment) and Japanese cedar (after HCW treatment)
were fermented in a fed-batch system. The obtained acetic acid was unfortunately neutralized to an acetate
by the pH adjuster in the fermentation broth, so the acetate was converted to acetic acid by bipolar
electrodialysis in a three-compartment method, concomitantly with acetic acid concentrated up to about
200 g/ L.

2.4 Hydrogenolysis
The resultant aqueous acetic acid solution is directly treated in a batch or flow process using a Lewis acid-
supported metal catalyst (Ru-Sn/TiO,) to convert it into 90 mol% or more aqueous ethanol solution.

2.5 High efficiency ethanol production by integrating key technologies

This ethanol production process consists of the above-mentioned three key technologies. The energy
recovery rate and CO, reduction of the whole process were evaluated by steady process simulator Pro / II.
As a result, in terms of energy recovery rate, energy balance ratio (EPR; Energy Payback Ratio) and CO,
emission unit, acetic acid fermentation was superior to conventional methods by alcohol fermentation. Thus,
it was clarified that the acetic acid fermentation process has higher potential for bioethanol production.

2.6 Profitability study of ethanol production business for social implementation

On profitability study using paper sludge as a raw material, for an ethanol production of 20,000 kL/year,
the required paper sludge (including water and inorganic substances) was estimated at 160,000 tons/year.
Such a quantity is in a practical range of collection and the investment recovery was estimated to be 9 years.

The next deployment and prospects:
It is wise for the social implementation of this ethanol production process to focus on North America,
where the ethanol fuel market for gasoline alternatives is the largest.




