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R&D of bio-hydrogen production

Japan-U.S.-France collaboration research
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Biological production of H2 is expected as a COa2-free H2 production technology in the future. However,
drawbacks of the bio-H2 production (low production rate and low yield) still remain as unsolved issues.
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NREL: National Renewable Energy Laboratory, CNRS: Centre national de la recherche scientifique
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Maximum 12 mol of H, is produced from 1 mol of glucose by integrating the dark fermentation and the
photofermentation systemes.
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Technical challenge: improvement of production rate and yield
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R&D of bio-H2 production was carried out in collaboration with Sharp Corporation (2000-2009), and we
succeeded to achieve a high Hz production rate by high-density microbial cell catalysts.
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Formate-dependent H, production pathway
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High-density cell catalyst
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Separating H, production process from cell growth
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Development of technology for highly efficient bio-H2 production from non-food biomass
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MET]I project of bio-H2 production technology development (2015-2019) has been carried out by RITE.
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. H, production from cellulosic biomass hydrolysates in collaboration with National Renewable Energy Laboratory (NREL)
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Improvement of the H, yield by integrating dark- and photo-fermentation
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R&D of bio-butanol production

Japan-U.S. collaboration research

. mﬁwﬁ% Background

75 /—=IIE. T /—=I)LEEBRUTRBBENKEL, KNDBHE
EMEWLRE, AVUIREBELTIY /—ILEDEENTEER
B9 %, £l EXERICAY ONV—{btT B ElcE>TIV Ty MNA
FHCEZARIEE/RT= 6D, S EFEICTE > THICIERIRER TH D)L O—

ARNAAIADSDEENFHZEH TWS, UL L, 75/ —
ILDAE I SEVWRREE OO REBEEIEHES N, IEMEWS
EDERETH Do

Butanol is attractive as a biofuel due to higher energy density and lower solubility in water than ethanol.
Butanol fermented from cellulosic biomass can be converted into jet fuel by chemical oligomerization.
However, due to its toxicity, inhibition of the fermentation process leads to low yield of butanol.
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Combination of RITE'’s fermentation technology and NRELSs pretreatment/ saccharification technology for cellulosic
biomass will achieve a novel butanol-producing technology with high carbon yield. Combination of the RITE’s
technology and PNNLs chemical catalyst technology will achieve oligomerization of butanol for drop-in fuels.
METI R&D project of butanol production (2015-2019) has been carried out by RITE, NREL and PNNL.
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R&D of energy-saving technology for bio-butanol concentration and purification
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R&D of energy-saving bio-butanol concentration and purification has been carried out. A pervaporation (PV)
membrane process was used for concentration of butanol prier to distillation process . The combined process
can reduce total energy input required for bio-butanol concentration and purification.
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R&D for production of 100% green jet fuel f
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100% Green jet fuel is promising fuel to achieve the ICAO’s and IATA's CO2-reduction targets.
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NEDO project of 100% green jet fuel production technology development (2015-2016) had been carried out by RITE.

i !*m“’{é’%,f fes B el
FEH B QA—Y A R—73—
Rice straw Cornstover

INTIVIEED | —p BR-SEHATER G ST
Hybrid microbe equipped with EG=S Cyclic-/branched precursor-compounds
chemical catalysts RIS

JERE
INAATRX

Nonfood-based
biomass

KFEICIREEER

Hydrodeoxygenation

INAF T s

Bio-conversion

SIESHEAMRIEKFIEED

Isoparaffins

IRIREFMRIEKFIEED

Cycloparaffins

100% Green Jet Fuel %Ejﬁ‘bﬁ%

Aromatic compounds

[H5E)

- AHRY Y NABREDEEDHANE

bLZESG - KRS HE - Rt IEZHEE UVLBVWEAIRILF—-
BRRBOEEHE

[Significance]
- The biofuel produced by our system contains all essential hydrocarbons for jet fuels without blending with fossil fuels.
- This Is an energy- and carbon-efficient system not requiring oligomerization, hydrocracking or isomerization processes.
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A fundamental technology to produce 100% drop-in green jet fuel was established. A chemical catalyst

was successfully introduced into microbial cells, and C10 jet fuel precursors were directly produced from
glucose. Chemical conversion of the precursors into jet fuel components was also demonstrated.
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Technologies for industrialization will be developed with partner companies by 2030.
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Green Phenol Development Co., Ltd. (GPD Co., Ltd.)
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The world’s first core technology for biomass-based phenol (green phenol) production has been developed by
RITE. RITE established Green phenol development Co., Ltd.(GPD) with Sumitomo Bakelite Co., Ltd., which has
technologies for production of phenol resin. GPD is making efforts to commercialize the green phenol production.
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Green phenol development Co., Ltd. was established in 2014 for industrialization of green phenol by RITE
and Sumitomo Bakelite Co., Ltd.

In NEDO project, a pilot plant (500L jar fermenter) was constructed in 2014.

In NEDO project, a plant for purification process was constructed in 2016.
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Plant for bioconversion process Plant for purification process

Business of Green phenol development Co., Ltd.
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In NEDO project (2014.5 to 2015.3), a pilot plant was constructed at Kazusa Academia Park in Chiba

prefecture, and green phenol was successively produced. Then it was transferred to Sumitomo Bakelite

Co., Ltd. in Shizuoka prefecture.

In NEDO project (2015.8 to 2018.2), a plant for purification process was constructed in 2016, and
bioconversion and purification processes are now in operation.
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New trends for biotechnological production of green-
aromatic compounds
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Production of aromatic compounds from biomass has been difficult due to their high cytotoxic effects on microbial cells.
Coryneform bacteria and RITE Bioprocess have high tolerance to aromatic compounds.

Our research group has been developing bioprocesses for highly efficient production of aromatic compounds utilizing the
advantages. We have been achieving various kinds of aromatic compounds based on the green phenol technology.
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Highly efficient production of “green”-shikimic acid in Corynebacterium glutamicum
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: A/ 4 Shikimic acid is known as a precursor of an
fromatic Chorismate | anti-influenza drug, Tamiflu (oseltamivir).

ompounds We succeeded in highly efficient production

of shikimic acid (The world’s highest

SHABEERILSMOMBHLLDL FIBMOBMBEREICHL  productivity and yield). This opens the way

for high production of aromatic compounds.
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New trends for highly efficient biotechnological production of various kinds of green-aromatic
compounds
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Efficient and speedy modeling of metabolic pathways, high-throughput gene screening, and construction
of strains for high production of aromatic compounds. Production of aromatic compounds from non-food
biomass and applications.
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Functional polymers as substitute products
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for the oil-derived engineering plastics
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Non-food biomass derived
green-aromatic compounds
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