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Joint Workshop on Carbon Cultivation
October 14" & 15" 2024

‘The 21° Century Industrial Revolution: Advancing from a Carbon Hunting to a Carbon Cultivation Society’ — Prof.
Masafumi YOHDA (https://sp.coinext.tuat.ca.jp/en/)
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Workshop on Carbon Cultivation
October 14th & 15th 2024 j

Leipzig, Germany

Program October 14th

Welcome (Monday 9:00-9:30)

YOHDA, Masafumi, Tokyo University of Agriculture and Technology
BOHNING-GAESE, Katrin, Scientific Director UFZ
ADRIAN, Lorenz, UFZ Dept. Molecular Environmental Biotechnology

Session 1: Social Acceptability (Monday 9:30-11:30)

9:30

9:50

10:10

10:30

10:50

Challenges of social implementation of biomass utilization
NAGAI, Yuji
Waseda University

A comprehensive assessment of carbon dioxide removal options for Germany
BORCHERS, Malgorzata, FORSTER, Johannes, THRAN, Daniela
UFZ, Dept. Bioenergy

The development of next-generation rice varieties for carbon cultivation
OOKAWA, Taiichiro
Tokyo University of Agriculture and Technology

Regional assessment of biomass-based carbon dioxide removal and introduction of "Carbon Cascadia": A CDR removal
game

OTTO, Danny, MATZNER, Nils

UFZ, Dept. Urban and Environmental Sociology

Current state of CDR regulations
BAUST, Constanze
UFZ, Dept. Environmental and Planning Law

Session 2: Sustainable Carbon Cultivation (Monday 12:30-14:30)

12:30

12:50

13:10

13:30

13:50

Development of cellulose materials from hardwoods maintaining hierarchical structure
HORIKAWA, Yoshiki
Tokyo University of Agriculture and Technology

Biomass waste recycling and greenhouse gas mitigation
RIYA, Shohei
Tokyo University of Agriculture and Technology

Role of root hairs in soil C sequestration in a 5 years maize monoculture
ROLDAN, Maria Martin, BLAGODATSKAYA, Evgenia, et al.
UFZ; Dept. Soil Ecology

Microbial necromass as a significant source of soil organic matter: origin, pathways and implications for C sequestration
MILTNER, Anja, KASTNER, Matthias, et al.
UFZ, Dept. Molecular Environmental Biotechnology

Reducing lignocellulosic recalcitrance by introduction of chemically labile linkages into the lignin backbone
KAJITA, Shinya
Tokyo University of Agriculture and Technology



Workshop on Carbon Cultivation |
October 14th & 15th 2024 |

Leipzig, Germany ”;

Program October 14" (continued)

Session 3: Carbon-Based Materials (Monday 15:30-17:30)

15:30

15:50

16:10

16:30

16:50

17:10

Properties of multilayer paperboard prepared from plant fiber
KOSE, Ryota
Tokyo University of Agriculture and Technology

BIOWIN: Al-supported biotechnology for resource-efficient active compound and bio-nylon production
BUHLER, Bruno
UFZ, Dept. Microbial Biotechnology

Glucose-free platform chemical production by the engineered catabolic pathway of Pseudomonas sp. NGC7
SONOKI, Tomonori
Hirosaki University

How methyltransferases can contribute to CO,-neutral production of methylated chemicals
DEOBALD, Darja
UFZ, Dept. Molecular Environmental Biotechnology

The catabolic system of lignin-derived aromatic compounds in Sphingobium lignivorans SYK-6 and its application to
lignin valorization

MASAI, Eiji

Nagaoka University of Technology

Tapping new feedstocks for biological synthesis using electrochemical hydrogenations: production of adipic acid from
lignin-derived phenols

MOREJON, Micjel C., SAEDI, Navid, FRANZ, Alexander, SEIBERT, Lea, KARANDE, Rohan, HARNISCH, Falk

UFZ, Dept. Microbial Biotechnology

Program October 15

Session 4: Carbon-Based Fuel Production (Tuesday 9:30-11:30)

9:30

9:50

10:10

10:30

10:50

11:10

Development of technologies to enhance biomass production of marine microalgae
ARAKAKI, Atsushi
Tokyo University of Agriculture and Technology

Kolbe electrolysis: An alternative approach for the economic and efficient production of bio-based aviation fuel from
wastes

ROHRING, Katharina, HARNISCH, Falk, et al.

UFZ, Dept. Microbial Biotechnology

Advance in production technologies of sustainable aviation fuel from bio-oil
QIAN, Eike Weihua
Tokyo University of Agriculture and Technology

Genetic engineering for establishing biohydrogen production technology
TERAMOTO, Haruhiko
Research Institute of Innovative Technology for the Earth, Kyoto

BISON: a biohybrid solar energy collector
KROMER, Jens, LAI, Bin
UFZ, Dept. Microbial Biotechnology

A New wave of biomass ecosystems and lifestyle changes in Japan
YOSHIKAWA, Narumi
Research Institute for Humanity and Nature, Kyoto
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Annex

SATREPS PROJECT
“Utilization Technolegy of Rubber Seeds for
Green Products to Mitigate Global Warming and

Plastic Polution”

Plenary Session prior to the 15t JOC mesting

Date; 207 {Tha) March, 2025
Time: 5:00 - 1200 (Thailand time), 11:00 ~ 1400 (fapan time)
Wenise: Siam Mesling raom 3, Oth Flaor, Mencufe Banghkak Siam

No. | Time (Thai) | 1 contents_ Speaker_

1 | 08:00-805 | 1100-11:05 | Opening Remarks | Dr. Shinji Kanehashi
Prircipal investigator in Japan
=15

4 | 090S-2015 | 11:05-11:15 Intradictian . Shirjl ke hashl

3 :I 02:30-945 | 11:30-11:45 Pregentation of Represantatives of Subject 1

024510000 | 11:45~12:00 | progress siuation | Representatives of Subject 2:
0001015 | 1200-12:15 | and future plan of | Representatives of Subject 3:
10:15-10c30 | 12:15-12:30 | each subject Representatives of Subject 4
103010045 | 123012245 Representatives of Subject S

4 | 104511200 | 1245~1300 | Cofiee Break

5 11:00-~11:15 | 12000~13:15 Introduction of Dr. Masafumi Yohda, TUAT

COI-HEXT

6 | 110151150 | 1315~1350 | Déscussion All participants

7 1:50-12:00 | 123:50-14:00 | Closing Remarks | Or. Suwabun Chirachanchal
Principal investigator in Thai
side

5% s )
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1. Marina Iwasa, Shunsuke Adachi, Taiichiro Ookawa (2024) “Optimum water depth for suppressing
late watergrass growth with minimizing rice growth inhibition under different temperature

conditions” Plant Production Science, 28, 38-43
https://doi.org/10.1080/1343943X.2024.2424523
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Development of carbon-cultivation technology for the next generation rice varieties

Taiichiro OOKAWA

Professor, Institute of Agriculture, Tokyo University of Agriculture and Technology

Co-researcher

Shunsuke ADACHI, Tetsuya NAKAMURA

Purpose

Rice is widely cultivated in Japan, East and South-East Asia, and fixes enormous amounts of CO; and
produces biomass. Under the SDGs, there is a need to make effective use of unutilized biomass such
as rice husk and straw, reduce chemical fertilizers and pesticides, and reduce greenhouse gases such
as methane from paddy fields. Of the carbon fixed by rice, about 30 % is contained in the rice grain
and 70 % in the husk, straw and roots. With roots, husk and straw are ploughed into the soil, and used
as the main source of methane production. There is a need to increase rice biomass production under
reduced chemical fertilizers and pesticides, and to develop the next-generation rice varieties for carbon
cultivation. However, such varieties have not been developed yet. In addition, methane is produced
under reductive conditions in paddy fields, and methane production can be suppressed by controlling
oxidative conditions. The objectives of this research are (1) to develop the next generation of rice
varieties with high biomass production, deep water and lodging resistance and nitrogen use efficiency
under reduced chemical fertilizer and pesticide uses and water-saving cultivation by genome breeding,
and (2) to study the effects of the soil stirring function of Aigamorobo on weed suppression and

methane production.

Achievement of this year

(1) To develop varieties with high biomass production and nitrogen use efficiency under reduced
chemical fertilizer use, genome-wide association analysis (GWAS) of 186 rice varieties was conducted
to detect chromosomal regions associated with high biomass production and nitrogen use efficiency.
In addition, QTL analysis was conducted using recombinant inbred lines bred from a cross between
‘Kyoto Asahi’ with high biomass production and nitrogen use efficiency, and ‘Sakura Fukuhime’ bred
by the Tokyo University of Agriculture and Technology, to detect QTL for deep water and lodging
resistance, and selected superior lines. In addition, the new Monster Rice lines bred from a cross
between ‘Monster Nokodai No. 1’ and ‘Takanari showed high leaf area expansion and biomass
production under water-saving management conditions for methane suppression.

(2) Genotyping with DNA markers using a next-generation sequencer for efficient and accurate marker

selection and quantitative trait loci (QTL) analysis of agronomic traits such as nitrogen use efficiency
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and lodging resistance were conducted using the Targeted Amplicon Sequencing method, and QTLs
associated with these traits were detected.

(3) To develop rice varieties with deep water resistance under deep water management for weed
suppression, GWAS for deep water resistance was conducted, and chromosomal regions of deep water
resistance were detected on chromosomes 3 and 4, and their candidate genes were identified.

(4) The effects of soil stirring by Aigamorobo on paddy weed suppression and methane production
were investigated at organic rice production sites in Shiga and Okinawa prefectures (NEWGREEN
Co., Ltd.). The results from microbiome analysis showed that Aigamorobo reduced the rate of methane

emission, and increased the proportion of methanotrophic bacteria .
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nodulation phenotypes. The 14th Asian Symposium of Microbial Ecology (ASME) convened from
September 18-20, 2024, Taipei, Taiwan.
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18-20, 2024, Taipei, Taiwan.
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Inducing Nodulation in Soybean Plants Independent of Nod Factors. 19th Australian Nitrogen Fixation
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Isolation and Utilization Technology Development of Greenhouse Gas Reduction

Microorganisms Suitable for Carbon Farming

Shin OKAZAKI
Professor, Tokyo University of Agriculture and Technology

Co-researcher

Hiroko MAEDA

Purpose

Agricultural production is a major source of greenhouse gases such as methane (CH4) and nitrous
oxide (N20). Microorganisms play a crucial role in the synthesis and decomposition of methane and
nitrous oxide. Proper management and utilization of these microbial functions are important in
reducing greenhouse gas emissions while promoting healthy crop growth. Nitrous oxide, with a
greenhouse gas coefficient 265 times that of carbon dioxide, is a significant emission, with 59%
originating from agriculture. Nitrous oxide emissions from agricultural land are strongly influenced
by fertilizer management, particularly nitrogen fertilizers, with excessive nitrogen input leading to
increased emissions.

On the other hand, crop ecosystems in agricultural land coexist with various microorganisms,
including those that supply nutrients to plants and those that enhance disease resistance and drought
tolerance. Therefore, achieving low fertilizer input while maximizing microbial functionality in crop
cultivation is expected to reduce greenhouse gas emissions and achieve safe and secure agricultural
production.

Microorganisms in the rhizosphere of rice plants include those that reduce nitrous oxide and those that
convert atmospheric nitrogen into nutrients. However, much remains unknown about the ecology of
these microorganisms, their compatibility with rice varieties, and the conditions under which nitrous
oxide reduction and nitrogen fixation activities are expressed. Therefore, this study focuses on
microorganisms symbiotic with rice for nitrous oxide reduction and nitrogen fixation, aiming to

understand their ecology and functions and develop technologies for their effective utilization.

Achievement of this year

We conducted microbiome analysis of rice rhizosphere using samples collected from rice plants
cultivated in 2022, 2023, and 2024. A total of 168 varieties of Japanese rice were cultivated under
organic farming conditions for 60 days, and growth assessments were performed, and soil samples
from the rice rhizosphere were collected. DNA was extracted from the rice rhizosphere soil, and the

bacterial community present on the rice roots was analyzed using 16S rRNA amplicon sequencing.
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Based on the results of the microbiome analyses conducted over the three years, genome-wide
association studies (GWAS) were performed on the bacterial taxa that were predominantly present in
the rhizosphere. This aimed to elucidate the relationship between DNA sequence variations among
rice varieties and the relative abundance of bacteria (traits), thereby exploring rice genomic regions
that may contribute to bacterial symbiosis. Notably, the nitrogen-fixing bacteria Geobacteraceae,
which exhibited a consistently high relative abundance over the three years and showed a significant
correlation with rice growth, were detected. Furthermore, GWAS analysis identified significant single
nucleotide polymorphisms (SNPs) associated with the relative abundance of Geobacteraceae. Genes
controlling pathogenic microorganisms and environmental stress resistance were confirmed within the
relevant chromosomal regions, suggesting a link between the presence of Geobacteraceae in the rice
rhizosphere and the rice plant's immune and environmental stress responses. Previous studies have
reported that Geobacteraceae possess traits that significantly contribute to rice's nutrient acquisition
through processes such as denitrification and nitrogen fixation. These microorganisms are suggested
to play a role in promoting rice growth under organic cultivation conditions, indicating potential for
developing innovative paddy management techniques that enhance soil nitrogen fertility and secure

rice yields.
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Analysis and development of biofertilizers that contribute

to sustainable carbon cultivation technology

Naoko OHTSU
Professor, Tokyo University of Agriculture and Technology

Co-researcher

Shin-ichiro AGAKE, Michiko YASUDA, Masumi MAEDA

Purpose

(1) Biofertilizers that retain microorganisms with plant growth-promoting activities are attracting
attention as an alternative to chemical fertilizers that use limited resources and require large amounts
of energy during creation. Microorganisms that form spores tolerant to drought and high temperatures
are useful for the development of biofertilizers with excellent transport and storage properties. Our
laboratory has developed "Yume Bio," a biofertilizer for paddy rice that retains spores of Bacillus
pumillus TUAT1 strain, in collaboration with Asahi Agraria Corporation. We have confirmed that
application of this biofertilizer increased yield by 15%, and a similar yield-increasing effect was
observed with a 30% reduction in chemical fertilizer. In order to make this biofertilizer more stable
and effective in various environments and to improve its efficacy, it is important to clarify the
mechanism of action of B. pumillus TUAT1 strain on plants. This strain is more effective when
inoculated with spore forms on plants than when inoculated with vegetative cells. It is essential to
elucidate this mechanism. It is also very important in agriculture to obtain optimal spore-forming plant
growth-promoting strains for crops other than paddy rice, and to create suitable biofertilizers for field
crops with these strains.

(2) Andosol, which is common in Japanese fields and field plots, is a particularly strong adsorbent of
phosphorus, and fertilized phosphorus cannot be absorbed by plants as iron phosphate, aluminum
phosphate, calcium phosphate, or insoluble organic phosphorus. Since Japan relies on imports of all
chemical phosphorus fertilizers and the mining of phosphate rock, the raw material for phosphorus
fertilizers, is accompanied by the problem of environmental pollution, technology is needed to allow
crops to absorb phosphorus adsorbed in the soil. One of the methods is the use of phosphorus-
dissolving bacteria. To isolate strains with strong phosphorus-dissolving ability, this study focuses on
activated sludge, which contains large amounts of phosphorus, and aims to isolate phosphate-

solubilizing bacteria from activated sludge that can contribute to both agriculture and water treatment.
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Achievement of this year

(1) We isolated 94 strains of spore-forming bacteria from the rhizospheres of upland rice, soybean,
maize, cotton, sorghum, and taro in the Agriculture and Technology University field, and upland rice,
laccase, and taro in the Fukushima field by the last fiscal year. Twenty-seven strains were selected
based on observation of colony morphology, low pH tolerance, high pH tolerance, and salt stress
tolerance, and identified based on 16S-rRNA gene sequences. In this year's study, 13 strains were
selected based on the results of the investigation of factors related to plant growth promotion, such as
phosphorus and iron solubilizing activity, and inoculation tests were conducted on wheat. The 11
isolates were found to have a novel effect, since the existing Bacillus pumillus TUAT1 isolate was
unable to promote growth under dry conditions. In addition, the maize isolates were found to promote
growth under dry and hot conditions. The whole genome analysis was performed on the three isolates
that were particularly effective. When these three isolates were inoculated in combination, they were
found to be no more effective than inoculation alone, and the isolates were found to be sufficiently
effective on their own.

(2) Bacteria with high calcium-form phosphate solubilizing activity were selected from activated
sludge by last year and identified based on 16S-rRNA gene sequences. The dissolution of calcium-
form phosphorus suspended in liquid medium was examined over time, and soluble phosphorus in the
medium reached its peak on the third day and then decreased. This decrease was not seen in
phosphorus dissolving bacteria isolated from soil. This year, we performed whole genome analysis
and found that in addition to genes related to phosphate solubilization, genes responsible for
polyphosphate accumulation were also present. It is possible that the selected strains absorbed and

accumulated phosphorus as polyphosphate in their bodies after phosphorus dissolution.
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Characteristics of crop residues to promote carbon cultivation in soil ecosystems

Soh SUGIHARA
Professor, Tokyo University of Agriculture and Technology

Co-researcher

LYU HAN

Purpose

It is important to identify the controlling factors to improve the soil-plant C dynamics, in terms of soil
C sequestration, i.e., Carbon cultivation. We will elucidate the characteristics of crop residues that tend
to accumulate in the soil efficiently (or conversely, are highly resistant to decomposition). Indicators
such as C:N ratio, lignin content, and its ratio with N have been reported as controlling factors when
crop residues decompose/accumulate in soil. However, in Japan's unique climate and soil conditions,
such as warm and humid climate conditions, volcanic soils which has a high C fixation capacity, or
paddy fields, it has not been well documented/verified at the field level, whether the indicated crop
characteristics are really important or not, or how differed between the crop residue quality. Thus, it
is necessary to note which of the above-mentioned crop residue traits specifically affects the
decomposition characteristics of the residue in Japan. Therefore, in this research, we utilized our
laboratory's 13C-labeled residual generation technology, which is a rare technology even in Japan, and
conducted field burial experiments using the 13C-labeled residues. This study aimed to quantitatively

elucidate the extent to which crop traits influence decomposition characteristics.

Achievement of this year

We We make the 13C-labelled residue (Maize, Soy bean, etc.) ourselves and conduct the two field
incubation study in TUAT fields using (1) Andosols cropland soils, and (2) converted cropland soils
from paddy field. In both, We mixed various plant residue materials (different C/N ratio and lignin
contents) with soil, and buried it with a special pipe in an experimental field of TUAT. In the first
experiment, we found that the residual rates were not significantly different between the land
management, but root-derived C of soil was 1.2~1.4 times higher than leaf throughout the
experimental period. In the second experiment, we found crop residue quality clearly control the
accumulation pattern such as low C/N ratio and lignin contents residue rapidly accumulated in stable
fraction while high C/N ratio and lignin contents residue firstly accumulated in labiel fraction and then
move to the stable fraction steadily. These results indicate that land management and residue quality

affect the incorporation of residue-derived C into soil aggregates.
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Controlling methane emissions by using a weed suppression robot “Aigamo Robo”

in rice paddies

Chihiro KATO

Associate Professor, Faculty of Agriculture and Life Science, Hirosaki University

Purpose

Methane (CHa) is a greenhouse gas that contributes to global warming approximately 28 times more
than carbon dioxide (CO,) (IPCC IRS), and is the second most influential greenhouse gas after carbon
dioxide. Methane is produced by methanogens under anaerobic conditions, such as in paddy fields,
wetlands, and the digestive tracts of animals including livestock. In recent years, the concentration of
methane in the atmosphere has increased rapidly on a global scale, and it is currently over 1,800 ppb
(Ministry of the Environment, 2025). Japan's CHy4 emissions (in FY2022) were 29.9 million tons in
CO; equivalent, of which 82% was from agriculture, and rice cultivation accounted for 44% of the
total (Ministry of the Environment, 2023). The extension of mid-season drainage is recognized as a J-
Credit methodology for reducing CH4 emissions from rice paddies, but further reductions in methane
emissions and the establishment of methane reduction technologies that can be applied in all locations,
including areas that are not suitable for mid-season drainage, are desired.

In this study, we focused on the use of the automatic weed suppression robot “Aigamorobo”
(NEWGREEN, INC). Aigamorobo works by raising up the soil in flooded rice paddies using a screw
water jet to muddy the water and suppress weeds, and also buries seeds in the surface layer to suppress
further weed growth. The raising up of the soil provides oxygen, and it is hoped that this will lead to
the creation of oxidative conditions in the surface soil and suppress methane emissions. The objective
of this study was to investigate the effect of using the Aigamorobo on the amount of methane emissions
from rice paddies in the mountainous area of Akita City, which has a cold climate, and we examined

the differences in methane gas flux and microbial flora with and without the use of the Aigamorobo.

Achievement of this year

In this study, we set up the “control” plot where the Aigamorobo did not enter, and the “Aigamo “plot
where the Aigamorobo ran around the plot. The soil of the study field was sandy clay loam (SCL),
with a carbon content of around 4.08% and a C/N ratio of around 13.2. In the target field, the soil was
plowed on May 25, 2024, and rice was planted on May 30, and the Aigamorobo was driven from June
1 to 29. The methane gas flux emitted from the paddy field was measured four times every two weeks
from June 15 to the end of July. On the same days, soil samples were taken from the surface layer
(approx. 3 mm and 50 mm deep) in the Aigamo and control plots. After being frozen, the soil samples

were subjected to 16S rRNA v4 region amplicon sequencing analysis.
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The proportion of methanogens in the soil increased from June to July, regardless of the treatment plot
or soil depth. The increase was lowest in the surface layer of the Aigamo plot, indicating a tendency
for the growth of methanogens to be suppressed. On the other hand, there was no significant difference
in methane gas flux between the Aigamo and control plots on all four measurement days. Although
the use of the Aigamorobo did change the trend in the increase in methane-producing bacteria, there
was no significant difference in methane gas flux, and further investigation is needed to determine the
factors involved, such as the physical and chemical properties of the field soil and the water

temperature environment.
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Effects of ‘Aigamorobo®’(IGAM2; a trial product), an automatic weed suppression robot for

organic paddy fields, on weed suppression and paddy rice growth

Hidenori ASAMI
Researcher, Western Region Agricultural Research Center,

National Agriculture and Food Research Organization

Purpose

To expand organic farming in Japan, converting rice cultivation to organic methods is essential, as it
covers 40% of the total cultivated area. However, weed control poses a major challenge, consuming
about 30% of labor time (10.0 h 10a-1). Therefore, labor-saving weeding technologies are crucial.
NEWGREEN, INC. (formerly Yukimai Design Co., Ltd.) developed the “Aigamorobo®” (IGAM1),
a solar-powered autonomous weeding robot with GPS navigation. It offers a cost-effective weeding
solution for organic rice farming, reducing labor and energy consumption. In 2023, 500 robots
(IGAM1) were released, proving effective in suppressing weeds and increasing rice yields. However,
IGAM1 was designed for medium to large-scale paddy rice fields, with a coverage range of 30 to 70
a per robot. This made it less cost-effective for small fields, particularly in hilly and mountainous
regions in Japan. Therefore, NEWGREEN, INC developed IGAM2 in 2024, a smaller, more
affordable version aimed at small-scale paddy rice fields. Priced at approximately half of IGAMI,
IGAM?2 targets comparable weeding efficiency and field coverage. In this study, demonstration tests
were conducted using IGAM2 (trial product) to gather quantitative data on weed suppression and rice
yields at research center of NARO and organic rice farms in the Kinki, Chugoku, and Shikoku regions.

The purpose of this study was to evaluate the performance of IGAM?2.

Achievement of this year

Field experiments were conducted at 18 organic rice fields in Hiroshima, Okayama, Shimane, Tottori,
Kochi and Shiga prefectures, with field sizes ranging from 8§ to 120 a (average 32 a, median 21 a).
Rice cultivation management followed local farming practices. At each site, experiments were
conducted with three field types: IGAMI-operated, IGAM2-operated, and farmer-managed
conventional weed control fields (control). The robots operated for three weeks post-transplanting, up
to 10 hours per day. Additional weeding, if needed, was carried out at the farmer's decision. During
operation, the average soil deposition layer was 3.3 cm (1.1-7.4 cm) for IGAMI1 and 4.8 cm (2.0-8.9
cm) for IGAM?2, and IGAM?2 tended to generate more soil accumulation compared to [IGAM1. IGAM?2
demonstrated similar weed suppression effectiveness to IGAM1. Forty days after transplanting, the
average biomass in IGAM?2 fields was 22.22 g m™, representing a 36% reduction compared to control.

Specific weed reduction rates in IGAM?2 fields were as follows: Echinochtoa spp. (84%), Monochoria
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vaginalis var. plantaginea (23%), Cyperus microiria (64%), annual broadleaf weeds (69%), Sagittaria
trifolia (78%), and Eleocharis kuroguwai (62%). Weed suppression of paddy field weed species
including perennial weeds was confirmed. Regarding rice growth and yield, IGAM2 showed no
significant differences compared to IGAMI. Forty days after transplanting, the average rice plant
height and number of stems were 52.6 cm and 283 m-2 in IGAM2 fields, compared to 54.3 cm and
277 m* in IGAMI fields. The rice yield averaged 440 g m? for IGAM?2 and 442 g m? for IGAM1,
with no adverse effects on rice quality. These findings suggest that IGAM2 can achieve weed
suppression comparable to IGAM1 without compromising rice growth, yield, or quality. Furthermore,
by optimizing operational parameters such as operating period, frequency, and field conditions specific

to IGAM2, further performance improvements can be expected.
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Elucidation of the molecular basis of rice traits promising for organic rice cultivation and

development of cultivars using the mechanism.

Noritoshi INAGAKI
Unit Leader, Research Center for Advanced Analysis,

National Agriculture and Food Research Organization

Purpose

Farmers engaged in organic rice cultivation require a lot of effort for weed control and demand the
development of technology that can suppress weeds in a labor-saving manner. In this project, our
objective is to develop and utilize rice cultivars suitable for deep water management in paddy fields,
which is effective in weed control. Furthermore, we try to construct and characterize rice cultivars that
can enhance weed control by modifying their plant type. In this context, we focus on tiller spreading
rice because such rice effectively covers the soil surface to intercept sunlight for invading weed growth,
which is especially effective on perennial weeds difficult to control in organic rice cultivation. We will
combine tiller spreading rice with mechanical weeding using Aigamo Robo, and other effects of weed
control that do not depend on chemical pesticides, such as deep water management. This will not only
contribute to the establishment of labor-saving weed control technology, but also reduce methane gas
emissions from paddy fields which has a risk to accelerate global warming.

Tiller spreading rice simultaneously exhibits inclined and increased tiller phenotypes, effectively
covering the soil and strongly suppressing weed growth. However, current spreading rice has an
excessive number of tiller traits and is prone to lodging due to a reduction in the culm diameter. To
overcome this tendency while maintaining a substantial weed suppression ability, our aim is to develop
a technology that suppresses the number of tillers while maintaining spreading ability by elucidating
the molecular basis of the control mechanisms for the expression of spreading and multiple tiller
phenotypes. Furthermore, our objective is to develop promising rice cultivars with a spreading habit
and substantial weed suppression ability by simultaneously promoting the induction of traits that give

strong culm to impart resistance to lodging.

Achievement of this year

We have identified Prostrate growth 1 (Progl) as the main gene inducing spreading trait in our
developed rice cultivar showing spreading phenotype. Progl is a transcription factor with one C,Ho-
type zinc finger and is known to have an ethylene-responsive element binding factor-associated
amphiphilic repression (EAR) motif at its C-terminus. The EAR motifs are known to mediate
interaction with a transcriptional repressor, Topless, and it is thought that this interaction forms a

transcriptional repression complex that represses the expression of genes under Progl control. We
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further analyzed the interaction between Progl and the Topless protein using the yeast-two-hybrid
assays.

A chromosomal region unique to wild rice, called RICE PLANT ARCHITECTURE
DOMESTICATION (RPAD), which has also been shown to be involved in tiller spreading, is known
to exist near the Progl locus. Since it was suggested that the spreading rice we developed also has a
RPAD-like sequence, we aimed to analyze the sequence using a long-read sequencer (PacBio Sequel

II) in HiFi mode. We are currently annotating the sequence.
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Development of new fast-growing tree seedling and silviculture technology

that contributes to carbon negativity

Hiroto TODA
Professor, Tokyo University of Agriculture and Technology

Purpose

The genus Eucalyptus is a fast-growing tree with high biomass production efficiency and is actively
planted in the world. However, past eucalyptus plantations in Japan have failed due to differences in
site conditions, such as low winter temperatures, typhoons, and soil conditions. We will select
promising species of Eucalyptus suited to the Japanese climate and develop efficient seedling
cultivation methods and afforestation techniques. In addition, carbon accumulation in forests is not
only in trees but also in forest land (soil). Since polyphenols, which are abundant in eucalyptus, delay
the decomposition of organic matter such as nitrogen mineralization, it is expected that eucalyptus
plantations will have an effect on soil carbon accumulation in forest lands. Specifically, from seeds of
eucalyptus species that have not yet been introduced to Japan and are resistant to low temperatures
and wind damage, we will (1) establish a suitable medium and fertilization method for eucalyptus
seedlings in multi-cavity containers, (2) plant several species of eucalyptus seedlings in mountain
areas to understand the relationship between environmental conditions such as weather and soil and
growth, (3) verify planting seasons and methods for preparing the ground, weeding, and fertilization
of forest areas, (4) Selection of eucalyptus species with good growth potential and those resistant to
pests and diseases (especially those that repel Japanese deer that feed on planted trees), (5)
Development of technology to produce clonal seedlings (varieties) from cuttings of selected
eucalyptus species with even better growth potential, and (6) To clarify the effects of decomposition
of fallen leaves and roots and their effects on soil carbon accumulation. Through the above studies,
we will understand the annual carbon accumulation effect of eucalyptus plantations, including forest
lands, and present basic data to simulate the contribution to carbon negativity by forestry that utilizes

woody resources with a significantly shorter harvest rotation compared to the conventional method.

Achievement of this year

Continuing from the previous year, we observed the growth of a eucalyptus planting trial site (planted
in spring 2023) at the TUAT Field Museum (FM) Karasawayama in Sano City, Tochigi Prefecture. In
April 2024, eight new eucalyptus species were planted in a clear-cut area of FM Karasawayama's
secondary deciduous broadleaf forest to investigate the effects of soil physicochemical properties on
initial growth and establishment. Based on these studies, we found five promising species that are also

suited to Japan's climate, and their tree height growth in December 2024 was more than five times that
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of cedar and cypress. We investigated the infection of one promising species with Arbuscular
mycorrhizal fungi and ectomycorrhizal fungi and found that the symbiotic relationship is effective in
Japanese forest soils, especially that ectomycorrhizal fungi respond significantly to soil volumetric
moisture content. The results suggest that the moisture required for transpiration during vigorous
photosynthesis is plentiful in the Japanese climate and soil, and is also supplemented by
ectomycorrhizal fungi. Test plantings on sites with varying degrees of openness, such as strong row
thinning in addition to clearcut sites, showed that a brightness of at least 30% canopy openness is
necessary for eucalyptus growth. In addition, several species of eucalypts that are less susceptible to
deer feeding damage were identified in planting test sites with high deer density, such as FM Tsukui.
Pot experiments with three promising eucalyptus species confirmed that transpiration during the
growing season is 5 to 10 times higher in eucalyptus than in the native evergreen broadleaf shirakashi
(Quercus myrsinifolia) and photosynthesis is more active, which is due to higher stomatal conductance.
High allelopathic activity was found in water-soluble components of Eucalyptus leaves. It was
confirmed that the difference in allelopathic activity among Eucalyptus species was due to the amount

and composition of polyphenols abundant in the leaves.
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Development of new selection method of fast-growing trees by growth and wood property

Satoshi NAKABA
Professor, Tokyo University of Agriculture and Technology

Purpose

For carbon cycle by the carbon cultivation, it is necessary to increase CO> fixation by agriculture and
forestry. Our group develop sustainable carbon cultivation technology using fast-growing trees with
high CO?2 fixation capacity to increase amount of CO; fixed in forests. For establishment of facilitation
model for carbon cultivation of woody biomass, it is important to maximization of amount and
duration of carbon fixation of fast-growing forestry. To achieve this, it is essential not only to grow
trees with high growth potential and cycle them in a single harvesting period, but also to expand into
the use of materials, an application with a longer carbon fixation period than energy use. In addition,
in order to obtain trees with desirable characteristics, it is necessary to develop a suitable tree selection
method to maximize the negative emission effect, which is carried out by selecting suitable trees from
the trees obtained through seedling cultivation and afforestation. In the present research project, in
order to maximize carbon fixation in wood by selecting trees with high biomass production capacity
based on growth characteristic analysis, and to maximize the period of carbon fixation in wood by
considering selection items according to the purpose of use in order to select trees suitable for material
use based on material characteristic analysis. Our goal is development of a new suitable tree selection

method to maximize the negative emission effect by combining these characteristics analyses.

Achievement of this year

We analyzed growth characteristics of three Eucalyptus species (Ben, Fas, and Nit) that were planted
at FM Karasawayama of Tokyo University of Agriculture and Technology, at the end of April 2023.
Ten individual trees in each species were used for time course measurement of height and stem
diameter. In addition, five individual trees were extracted at November 2023. The cell wall thickness
of wood fibers was determined by image analysis of micrographs taken in three regions from the
cambial side to the pith side. In addition, the microfibril angle (MFA) was measured at one location
per individual by X-ray diffraction. There were no statistically significant differences in the amount
of elongation growth between species, but the amount of radial growth differed significantly between
species. In both cases, Ben had the largest mean value and Fas the smallest. Focusing on time-course
changes in growth rate, elongation growth of all species became very slow from October to the winter
season and became active again from April onwards. On the other hand, in the case of radial growth,
with the exception of Ben, the seasonal variation was not as pronounced as that of elongation growth.

The cell wall thickness of the wood fibers showed no tendency to vary in the radial direction within
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the same annual ring. The MFA did not differ significantly between species. These results indicate that
although there are differences in the amount of growth among species, there is no radial variation trend
in the cell wall thickness of wood fibers, and there are no significant differences in MFA between
species. The trees will be sampled at the end of April 2025, the second year after planting, and the
measurement methods and conditions studied this year will be applied to select suitable trees to

maximize carbon fixation and carbon sequestration.
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Development of novel woody plants with superior characterization for lignocellulose utilization

Shinya KAJITA
Professor, Tokyo University of Agriculture and Technology

Co-researcher

Masatsugu TAKADA, Naoki TAKATA

Purpose

Unlike annual herbaceous plants, which have a single-year generation cycle, perennial woody plants
have an excellent ability to stably store carbon dioxide fixed through photosynthesis. In addition, the
solid density in woody plants is much higher than that of grass monocots, which grow quickly but
have many voids, and the moisture content of aged wood (wood), which is the main solid content, is
relatively low. There is a low risk of deterioration due to rot after harvest. These properties of woody
biomass are advantageous for long-term storage after harvesting and long-distance transportation, and
are properties suitable for use as raw materials for various industries.

On the other hand, since wood contains 20 to 30% of its weight in lignin, an aromatic polymer, it is
generally more durable and harder in shape than other biomass such as rice straw, and is difficult to
handle due to physical and chemical treatments. For efficiently recovery of polysaccharides from
wood, which are the main raw materials for the production of liquid fuels through fermentation and
for the production of chemical substitutes such as fibers, it is usually necessary to separate
polysaccharides and lignin under high temperature and pressure. In order to realize a carbon-negative
society, in addition to creating herbaceous and woody plants that grow fast and increasing the
production of plant biomass itself, it is also necessary to reduce greenhouse gases emitted during
biomass processing. Furthermore, it is possible to improve the efficiency of processing from both the
methods used for processing and the raw materials to be processed. Under the background described
above, we are conducting research and development with the aim of contributing to improving the

processability of biomass by modifying the molecular structure of lignin contained in wood biomass.

Achievement of this year

This fiscal year, we introduced mutations into the gene for cinnamyl alcohol dehydrogenase (CAD),
which is involved in the final step of monolignol biosynthesis in poplar, using genome editing
technology. In our previous study, three transgenic poplar plants in which have indel mutations in
either allele 1 or allele 2 of the CAD gene has been generated. One of these plants has a deletion of 13
nucleotides in the allele 2. We attempted to introduce further mutations using base editor on the normal

allele 1 of this line. Vector for genome editing that recognizes the NG or NGG sequence on the CAD
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gene as PAMs have been constructed and they have used for generation further transgenic plants with
the mutation in the allele 2. DNA was individually prepared from several hundred calluses obtained
by the transformation procedure and a part of the CAD gene was amplified by PCR using the resultant
DNA:s, followed by sequence analysis using the Sanger method. As a result of our analysis, several
base substitution mutants were obtained. After further cultivation of regenerate shoots, DNA
sequencing analysis was also performed using some of the leaves from the callus. DNAs prepared

from some shoots contain a single missense mutation.
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Development of Basic Technologies to Enhance Carbon Fixation and Bioproduction Functions

of Marine Microalgae

Tsuyoshi TANAKA
Distinguished Professor, Tokyo University of Agriculture and Technology

Co-researcher

Atsushi ARAKAKI, Tomoko YOSHINO, Akito ISHIKAWA, Satoshi MURATA

Purpose

This research aims to contribute to the establishment of a recycling-oriented society through carbon
fixation and biomass utilization with marine microalgae.

Marine microalgae are responsible for about 50% of primary production on the earth and show high
CO2 fixation capacity than higher plants on land (approximately 10 times higher in terms of unit area).
Furthermore, they can convert atmospheric CO2 into a variety of substances and are expected to be
used as hosts to produce oil and other valuable resources. Despite the high potential of microalgae,
large-scale cultivation has yet to be realized using a wide range of marine areas. In addition, most
conventional research has been conducted using model microalgal strains, while studies on the use of
practical non-model microalgae have been limited. Furthermore, Japan has diverse environments, and
thus there is a need to select microalgal strain that grow predominantly in these environments, and to
establish their cultivation technologies.

This research group has investigated the cultivation of marine microalgae using large outdoor ponds
and developed basic technologies for biomass production as well as valuable compound production.
In addition, the group has obtained several candidate microalgal strains with superior carbon fixation
capacity. In this study, we will select candidate strains that are available for biomass production and
production of useful substances on a pilot scale. To maximize the material production potential of the
microalgae, we will establish molecular engineering techniques and attempt to improve the biomass
production potential. In addition, we aim to improve biomass productivity by constructing scale-up
cultivation systems for each strain and optimizing culture conditions according to the cultivation site.

The goal is to achieve carbon sequestration of 50 t/ha/year or more.

Achievement of this year

We conducted genome analysis of a marine green alga with high CO: fixation and biomass production
capabilities. As a result, we obtained a draft genome consisting of approximately 910 Mbp total base
length and 2,606 contigs (with a BUSCO Complete score of approximately 99%). Among the 54,974

predicted genes, 29,573 genes (53.8%) were functionally annotated. This strain is known to contain
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high levels of glycosylceramide, which is used as a raw material for functional foods and cosmetics.
For the first time in microalgae, we identified candidate genes involved in glycosylceramide synthesis.
Next, we established a transformation method for a high oil-producing strain using electroporation.
We confirmed that utilizing the promoter sequence of an endogenous gene as a promoter for the
antibiotic resistance gene improved transformation efficiency. Additionally, we verified that the
introduced gene was retained in the cells even after 6 months of subculturing. This strain produces
precursor substances for conjugated fatty acids, which are expected to be used in functional foods. In
the future, we plan to construct high-producing strains by introducing isomerase genes into this strain.
In microalgae cultivation, the dissolution efficiency of atmospheric CO- into water is an important
technical challenge. To address this issue, we investigated the potential application of mineral
materials that promote CO: dissolution in microalgae cultivation. In last year's research, we confirmed
a significant growth-promoting effect by adding the materials to the culture medium of eukaryotic
microalgae. This year, we expanded our research target and conducted similar verification on
cyanobacteria, which are prokaryotic microalgae. As a result, a growth-promoting effect of
approximately 1.3 times was observed, demonstrating that this material can be applied to the
cultivation of various microalgae that are systematically different. Furthermore, since equivalent
growth-promoting effects were confirmed in freshwater cyanobacteria, it was suggested that the effect
of this material does not depend on the salt concentration of the medium and can be used under a wide

range of cultivation conditions.
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Tracking the marine carbon cycle for the formation of carbon cultivation centers.

Takashi TOYOFUKU
Senior Researcher, Super-cutting-edge Grand and Advanced Research (SUGAR) Program,
Institute for Extra-cutting-edge Science and Technology Avant-garde Research (X-star),

Japan Agency for Marine-Earth Science and Technology

Co-researcher

Naohiko OHKOUCHI, Yuki IWADATE, Yukiko NAGAI, Jun KAWANO

Purpose

The ocean plays a critical role as a reservoir in the global carbon cycle, which is significantly impacted
by human activities. It absorbs approximately 2.5 billion tons of carbon dioxide annually, accounting
for about one-third of anthropogenic CO: emissions. Within the ocean, absorbed carbon is transformed
into organic matter through biological photosynthesis and further sequestered in the form of calcium
carbonate deposits by calcifying organisms, contributing to long-term carbon storage. Understanding
the carbon cycle in marine environments is thus crucial for advancing carbon farming management
strategies.

This study aims to elucidate the dynamics of the oceanic carbon cycle through two main approaches.
The first approach involves compound-specific isotope analysis of organic matter. Biological
processes leave characteristic isotopic signatures when carbon and nitrogen are utilized, enabling
detailed tracing of elemental pathways in the marine environment. The second approach focuses on
the behavior of carbon dioxide in seawater, where dissolved CO- reacts with water to form hydrogen
ions, bicarbonate, and carbonate ions in a pH-dependent manner. Precise measurements of seawater
pH are therefore essential to infer the speciation of carbon dioxide. At JAMSTEC, we employ high-
resolution pH imaging techniques at the microscopic level to visualize local pH variations, allowing
us to investigate biological processes and the forms of carbon dioxide at the submicron scale. By
establishing and applying these methodologies, we aim to build a framework for quantitatively

evaluating the efficiency of carbon fixation in the ocean and its broader biogeochemical impacts.

Achievement of this year

We advanced the development of a framework for high-precision tracing of carbon and nitrogen
dynamics, in order to establish compound-specific isotope analysis methods for organic matter. In
particular, we focused on the biogeochemical cycling of nitrogen, a bio-essential element closely
linked to carbon, and organized the diverse applications of this research, including the evaluation of

food webs, the utilization of nitrogen resources, the tracking of fish migration patterns, and the
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reconstruction of ancient dietary habits (Sun et al., 2024). These findings offer new insights into the
analysis of biomass quantity and dynamics in the context of carbon farming management.

Additionally, we reported observations on the ecology and calcification rates of benthic foraminifera,
providing quantitative data on their shell formation processes (Nagai et al., 2024). Furthermore, we
reviewed methodologies for visualizing local pH and ionic concentration changes associated with the
dissolution and formation of pH-dependent mineral crystals, including calcium carbonate, and
compiled a summary that contributes to the understanding of biogenic calcification processes at the
submicron scale (Kawano & Toyofuku, 2025). Collectively, these achievements lay an important
foundation for the quantitative evaluation of carbon fixation efficiency in the ocean and its impact on

biogeochemical processes.
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Integrated research on increasing carbon sequestration from seagrass-derived organic matter

Yu UMEZAWA
Professor, Tokyo University of Agriculture and Technology
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Kazuhiko NARISAWA, Yasuyuki MATSUSHITA, Hiroyuki KASAHARA, Hiroshi TSUGAWA

Purpose

Blue carbon, which means "carbon absorbed and fixed in the ocean by marine organisms," is a "carbon
sink in natural ecosystem" that has not yet been fully understood and utilized compared to "Green
carbon," which is represented by forests. The seagrass zone, a typical "Blue carbon," greatly decreased
in area during the 1960s and 1970s, when shallow water areas were reclaimed in conjunction with the
expansion of urban and industrial areas and has been declining due to eutrophication and the increase
in giant typhoons. Although seagrass bed restoration projects have been conducted in various parts of
Japan under the leadership of NPO/NGOs and government ministries and agencies, simple planting in
shallow water areas where the environment has deteriorated is not expected to substantially increase
seagrass beds. In this study, we will utilize the knowledge and techniques accumulated in previous
research on vascular plants and trees to promote the increase of CO, storage in seagrass beds in shallow
water areas from the following three perspectives. First, to increase CO- absorption by seagrasses, we
aim to produce seedlings with a well-developed rhizome and roots, fast growth, and high resistance to
disturbance, as well as to create seagrass beds, including those in deeper water zones. In particular, as
an additional topic, the conservation and restoration of seagrass beds in subtropical waters, which are
deteriorating due to feeding damage by sea turtles, will also be taken into consideration. Second, we
aim to understand the environmental conditions that increase the amounts of repellent substances,
structural substances, and the percentage of rhizomes in seagrass, and to accumulate knowledge on
the creation of seaweed beds where the amount of decomposition of organic matter derived from the
produced seagrass is suppressed. Third, to reduce the flux of organic matter produced in the ocean
back to CO2 through decomposition, we will identify through trial experiments measures to effectively
utilize seagrass leaves as "unused marine resources" for energy, fertilizer, food, and feed. Each of these
three research axes will be pursued to create a system that increases seagrass bed-derived carbon

sequestration.
Achievement of this year

[1. Evaluation of subtropical seagrasses as a buffer vegetation zone]

* In culture experiments at outdoor aquariums using Thalassia hemprichii, a major species of seagrass
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in subtropical waters, it was found that the seagrass ecosystem (including epiphytic algae) takes up
excessive terrestrial nitrogen and phosphorus both during day and night, while continuously releasing
low concentrations of nutrients through mineralization in sediments. We also showed that in seagrass
sediments, dissolution of carbonate sediments produces seawater with higher alkalinity, which
contributes to the enhancement of calcification by the adjacent coral reef community.

[2. Research on the recovery of seagrass from sea turtle predation damage. ]

+ When seagrass (Thalassia hemprichii) leaves were excised to mimic predation by sea turtles, no
significant differences in growth in response to nutrient supplies were observed during the initial
weeks. However, once the seagrass recovered to the point where they were able to take up nutrients
from the leaves, they showed significantly higher growth with increased photosynthetic pigments in
areas with higher nutrient loadings. Nutrient loads from terrestrial sources also play an important role
in recovery from predation by sea turtles.

[3. Conservation of temperate seagrass beds from climate change]

+ Physiological adaptation mechanisms of eelgrass (Zostera marina) in relatively deeper waters were
investigated as a conservation measure against the degradation of seagrasses due to high water
temperature and strong photoinhibition in shallow waters. Z. marina inhabiting deeper water increased
photosynthetic pigment content, suggesting adaptation to a light environment with attenuated light
levels. Furthermore, the search for secondary metabolites revealed the accumulation of multiple
flavonoid compounds in Z. marina inhabiting deeper water and the accumulation of sugars such as
sucrose, which contribute to growth in those in shallow water. If the increase in metabolites with
antioxidant and antimicrobial properties has the effect of decreasing microbial decomposition rate of
seagrasses, it was suggested that seagrass bed development in deeper habitats may compensate for the

disadvantages of lower growth rates with the effect of higher CO» sequestration properties.
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Elucidating the growth regulation mechanism in marine angiosperms by plant hormones and

its application

Hiroyuki KASAHARA
Professor, Tokyo University of Agriculture and Technology

Purpose

Seagrass beds formed by marine angiosperms play a crucial role in carbon dioxide fixation. However,
these seagrass beds have decreased due to land reclamation in coastal areas and various other factors,
and their restoration has remained a major challenge for many years. On the other hand, there has been
little research on the restoration based on the clarification of growth and environmental adaptation
mechanisms of marine angiosperms from the perspectives of plant physiology. By understanding the
growth and environmental adaptation mechanisms of marine angiosperms, it is expected that we can
develop mass propagation and transplantation techniques aimed at the restoration of seagrass beds.
The growth and environmental adaptation of terrestrial plants are regulated by plant hormones.
Recently, the genome sequence of Zostera marina, a representative marine angiosperm, has been
analyzed, revealing the presence of genes associated with the biosynthesis, inactivation, receptors,
transcription factors, and transporters of various plant hormones. This suggests that marine
angiosperms, which evolved from seed plants, are similarly regulated by plant hormones. In this study,
we aim to elucidate the growth and environmental adaptation mechanisms of marine angiosperms by
plant hormones, using Zostera marina and Zostera japonica as model plants. Furthermore, we aim to
establish propagation techniques for marine angiosperms, ultimately contributing to the restoration of

seagrass beds.

Achievement of this year

To elucidate the growth promotion mechanism of the roots in marine angiosperms, we performed a
comprehensive analysis of plant hormones in Zostera marina and Zostera japonica. Plant materials of
Zostera marina and Zostera japonica collected in Futtsu Bay were divided into leaf, root, rhizome, and
immature seed tissues, and the plant hormones contained in these tissues were analyzed using mass
spectrometry. The results revealed that various plant hormones synthesized by terrestrial plants were
detected in both Zostera species. Additionally, differences in the concentration of plant hormones were
observed depending on the plant tissue. Furthermore, it was found that cytokinin, a plant hormone that
plays a crucial role in cell proliferation, accumulated at high concentrations in the roots of both Zostera
species.

When examining the effect of nitrogen source treatment on the tillering of Zostera japonica rhizomes,

it was revealed that the number of branches increased with the nitrogen source treatment. Quantitative
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analysis of plant hormones further showed that cytokinin levels also increased in the rhizomes with
the nitrogen treatment. These results suggest that, similar to terrestrial plants, marine angiosperms
synthesize various plant hormones, and that cytokinin plays an important role in regulating root

tillering.
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Molecular characterization of the MoxR AAA+ ATPase of Synechococcus sp. Strain NKBG15041c
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Molecular characterization of the MoxR AAA+ ATPase of Synechococcus sp. strain
NKBG15041¢

Akiyo YAMADA

Associate Professor, Tokyo University of Agriculture and Technology

Co-researcher

Masafumi YOHDA

Purpose

We focused on BAW97512 as one of the stress-resistance-related genes in the genome of the highly
proliferative marine cyanobacterium, Synechococcus sp. NKBG15041c. The protein encoded by this
gene has been confirmed to have high homology with MoxR family ATPase. MoxR family ATPase is
a type of AAA+ (ATPases Associated with diverse cellular Activities) protein found in a wide variety
of bacteria and archaea. However, its function has only been suggested to have chaperone-like activity.
This year, we primarily focused on the MoxR family ATPase of this strain, aiming to elucidate its

function and structure to gain new insights into its impact on stress resistance.

Achievement of this year

Stress-tolerance-related gene from a genome library of Synechococcus sp. NKBG15041c was isolated.
The expression of the gene in E. coli confers resistance against various stresses. The gene encodes a
MoxR AAA+ ATPase, which was designated SyMRP since it belongs to the MRP subfamily. The
recombinant SyMRP showed weak ATPase activity and protected citrate synthase from thermal
aggregation. Interestingly, the chaperone activity of SyMRP is ATP-dependent. SyMRP exists as a
stable hexamer, and ATP-dependent conformation changes were not detected via analytical
ultracentrifugation (AUC) or small-angle X-ray scattering (SAXS). Although the hexameric structure
predicted by AlphaFold 3 was the canonical flat-ring structure, the structures observed by atomic force
microscopy and transmission electron microscopy were not the canonical ring structure. In addition,
the experimental SAXS profiles did not show a peak that should exist in the symmetric-ring structure.
Therefore, SYMRP seems to form a hexameric structure different from the canonical hexameric
structure of AAA+ ATPase. SYyMRP may play an important role in the stress resistance in
Synechococcus sp. NKBG15041c
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Studies on the use of microalgae in the diet of the Malabar grouper, Epinephelus malabaricus:

Effects on fish body composition

Akihiro TAKEMURA
Professor, University of the Ryukyus

Co-researcher

Taekyoung SEONG, Yafan ZHU, Yusake KISHIMOTO

Purpose

In recent years, with the advancement of sustainable aquaculture technology, the use of microalgae as
an alternative ingredient to traditional fishmeal-based feed has gained attention. Microalgae not only
possess high nutritional value but also contain omega-3 fatty acids, particularly eicosapentaenoic acid
(EPA), which may have beneficial effects on fish growth and health. This study aims to evaluate the
effectiveness of adding EPA-producing microalgae from the Tokyo University of Agriculture and
Technology’s microalgae library to the diet of Malabar grouper (Epinephelus malabaricus). In this
year, we examined the following two aspects:

(1) The impact of microalgae-supplemented feed on the growth of Malabar grouper.

(2) The accumulation of microalgae-derived fatty acids (particularly EPA) in the fish body.

Achievement of this year

This study conducted a two-week short-term feeding trial to evaluate the effects of adding microalgae
cultured at Tokyo University of Agriculture and Technology to the diet of Malabar grouper
(Epinephelus malabaricus) on fish body composition, muscle fatty acid profile, and growth. The
microalgae used in the experiment had a fatty acid profile of C14:0 (4.7%), C16:0 (28.6%), C16:1
(50.8%), C18:1 (4.2%), and EPA (C20:5) (8.3%). Given its EPA content, potential physiological
effects were anticipated. The experimental setup consisted of two groups: a control group fed a basic
diet and an MA feed group supplemented with 0.8% microalgae. Each group contained 12 fish housed
in a 65L closed recirculating system. At the start of the trial, the average fish weight was approximately
64.6 + 0.2g, and the feeding rate was set at 2% of body weight. After the two-week feeding trial, there
were no significant differences between the groups in key growth indicators such as survival rate and
weight gain. Therefore, no immediate growth-promoting effects from microalgae supplementation
were observed under short-term feeding conditions. However, to determine how specific fatty acids,
including EPA, from the microalgae accumulate in fish body and muscle, an additional experiment
will be conducted at Tokyo University of Marine Science and Technology in late March 2025 to

analyze the fatty acid composition.
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1. A cellulose-binding domain specific for native crystalline cellulose in lytic polysaccharide
monooxygenase from the brown-rot fungus Gloeophyllum trabeum. Yuka Kojima , Naoki Sunagawa,
Satomi Tagawa, Tomohiro Hatano, Moeri Aoki, Tatsuki Kurei, Yoshiki Horikawa, Masahisa Wada,
Ryo Funada, Kiyohiko Igarashi, Makoto Yoshida*. Carbohydrate Polymers (2025) 347: 122651

2. Micromorphological features of brown rotted wood revealed by broad argon ion beam milling.
Rikako Tsukida, Tomohiro Hatano, Yuka Kojima, Satoshi Nakaba, Yoshiki Horikawa, Ryo Funada,
Barry Goodell, Makoto Yoshida*. Scientific Reports (2024) 14:32003
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Development of biomass conversion technology using plant cell wall-degrading mechanisms

in microorganisms

Makoto YOSHIDA
Professor, Tokyo University of Agriculture and Technology

Co-researcher

Yuka KOJIMA, Rikako TSUKIDA

Purpose

Plant biomass has tremendous potential as an alternative to fossil resources due to its large abundance.
Plant biomass has long been used as wood and paper pulp. In addition, recent years have seen a great
deal of interest in the use of plant biomass as biofuels and bio-based polymers. However, in order to
utilize biomass for such applications, the development of an efficient system to convert its cell walls
into the chemicals is an urgent issue.

In nature, plants are decomposed by various microorganisms. In particular, fungi are known to be the
major species that degrade cell walls, which represent about 90% of the dry weight of plant bodies.
This implies that plant-saprophytic fungi have an efficient mechanism to degrade plant cell walls. The
study aims to develop a highly efficient biomass conversion technology using the degradation
mechanism of plant cell wall components in those fungi. Specifically, we aim to isolate cellulolytic,
hemicellulolytic, and ligninolytic enzymes produced by plant-rsaprophytic fungi, clarify their
functions, and develop an efficient saccharification system by appropriately combining these enzymes.
Furthermore, we aim to develop a technology for the modification of plant cell wall components such

as cellulose using these enzymes by taking advantage of their high specificity in acting on substrates.

Achievement of this year

Wood rotting fungi have been well known as the only species of microorganisms that can completely
decompose wood alone. Wood rotting fungi are broadly classified into white-rot fungi and brown-rot
fungi based on the characteristics of their decayed wood. In particular, since brown-rot fungi are
known to be extremely efficient degraders of plant cell wall polysaccharides such as cellulose and
hemicellulose in wood, we considered the fungi to be the major target in this research because they
could be a useful tools for the saccharification process.

Time-resolved monitoring of the degradation of wood cell walls by wood-decay fungi is critical for
understanding and ultimately controlling the degradation process. However, most previous studies
have primarily focused on chemical alterations in cell wall components, while morphological

changes—equally important for elucidating the degradation behavior—have received considerably
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less attention. As a result, the development of techniques for visualizing such structural changes has
lagged behind. In particular, microscopic observation techniques such as electron microscopy are
essential for monitoring the decay process. However, during decay, wood rapidly loses mechanical
strength, making it extremely difficult to prepare samples that can withstand electron microscopy (as
the preparation process may damage or alter the morphological features). To overcome this challenge,
in this study, we successfully applied Scanning Electron Microscopy (SEM) using Broad lon Beam
(BIB) milling for the first time in the world to observe decayed wood. This enabled the development
of a monitoring technique capable of visualizing morphological features of decayed wood that had
previously been unobservable (Scientific Reports (2024) 14:32003).

Furthermore, we discovered that CBM 104, a novel cellulose-binding domain derived from brown-rot
fungi and recently identified in our laboratory, potentially recognizes a crystalline face of cellulose
that differs from those recognized by known cellulose-binding domains (Carbohydrate Polymers
(2025) 347: 122651) . We also successfully engineered various proteins fused with CBM104 using
genetic engineering techniques, thereby developing a technology that enables strong adsorption and

localization of functional proteins on the cellulose surface.
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Kurei T., Miyabayashi M., Kozono T., Horikawa Y. (2024) Alcoholysis-induced changes in cell wall
surfaces: Structural insights for the effective delignification of lignocellulosic biomass. International
Journal of Biological Macromolecules, 280, 135496
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Visualization of the relationship between structure and mechanical characteristics

using colorless wood

Yoshiki HORIKAWA
Professor, Tokyo University of Agriculture and Technology

Purpose

Cellulose is the most abundant organic compound on earth as well as a major component of wood.
Like starch, a storage polysaccharide, it has glucose as its monomer, but it is a structural
polysaccharide polymerized by PB(1—4) bonds, forming a crystal structure in which cellulose
molecules are packed by hydrogen bonds and hydrophobic interactions. As a result, it has excellent
physical properties as a solid. We, human beings, are using this biomass resource not only for
conventional paper products, but also for next-generation nanofibers, which are even finer fibers, and
their unpredictable functionality is driving research and development. However, once dispersed,
whether pulp or nanofibers, it is extremely difficult to control their structure, and it is almost
impossible with modern technology to orient cellulose fibers, for example. On the other hand, if we
look at a tree, cell walls are formed by overlapping sheets of oriented cellulose fibers, and these cells
are lined up in an orderly manner to form a tissue structure that produces wood. This wood supports
the huge body of the tree and, depending on the species, guarantees a life span of more than 1,000
years. In other words, in order to utilize the higher-order structure of cellulose materials to extract
further physical properties, we thought that a top-down approach, rather than a bottom-up approach,
would be the shortest distance to solving the problem. Therefore, in this study, we established a wood
preparation technique consisting of a single component while maintaining the hierarchical structure
by incorporating our original pretreatment technology, and aimed to understand the mechanical
properties of the wood. In addition to cedar, a softwood for which the preparation method has already
been established, we also worked on compression evaluation of several hardwoods that were achieved

in the previous year.

Achievement of this year

Cubical blocks (10 mm on each side) of softwoods Japanese cedar and Red pine and hardwoods Fagus
(diffuse-porous), Paulownia (semi-ring-porous), and Zelkova (ring-porous) were used as specimens,
and compression tests of untreated and colorless wood were conducted in the fiber direction. The
behavior of the stress-strain curve (SS curve) obtained from the compression test of the untreated
material showed a gradual decrease in stress after reaching the yield point. After the yield point, kink
bands occurred in the center of the blocks. On the other hand, the colorless wood showed a quite

different pattern. However, because comparisons based on primary data can only be discussed

124



qualitatively, the SS curve data were subjected to principal component analysis to produce score plots.
In the case of softwoods, the stresses drastically decreased from the maximum value to less than half
of the maximum value after passing the yield point. Fagus and Paulownia, which are located in the
positive direction of the second principal component axis, also showed a similar reduction in stress as
the softwood, but the reduction was only about half of the maximum stress. Unlike the other species,
the stress of Zelkova, which is the most positively position of the first principal component among the
colorless wood, continued to decrease slightly or increase slowly even after the yield point was passed.
Based on these results, we succeeded in visualizing the relationship between structural information
and mechanical properties without the influence of chemical components by using colorless wood
samples. Furthermore, it was clarified that wood species characteristics do indeed exist, especially the

mechanical property of colorless wood from Zelkova showed similar to that of untreated wood.
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Development of lightweight and high-strength multilayer paperboard

with low environmental impact

Ryota KOSE

Associate Professor, Tokyo University of Agriculture and Technology

Purpose

Paper and paperboard are prime examples of carbon cultivation materials utilizing plant-derived
natural polymers, with a global production of 400 million tonnes and 22 million tonnes domestically.
While demand for printing paper has declined due to digitalization, the growth of e-commerce has
increased the need for paperboard, such as corrugated board. Moreover, unlike petroleum-based
plastics, which contribute to marine pollution due to poor biodegradability, paperboard primarily
consists of cellulose and retains its molecular structure even in product form. This composition lowers
its environmental impact, particularly in marine settings.

Given its large production scale, compatibility with carbon cultivation principles, and reduced marine
pollution risk, paperboard is seen as a promising material for sustainable development. This study
explores the potential of paperboard as a lightweight and high-strength material for structural materials
such as electronic equipment housings.

To maintain the material’s environmental benefits, no chemical additives are used, and the cellulose’s
molecular structure is preserved. Previous research successfully produced multilayer paperboard with
bending stiffness exceeding that of 2 mm thick aluminum. Furthermore, improvements in
manufacturing techniques suggested the potential for reducing weight while maintaining stiffness.
This year’s focus is on further light-weighting the multilayer paperboard while achieving mechanical
performance equivalent to or better than a 3 mm thick polypropylene (PP) board. To achieve this, a
layered structure was designed in which the outer layers are denser, using cellulose nanofibers (CNF),
while the inner layers have lower density, using bleached kraft pulp from softwood (NBKP) and
hardwood (LBKP). This approach aims to optimize the strength-to-weight ratio by leveraging the

material properties of each layer.

Achievement of this year

To produce multilayer paperboard with density gradients through its thickness, softwood bleached
kraft pulp (NBKP) and hardwood bleached kraft pulp (LBKP) were used for low-density layers, and
cellulose nanofibres (CNF) for high-density layers. Single-layer sheets of each material were first
prepared, trimmed into test specimens, and evaluated for size, mass, and bending performance.

From the measured values, optimal basis weights (g/m?) were calculated for each layer. A three-layer

structure was designed with LBKP as the inner layer and CNF as the outer layers. The fabricated
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multilayer paperboard was tested and its mechanical performance compared to a 3 mm-thick
polypropylene (PP) board.

Results showed that LBKP density slightly decreased with increasing basis weight, while NBKP
density decreased more clearly. The bending modulus of LBKP increased with basis weight, and
NBKP showed reduced variability. The thickness of both sheets was highly proportional to basis
weight, with R? values exceeding 0.99. Interestingly, CNF sheets with a basis weight of 400 g/m?
exhibited higher density and bending modulus than those at 700 g/m?.

Based on these findings, the optimal sheet combination and arrangement were determined to match
the bending stiffness of a 3 mm-thick PP board. The resulting multilayer paperboard achieved
equivalent stiffness while being 19% lighter, indicating its potential as a sustainable, high-performance

alternative to petroleum-based materials.
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Development of total utilization technologies of non-edible biomass based on lignin utilization

Akihiro YOSHIDA

Associate Professor, Hirosaki University

Co-researcher

Tomonori SONOKI, Yudai HIGUCHI

Purpose

In recent years, biomass utilization has attracted attention as an alternative to fossil resources in the
pursuit of carbon neutrality and the development of a sustainable society. To achieve these goals, it is
essential to expand the use of biomass resources, such as underutilized biomass including non-edible
parts of food crops. In Japan, since arable land is limited, cultivating new biomass crops for energy
and materials is hard to realize. Similarly, in ASEAN countries, where rapid population growth is
occurring, food production is prioritized. Given this situation, the utilization of non-edible parts of
crops in these regions would have a particularly significant impact. Moreover, in Japan, rice straw and
husks are generated as by-products during the production of rice, the country’s staple food. Although
a portion of these residues is used for livestock feed or compost, most of the rice straw is plowed back
into the soil. This plowed-in rice straw becomes a significant source of methane emissions, accounting
for 42% of the total agricultural methane emissions in Japan. This is one of the reasons why the
effective utilization of agricultural biomass waste should be promoted.

From these perspectives, our group focused this fiscal year on the effective utilization of rice
cultivation waste. Both rice straw and rice husks, which are by-products of rice farming, are
lignocellulosic biomass primarily composed of cellulose, hemicellulose, and lignin. A distinctive
feature of these materials, compared to other types of biomass, is their high silica content. Among
these components, lignin poses the greatest technical challenge for effective utilization. Therefore, we
centered our efforts on the utilization of lignin, while also working on the recovery of cellulose and

silica as the remaining components.

Achievement of this year

I: Catalytic oxidative lignin depolymerization combined with cellulose and silica recovery

In this fiscal year, we examined the following two approaches:

i) Separation of rice husk cellulose by solubilization followed by catalytic depolymerization of the
remaining lignin

it) Utilization of rice husk lignin by catalytic oxidation followed by recovery of remaining cellulose
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Initially, we examined approach (i), which involved solubilizing cellulose through acetylation.
Although cellulose was efficiently recovered, the utilization of lignin was not achieved, as the
acetylation process altered its reactivity. Consequently, we proceeded to examine approach (ii). As a
first step, lignin in rice husks was directly oxidized using a copper catalyst in the presence of oxygen.
It was found that the cellulose recovery rate and the yield of aromatic phenols produced by lignin
oxidation had a trade-off relationship. At optimized conditions, 15% of aromatic phenols and 90% of
cellulose recovery were achieved. Conjunction of silica recovery process for approach (ii) was also

investigated, and it was found that the addition of material X enables the recovery of high-purity silica.

II: Bioproduction of platform chemicals from lignin-derived aromatics.

An engineered Pseudomonas sp. NGC7-based cis,cis-muconate (ccMA)-producing strain capable of
producing ccMA from a variety of aromatics in the lignin stream derived from rice husk lignin was
constructed. The genes for protocatechuate dioxygenase and ccMA cycloisomerase were deleted, the
ones for protocatechate decarboxylation, acetophenone-derivatives conversion were introduced, and
the expression of the genes for 4-hydroxybenzoate hydroxylase and vanillate O-demethylase were
improved. The resulting ccMA-producing strain demonstrated ccMA production from the lignin
stream with theoretical yield. Further tunings in gene expression and culture condition for efficient

ccMA production will be investigated.
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Development of a (45)-3-carboxymuconolactone-producing strain

using Sphingobium lignivorans SYK-6 as a platform

Eiji MASAI

Professor, Nagaoka University of Technology

Co-researcher

Naofumi KAMIMURA, Masaya FUJITA

Purpose

The chemical decomposition of lignin, one of the major components of wood, yields a mixture of
miscellaneous aromatic compounds. The production of building blocks for bio-based polymers from
these lignin-derived aromatic compounds using microbial metabolic activities is attracting attention
from the perspective of realizing a low-carbon society. (45)-3-carboxymuconolactone (4S-3CML), an
intermediate metabolite of the fungal protocatechuate (PCA) 3,4-cleavage pathway, is a promising
polymer building block that could potentially create new materials composed of a chiral compound
derived from lignin. We have previously created an engineered Pseudomonas putida strain that
produces 45-3CML from p-coumarate and ferulate extracted from bamboo and rice straw in
collaboration with the Forestry and Forest Products Research Institute (FFPRI). This study aimed to
develop a bacterial strain that produces 4S-3CML from miscellaneous lignin-derived aromatic
compounds in black liquor obtained by oxygen-alkali cooking of woody biomass. To produce 4S-
3CML in high yield, we performed metabolic engineering using Sphingobium lignivorans SYK-6 as
a platform strain. SYK-6 can degrade a wide range of lignin-derived dimeric and monomeric
compounds, and most of its metabolic systems have been characterized. Efficient production of 4S-
3CML from lignin-derived aromatic compounds in black liquor using our developed strain will be
established by the FFRPI. Development of new functional polymers using 4S-3CML obtained by

fermentation will be carried out at the Institute of Science Tokyo.

Achievement of this year

We previously constructed a strain that produces 45-3CML by introducing the plasmid pCML02-BO,
which expresses the genes necessary for 45-3CML production, into an S. lignivorans SYK-6 strain
where the PCA 4,5-dioxygenase gene was disrupted (4/igdB). However, the 4S-3CML produced by
this strain was degraded as the culture progressed. This study aimed to develop a bioproduction system
for high-yield and stable 4S-3CML production from lignin-derived aromatic compounds. Evaluation
of the chemical stability of 4S-3CML revealed that it degrades under alkaline pH conditions but is
stable below pH 6.8. Because SYK-6 exhibited 45-3CML-degrading activity, a search was conducted
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for genes involved in 45-3CML degradation. Nine candidate genes were selected based on similarity
to the amino acid sequences of 4S-3CML-degrading enzymes found in fungi. Analysis of the
disruption strains of each candidate gene narrowed down the genes involved in 4S-3CML degradation.
Because degradation was most significantly reduced in a strain with both SLG 31320 and SLG 27270
disrupted, 45-3CML production was examined using AligdB 31320 27270(pCML02-BO). When 5
mM PCA and vanillic acid were used as substrates, the production of 45-3CML achieved maximum
molar yields of 97% and 98%, respectively. These yields remained above 93% even 12 h after reaching
their peak. In the case of a model of Japanese cedar black liquor prepared by mixing vanillin, vanillic

acid, and acetovanillone, the maximum molar yield of 4S-3CML was 71%.
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Development of a process to produce 45-3-carboxymuconolactone

at high concentration using Pseudomonas putida

Takuma ARAKI

Researcher, Forestry and Forest Products Research Institute

Co-researcher

Yuzo SUZUKI, Masaya NAKAMURA

Purpose

In recent years, attention has focused on technologies to produce a polymer building block through
microbial conversion of low-molecular-weight aromatic compounds obtained by chemical
decomposition of lignin, one of the major components of woody biomass. 4S-3-
carboxymuconolactone (45-3CML), an intermediate of the fungal protocatechuate 3,4-cleavage
pathway, is a promising polymer building block that could potentially create novel materials composed
of a chiral compound derived from lignin. We have previously created an engineered Pseudomonas
putida PpY 1100 that produces 4S-3CML from p-coumarate and ferulate extracted from bamboo and
rice straw (Suzuki et al., Bioresour. Technol.,363:127836, 2022). This study aims to develop a process
to produce 4S-3CML at high concentration from lignin-derived aromatic compounds contained in
black liquor using the engineered strain. Our previous study using P. putida PpY 1100 showed that the
following two points are important to establish a production process at high concentration: (1)
continuously feeding the glucose solution to maintain a high level of primary metabolic activity, which
is responsible for energy production within host cells; (2) feeding a high-concentration substrate
solution in a short period of time to suppress the increase in volume of the fermentation liquid due to
the addition of the raw material and glucose solution (Otsuka et al., Bioresour. Technol., 377:128956,
2023). That is to say, to produce 4S-3CML at higher concentration, it is necessary to feed the raw
material solution as quickly as possible without fermentation inhibition. This year, we investigated the
optimal feeding flow rates of vanillic acid (VA) and vanillin (VN), which are the major aromatic

compounds contained in black liquor derived from softwood.

Achievement of this year

The optimal feeding flow rates of raw material solutions were investigated using a jar fermenter with
an initial culture volume of 250 mL. First, 4S-3CML production from VA was verified. The engineered
strain was grown until an OD660 of approximately 20 was obtained through feeding 58.8% w/v
glucose solution to the fermentor at a flow rate of 2.04 mL/h (1.2 g/h glucose). A mixture solution of

VA and glucose was then continuously fed into the fermenter at a prescribed flow rate (0.3—1.2 g/h
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VA; 1.2 g/h glucose), and the production of 45-3CML was monitored. With feeding VA at a flow rate
of 1.2 g/h, VA was accumulated rapidly just after the start of feeding it, and significant fermentation
inhibition was observed, although the 45-3CML concentration reached 15.6 g/L. With reducing a flow
rate of VA to 0.6 g/h, VA accumulation began at 12 h after the start of feeding it, although the 4S-
3CML concentration reached 26.6 g/L. With reducing a flow rate of VA to 0.45 g/h, 45-3CML
concentration reached 54.3 g/L at 48 h after the start of feeding it without the accumulations of VA
and the intermediate. These results show that the optimal feeding flow rate of VA is 0.45 g/h per an
initial culture volume of 250 mL. On the other hand, in 4S-3CML production test using VN as the raw
material, the optimal feeding flow rate was shown to be 0.3 g/h, and the 45S-3CML concentration
reached 40.7 g/L at 48 h after the start of feeding it. Thus, the optimal feeding flow rates of VA and
VN were determined (0.45 g/h VA; 0.3 g/h VN), and 4S-3CML production with concentrations of 54.3
g/L and 40.7 g/L were achieved, respectively. In the future, it will be necessary to establish the optimal

conditions for feeding black liquor which is obtained from actual wood, as a raw material.
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Development of High Functional Materials from Plant Biomass

Ritsuko NAGAHATA

Senior Researcher, National Institute of Advanced Industrial Science and Technology (AIST)

Co-researcher

Toshiaki TAIRA, Yuko SAITO, Kazuhiko TAKEUCHI, Maki KUDO

Purpose

We aim to develop highly efficient material conversion technologies. Our approach includes research
and development of microwave technology toward direct energy delivery to reaction vessel as well as
surface control technology to improve yield and quality, leading to reduce negative environmental
impacts on manufacturing process.

In this project, we are implementing two research themes to achieve goals such as maximizing the
value of biomass and its social implementation: the development of technology for replacing all
petroleum-based chemical products with natural biomass-based chemical products, and manufacturing
fine chemicals and pharmaceuticals from biomass resources.

A challenge to be solved in developing highly efficient biomass conversion technologies is how to
convert biomass-based building blocks into some intermediate with high reactivity and stability. For
example, the raw materials of biopolyesters and biopolyamides that have already been commercially
available are mostly sugar-derived aliphatic monomers. Although further increase in production is
expected, production of high molecular weight polymer materials with practical strength presents
many challenges. To assist in surmounting such challenges, AIST make full use of our original
technology and know-how to produce polyesters and other materials from plant biomass-derived
materials such as making full use of technology to efficiently deliver microwave energy. We will use
this technology to synthesize materials for this theme. In addition, we will also develop novel
surfactants with advanced functions such as antiviral, antibacterial, and antifungal properties by

utilizing their unique surface properties.

Achievement of this year

Microbial secondary metabolites exhibit unusual structures and numerous biological activities. We
have synthesized functional polymers via chemical incorporation of polyvalent carboxylic acids
produced by filamentous fungi into biopolyester, polyglycerin, and petroleum-based polyesters. We
have also synthesized polymer additives with the same polyvalent carboxylic acid. Microwave heating
was utilized to fix functional units in the polymers with high efficiency, which were confirmed by

nuclear magnetic resonance (NMR) and gel permeation chromatography (GPC) analysis. The mold
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growth inhibition effect on the thin polymer film was then evaluated according to JIS Z 2911:2018.
We confirmed that the thin films prepared with the synthesized polymers exhibited significant
inhibition of mold growth even after 4 weeks.

Secondary metabolites are also expected to be used as surfactants. We developed novel formulation
of cleaning product with disinfectant ability using a bio-derived cyclic peptide. Structure-function

relationship analysis revealed functional advantages of microbial fermentation products as surfactants.
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Creation of deep eutectic solvents from biomass

Yasuyuki MATSUSHITA
Professor, Tokyo University of Agriculture and Technology

Co-researcher

Yoichi TOMINAGA, Kento KIMURA

Purpose

The purpose of this study is to create deep eutectic solvents (DES) and to investigate their usefulness
and structural and physical properties. In this year, we analyzed the structure and physical properties.
While DES have been extensively studied for their hydrogen bonding and molecular interactions, the
uniformity of their supramolecular structures remains insufficiently explored. Given that the structure
of DES critically influences their chemical reactivity and efficiency in applications such as extraction,
adsorption, and catalysis, a deeper understanding of these structures is essential to enhance their
performance and expand their utility as green solvents.

In this research, natural deep eutectic solvents (NADES) were prepared using coniferyl alcohol (CA)
as the hydrogen bond donor (HBD) and choline chloride (ChCl) or trimethylglycine (betaine: Bet) as
the hydrogen bond acceptors (HBAs). CA is a primary monolignol component of lignin, while ChCl
is a low-cost, biodegradable, and biocompatible compound, and Bet is a naturally occurring osmolyte
and a by-product of sugar manufacturing. By utilizing these components, the study focuses on forming
environmentally friendly solvents with tailored structural properties.

The prepared NADES were analyzed using various physicochemical techniques to characterize their
macro- and microstructures. Through this investigation, the study seeks to provide a better
understanding of how specific HBD and HBA combinations influence the supramolecular
organization within DES, thereby contributing to the development of more efficient and sustainable

solvent systems.

Achievement of this year

In this study, natural deep eutectic solvents (NADES) based on coniferyl alcohol (CA), a primary
monolignol, were successfully prepared and characterised, representing the first investigation
employing lignin-derived monomers as NADES constituents. The CA-based NADES, formulated at
molar ratios of 2:1 and 3:1 with choline chloride (ChCl), exhibited glass transition temperatures (7g)
of -24.6°C and -16.8°C, respectively, without observable melting points (7m), indicating an
amorphous structural nature. Water content measurements were consistent with values reported for

conventional NADES systems.
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Time-domain nuclear magnetic resonance (TD-NMR) analysis revealed structural heterogeneity, with
distinct regions of molecular mobility between 20°C and 90°C. Fourier-transform infrared
spectroscopy (FT-IR) and proton nuclear magnetic resonance ('"H NMR) analyses confirmed that
strong hydrogen bonding, primarily involving the y-hydroxyl group of CA, contributed to the
stabilization of less mobile domains. Upon thermal elevation, weaker hydrogen bonds were
progressively disrupted, resulting in a reorganisation into a structure comprising both hydrogen-
bonded clusters and dispersed molecular entities in approximately equivalent proportions.

Comparison with betaine (Bet)-based DESs indicated that CA-based NADES exhibited lower 7g
values and, particularly in DES 4 and DES 5, the absence of discernible Tm, suggesting superior
thermal stability. Furthermore, the temperature dependence of the hydrogen bonding network was
elucidated, wherein strong interactions persisted while weaker interactions involving CH-OH groups
were disrupted. These findings provide significant insight into the supramolecular organisation of CA-
based NADES and highlight the necessity of advanced characterisation methods, such as neutron

scattering and computer simulations, for further elucidation of interactions involving non-OH protons.
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Liquid Phase Synthesis of Middle Molecules as Therapeutic Candidates

Yohei OKADA
Professor, Tokyo University of Agriculture and Technology

Purpose

In contrast to small molecules that have been widely used as pharmaceuticals, biopharmaceuticals that
utilize biopolymers such as antibodies have been studied in recent years. The major advantage of
biopharmaceuticals is that they are highly effective and have few side effects, however, unlike small-
molecule drugs, they cannot be supplied in large quantities through chemical synthesis and therefore,
their disadvantage is that their manufacturing costs are high. In this context, “middle molecules”,
which are the compounds with molecular weights between small molecules and polymers, are
currently attracting attention as next-generation drug candidates. In general, the middle molecules are
peptides, nucleic acids, and their derivatives, and are synthesized using a solid phase method using
insoluble resins as supports. However, it has problems from a green chemistry perspective because it
requires excess reagents and solvents compared to traditional liquid phase methods. It is necessary to
synthesize them on large scales with high purities when they are studied as drug candidates. The
purpose of this research is to establish efficient liquid phase synthesis technology, targeting peptides,
nucleic acids, and their derivatives. The aim is to break away from solid phase methods that are still

widely used in the related fields

Achievement of this year

Peptides, nucleic acids, and their derivatives are synthesized by solid phase methods using insoluble
resins as supports. In this method, amino acids or nucleosides have sequentially connected each
other on resins, and after the reaction completions, the resins can be simply washed away with a
solvent before the next step, making it an extremely efficient process. However, since the reactions
are restricted onto the insoluble resins, excess reagents and solvents are essential, leaving a room for
improvements. In this context, we have been developing the liquid phase synthesis method that can
be applied to peptides, nucleic acids, and their derivatives using soluble “tags” as supports. In this
method, peptides, nucleic acids, and their derivatives can be efficiently synthesized in liquid phases,
by using hydrophobic benzyl alcohol and its derivatives as soluble tags. This year, we designed and
synthesized some new soluble tags and optimized the synthesis process of peptides and nucleic
acids. As a result, we have succeeded in creating new tags that have improved functions as compared
with the tags used previously by us and other groups in this field. Currently, to verify the superiority

of the new tags, we have been preparing related compounds and evaluating the functions.
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Development of Informatics Technologies for Biomass-Based Materials

Akinori YAMANAKA
Professor, Tokyo University of Agriculture and Technology

Purpose

Increasing the yield of crops, such as rice and wheat, as well as the development of biomass-derived
materials from trees and other sources, necessitates extensive trial and error, requiring substantial time
and effort. To streamline these processes, predictive modeling through numerical simulations based
on physical models proves to be highly effective. Particularly in Japan, where the population is aging
and declining, the construction of digital twins utilizing numerical simulation is of increasing
importance. Accordingly, the objective of this research is to develop numerical computation
techniques that contribute to the enhancement of crop productivity and the functionalization of
biomass materials, with a particular focus on materials informatics technologies. While various
methodologies and algorithms can be applied within the realm of materials informatics, this study
focuses on the application of optimal computation methods and data assimilation techniques based on
Bayesian inference. The goal is to improve the prediction accuracy of crop growth and to enhance the
properties of biomass-derived materials. In this research, the informatics techniques are specifically
applied to the rice growth prediction model SIMRIW and the organic carbon dynamics model RothC,
which calculates soil carbon sequestration. In this year 2024, we aimed to apply the DMC-TPE, a data
assimilation algorithm based on Bayesian optimization, to SIMRIW in order to establish a parameter
estimation technique for the accurate prediction of rice growth. Furthermore, for RothC, we developed
and applied a newly proposed multi-objective data assimilation method (DMC-MOTPE) to achieve
high-precision predictions of carbon sequestration based on multiple soil organic carbon measurement

datasets.

Achievement of this year

By applying the DMC-TPE, a data assimilation algorithm based on Bayesian optimization, to SIMRIW,
a rice growth prediction model, we demonstrated that it is possible to estimate cultivar-specific
parameters required for accurately predicting rice growth using only leaf area index (LAI) data
obtained through drone-based remote sensing. This achievement indicates the potential to clarify how
differences in climatic and environmental conditions affect the growth of rice, even within the same
cultivar, by applying this method to regional rice cultivation data collected at the COI-NEXT site.
Such analysis is expected to provide valuable insights for strategies aimed at increasing crop yields.
However, since rice cultivation is carried out under diverse conditions and for various objectives, the

conventional DMC-TPE algorithm is not sufficient to account for such variability. Therefore, we
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developed a new multi-objective data assimilation method, DMC-MOTPE, which enables
optimization with respect to multiple objective functions. This newly developed DMC-MOTPE was
applied to the numerical simulation of soil carbon sequestration using the organic carbon dynamics
model RothC. Numerical experiments demonstrated that the method enables high-precision prediction
of temporal changes in soil carbon content. The multi-objective data assimilation technique based on
DMC-MOTPE is not limited to simulations of rice growth or soil carbon dynamics but is readily
applicable to a wide range of numerical simulation models. As such, it holds promise for broader

deployment in various simulation initiatives carried out within the COI-NEXT site.
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Fabrication of Novel Bioplastics from Bio-Based Proteins

Yasumoto NAKAZAWA
Professor, Tokyo University of Agriculture and Technology

Co-researcher

Shota AKIOKA

Purpose

We aimed to develop novel bio-based plastic materials (films and resins) from proteins produced by
silkworms and to evaluate their properties.

Most synthetic resins currently used in products are non-degradable and have negative impacts on
ecosystems when released into soil and oceans. Therefore, the development of biodegradable resins
to replace petroleum-based synthetic resins is essential. However, biodegradable resins currently
account for less than 1% of total resin production, and some of them do not degrade in seawater. In
light of these challenges, there is a need for new biodegradable resins that have no negative
environmental impact, even after being released into natural environments.

Meanwhile, the production of natural fibers such as silk involves multiple processing steps, during
which low-grade cocoons, waste threads, and semi-finished products are generated as waste. To
effectively utilize these silk protein (silk fibroin) wastes as resin materials, it is possible to fabricate
thin films and resin-like moldings by casting a silk fibroin solution and air-drying it, or by filling silk
fibroin into a mold and hot-pressing it. However, the mechanical properties of silk fibroin films and
resins are difficult to control due to their crystalline structure, limiting their applications.

In this study, we fabricated silk fibroin films and resins with modified molecular structures to control
their mechanical properties. Additionally, we investigated methods to regulate the mechanical

properties of silk-based composite materials through molecular modification.

Achievement of this year

We established a molecular modification method for silk protein (silk fibroin) to control its mechanical
and structural properties.

The primary structure of'silk fibroin is largely composed of repeating amino acid sequences of glycine
(Gly, G) and alanine (Ala, A). These sequences form crystalline structures through hydrogen bonding
and hydrophobic interactions, which give silk fibroin its unique mechanical characteristics.

In particular, the crystalline region (GAGAGS), which contains serine (Ser, S) with a small side chain,
and the semi-crystalline region (GAGAGY), which contains tyrosine (Tyr, Y) with a bulky aromatic

ring, together account for approximately 80% of silk fibroin. These regions are closely related to its
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material properties. Therefore, inhibiting crystal structure formation in silk fibroin through side-chain

modification could enable control over its physical properties.

In this study, modified regenerated silk fibroin (SF) films and resins were fabricated via acylation of
the crystalline regions using various carboxylic anhydrides. Additionally, to improve the miscibility
between silk fibroin and flexible polymers in composite materials, the flexible polymer was modified
with model peptides that mimic the repetitive sequences of silk fibroin’s crystalline regions.

The results showed that silk fibroin modified by acylation exhibited changes in both structural and
mechanical properties in film and resin forms, depending on the acyl chain length. Furthermore, in
silk fibroin—polyurethane composites, polyurethane modified with a model peptide of silk fibroin
successfully enhanced mechanical properties and induced structural changes in the material, without

altering the amount of polyurethane used.
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Development of Aliphatic Polycarbonate-based Polymer Materials

with Biomass-derived Skeletons

Koji NAKANO
Professor, Tokyo University of Agriculture and Technology

Purpose

The alternating copolymerization of epoxides and carbon dioxide (CO:) gives aliphatic polycarbonates.
This copolymerization is an extremely important polymer synthesis process from the point of view of
utilizing abundant CO: as a raw material. In this study, we aim to develop new polymer materials by
combining this polymer synthesis process with biomass.

(1)Development of novel polymer materials consisting of cellulose and aliphatic polycarbonates: The
alternating copolymerization of propylene oxide, a widely used monomer, with CO: gives
poly(propylene carbonate) (PPC). PPC is highly transparent materials and exhibits characteristics
such as high gas barrier properties and biodegradability. However, it has a low glass transition
temperature (7g) and poor mechanical strength, making it a relatively "soft" material. In this work,
we aim to develop novel polymer materials, which complement the disadvantages of PPC, by
combining “soft” PPC and “hard” cellulose.

(2)Development of aliphatic polycarbonates with biomass-derived skeletons in their side chains: The
physical properties of aliphatic polycarbonates can be controlled by the epoxide monomers employed,
in other words, by the structure of the side chains. For example, the Tg of PPC, which has a methyl
group as the side chain, is around 30°C, while the Tg of the cyclohexene-derived aliphatic
polycarbonates increases to approximately 100 °C. In this work, we aim to develop novel aliphatic

polycarbonates by the copolymerization of CO: with epoxides which has biomass-derived skeletons.

Achievement of this year

(1)Development of novel polymer materials consisting of cellulose and aliphatic polycarbonates: The
graft copolymers with cellulose acetate as the main chain and PPC as the side chain were designed.
The copolymerization of propylene oxide with CO» was carried out by using the cobalt-salen complex
as a catalyst and cellulose acetate as a chain transfer agent. The molecular weight of the resulting
polymer materials was found to be much higher than that of the starting cellulose acetate. The
formation of the PPC chain was also confirmed. These results clearly show the successful synthesis
of the target graft copolymers. A series of graft copolymers with the different PPC chain length and
degree of substituent were also prepared by changing the amount of cellulose acetate and/or the degree
of substituent of the starting cellulose acetate.

The PPC/graft copolymer blend films were prepared and found to show higher tensile strength than
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the parent PPC. The tensile strength becomes higher with increase in the amount of the graft copolymer
and the PPC chain length in the graft copolymer.

(2)Development of aliphatic polycarbonates with biomass-derived skeletons in their side chains:
Acetovanillone glycidyl ether was prepared and applied to the copolymerization with CO2. The
copolymerization of acetovanillone glycidyl ether with CO; did not proceed and gave only the
corresponding cyclic carbonate. In contrast, the terpolymerization of acetovanillone glycidyl ether,
propylene oxide, and CO; afforded terpolymers containing the acetovanillone glycidyl ether-derived
skeleton. The resulting terpolymers were found to containing the ether linkage via the successive ring-

opening of epoxides as well as the carbonate linkage.
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Polymerization of conducting polymer, poly(3,4-ethylenedioxythiophene),

on sulfated cellulose nanofiber and its conducting property

Takeshi SHIMOMURA
Professor, Tokyo University of Agriculture and Technology

Purpose

Recent research on incorporating biomass resources into functional polymers has garnered significant
attention. Poly(3,4-ethylenedioxythiophene):poly(styrene sulfonate) (PEDOT:PSS) is the most
commercially successful conducting polymer. Unlike other conducting polymers, PEDOT:PSS is
stably dispersed in water because it forms an ionic complex between hydrophobic PEDOT, which
provides electrical conductivity, and hydrophilic PSS, which ensures stable dispersion in aqueous
media. Although PSS is non-conductive, it plays a crucial role in imparting hydrophilic properties to
PEDOT:PSS, enhancing its processability. Additionally, PSS contains sulfonic acid groups that serve
as negatively charged dissociating groups, stabilizing the positive charge on the semiconducting
PEDOT backbone and acting as an acceptor dopant. In PEDOT:PSS, over 70 wt% of petroleum-
derived PSS has an opportunity for partial substitution with biomass-based resources. In this study,
we replaced PSS to sulfated cellulose nanofiber (s-CNF) and synthesized PEDOT:s-CNF, and
examined the relationship between its doping state and conductivity, including the effect of additional
doping with other sulfonic acids. In PEDOT:PSS, PSS molecules surround EDOT molecules during
polymerization, serving dual roles as a water dispersant and a dopant for PEDOT; however, the
specific role of s-CNF in this context remains unclear. A comprehensive understanding of the doping

mechanism in PEDOT:s-CNF is necessary to enhance its conductivity.

Achievement of this year

PEDOT polymerized on sulfated cellulose nanofiber (PEDOT:s-CNF) was successfully synthesized,
and the relationship between conductivity and the doping state of PEDOT:s-CNF was investigated.
The results indicate that conductivity increases as PEDOT polymerization progresses and the optimal
amount of EDOT monomer required to maximize conductivity (~ 1.5 mS cm—1) is determined by the
amount of sulfate groups of s-CNF. However, excessive polymerization reduces electrical conductivity.
Based on X-ray photoelectron spectroscopy and zeta potential measurements, the doping
concentration decreases as PEDOT polymerization progresses to an excess state. This decrease is
attributed to the depletion of sulfate groups, which act as dopants, on s-CNFs, occurring as a
consequence of the addition of PEDOT monomers. On the other hand, the reduction in zeta potential
shielding at the excessive polymerization could not be solely attributed to the depletion of sulfate

groups. The positive carriers in PEDOT, initially localized around the negative charge of the sulfate
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groups of s-CNF, migrated in aggregated or crystallized PEDOT molecules, thereby relaxing the
shielding effect. Enhancing the degree of sulfate group substitution on s-CNFs and incorporating
additional dopants containing sulfonic groups improved conductivity. Specifically, adding p-
toluenesulfonic acid (PTSA) as a dopant increased conductivity, reaching approximately 10 mS cm—
1. However, at higher PTSA concentrations, the strong acidity of sulfonic groups reduced the degree
of sulfate group dissociation, leading to a decline in doping efficiency. To achieve high conductivity,
increasing the density of sulfate groups is necessary, so s-CNFs with high DS value also had an
advantage. The results has indicated the possibility of replacing PSS of PEDOT:PSS with bio-based
materials. We also confirmed the synthesis of PEDOT:SL using sulfonated lignin (SL) instead of PSS

and the development of conductivity.
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Synthesis of Polymers Utilizing Cashew Nut Shell Liquid as a Raw Material

Kenji OGINO
Professor, Tokyo University of Agriculture and Technology

Co-researcher

Shinji KANEHASHI

Purpose

In recent years, there has been concern about the depletion of petroleum resources due to the mass
production of synthetic polymers, and the development of bio-based polymers made from renewable
biomass such as plants has been attracting attention. Cashew nut shells (CNSL) are a non-edible
biomass and are considered to be suitable as a raw material for bio-based polymers. Cashew nut shells
are concentrated at cashew nut production centers, and CNSL is obtained by a simple process of
squeezing the shells. In addition, since the main component of CNSL is cardanol, it is easy to purify
and it is possible to obtain the raw material cheaply and stably. The purpose of this study is to convert
cardanol, the main component of CNSL, into various polymer raw materials and synthesize various
polymers. Cardanol is a meta-alkyl substituted phenol, and polymer raw materials are synthesized
using 1) phenolic hydroxyl groups, 2) electrophilic substitution reactions that are characteristic of
phenolic compounds, and 3) introduction of functional groups by oxidative cleavage of double bonds
in the side chain. In 1), amino groups and epoxy groups are introduced into the hydroxyl groups by
using nucleophilic substitution reactions. As an example, a polymer semiconductor is synthesized by
reacting it with a cyclic acid anhydride. In step 2), bisphenols are synthesized by coupling reactions
through aromatic substitution reactions of cardanol or hydrogenated cardanol, and epoxy resins,
polycarbonates, polyesters, and polyarylates are synthesized. In step 3), C15 side chains are converted
to C8 aldehydes, carboxylic acids, and alcohols by oxidative decomposition mainly using ozone, and
bifunctional monomers combining phenolic hydroxyl groups are synthesized to be used as raw
materials for various polymers. It is planed to synthesize polymers that can emphasize the
characteristic structural differences and physical properties compared with polymer analogues that
have been reported and are commercially available to date, with the aim of not only contributing to

environmental issues but also providing new guidelines for molecular design in each field.

Achievement of this year
In FY2024, two materials were designed and synthesized. The first was the synthesis of cardanol with
an amino group introduced by a nucleophilic substitution reaction using the hydroxyl group of

cardanol and subsequent stepwise reactions. This was reacted with naphthalenetetracarboxylic
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anhydride to synthesize N-alkylnaphthalene imide, and an electron transporting material was
synthesized. Normally, branched alkyl groups are used to ensure the solubility of m-conjugated
polymers, but by introducing aromatic rings into the alkyl chain as in this study, the degree of freedom
of the side chain conformation is increased, ensuring solubility. In addition, the properties of linear
alkyl groups are also reflected, improving the packing of the polymer chain and achieving improved
electron mobility (reported in the original paper). The second was the synthesis of a monomer using a
new substance discovered during the synthesis of bisphenol. When acetone was used as the carbonyl
compound, a cyclic dimer via a bisphenol derivative was the main product. This cyclic dimer-based
polymer has a unique structure that has a long chain-like carbon skeleton in addition to a polycyclic
structure containing an aromatic ring, and is predicted to exhibit various physical properties such as
flexibility, heat resistance, and water resistance. The closed ring structure of the carbon skeleton is
expected to lead to the creation of stronger and more durable materials. Furthermore, since it has a
structure similar to mesogen jacket-type polymer liquid crystals, it is expected to exhibit liquid crystal
properties. This year, we established the optimal conditions for the synthesis of the cyclic dimer, and
succeeded in synthesizing an acrylate monomer followed by a nucleophilic substitution reaction and
esterification reaction using one phenolic hydroxyl group (to be presented at the Fiber Society Annual

Meeting in June 2025).
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Development of conductive gels and polymers using 3-carboxymuconolactone

Tsuyoshi MICHINOBU

Professor, Institute of Science Tokyo

Co-researcher

Atsushi ISOBE

Purpose

Through a collaborative study between Nagaoka University of Technology and the Forestry and Forest
Products Research Institute, a system to produce 4S-3-carboxymuconolactone (4S-3CML) using
microbial metabolism from a low-molecular-weight aromatic compound obtained by chemical
treatment of lignin was developed. 4S-3CML is a biomass-derived molecule containing two carboxyl
groups and possesses the characteristics of (1) an additive that induces strong intermolecular
interactions through hydrogen bonding, and (2) a bifunctional monomer suitable for polymerization.
Additionally, since this molecule contains a chiral carbon, it has the potential to serve as a key
compound in the development of biomass-derived chiral polymers, following in the footsteps of
polylactic acid (PLA). However, to date, no studies have reported the development of functional
materials using 45-3CML. This study explores two novel approaches for utilizing 4S-3CML. The first
approach involves using 45-3CML as an additive for conductive gels. Conductive gels exhibit both
high flexibility and electrical conductivity, making them promising materials for flexible devices. In
particular, previous reports have shown that adding molecules capable of interacting with polyvinyl
alcohol (PVA) and poly(3.,4-ethylenedioxythiophene):polystyrene sulfonate (PEDOT:PSS) can
enhance both the mechanical strength and conductivity of conductive gels. This study investigates the
potential interactions between the functional groups of 4S-3CML and PVA or PEDOT:PSS. The
second approach explores the use of 4S-3CML as a monomer for polyester synthesis. In recent years,
the transition from petroleum-based raw materials to biomass-derived raw materials has been
increasingly emphasized to address environmental issues in plastic production. In this study, 4S-3CML
was polymerized with a,m-alkylene diols to synthesize biomass-derived polyesters, and their physical

properties were evaluated.

Achievement of this year

It was found that the mechanical strength of the PVA/PEDOT:PSS conductive gel containing 4S-
3CML could be adjusted by varying the amount of added 4S-3CML. In particular, when 5wt% of 4S-
3CML was added to the PEDOT:PSS aqueous solution, the tensile strength increased from 2.5 MPa
to 5.2 MPa, and the elongation at break improved from 247% to 522%. Infrared spectroscopy analysis
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was conducted to investigate the reason for the enhanced mechanical strength, leading to the
conclusion that the increase in PVA crystallinity and the formation of hydrogen bonds between 4S-
3CML and PVA were the main contributing factors. On the other hand, when more than Swt% of 4S-
3CML was added, the entanglement of PVA chains was hindered, resulting in a decrease in the
mechanical strength of gels. Furthermore, the electrical conductivity measurements revealed that the
addition of 45-3CML also contributed to improved conductivity. ESR spectra and UV-vis-NIR
absorption spectra suggested an increase in radical concentration within PEDOT:PSS, indicating that
electron transfer from PEDOT to 4S-3CML occurred, leading to the progression of p-doping.
Additionally, bulk polymerization of 4S-3CML with ethylene glycol produced the corresponding
polyester. This polyester exhibited a high thermal decomposition temperature of 193°C, demonstrating
excellent thermal stability. Inspired by lignin-derived biomass polymers, its adhesion properties to
metal plates were also evaluated. Preliminary findings confirmed that the polyester exhibited excellent
adhesion to aluminum plates. These results suggest that 4S-3CML is a promising material both as an

additive for conductive gels and as a raw material for biomass-based polymers.
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potassium-induced synergy and transformation during steam co-gasification of Giant Miscanthus
with Napier grass biochar,” International Journal of Hydrogen Energy, 106(2025)1417-1428.
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speak] “Influence of biochar inherent potassium for the synergy during steam co-gasification of
Napier grass (Pennisetum purpureum) biochar and Giant miscanthus (Miscanthus giganteus),” The

35th International Symposium on Chemical Engineering (ISChE 2024) at Okinawa Prefectural

182



Municipal Autonomy Hall, Naha, Japan. November 29-December 1, 2024

(2)Pattreeya Panpian, Chaerusani Virdi, Az Zahra Aghietyas Choirun, Penglong Jia, Dong-jin Kang,
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meso-microporous HZSM-5@AIKIT-6,” The 35th International Symposium on Chemical
Engineering (ISChE 2024) at Okinawa Prefectural Municipal Autonomy Hall, Naha, Japan.
November 29-December 1, 2024.

(3)Guoqing Guan [Invited Talk], “Production of hydrogen from biomass wastes using a co-gasification
process,” The 50th International Congress on Science, Technology and Technology-based
Innovation (STT50), The Empress Hotel, Chiang Mai, Thailand, November 25-27.

(4)Guoqing Guan, (Keynote Speak) “Development of heterostructure catalysts for bio-oil upgrading,”
16thGlobal Chinese Chemical Engineers Symposium (GCCES-2024) in Qingdao, China, August
10-14, 2024.

(5)Guoqing Guan, (Keynote Speak) “Catalytic Upgrading of Bio-oil Derived from Fast Pyrolysis of
Biomass,” 3rd International Conference on Advanced Materials and Characterization(AMC2024),
Bangkok, Thailand, July 23-26, 2024.

(6)Virdi Chaerusani, Pattreeya Panpian, Penglong Jia, Az Zahra Aghietyas Choirun, Abuliti Abudula
and Guoqing Guan, “Ex-situ catalytic upgrading of bio-oil derived from rapid pyrolysis of cedar
over copper impregnated hollow HZSM-5,” 8th International Symposium on Fuel and Energy
(ISFE2024), Higashi-Hiroshima, July 1-2, 2024.

(7)Aghietyas Choirun Az Zahra, Virdi Chaerusani, Alahakoon Mudiyanselage Yushani Wimansika
Alahakoon, Dong-Jin Kang, Abuliti Abudula and Guoqing Guan, “Hydrogen rich gas production
by steam co-gasification of GMO rice straw with its Fe-promoted biochar,” 8th International
Symposium on Fuel and Energy (ISFE2024), Higashi-Hiroshima, July 1-2, 2024.

(8)(Keynote Speak) Guoqing Guan, “Development of Zeolite-based Catalysts for Bio-oil Upgrading,”
24th International Symposium on Analytical and Applied Pyrolysis (Pyro2024), Beijing, China,
May 19-23, 2024.
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Guan, “Transformation Behavior of Potassium During Steam Co-gasification of Biomass &
Biochar,” 2024 International Symposium on Energy, Environmental and Material Science
(ISEEMS-2024), Hirosaki, Aomori, Japan, May 11, 2024.

(10)(Excellent Oral Presentation Award) Aghietyas Choirun Az Zahra, Hirozumi Okura, Virdi
Chaerusani, Dong-Jin Kang, Abuliti Abudula, and Guoqing Guan, “Enhancing synergy in raw
biomass steam co-gasification with biochar,” 2024 International Symposium on Energy,

Environmental and Material Science (ISEEMS-2024), Hirosaki, Aomori, Japan, May 11, 2024.
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hydrogen-rich fuel gas production,” 2024 International Symposium on Energy, Environmental and
Material Science (ISEEMS-2024), Hirosaki, Aomori, Japan, May 11, 2024.
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International Symposium on Energy, Environmental and Material Science (ISEEMS-2024),
Hirosaki, Aomori, Japan, May 11, 2024.

(14)Penglong Jia, Virdi Chaerusani, Pattreeya Panpian, Lianfeng Zhu, Wei Huang, Wenhao Lian,
Jingxuan Yang, Abuliti Abudula, and Guoqing Guan, “Catalytic upgrading of bio-oil derived from
Giant Miscanthus with Mesoporous HZSM-5 Zeolites,” 2024 International Symposium on Energy,
Environmental and Material Science (ISEEMS-2024), Hirosaki, Aomori, Japan, May 11, 2024.

(15)Virdi Chaerusani, Pattreeya Panpian, Jia Penglong, Az Zahra Aghietyas Choirun, Abuliti Abudula,
and Guoqing Guan, “Ex-situ catalytic upgrading of bio-oil derived from pyrolysis of biomass over
copper impregnated hollow HZSM-5,” 2024 International Symposium on Energy, Environmental
and Material Science (ISEEMS-2024), Hirosaki, Aomori, Japan, May 11, 2024.

(16)Lianfeng Zhu, Xueer Pan, Penglong Jia, Chao Wang, Guangwen Xu, Abuliti Abudula, and
Guoqing Guan, “Experimental study on biochar gasification in a visualized steam fluidized bed:
impact analysis of pyrolysis temperatures and steam flow rate,” 2024 International Symposium on
Energy, Environmental and Material Science (ISEEMS-2024), Hirosaki, Aomori, Japan, May 11,
2024.
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Hydrogen Production from Biomass Gasification and Upgrading Bio-oil

Derived from Biomass Pyrolysis

Guoqing Guan

Professor, Institute of Regional Innovation, Hirosaki University

Purpose

Biomass gasification is the most commonly used technology for hydrogen production from biomass.
However, during biomass gasification, a large amount of tar is generated, which not only reduces the
efficiency of the gasifier, but also causes problems such as pipe blockages in the gasification system
due to low-temperature condensation of tar. In this research, we will design a new biomass gasifier
with the aim of avoiding the problems caused by tar that occur during biomass gasification by
separating biomass pyrolysis and biomass char gasification in the system. In addition, to achieve
highly efficient hydrogen production from herbaceous biomass (e.g., rice straw, rice husks, giant
miscanthus, Napier grass, etc.), we will combine herbaceous biomass that is difficult to gasify and
biomass that is easy to gasify (e.g., seaweed and banana peel etc.) to develop a co-gasification
technology. On the other hand, as a low-cost technology for converting agricultural and forestry
biomass residue into bio-liquid fuel, biomass pyrolysis under normal pressure is technically easy.
However, bio-oil obtained by pyrolysis has a complex composition, especially with high
intramolecular oxygen content and water content, thus it cannot be used directly as a transportation
fuel. To solve this problem, upgrading technologies to reduce the oxygen content of bio-oil, such as
catalytic pyrolysis and hydrodeoxygenation, are being investigated, but these methods do not improve
the yield of the final upgraded bio-oil, and also have many problems such as low efficiency and rapid
deactivation of the catalyst due to coke formation, thus it has not been put into practical use. Therefore,
in this study, we will prepare porous heterostructure catalysts with high activity, high selectivity, and
high durability for catalytic cracking deoxygenation of bio-oil, and our objective is to produce high-

quality and high-yield biofuel (oxygen content of biofuel < 10wt%) by creating novel catalysts.

Achievement of this year

In this fiscal year, we continuously investigated the steam co-gasification characteristics of herbaceous
biomass (i.e., Sakura Fukuhime and Monster Tokyo University of Agriculture and Technology No.
1(Monster TUAT-No. 1) red and normal mulberry woods provided by R&D Project 1, and Giant
Miscanthus from Aomori) using alkali catalysts and iron and nickel-based catalysts in order to further
improve the amount of hydrogen produced at low temperatures. We also conducted gasification
experiments of char obtained from the above biomass using a batch-type fluidized bed reactor. We

designed and fabricated a novel gasifier with an auger-type pyrolyzer and a fluidized-bed reactor for
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char gasification. As a result, when rice straw biochar supported by iron was added to the raw rice
straw for steam co-gasification, the gasification efficiency increased with the amount of biochar added.
In particular, when the amount added was over 50%, the amount of hydrogen gas produced increased
by about 66%. When a catalyst was present, we clarified the conditions for complete gasification at a
lower gasification temperature for all biomass feedstocks. Meanwhile, we improved the preparation
method of hollow zeolite catalysts with mesoporous shells, and in order to improve the activity and
durability of the catalysts, we loaded metals onto hollow zeolite catalysts and evaluated their catalytic
performance. In particular, considering that bio-oil obtained from biomass pyrolysis contains a large
amount of water, we designed and synthesized catalysts with hydrophobic surface by synthesizing
nano-sized hollow HZSM-5 zeolite catalysts and surface treatment (desilication). We also developed
a core@shell catalyst porous catalyst with a novel hierarchical structure. As a result, we improved the
deoxygenation performance and aromatic hydrocarbon selectivity of the catalysts compared to those

existing catalysts.
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Development of biohydrogen production and liquid biofuel production technologies

Masayuki INUI
Group leader/Chief Researcher, Research Institute of Innovative Technology for the Earth,

Molecular Microbiology and Biotechnology Group

Co-researcher

Haruhiko TERAMOTO  Akiyoshi HIGO

Purpose

(1) Biohydrogen production

Hydrogen fermentation is divided into light-independent dark fermentation and light-dependent
photofermentation. The biological hydrogen production technology offers the advantage of operating
at ambient conditions, resulting in minimal environmental impact. Furthermore, it enables the
development of a zero-emission process through CO2 recycling, using biomass as the feedstock. Our
research group, in collaboration with Sharp Corporation, has achieved a high-speed hydrogen
production process utilizing a dark fermentation hydrogen production pathway involving formic acid.
The hydrogen production rate achieved by our process is one to two orders of magnitude higher than
that of conventional fermentation processes. On the basis on this achievement, we are working on
improving hydrogen yield by introducing heterologous hydrogen-producing enzymes (hydrogenases)
through metabolic engineering. Additionally, we are working on metabolic engineering of a
photosynthetic bacterium for photofermentative hydrogen production from acetate, a by-product of
the dark fermentative hydrogen production.

(2) Liquid biofuel production

Our research group has been advancing the development of metabolic engineering technologies using
a coryneform bacterium, an industrially valuable microorganism with a long history of application in
amino acid production. In conjunction with this, we have also developed a proprietary growth-
independent bioprocess known as RITE Bioprocess. The combination of these technologies enables
the highly efficient utilization of non-edible biomass-derived sugars, establishing a high-yield
bioprocess that demonstrates significant advantages in terms of fermentation inhibitor tolerance and
simultaneous utilization of C6&C5 mixed sugars. Building upon these foundational technologies, in
this project, we are constructing an ethanol production process from a wide range of non-edible

biomass feedstocks and obtaining proof-of-concept data to move towards practical applications.

Achievement of this year

(1) Biohydrogen production
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We proceeded metabolic engineering of Escherichia coli for dark fermentative hydrogen production.
Although E. coli produces hydrogen via formate from pyruvate, it cannot use NADH generated from
glycolysis to produce hydrogen. In this study, we tried to enhance the NADH-dependent hydrogen
production system based on heterologously expressed hydrogenase. We used an E. coli strain with
inactivation of hydrogen production/utilization and NADH reoxidation pathways to evaluate hydrogen
production in vivo based on heterologous hydrogenase introduced. It was demonstrated that
introduction of either of two different types of hydrogenases, [NiFe]-hydrogenase and [FeFe]-
hydrogenase, enabled hydrogen production from NADH, and that genetic engineering for
enhancement of Fe utilization and addition of Fe to the culture medium were effective for
improvement of the hydrogen production. Notably, the Fe requirement in the [FeFe]-hydrogenase-
based hydrogen production system was extremely high compared to the [NiFe]-hydrogenase-based
one.

(2) Liquid biofuel production

We have been examining the use of biomass provided from Study Group on Energy Crops in Nagawa
Town, Nagano as a feedstock for biological ethanol production. We have optimized conditions for
alkali pretreatment and enzymatic saccharification of some energy crops, such as Miscanthus and
Erianthus species, resulting in a marked increase in the saccharification efficiency. Then our RITE
bioprocess for the production of ethanol from the sugar mixtures obtained have demonstrated high
titer and yield comparable to the production from reagent sugar mixture. We also examined
improvement of the bioprocess using the reagent sugar mixture as a substrate, and found that adjusting
the O, concentration during the microbial catalyst preparation process markedly affected the ethanol-

producing activity.
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Saccharification of lignocellulosic biomass/ Production of hydrogen from bio-oil

via steam reforming/ Production of Liquid Fuel from Bio-oil via Hydrogenation

Eika Weihua Qian
Professor, Tokyo University of Agriculture and Technology

Co-researcher

Kenji KAMIYA

Purpose

Saccharification of lignocellulosic biomass

This study aims to produce hydrogen via microorganism fermentation by saccharifying lignocellulosic
biomass waste. While conventional enzymatic methods face the challenge of high enzyme costs,
saccharification cost is significantly reduced by using reusable solid acid catalysts. Especially, a two-
step hydrothermal saccharification process using rice straw has achieved a monosaccharide yield of
approximately 70%. For practical application, it is essential to develop catalysts with higher activity
and stability, as well as to optimize reaction conditions according to the type of biomass used. Biomass
comes from a wide variety of terrestrial and aquatic sources, each with different components and
reactivity, necessitating tailored technologies. This research focuses on developing a hydrothermal
saccharification system using solid acid catalysts that can flexibly accommodate various types of
biomass waste, such as rice straw and woody biomass.

Production of hydrogen from bio-oil via steam reforming

Hydrogen has long been used for industrial processes, but in recent years its importance as a green
energy source has increased, driving the development of sustainable production methods. Currently,
hydrogen production from steam reforming of natural gas is mainstream. However, it poses issues due
to CO: emissions. As an alternative, hydrogen production from bio-oil derived from lignocellulosic
biomass is gaining attention. Nevertheless, bio-oil contains a high proportion of oxygenated
compounds, which causes problems such as sintering and coke deposition when using conventional
Ni-based catalysts, leading to catalyst deactivation. Our research group has developed a core-shell
type Ni catalyst that suppresses the aggregation of active metal particles and incorporates CeO: to
reduce coke formation, therefore achieving high durability. However, these catalysts still have a
problem of low activity compared to conventional catalysts. To address this, the present study aims to
improve hydrogen yield and suppress coke deposition by increasing the contact area between the
catalyst and the feedstock, using mesoporous silica SBA-15, which has a high specific surface area,
as the catalyst support. Specifically, two types of novel Ni-based catalysts are being designed and

developed: one that introduces Al:Os and Ni nanoparticles onto the SBA-15 surface via a sol-gel
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method, and another that immobilizes Ni particles using a co-condensation method with P123 as a
structure-directing agent.

Production of Liquid Fuel from Bio-oil via Hydrogenation

Reducing CO: emissions has become an urgent global challenge in the fight against climate change,
and the production of biofuels, including biojet fuel, is increasingly in demand. Bio-oil derived from
lignocellulosic biomass is considered a promising feedstock for this purpose. Our research group has
developed an improved HEFA (Hydroprocessed Esters and Fatty Acids) method that enables the one-
step conversion of vegetable oils and fatty acids into biojet fuel using a bifunctional catalyst capable
of simultaneous hydrogenation, isomerization, and cracking. However, challenges remain in terms of
production costs and feedstock availability, making the development of lower-cost raw materials and
more efficient production methods a pressing issue. We have previously established a novel method
for biojet fuel production by hydro-upgrading bio-oil derived from waste coconut copra using
multifunctional catalysts. However, the jet fuel yield is still low. In this study, we aim to design a
multifunctional catalyst by supporting alkaline earth metal oxides and transition metals on zeolite.
Using model compounds such as lauric acid, we will investigate the reaction mechanism and clarify
the roles of individual active species. Furthermore, we aim to establish a high-efficiency biojet fuel

production process from coconut copra—derived bio-oil using a continuous flow reactor system.

Achievement of this year

Saccharification of lignocellulosic biomass

In this study, we developed a porous carbon-based solid acid catalyst by carbonizing lignin using FesOa
nanoparticles as a mesoporous template. BET and SEM analyses before and after FesOs removal
revealed a significant increase in specific surface area and the formation of well-defined pores. The
porous catalyst exhibited a liquefaction rate of 80% and a C6 sugar yield of 44% in hydrothermal
saccharification, demonstrating 1.7 times higher performance than the non-porous counterpart. In the
sulfonation study, a comparison between concentrated sulfuric acid and chlorosulfonic acid showed
that sulfuric acid introduced sulfonic groups more effectively and yielded better saccharification
performance. A treatment temperature of 200 °C was found to be optimal, offering a good balance
between catalytic activity and stability. Notably, the catalyst treated with sulfuric acid at 200 °C for 12
hours maintained a high C6 sugar yield (67%) even after three cycles of reuse, exhibiting superior
recyclability compared to the catalyst treated with chlorosulfonic acid. Furthermore, in a two-step
hydrothermal saccharification process using real biomass (rice straw), a C5 sugar yield of 96% was
achieved with a 120-minute treatment at 150 °C, while an additional 15-minute treatment at 180 °C
resulted in an optimal C6 sugar yield with minimal by-product formation, confirming the effectiveness
of the staged reaction conditions. These findings demonstrate that pore structure control using FesOa

as a template, combined with sulfonic group introduction via concentrated sulfuric acid, is a highly
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effective approach for preparing reusable, high-performance solid acid catalysts for biomass
saccharification.

Production of hydrogen from bio-oil via steam reforming

Continuing from FY2023, we investigated the steam reforming reaction using Ni catalysts supported
on mesoporous silica SBA-15. Based on the highly active Ni#Al.Os/SBA-15 catalyst, we newly
developed a Ni-Ru#ALOs/SBA-15 catalyst by introducing Ru as a promoter to enhance hydrogen (H:)
yield. The Ni-Ru bimetallic nanoparticles were synthesized via reduction with NaBH. and
immobilized on the SBA-15 surface through a sol-gel method, followed by calcination to obtain the
final catalyst. Although the addition of Ru did not result in a significant increase in H: yield, the
conversion rate of acetic acid, used as a model compound, improved by approximately 10%, indicating
enhanced catalytic activity. Furthermore, a reduction in CO concentration in the product gas was
observed, suggesting that the water—gas shift reaction was promoted, converting CO into CO..
Experiments on varying Ni content revealed that catalysts lacking Ni showed low conversion rates,
whereas bimetallic Ni-Ru catalysts exhibited high activity. In addition, we investigated the effect of
CeO: addition to the Ni(acac).-derived catalyst, which demonstrated high H- yields in FY2023. The
catalyst with 0.2wt% CeO: exhibited the highest H: yield, exceeding 90%, while carbon deposition
was suppressed to below 1%. Conversely, H: yield decreased when the CeO: content exceeded 1wt%.
Thermogravimetric (DTG) analysis clearly confirmed the carbon deposition suppression effect of
trace Ce addition. These results demonstrate that Ni-Ru bimetallic formation and trace CeO- addition
are effective in enhancing catalytic activity and suppressing coking, contributing to the development
of high-performance SBA-15-based catalysts for hydrogen production.

Production of Liquid Fuel from Bio-oil via Hydrogenation

In FY2024, we continued to improve zeolite catalysts by fine-tuning their acid properties through the
introduction of Mg species and variations in the Si/Al ratio, aiming to optimize hydro-upgrading
performance. The catalytic performance was evaluated using both a model compound, methyl laurate,
and real bio-oil derived from coconut oil. First, zeolites with different Si/Al ratios were synthesized.
In addition to the conventional impregnation method, Mg species were also introduced via ion-
exchange. Pt-based metals were then supported on these zeolites to create the final catalysts. While
the specific surface area of the catalysts (approximately 340 m?/g) remained consistent regardless of
the Si/Al ratio, the amount of Brensted acid sites correlated with the Si/Al ratio, indicating that acid
site properties could be controlled. In performance evaluation using methyl laurate in hydro-upgrading,
catalysts with lower Si/Al ratios possessed more Bronsted acid sites, promoting isomerization and
cracking reactions. However, the introduction of Mg species allowed the suppression of cracking
reactions while maintaining isomerization activity. Increasing the Si/Al ratio reduced the overall acid
site density, which in turn decreased the activity and reducibility of the metal sites, suggesting a decline

in deoxygenation performance. Furthermore, when comparing Mg introduction methods, MgO
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impregnation altered the electronic state of Pt metal sites, promoting hydrogenation-type
deoxygenation and increasing H> consumption. In contrast, Mg ion-exchange did not affect the Pt site
properties, favoring decarboxylation reactions and resulting in lower H> consumption. In hydro-
upgrading using real coconut oil, the Pt-based zeolite catalyst loaded with 2.5% MgO achieved a jet
fuel yield of approximately 40.2% and an isomerization rate of 55.3%, demonstrating the potential for

highly efficient conversion to sustainable aviation fuel (SAF).
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Development of an upcycling bioprocess using excessive biogas

from dry anaerobic digestion of rice straw and livestock liquid manure

Akihiko TERADA
Professor, Tokyo University of Agriculture and Technology

Co-researcher

Taiichiro OOKAWA

Purpose

This study develops an upcycling process by excessive biogas mainly consisting of methane, which is
derived from the anaerobic digestion of rice straw and livestock manure as carbon and nitrogen sources.
By mixing rice straw after rice cultivation, which is traditionally plowed in rice paddy soil, causing
methane emission, with livestock manure, dry-anaerobic thermophilic digestion compensates for the
insufficient nitrogen in rice straw from livestock manure while minimizing liquid residue, constructing
an innovative sustainable recycling system. Nevertheless, better use of excessive biogas has remained
a challenge, currently purging the second largest greenhouse gas to the atmosphere. Hence, this study
advocates using excessive biogas as a feedstock for biorefinery, converting methane into value-added
products by using the metabolic functions of methane-oxidizing bacteria (MOB). Among
phylogenetically and functionally diversified MOB, some are capable of intracellularly accumulating
proteins, precursors of bioplastics, and compatible solutes. Harnessing these invaluable MOB could
lead to the development of an innovative upcycling technology. This study, therefore, develops an
upcycling technology by applying unique metabolic MOB potential and investigates the feasibility of
this approach based on material and energy balances. The challenges potentially open an avenue for
implementing a sustainable recycling system bridging the livestock industry and rice paddy field, both

of which are major sources of environmental pollution and greenhouse gas emissions.

Achievement of this year

The study conducted in this fiscal year aimed to explore a method for improving the yield of single-
cell protein (SCP) by methane-oxidizing bacteria (MOB) and to evaluate the feasibility of producing
compatible solutes by halophilic MOB, with the ultimate goal of establishing a novel upcycling
technology. By using enriched microbial communities inoculated from rice paddy soils and rice plant
roots, SCP yields were evaluated by switching nitrate to ammonium as a sole nitrogen source in the
medium. Feeding the gas mixture of methane and oxygen with ammonium increased the SCP yields
from 20% to 70%. Additionally, the composition of the gas mixture was changed by adding CO2 to

mimic biogas from anaerobic digestion. While introducing CO2 into the gas mixture decreased the
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SCP yields from 70% to 50%, the yields remained stable after the change in the gas mixture
composition, with values comparable to those in previous studies. SCP production yields per unit CHa
consumption rates were raised steadily, suggesting that the enriched microbial communities efficiently
converted nitrogen and methane into SCP.

This study also investigated the feasibility of ectoine production by halophilic MOB, a cyclic amino
acid that functions as a compatible solute. The genome analysis revealed that the isolate belonging to
the genus Methylotuvimicrobium, obtained under high saline conditions, possesses the metabolic
pathways for ectoine production from methane. The physiological assay unraveled the optimum NaCl
concentration of 6% to maximize the ectoine yield. It was possible to extract the intracellularly
accumulated ectoine into its cell exterior by applying freshwater, as a procedure termed biomilking.
On the contrary, hydrogenation of ectoine was observed by the isolate, decreasing an ectoine yield.

Hence, attaining a high purity and yield of ectoine warrants a future intensive investigation.
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Process design to integrate methane fermentation of livestock waste and carbonization

of fermentation residues

Chihiro FUSHIMI
Professor, Tokyo University of Agriculture and Technology

Purpose

As of April 2021, 80 million tons of livestock wastes are generated annually in Japan, accounting
for 30% of Japan's biomass waste. Livestock excreta causes environmental problems in livestock
production, such as bad odor and water pollution, and thus needs to be treated appropriately.
Comparing the treatment methods of livestock wastes, anaerobic fermentation (AD) enables the use
of biogas as energy, and carbonization of the solid residue yields biochar.

In this study, we focused on the combination of the AD process and the carbonization process of
the AD fermentation residue in order to solve these problems: the treatment of the fermentation residue,
which is a problem of AD, can be improved by producing biochar through carbonization, and the
drying process of the raw material, which is a problem of carbonization, can be done by combining
heat and power (CHP) from the biogas obtained in AD. The drying process of the raw material, which
is a problem in carbonization, can be achieved by combined heat and power (CHP) using biogas
obtained from AD. Many studies in this field have aimed to evaluate the characteristics and utilization
of biochar obtained from carbonization of AD fermentation residues. However, in considering
practical applications, development of models to calculate energy balance and other parameters is
required. Currently, most simulation studies on AD and carbonization are conducted for each process
independently. Therefore, in this study, by using a process simulator Aspen Plus® V12, we designed
a simulation model that encompasses three processes: AD of livestock waste, CHP by biogas obtained

from AD, and carbonization of fermentation residue.

Achievement of this year

Separate model designs for AD, CHP for biogas, and carbonization of fermentation residues were
conducted based on previous related studies. The AD model was designed using two reactors. The
reactor for hydrolysis of livestock waste and the stages of acid production, acetic acid production, and
methanogenesis were simulated by assuming two reactors. In the CHP model of biogas, biogas and
air for combustion were mixed under pressure and then combusted in a combustor. The gas from the
combustion process was used to generate electricity, and the heat was recovered in a heat exchanger.
In the carbonization model of fermentation residue, fermentation residue is first dried and then
pyrolysis gas, bio-oil, and biochar are obtained as products. The pyrolysis gas and bio-oil are then

mixed with air and combusted. The waste heat from the gas after combustion is recovered by a heat
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exchanger. A simulation model was designed to encompass the above three processes.

We evaluated the effect of moisture content after drying and carbonization temperature of the
fermentation residue on the heat value at the outlet of carbonization and CHP under uniform AD
operating conditions. The moisture content after drying was varied and the carbonization temperature.
The results showed that at carbonization temperatures of 300, 500, and 700 °C, the highest exit heat
value was obtained at 30% moisture content after drying. As moisture content increased, the heat value
at the exit decreased, but the change was not monotonic. At 300, 500, and 700 °C, and in the range of
30-60% moisture content, the maximum values of the outlet calorific value were 49.8, 73.3, and 94.0

W, respectively. It was found that the higher the temperature, the higher the heat value obtained.
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+ S. Riya, K. Ishida, A. Terada, Enhancing the solid-state mono anaerobic digestion of pig manure
using digestate biochar, 18th IWA World Conference on Anaerobic Digestion, Istanbul, Tiirkiye, 2-6
June, 2024.
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Mitigation of greenhouse gas emission in the rice cultivation
by digestate biochar and water management
Development of the efficient biogas production technique from the biomass waste

Development of the digestate-derived biochar for adsorption

Shohei RIYA

Associate Professor, Tokyo University of Agriculture and Technology

Co-researcher

Taiichiro OOKAWA

Purpose

@ The rice (Oryza sativa L.) cultivar, Monster Nokodai 1 has higher above-ground biomass
compared with Koshihikari, a conventional food rice. Therefore, Monster Nokodai 1 cultivation is
expected to produce more feedstock for bioenergy or bio-based materials. However, greenhouse gas
(for example methane, CHs) emission from the Monster Nokodai 1 cultivation has not been
investigated. Because rice cultivation is well known as a strong source of CH4, CH4 emission by their
cultivation may compensate the reduction of greenhouse gas by bioenergy or bio-based materials. The
objective of this study is to evaluate the water management and biochar application for the strategy to
mitigate CH4 emission from the Monster Nokodai 1 cultivation.

@ The goal of this study is to develop stable solid-state anerobic co-digestion of biomass waste
and livestock manure. This year, effect of digestate-derived biochar on alleviating ammonia inhibition
in continuous mono digestion of pig manure was investigated for the stable solid-state anaerobic
digestion.

@ In order to use digestion residue (digestate) effectively, production and use of digestate-derived
biochar for nutrient (ammonium and phosphorus) recovery was studied. Digestate-derived biochar can
adsorb ammonium, is not capable of adsorbing phosphorus. In order to add the capacity to adsorb
phosphorus, biochar production from the mixture of the digestate and the eggshell was studied, which

can adsorb phosphorus.

Achievement of this year

@ The rice (Oryza sativa L.) cultivar, Monster Nokodai 1 was cultivated in the pots under the 2
kinds of water management (continuous flooding (CF), and midseason aeration (MA)), and
with/without biochar at 5 t/ha. During cultivation, soil redox potential (Eh) in the continuous flooding
were around —200 mV, in which the soil is suitable for CH4 production. On the other hand, In the pots

subjected to midseason aeration for a week, soil Eh increased to +300 mV, suggesting soil is oxidized
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and the activity of the CH4 production would be decreased. Methane emission rate (flux) from each
pot was measured at regular interval. The average CHs fluxes were 19.5, 15.5, 37.9 and 22.7 mg/m?/h
for CF, MA, CF+biochar, and MA-+biochar, respectively. These suggest that the water management is
effective in the CH4 mitigation, while biochar application would increase the CH4 fluxes.

@ The lab scale semi-continuous anaerobic digesters were prepared, and pig manure and biochar
were added at organic loading rate of 2.0 g VS/kg/day. Biochar evaluated were digestate-derived
biochar produced at 300, 500, and 700°C, and commercial activated carbon. From the 30 days
continuous operation, the CHy yields were 204, 156, 185, 188, and 191 mL/g VS for 300, 500, 700°C
and activated carbon, respectively, suggesting biochar application has no significant impact on CH4
production. In the future study, higher organic loading rate will be subjected to the reactor.

(@ Ammonium and phosphorus (PO43") adsorptions were evaluated for digestate biochar,
eggshell biochar, and digestatet+eggshell biochar produced at 300, 500, and 700°C. Ammonium and
phosphorus adsorption for the digestate biochar were 13.4-16.6 mg N/g, and 0-3.7 mg P/g,
respectively. For eggshell biochar, these values were 1.7-3.5 mg N/g, and 21.7-23.1 mg P/g. These
suggest digestate biochar is suitable for ammonium adsorption, while eggshell biochar is suitable for
P adsorption. On the other hand, ammonium and phosphorus adsorption of digestate+eggshell
biochar produced at 700°C were 11.9 mg N/g, and 13.6 mg P/g, respectively. Therefore,

digestate+eggshell biochar is capable of adsorbing both ammonium and phosphorus.
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Assessment of carbon cultivation technologies and development

of a material circulation model that considers greenhouse gases and nutrients.

Bin-Le LIN
Chief Senior Researcher, Research Institute of Science for Safety and Sustainability,

National Institute of Advanced Industrial Science and Technology (AIST)

Co-researcher

Yu-jen LEE, Yuki ICHISUGI

Purpose

It is essential to assess the footprint of greenhouse gases generated during rice cultivation and clarify
the benefits and feasibility of the new carbon cultivation technologies developed in this project shown
below: (1) the new technologies combining the application of fermentation residue and carbides with
water management and (2) the new technologies for creating valuable resources through highly
efficient biogas recovery and upcycling.

However, no material cycle model that includes nitrogen and phosphorus has been developed, and
a comprehensive evaluation of the environmental impacts, including rice cultivation to waste recovery
and upcycling, has yet to be conducted.

This research will build a material cycle model incorporating greenhouse gas emissions and conduct
a comprehensive technological assessment from IoT paddy cultivation (Task 1) to an innovative waste
recycling system (Task 4). In doing so, through the examination of greenhouse gas emissions from the
perspective of LCA and integrated evaluation from the standpoint of environmental risk trade-offs, we
will identify hot spots of greenhouse gas emissions, nutrient circulation flows, and potential risks in
the supply chain from upstream to downstream, such as the creation of valuable resources from the
waste of rice cultivation.

To demonstrate the social implementation of the newly developed carbon cultivation technologies,
we will conduct these R&D activities in collaboration with Fuchu City, Suntory, Kewpie, Toshiba,

NEC, and the University of Agriculture and Technology.

Achievement of this year

In FY2024, based on the research results from the previous year, we conducted the following two
main studies. The related research results obtained were one paper, one newspaper report, one
domestic invited lecture, one international conference, and two domestic conferences.
(1) Evaluation of GHG emission potential in the pig farming industry that has introduced new carbon

cultivation technology
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The pig farming industry is a GHG emission hotspot industry. In order to reduce GHG emissions
from the pig farming industry, there is a lot of attention being paid to the development and introduction
of new carbon cultivation technologies that have never been seen before. In this study, we used the
framework shown in Figure 1, and based on the traditional pig farming industry as the base case, we
evaluated the GHG reduction potential of each of the four carbon cultivation technologies (new rice
varieties developed at TUAT, dry methane fermentation, residue fertilizer production, and protein
production) when introduced into the pig farming industry. As a result, it was found that the
introduction of the four new technologies would significantly reduce the GWP per kilogram of protein
by 81.8% to 93.8% (Table 1). The results of this research have been compiled as a paper for submission

to an academic journal, and some of the results were presented at the 2024 Japan LCA Society

Conference.
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Figure 1 Framework for GHG assessment of the introduction of carbon cultivation technology in the

pig farming industry (system boundaries & assessment scenarios).
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Table 1 Percentage of GHG reduction in traditional pig farming (a) and scenarios with the

introduction of various carbon cultivation technologies (b-g)
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(2) Potential estimates for N and P resource recovery and CO» reduction from the perspective of
waste in the food production process

The recovery of N and P resources from biomass is an important issue in the development of carbon
cultivation technology, particularly in the development of waste treatment technology. In this study,
we focused on the amount of waste generated in the production and transportation processes of food
that reaches our tables, an issue that has not been much discussed until now, and estimated the total
amount of waste generated in the production and transportation processes of 52 types of food, as well
as the total amount of N and P contained in that waste, using the e-Stats Food Supply and Demand
Database and other sources. In addition, we analyzed the potential for reducing CO> emissions if the
N and P in this total annual waste were to be recycled. Figure 2 shows the analysis procedure and data
used in this study. As a result, we showed that the recovery of N and P from seafood and leafy
vegetables should be prioritized among the 52 types of food (Figure 3). In addition, we estimated that
if the N and P from the total amount of waste in 2022 were diverted to fertilizer, it would be possible
to reduce CO, emissions by approximately 1.88 million tons. Furthermore, we found that 1.88 million
tons of CO is equivalent to the annual emissions of approximately 230,000 people, and is equivalent
to the annual emissions of the city of Kasukabe in Saitama Prefecture or the city of Taito in Tokyo (in
2022) (Figure 4). We are currently conducting additional analysis with the aim of submitting a paper
to an academic journal, and some of the results were presented at the annual meeting of the Japan

Society on Water Environment in 2024.
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Figure 2 Analysis procedure and data used
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Implementation of a minimum resource circulation frame

that realizes a carbon-cultivated society

Yuji NAGAI

Project Professor, Tokyo University of Agriculture and Technology

Co-researcher

Kentaro NAKANO, Hisanori OKADA

Purpose

The objective of our research project is to examine the feasibility of implementing the technological
elements that are being worked on at the center into local communities in order to realize a carbon-
cultivated society, and to analyze the elements that will improve the social acceptability of the
technology in order to build a method to accelerate the implementation.

Specifically, we will clarify the circulation frame of carbon cultivation in the target implementation
areas based on surveys of biomass abundance and analysis of regional characteristics, and realize an
economic circulation rooted in various values.

In this analysis, we have come to believe that it is important to identify minimum units that will realize
a carbon-cultivated society, and to construct a resource circulation frame around these units. Originally,
resource circulation was established through the effective utilization of local resources, but as society
has matured, the resource circulation frame has shifted to an economic priority frame. In particular,
we believe that the trend of a society dependent on petroleum resources may have been an element
that drove the economic priority.

In addition, we believe that the role of this research project is to implement the technological elements
of research projects 1 through 4, and to build an implementation model that connects the core
technological elements, and to use this as the axis to promote the development of other research
projects. Consistent with the logic described above, we intend to accelerate the R&D of the entire
center by building a minimal circulating frame of R&D elements and deriving other research elements

from this frame.

Achievement of this year

In FY2024, as an example of this model, we started with the production of natural rice on Iriomote
Island, a World Natural Heritage site, and then practiced Awamori production on a neighboring island,
and at the same time built a sales system in cooperation with distributors and retailers. Through the
construction of a resource cycle within the limited space and resources of the remote islands of

Okinawa, the project aims to clarify the significance and technical requirements of a carbon-cultivated
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society, as well as to practice coordination of production, consumption, and disposal (recycling) in
harmony with the environment.

At the same time, inter-disciplinary regional workshops were held with the participation of researchers
and students participating in the program at the center to deepen their understanding of social issues,
discuss the concept of awamori based on this understanding, and identify additional derivative
research projects. These efforts were expanded into a symposium that brought together relevant actors.
Initially, we thought that on remote islands with limited resources, it would be easy to visualize the
resource cycle and create a model for a carbon-cultivated society. However, in the process of
implementation efforts, the problems of resource circulation became apparent. In particular, social
bottlenecks (institutional and economic constraints) were identified. Resource circulation, which was
originally limited to production and consumption within the remote islands, is now faced with the
problem that residues from secondary industries are not returned to primary industries due to the easy
logistics to and from off-island sources, dependence on off-island sources for input materials (fertilizer,
agricultural materials, fuel, etc.), or the production of biomass and its utilization for processing and
production off-island. This is a result of the maturation of the society and the production system. This
is a by-product of the increased efficiency of the production system as society matures, the expansion
of logistics through large-scale transportation, and the development of consumer distribution.

On the environmental aspect, the process of social transition has led to the development of roads for
transportation and the concentration and uneven distribution of certain nutrients caused by fertilizers
and other substances, which have become a factor in disturbing the ecological environment. We
believe that resolving these issues could be the key to building a carbon-cultivated society.

In the years ahead, along with clarifying the bottlenecks, we will aim to improve the solution of these
issues through institutional reforms and the creation of local mechanisms through dialogue with

society, and also through economic approaches through the creation of new value.
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Perspectives of using woody biomass for various uses: from experiences of past decade

Motoshi HIRATSUKA

Professor, Faculty of Human Sciences, Waseda University

Co-researcher

Toshihiro OHKUBO, Kazue KOMATSUBARA

Purpose

The use of wood-based biomass for energy purposes is expanding. On the other hand, its use as
biomass plastics is limited, and it is expected that further expansion of applications will increase the
potential of woody biomass. This study has two objectives: 1) to propose the next generation of
utilization of wood biomass as a renewable energy source, and 2) to propose effective use of biomass-

derived plastics, mainly woody biomass.

Achievement of this year

To consider the future of using forest biomass for bioenergy, 81 papers published since 2012 on woody
biomass power generation in Japan were reviewed. The focus was placed on three issues: fuel supply,
greenhouse gas (GHG) emissions and emission reductions, and regional impacts. An analysis was
carried out on 36 papers examining at least one of these topics. In the context of fuel supply, various
themes were examined, such as the impact on supply chains, availability, and procurement costs. It
was found that the supply of conventional wood materials and the demand for fuelwood are
interrelated. The methods and results for calculating GHG emissions and reductions differed, based
on how emissions during combustion were treated. This indicates a need for clarification in the debate
on the carbon neutrality of woody biomass and the conditions required for achieving carbon neutrality.
With respect to regional impacts, while the local community’s acceptance of woody biomass use was
noted, no studies focused on resilience when exploring the secondary effects. Consequently, a
comprehensive analysis of woody biomass use, considering regional characteristics, is desirable.
Although the use of woody biomass has the potential to contribute to a sustainable society, it may also
have adverse effects. It is, therefore, necessary to explore its use and the associated supply chains from

multiple perspectives.
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Integrated management for regional implementation of biomass research

that contributes to decarbonization

Kentaro NAKANO

Researcher, Environmental Research Institute, Waseda University

Co-researcher

Yuji NAGALI Hisanori OKADA, Kwang Ho LEE, Hiroshi ONODA

Purpose

The social implementation of biomass technology is a challenge because of the complexity of the
social process due to the many forms from production to utilization and the many stakeholders
involved, as well as the difficulty of achieving economic advantages compared to fossil resource
utilization equipment. In addition, it is important that the amount of local resources and supply
capacity match the scale of the commercialization phase in order to implement the technology in the
local community.

In this project, we utilized a program and project management approach. We applied program
integration management by surveying the research seeds of each R&D subject, analyzing local
stakeholders, and structuring the entire program. The goal is to provide a guideline that will lead to
the program that realizes regional implementation by linking the technological development of each
project and cooperating with local stakeholders. The program also aims to clarify points to be
considered when collaborating with multiple stakeholders in the process from R&D to social
implementation, as is the case in this program.

Specifically, we will conduct a Technology Readiness Level (TRL) and Social Readiness Level
(SRL) assessment of the entire program to clarify the implementation stage that the R&D project
group is aiming for. Furthermore, by understanding the starting materials and final materials produced,
the goal is to clarify the interconnected structure of the R&D project group through life cycle
management and the relationship with stakeholders using the demonstration area as a platform. The
methodology of this research was studied as a solution approach to the program we are participating
in, but with the intention of being useful for the biomass industry and multi-stakeholder R&D

frameworks involving many stakeholders.

Achievement of this year
This study presented a research product portfolio that combines value indicator management and
program strategy management with two evaluation scales, TRL and SRL, and a visual representation

of the social implementation stages according to these levels.
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Based on the questionnaire responses from 16 R&D projects in this program, the current status of
TRL and SRL and their levels at the target point in time are shown. The mean and median of the
current TRL were 3.1 and 3, respectively, and the mean and median of the TRL when the target was
set to be achieved were 5.7 and 6, respectively. The mean and median of the current SRLs are 2.1 and
1, respectively. While there are projects with high SRL in R&D issues that can easily be linked directly
to final products such as rice, the opposite is thought to be a factor in the large number of projects that
are in the process of identifying issues. The average and median SRL when the target is assumed to
be achieved is 4.7 and 4, respectively. Many of the projects are considered to be envisioned for regional
demonstration on a small to pilot scale.

The results of the questionnaire responses regarding the starting materials, final materials, and by-
products of the R&D project groups show the connection between each biomass starting point and
material. By showing the interconnected and circulating structure of the various biomass outcome
materials produced by the R&D, a life cycle management presentation method was developed to show
the program structure and the process of the outcome materials that create value.

Through the above, structuring of this entire program and social acceptability analysis were
conducted, and profiling of the material life cycle flow of this program, research and development
status and regions were conducted. Based on the results of these studies, the scale of the area of fields
and forests required for regional implementation in each regional model was added, and the
positioning of the model regions was added. Although we have studied the amount of resources in
each region, we have not been able to discuss the scale of industry oriented to the technological
development of this program. Through this study, we were able to clarify the scale of implementation

targeted for each model region.
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Three Environmental Social Sytems(CN(Nngative), CE,NP) Integration. &
Core Social-Regional Implementation strategy Collaboration with AEON Group

Hisanori OKADA

Senior Researcher, Environmental Research Institute, Waseda University,

Purpose

Aim to clarify the elements of new value for biomass-related technologies (including social
technologies) that are accepted by society, and to scientifically analyze the value created at existing
low-carbon biomass production sites based on international policy trends that Japan should implement,
trends in industry and regional linkages in Japan, and theories of social value creation in order to
implement the results of research and development in society, and to match the value recognition with
supply chain companies. In particular, we will organize the integrated theory of the three
environmental societies (carbon neutral, circular economy, and nature positive) to form a definition of
carbon negative. We will conduct research and development on collaboration methods with the AEON
Group, which is the core of the implementation strategy linked to the operation of various systems in
Japan and Southeast Asian countries.

1. Regarding the integration of the three environmental societies, we will conduct research using the
P2M theory, which is the standard theory of program project management and social value creation.
After grasping the direction of international and Japanese environmental strategies (excluding short-
term political biases, etc.), we will apply the 3S model of scheme — system — service and logic model
to clarify the elements of new social value and the core strategy for social implementation. 2. The
AEONTOWA Research Center, a collaborative research center between Waseda University and the
AEON Environmental Foundation, has been in operation since 2020 and is working on research and
development and social implementation in collaboration with various regions across the country. In
this study, with the full cooperation of the AEON Environmental Foundation, we will work with the
AEONTOWA Research Center to clarify the needs of local governments, including prefectures, cities,
towns, and villages across the country, based on the results of research on the promotion of local
industries at the Society for Regional Revitalization and other organizations. Furthermore, we will
grasp the potential of these supply chains, which are some of Japan's leading environmentally
conscious regional consumer industry groups and also serve as important customers for various

domestic industries, and develop a strategy to link them to integrated social implementation.
Achievement of this year

This research was carried out by collecting various information, inviting experts in various fields,

mayors of municipalities, and administrative officials to classes and seminars at Waseda University,
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research groups, and subcommittees at the Society for Regional Revitalization and the International
P2M Society, and engaging in dialogue. As a result, we were able to clarify the elements of new value
in biomass-related technologies (including social technologies) that are accepted by society, and obtain
basic knowledge for social implementation of research and development results. Furthermore, we
proceeded with the organization of the environmental three societies (carbon neutral, circular economy,
nature positive) integration theory to form a definition of carbon negative. We also organized basic
knowledge on research and development of collaboration methods with the AEON Group, which is
the core of the implementation strategy linked to the operation of various systems in Japan and
Southeast Asian countries.

1. Regarding the environmental three societies integration, we have begun creating a strategic 3S
model based on P2M theory, which is the standard theory for program/project management and social
value creation, at the International P2M Society and other organizations (scheme — system — service).
2. The AEONTOWA Research Center, a collaborative research center between Waseda University and
the AEON Environmental Foundation, has been in operation since 2020, and is working on research
and development and social implementation in collaboration with various parts of the country. 2. As
part of collaborative research with the AEONTOWA Research Center, we held 15 study sessions
throughout the year, inviting experts and local practitioners. The themes were: 1) Regional
management that protects and nurtures a rich natural environment, 2) Regional management that
protects and nurtures local traditional culture, 3) Regional management that contributes to the
revitalization of disaster-stricken areas, 4) Regional management that nurtures local livelihoods, 5)
Regional management that reconstructs urban life, and 6) Regional management that serves as a
catalyst for social design and regional-urban collaboration, and we were able to consolidate a great
deal of knowledge. These results reflect the advice of experts based on knowledge gained from the

research and practice that the AEONTOWA Research Center is actively conducting throughout the
country.

240



REFHEHSFERICH T TS RBMICB T DERT FA v DEZR

el &bF
BATETHTI— =28

e &
PRt I AR IEAT, BPAS IERS. R ikt

rEED BH)

NA = ZFNEAOENE OSSN BT 2 n#Em & L C=x VX —FiEH, ~7 U7
JVRINE ) OFRA % B R 7e & OB, B L OISR S A2 LB LTl &
179,

IRFBHHEAS 2 RBLT 27-0101%, A A~ AFNER OO OHMER 2R T 57215 T
1372 <. ZOHEIFZ DN THBEAE R ~DORIENFEETH D0 E 9 MhERFT L, ZOHFO
B EEERM ESELZ ERRDLND,

FZ T, M A AFNER O EZ /AR LS, =R 3T 4 TEBZNES D
72U, RFBEERILDH LA T A o ORET2AT 5, E7o, HURO R A 4D L Hsk
PR DR & IS HEALICE 5 31 A~ AFNERTT WOV CHRENL LE5T 5,
SREEE, HUROFHEZTE U, HUSGERE O MR & S MEAICE T2 720 OFA - it
DA Z RS, 62, MoOBEOBFENOF, HlslDRFE 2 £ U MG E O figik
& HIBTEMEAVITE 3 5 72 D (B SE I e 2 A O B R Bl 2 1R E T 5,

NA A~ AFNERET VOREETHHIEET LV E LCX, B - JLRTET /L, &5k
DEF LD 2 HIRIZHOWTHRET 5,

EEIER Y T /LTI, BHE B E T 531 4~ ZFEHEEOL A IR 72 Bt 5
F. LXORDOEDEN, T v ERMT D, N A AFE ZOMEET
D, FHEME L COERTHEHA, ZODO TR ETHET HHE Z8%TET D,

Flo, N A RAFNEHFEICBNT, BRE A OO 2 HMERE LT, bL—
PV T 4 ICESMEAIE R B, ZDOHDOT —Z O RLIC OV CRRAEZE
119,

AAEBE DR
1) A A~ ZFER O A8
~7 U7 NVREETIX, < OILFR IR, AMEF0 O OHIZ B L ClamIZEY
FALA TV, RRIFFESES 72 & BRI e SARBOR T H I L TR Y | 4% ORI
END, AREERHICHEIT 2R EU X LA CHEd B, BADH L ILIAFITE A
DY AT MEFIZ O N D EFFTE D,

241



TARNF—AEZ BEETAIEH T, A A~ AFE - SIS 2 RT3 ED i,

Lth, MOFAEFRET LT — L OEEIGH, NA A< R« RV F—DALES T O

fEfbi kO EN 5,

)t A E

WFoEE . FEH & O M ZE LT, HIBOREATE L, HUBGERE Ok & Hlsls

PEALIZE T D720 OFE - RRTOEE & LT, A" A~ AGRET v b, N A~

AFNEH THEDH SN DB 2B ECHHFRRE DR LN DR T v b MOFAR

AE TR — A I Al e & A ERE LTz,

a) Bk ILATET L TOME

AR XL — B OFANE W - THRIR, S5 & Oz T B TiHT

k. MBI A4 - METOIEE & LT, TRioEH ZEE LA E G LT,
DOCO2 HEHEANRERE L Z DN, ONA A~ ABLOHFZROEBEART vy
Jb WTNZZ RS OFI LRI &Rk il U, @3 T Bt @HUIBERZE o fig ik
& IR A& 52 3o A~ A RIS H O F451),

b) fEEIEE Y 7L TORME

WA G~ AFE ZTOMFETO, FEME L TOREHRB, ZOTDODO TR E %G

i3 2BLE AT 5720, STRAEZITH & & blo, B, FEEICT o — b,

ET7 VT E T ode, FHIiOBLA L LT, O, OQRUEIGERESR | ©F K i

W7 &l OB, @QRLEADTDDO T, Z8E LT,

c) T—HZ Ok

A v 2R EOLTER L FIHBREOYEEL BT FHITIBW T, REANA A~ R

B DY T T4 F = — OFFERL WE S, GHG HFHZE L TT V¥ /R

OFFAMEEHER LT,

2024 FEEDEE
SR
L

=i

C o

A
VEN

< K
7

ES e
L

242



A —)L T R L A: saiki.tm@gmail.com
AR — L ~X—: https://researchmap.jp/read0200934

243



A Study on Technical Design in Social Acceptability for the Realization
of a Carbon-Cultivated Society

Tomoko SAIKI

Member, Engineering Academy of Japan

Co-researcher

Hideo SAMURA, Masayuki KAMIMOTO, Masakatsu NOMURA, Kinya SAKANISHI

Purpose

We continue to conduct surveys on energy utilization and material utilization as exit trends for biomass
utilization in Japan and overseas through trend surveys of related organizations and information
exchange with partner organizations.

In order to realize a carbon-cultivating society, it is necessary not only to develop technological
elements for biomass utilization, but also to examine whether the technology can be implemented in
local communities and to improve the social acceptability of the technology. Therefore, in order to
improve the social acceptance of biomass utilization and accelerate the realization of carbon negative,
we will study the design of a new technology for carbon circulation. In addition, we investigate and
consider biomass utilization models that contribute to solving regional issues and regional
revitalization by taking advantage of the characteristics of the region.

In this fiscal year, we will find items for investigation and consideration that will contribute to solving
regional issues and revitalizing the region by taking advantage of the characteristics of the region. In
addition, among the development technologies of other Tasks, we will select development
technologies for issues that will be prioritized in collaboration in order to contribute to solving regional
issues and revitalizing the region by taking advantage of the characteristics of the region.

As a regional model for proposing biomass utilization models, we consider two regions: the Aomori-
Hirosaki model and the Fukushima-Hamadori model. In the Fukushima Hamadori model, in order to
find the technical elements characteristic of the biomass utilization project for the purpose of
reconstruction, the peripheral technologies for it, and the social design for it, issues to evaluate the
reasons for selecting as a business site, the ingenuity for that purpose and so on in case of the biomass
business and other businesses, will be selected.

In addition, in the biomass utilization business, value creation based on traceability is pointed as a
technological element that connects resources and the region, and we conduct research on data

visualization for this purpose.
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Achievement of this year
1) Exit trends for biomass utilization
Many chemical companies are working hard to manufacture materials from biomass in an effort to
move away from petrochemicals. The Ministry of Economy, Trade and Industry and so on have put
forward active support policies, and future developments are expected.
Studies are being conducted both domestically and internationally toward wooden cities, which are
expected to lead to the creation of a new system for utilizing forests in Japan.
Various studies are being conducted regarding the utilization of biomass for energy creation. In the
future, it will be necessary to clarify the division of roles with other renewable energies and the
positioning of biomass energy.
2) Social acceptability
Through the exchange of information with researchers and business persons, we selected items for
investigation and consideration that will contribute to solving regional issues and revitalizing the
region by taking advantage of the characteristics of the region. The items included the potential of
biomass resources, the new value created by the use of biomass and the benefits to be obtained by
stakeholders, and other renewable energies and peripheral technologies.

a) The Aomori-Hirosaki model
We have exchanged information with engineers in the field of renewable energy, prefectures,
municipalities, and businesses to find important items to be investigated and considered for the
prefectures, municipalities and regions. The selected items, which we have started to investigate, are
as follows:
DCO2 emission reduction targets and their breakdown, @Introduction potential of biomass and
renewable energy, as well as their current usage and future outlook, (3 Available business locations,
(@Examples of biomass utilization contributing to solving regional issues and regional revitalization.
b) The Fukushima Hamadori model
We conducted a literature survey, as well as questionnaires and interviews with engineers and
businesses.
We have selected the followings for the viewpoint of evaluating the reasons for selection of a business
site and the ingenuity to achieve it in biomass businesses and other businesses:
(DProduct, @Manufacturer and distributor, () Relationship with the region where the business is
located, @ Ingenuity for purchasing products
¢) Data Visualization
In a case study aimed at stable operation of biomass power generation and improvement of the usage
environment, we have confirmed the usefulness of digital slips through supply and demand

management, quality visualization, and GHG management of the supply chain of woody biomass fuels.
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A Study on the Social Acceptance and Value Creation of Biochar in Globally Important
Agricultural Heritage Systems (GIAHS) designated sites.

Junko OWADA

Visiting Professor, Japan Biochar Research Center, Ritsumeikan University

Co-researcher

Kenji SHINZOU, Noboru TAKIGAWA, Kazuya NAGASE, Yoshiyuki TAIRA

Purpose

The purpose of this study is to examine the applicability of the research outcomes to other target

areas while clarifying the following points in the study region:

1. Methods for planning sustainable community development that leverage the region's agricultural
history, culture, and agrobiodiversity—elements aligned with the five criteria of the Globally
Important Agricultural Heritage Systems (GIAHS).

2. Processes for implementing regional initiatives led by local residents to create value through the
use of regional biomass and biodiversity.

3. Processes of value co-creation through relationship-building between urban residents and rural
communities.

4. Strategies to link local practices and initiatives with global values from the perspective of the

Sustainable Development Goals (SDGs).

Achievement of this year

In FY2023, based on preparatory research conducted through this study, Minabe Town applied for the
Japanese Cabinet Office’s “SDGs Future City” initiative. In May 2024, the town was officially
recognized as an SDGs Future City and selected for the “Municipal SDGs Model Project,” securing
related funding. The author supported the process from planning through implementation. In FY2024,

the following initiatives were undertaken:

1. Development of a SDGs Platform: A town-wide well-being index was developed to evaluate
progress on the SDGs Future City plan. A resident survey based on the Digital Agency’s well-being
indicators was conducted to obtain original data specific to Minabe Town.

2. Minabe Ume Learning Commons: Aiming to establish Minabe as a learning community, the town
introduced the “Minabe Ume Learning Commons” based on the OECD Learning Compass 2030. In
FY2024, eight themes—including ume and health, biochar, and biodiversity—were explored.

Residents, municipal staff, and external experts collaborated from planning to implementation.
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3. Biochar Quantification Project: A medium-scale carbonization furnace was introduced, and a
demonstration project on biochar production from pruned ume branches was conducted. A survey

targeting 901 farmers was also implemented.

This year, our study highlighted Minabe Town's selection as an "SDGs Future City" and a "Municipal
SDGs Model Project." We presented its initiatives on biochar and SDGs planning at domestic and
international conferences, published related insights in a book.

Additionally, the results were presented at the P2M Conference and submitted as a paper, proposing a
new integrated framework that combines the SDGs Future City model with Project & Program

Management (P2M) methodologies to enhance sustainable development in rural communities.
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oNarumi Yoshikawa, “Sustainable Branding that Connects Agriculture and Food: Visualizing the

Narrative,” October 3, 2024, Global Ethics Day, Research Institute for Humanity and Nature.
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Co-Creation of Value Based on Sustainable Branding:

Social Technology Design for Carbon Farming that Connects Production and Consumption

Narumi YOSHIKAWA
Head and Professor, Uehiro Research Center for Human and Nature,

Research center for Human and Nature

Purpose

This research aims to reconstruct the interrelationships among technology, values, and society to
build a carbon-circulating society centered on carbon farming, and to clarify and socially implement
a "value creation story that connects production and consumption." It focuses on the multifaceted
values rooted in the philosophy of “Regenerative Agriculture”—including biodiversity, culture, health,
and food security—beyond mere economic value, and explores how these can contribute to the
branding of carbon farming and the design of sustainable regional societies from a circular economy
perspective.

Furthermore, to clarify the conditions under which technologies are accepted by society, the
research promotes visualization and sharing of the values associated with carbon farming technologies
through co-creative dialogue in local communities, viewed through the lens of sustainable design. By
deepening the branding of carbon farming, the project seeks to create new values that connect local
regions with markets and expand social acceptance—ultimately aiming to realize a society that

embraces carbon farming.

Achievement of this year

This research aims to build a carbon-circulating society grounded in carbon farming by
reconstructing the connections between technology, values, and society, and by clarifying and socially
implementing a "value creation story that connects production and consumption." It emphasizes the
multifaceted values rooted in “Regenerative Agriculture” including biodiversity, culture, health, and
food security—while exploring the realization of sustainable regional communities through the
branding of carbon farming and the perspective of a circular economy.

One of the major achievements in FY2025 was the session titled “Challenges Toward Local Self-
Sufficiency in Food and Energy and the Regeneration of Vibrant Rural Areas” held at the 9th
Sustainable Brands Conference 2025 in Tokyo/Marunouchi. In this session, key stakeholders involved
in this research—Mr. Takahiro Ishizaki of Fager Inc., Ms. Hasumi Nemani of Fabric Inc., and Mr.
Tsutomu Watanabe of the Okitama Local Self-Sufficiency Promotion Organization—shared practical
insights into self-sufficiency initiatives in food and energy through the lens of carbon farming. The

concept of "carbon farming" was presented not merely as a technology or practice but as a narrative
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of value creation, marking the beginning of efforts to develop it as a brand and laying the foundation
for future social implementation and market integration by envisioning prosperous rural futures.

Following the session, there has been a notable increase in inquiries from companies, local
governments, and research institutions regarding carbon farming. These inquiries reflect strong
interest in how to evaluate and visualize new values related to carbon neutrality and carbon negativity,
leading to discussions and proposals on establishing brand standards and evaluation indicators. This
social response is becoming an essential foundation for deepening the integration of technology, values,
and society around carbon farming and for establishing it as a recognized brand.

Looking ahead, the team is moving forward with concrete planning for a dedicated session on
carbon farming for next year, aiming to further promote dialogue and co-creation with a wider range
of stakeholders. In addition, the team received a request to write a series of articles on “carbon farming
brand development” for the Japan Agricultural Newspaper. These articles will introduce practical case
studies and communicate the social significance of carbon farming, contributing to greater public
understanding and acceptance. Through ongoing community-based dialogue and shared design efforts,
the project will continue to foster value co-creation that connects regions and markets, ultimately

working toward the realization of a society that embraces carbon farming.
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Development of Evaluation Methods for Social Acceptability from the Perspective

of Human Life Studies at Tokyo Kasei Gakuin University Graduate School

Ken'ichi EGAWA

Professor, Graduate School of Human Life Sciences, Tokyo Kasei Gakuin University

Purpose

To work on clarifying the elements of new values of technology (in human science fields such as
health and nutrition) that are acceptable to society. In particular, we will examine values based on
health and nutrition, which are candidates for various local values in a carbon-neutral society, and

values created in preparation for an aging society with a declining birthrate.

Achievement of this year

Assuming that local communities will implement a “carbon cultivation society,” we participated in the
annual meeting of the American College of Sports Medicine (ACSM), the Japanese Society for Health
Education, the Japanese Society of Physical Fitness Medicine, the Japanese Society of Public Health,
and the National Conference on Lifelong Sports and Physical Fitness 2025 to obtain information
necessary for social acceptability assessment. The latest research trends in exercise, nutrition, and
health values were reviewed from the perspective of the correlation between health and the
environment, which contributes to the assessment of social acceptability.

This year, we explored research trends at domestic and international conferences in the field of
comprehensive health checkups, where Japan is leading the world in terms of disease prevention (The
29th Biennial Meeting of The International Health Evaluation and Promotion Association 2025, The
53rd Annual Meeting of the Japanese Society of Comprehensive Health Examination Medicine). In
order to establish the perspective of exercise ecology, which elucidates the interaction between
exercise behavior and the environment, discussions were deepened through exchanges with young
researchers at the 72nd Annual Meeting of the Ecological Society of Japan.

A network of researchers was established to promote the development of evaluation scales for social

acceptability, including co-creation with the COI-NEXT University of the Ryukyus Center.
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A Carbon Cultivation
Hub Challenging
the Limits of Carbon

Negativity @@

The 21st Century Industrial Revolution:
Advancing from a Carbon Hunting to a Carbon
Cultivation Society

and Technology
Masafumi Yohda
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Realizing a Carbon-Negative
Society through Carbon
Cultivation

Aimed-for Society

Goals: By 2050, through carbon cultivation, storing the equivalent of
12 million tons of carbon from rice, 29 million tons from forests,
and 3 million tons from algae, and creating industries from their use.

Maintaining the environment
and scenery

Olmprove the sustainability of agricultural land

ORevitalize local economies

Fertlllzer fuel

Carbon fixation

OReplace fossil
resource-derived

o shve
materials andjfuels

Olncrease the amount of stored
carbon by carbon cultivation

Securing food Energy/materials
production

Jn

m'-\~

Waste-free
upcycling

OAchieve safety, assurance, and high quallty OEnhance the functions and performance of

OEnd dependence on chemical fertilizers biomass-derived materials
W OExpand new materials and business overseas

OChange consumer awareness
OTransport and process

ODeliver to consumers
OCreate new biomass industries

Sustainable Development Goals (SDGs)

TERO AFFORDABLE AND RESPONSIBLE CLIMATE LIFE PARTNERSHIPS
HUNGER CLEAN ENERGY 12 CONSUMPTION 13 ACTION 14 BELOW WATER 17 FOR THE GOALS

“ ‘ \\ 1 ,’ /AND PRODUCTION
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Aims of the Hub

The essence of carbon cultivation is the active production, value creation, and
recycling/reuse of biomass.

The Hub aims to give biomass carbon-negative characteristics by developing
cultivation methods that greatly increase the amounts of fixed and accumulated
carbon in biomass.

A further aim is to strongly promote creation of high added value of biomass,
leading to the full conversion of land that was abandoned and underutilized for
economic reasons into land for biomass production. The Hub will promote carbon
cultivation mainly with technologies relating to rice, tree, and algae.

We will develop rice varieties with high COz2
fixation and biomass production capacity.
This rice will also be beneficial for achieving
food security in the event of a food crisis.

We will create a new short-cutting cycle,
high-efficiency forestry industry that prioritiz-
es the rate of carbon fixation.

We will establish technology for producing
fuel by carbon cultivation using algae, which
has high potential for Japan, surrounded by
oceans.




R&D targets to realize
carbon negativity

R&D Leader Taiichiro Ookawa

Technology

@ Realizing a society that
accepts carbon cultivation

R&D Leader

Yuji Nagai

Professor, Environmental

Research Institute,

Waseda University

Waseda University/The Engineering
Academy of Japan/Ritsumeikan University;
Tokyo University of Agriculture and
Technology/Tokyo Kasei Gakuin University/
FP Corporation/AEON/ AEON Agri Create/
AEON Environmental Foundation/AEON
RYUKYU CO., Ltd./Research Institute for
Humanity and Nature/Hirono Town, Futaba
District, Fukushima Prefecture

@ Establishing technologies for reducing
greenhouse gases and treating wastes
generated in carbon cultivation

R&D Leader Akihiko Terada
Professor, Institute of Engineering, Tokyo University of
Agriculture and Technology
Tokyo University of Agriculture and
Technology/National Institute of
Advanced Industrial Science and

Technology (AIST)/Mitsubishi Chemical
Corporation

0 Establishing carbon cultivation
agriculture and forestry industries

Professor, Institute of Agriculture, Tokyo University of Agriculture and

A Carbon
Cultivation Hub
Challenging the

Limits of Carbon

Negativity

Tokyo University of Agriculture and Technology/
TAIHEIYO CEMENT CORPORATION/Japan
Agency for Marine-Earth Science and
Technology/KUSANO CO., LTD./NEWGREEN
CO., LTD./Smart Agri Relations Co., Ltd./Ohama
farm/TAKAMINE SYUZOSHO Co., Ltd./Japan
Advanced Institute of Science and
Technology/Hirosaki University/University of the
Ryukyus/National Agriculture and Food
Research Organization (NARO) /Forestry and
Forest Products Research Institute/

9 Establishing technologies for
developing materials based on

carbon cultivation

R&D Leader

Makoto Yoshida
Professor, Institute of
Agriculture, Tokyo
University of Agriculture
and Technology

Tokyo University of Agriculture and
Technology/National Institute of
Advanced Industrial Science and
Technology (AIST)/Nagaoka University of Technology/
Hirosaki University/Forestry and Forest Products Research
Institute/Riket/AGC Inc./Shikoku Instrumentation Co.,
Ltd./Nihon BioData Corporation/Institute of Science Tokyo/
Japan Investment Adviser Co., Ltd.

@ Establishing technologies for

producing fuel based on
carbon cultivation

R&D Leader Masayuki Inui
Research Institute of Innovative Technology for the Earth

Group Leader/Chief Researcher, Molecular Microbiology and
Biotechnology Group

Hirosaki University/Tokyo University of
Agriculture and Technology/Research
Institute of Innovative Technology for the
Earth/Tsugaru Biomass Power
Generation/TAIYO NIPPON SANSO
CORPORATION/EnBio Engineering, Inc./
Tsugaru City, Aomori Prefecture/

Owani Town, Minamitsugaru District,
Aomori Prefecture




What is
Carbon Cultivation?

Applying biotechnology to capture (fixate) carbon (CO,) and produce, give value, and recycle/reuse materials

and energy

Humans transformed from a hunting society to a cultivating society by inventing agriculture, and succeeded in acquiring large amounts of
food. Modern society, however, is still a carbon hunting society, dependent on fossil fuels--carbon resources fixed in the earth in ancient
times--for its energy and materials. The development of modern civilization by use of fossil fuels has led to serious issues from increases in
atmospheric CO». CO: fixation is possible only through photosynthesis, but the amount of CO- fixed by agriculture and forests in Japan is
less than one tenth the emission amount. What's more, much of the fixed carbon is not being effectively used. Creating new technologies
and societies for tackling these issues is an urgent need. The challenge we are taking on in the Hub is “realizing a 21st century industrial
revolution” that will advance humankind from a carbon hunting to a carbon cultivation society.

Emissions from human
activities

11.0 bil. carbon
tons/year

=3

QO

Nature

113.0 bil. carbon tons/year

Photosynthesis

1.9 bil. carbon
tons/year

Photosynthesis

29.0 bil. carbon
tons/year

3.4 bil. carbon
tons/year

Human activities

CO, fixation by photosynthesis on land

Absorption of the vast amounts of CO2 emitted into the atmosphere can
only be done by photosynthesis.
Excerpted from IPCC Climate Change 2021

Approach to achieving
carbon negativity and
position of each target

Agriculture
and
forestry
industries

-

Unused
biomass

Agriculture
and forestry
products
(foods, wood, etc.)

Establishing carbon
cultivation agriculture
and forestry industries

Actual carbon

fixation

CO, from
biomass

The amount of CO2 emitted by humans annually is
estimated to be 11.0 billion carbon tons equivalent.
As for the amount of CO- fixed by photosynthesis
on land, this is estimated to be 113.0 billion carbon
tons in nature, and 29.0 billion carbon tons by
agriculture, forestry and other human activities. Most
of this amount ends up being released again as CO»
by such activities as breathing and combustion,
leaving an estimated 1.9 billion carbon tons fixed
in the natural world and 3.4 bilion carbon tons
by agriculture, forestry and the like. While various
technologies have been proposed for absorption of
COz2 in the atmosphere, photosynthesis remains the
only means for absorbing the huge amount emitted.

A Carbon Cultivation Society

Establishing technologies
for producing fuel based on
carbon cultivation

Target 1.2.4
Target 2

Establishing technologies
for developing materials
based on carbon cultivation

|

Biofuel
Carbon storage

Materials

Agriculture
and forestry
products
(foods, wood, etc.)

Actual carbon
fixation

CO, from
biomass

Natural

P energy use | Target 4

Establishing technologies
for reducing greenhouse
gases and treating wastes
generated in carbon
cultivation

and energy
saving

Biofuel

Carbon fixed by photosynthesis in rice, trees and algae will be used as materials and fuel. Unused biomass will be processed
into fertilizer, and excess carbon will be stored. Measures will be devised for gaining public acceptance of this cycle and
implementing it. Since achieving this cycle will require social implementation at each stage, various companies will participate
in the implementation processes.




Research Projects

The amount of CO2 captured (fixed) in agriculture and forestry will be increased and CO2 emissions
from fossil resources will be reduced by energy saving and the usage of natural energy and also fuel
from biomass, while CO2 emissions originating from biomass will be reduced by conversion to materi-
als and carbon storage. The Hub will challenge the limits of carbon negativity by means of carbon
cultivation, making maximum use of the potential of photosynthesis.
Specific examples of social implementation:
- Create new biomass industries in the agriculture, forestry and fisheries industries and replace fossil
resources-dependent industry
- Suppress methane generation in rice farming, promote CO:2 fixation, and revitalize regional econo-
mies (Increasing rice production will also contribute to food security.)
-In the forestry industry, increase the amount of stored carbon by carbon cultivation using
fast-growing trees
- Create regional biomass industry clusters to produce replacements for plastic from fossil resources
(Healthy forests lead to disaster prevention/mitigation.)
- In the fisheries industry, make use of idle fishing port facilities to build large-scale plants for culturing
marine microalgae
- Promote carbon storage and alternative fuel production

Five targets have been set to realize this vision.

OEstablishing carbon cultivation agriculture and forestry industries OEstablishing technologies for
developing materials based on carbon cultivation OEstablishing technologies for producing fuel
based on carbon cultivation OEstablishing technologies for reducing greenhouse gases and treating
wastes generated in carbon cultivation ORealizing a society that accepts carbon cultivation

Based on these targets, five research projects and goals have been set.

et 1

Development of Sustainable Carbon Cultivation Technology

We aim for efficient biomass utilization contrib-
uting to carbon neutrality, with rice and trees as
targets for land-based green carbon, and
microalgae as targets for ocean-based blue
carbon. Although these targets each have high
COq-fixation and storage capacity, practices

such as cascading use of biomass, use of
biomass plastic and other biomass resources,
use in animal feed and fertilizer use by resource %
recycling have not sufficiently progressed,
while issues for trees include the depletion of X
natural forests and illegal logging in regions x )
such as Southeast Asia. In this research : :

project, we will undertake the development of 4
sustainable biomass materials cultivation . \'

blue carbon to the cascade utilization and the

establishment of an overall resource cycle.
~
* ! P
RN SO I TN

systems, from the biomass production for
land-based green carbon and ocean-based




Development of Carbon Cultivation-Based Materials
Development Technology

Biomass has enormous potential for replacing fossil resources.

In this research project, we will undertake development of various materials, with biomass as their
raw material, to replace materials made from fossil resources. A particular aim is to design biomass
materials with high environmental friendliness and develop chemicals. We will develop conversion
technologies for cellulose, hemicellulose, and lignin, which are the main constituents of the plant
biomass, such as rice and woody materials,
at which this research is directed, to useful
substances. We will also seek to develop
conversion technologies for vegetable oils
and fats extracted from biomass, directed at
oil palms abundant in Southeast Asia as well
as at algae biomass. With a view to the
social implementation of these green
products, we will accelerate research and
development through industry-academia
collaboration, and increase cooperation with
emerging countries (especially ASEAN)
having abundant unutilized resources that
are targets of this research.

Project 3

Development of Carbon Cultivation-Based Technologies for
Producing Fuel

Hydrogen is expected to be the ultimate clean energy,

since it produces only water during combustion; it can

be produced, stored, and transported from diverse

energy sources, including renewable energy; and it

e can be used for decarbonization in all kinds of
’ sectors, including power, transportation, and heat

and industrial processes. Currently, however, major
hydrogen production technologies use fossil fuels, and
the resulting CO2 emissions are a critical challenge. For

///,
L

Eco Energy its social implementation, it will therefore be necessary
to greatly reduce the cost of producing COz-free

I— hydrogen.
A medium- to long-term theme in carrying out the
@ R&D for this research project will be to develop

COe2-free  hydrogen production processes with

. biomass as raw material, while a short- to
medium-term theme will be to develop liquid fuel
production processes making use of the same basic
technologies as the long-term theme.

I, T S
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Project 4

Development of Technologies for Reducing Greenhouse Gases
and Treating Wastes Generated in Carbon Cultivation

A key issue in biomass cultivation from the stand-
points of sustainability and environmental protection
is the proper recycling of wastes generated in each
of the technological processes. An am of this
research project will be to develop a co-fermenta-
tion technology that mixes difficult-to-recycle
wastes from Projects 1, 2, and 3 with livestock
industry wastes, and to establish an efficient meth-
ane recovery technology. We will further seek to
develop technology that carbonizes methane
fermentation residues, converting them to slow-re-
lease fertilizer, and to assess the effectiveness of this
technology. Combining these underlying technolo-
gies, we will aim to develop sustainable systems
based on the livestock industry and agriculture that
are instrumental in accelerating the establishment of
a “regional circular and ecological sphere”.

oy

oz

o

Project 5

Development of Evaluation Methods for Social Acceptability

ﬁfia.;_
i, /

In biomass production, processing, and use, resources
circulate over a broad scope from rural to urban areas,
and from inside to outside the nation. While some of
these can be stockpiled, others cannot, which compli-
cates the social processes. A further issue is that in
some cases, the processes involved in cascading use of
biomass may lack economic rationality. On the basis of
this background, the project will seek to devise methods
to evaluate the social acceptability of the developed
technologies, by back casting “carbon cultivation soci-
ety” in regard to local sustainability. Furthermore, in
spreading Japanese technology to Asian countries with
abundant biomass resources and creating a wide-area
circular sphere that includes Japan, we will seek to clarify
the issues faced by local communities in Asian countries,
and to devise logics pertaining to the inevitability of the
carbon cycle (cycle of food, energy, and people) in Asia.
Based on these logics, we will build a regional circular
sphere framework that leads to creation of new value.

RN 4.4



Organizational Structure for Hub Administration

Lead Institution:
Tokyo University of Agriculture and Technology

Trustee for Presi External Assessment
resident : i
Research Committee Projeet 1

Taiichiro Ookawa

Hub Administrative Organization Project 2

Leader

Makoto Yoshida

Project Leader * Deputy Project Leader |

Project 3

| Management Division | " Lead;fl .
asayukli Inul

Steering Committee Project 4

Leader

E | R&D Planning Committee || Finance Committee || Humen Resources Development Commiteg |E Akihiko Terada

i | External Resources Committe || Intellectual Property Management Committee | i Project 5

Leader

Yuji Nagai

i | Social Cooperation Committee || Interational Cooperation Committes | i

2ETitelier e Hirosaki University/Nagaoka University of Technology/Waseda University/Institute of Science
[itiesi Tokyo/Ritsumeikan University/Japan Advanced Institute of Science and Technology/
PEEC s University of the Ryukyus/National Agriculture and Food Research Organization (NARO)/
[ ielaien Research Institute for Humanity and Nature/Tokyo Kasei Gakuin University/Engineering
Academy of Japan/National Institute of Advanced Industrial Science and Technology
(AIST)/Research Institute of Innovative Technology for the Earth/Forestry and Forest
Products Research Institute/Japan Agency for Marine-Earth Science and Technology

Mitsubishi Chemical Corporation/TAIHEIYO CEMENT CORPORATION/Smart Agri
Relations Co., Ltd./Shikoku Instrumentation Co., Ltd./Tsugaru Biomass Power Generation/
Riket/AEON Agri Create/FP Corporation/AEON/AEON Environmental Foundation/AEON
RYUKYU Co., Ltd./KUSANO CO., LTD./NEWGREEN CO., LTD./Nihon BioData
Corporation/EnBio Engineering, Inc./AGC Inc./TAIYO NIPPON SANSO CORPORATION/
Japan Investment Adviser Co., Ltd./Ohama farm/TAKAMINE SYUZOSHO Co., Ltd.

Municipalities Hirono Town, Futaba District, Fukushima Prefecture/Tsugaru City, Aomori

Prefecture/Owani Town, Minamitsugaru District, Aomori Prefecture

Asahi Agria/ldemitsu Kosan/Yanmar Holdings/Electric Power Development
0otz 1ilela (J-Power)/Astena Holdings/Chiyoda Corporation/Seibu Shinkin Bank/The America-Japan
Society of Tama Tokyo/
Fuchu City (Tokyo), 6 partner corporations/Toshiba/NEC/Suntory Spirits/Kewpie/
Tokyo Metropolitan Government/Nihonmatsu City, Fukushima Prefecture/JA

Fukushima Sakura/Tomioka Town, Futaba District, Fukushima Prefecture/Study Group
on Energy Crops in Nagawa Town
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Social implementation and
contribution of TUAT Hub activities

Through carbon cultivation techniques that maximize the potential of photosynthesis, particularly in rice cultivation,

the TUAT Hub project aims to suppress methane production, contribute to CO2 fixation, energize the local economy,

and promote sustainable development.

The focus area for this activity is Iriomote Island, which is a World Natural Heritage Site and therefore subject

to a number of environmental restrictions. The project aims to apply the hub's technologies in a variety of dimensions on

the island: resource circulation and value creation in agriculture, livestock farming, fisheries, distribution and sales, and even tourism,
an important industry. Underlying factors shaping the activity include the facts that:

L . Reducing the use of chemical Rice paddies face the issue of
(1 ) R'Tte_ ‘Stth: most. W'Sdelf:h t Asi (2) fertilizers and pesticides is (3) emissions of greenhouse gases
SUINEREEE] @D T SUMNEERE (ST an important issue. such as methane and nitrous oxide.

Specific issues for Iriomote Island agriculture

(1)Local production and consumption
Creating a system where the island's agricultural, forestry, and fishery products can be consumed locally

(2)Resource circulation
Creating a system to produce fertilizer, such as compost from cow dung and food waste, and use it to grow crops

The problem of piled-up cow dung. the impact of chemical fertilizers on coral, and the impact of pesticides on biodiversity
Making food waste-processing activities work effectively

(3)Organic farming

Reducing the use of pesticides and chemical fertilizers, preserving biodiversity and coral reefs, and creating value
Difficulties in obtaining compost to use, a lack of technology and knowledge regarding non-pesticide production,
and a lack of necessary machinery

How the project can help find solutions to the issues

1)Developing rice varieties and cultivation technologies suitable for carbon cultivation

2)Developing an island-type recycling agriculture system that effectively utilizes agricultural and livestock waste
3)Supplying omega fatty acids for farmed fish feed using marine microalgae

4)Restoring seagrass beds

(5)Exploring the creation of new value in a carbon cultivation society

In particular, the plan for item (5) aims to improve and stabilize rice yields on Iriomote Island, produce alcohol (Awamori) for local
consumption, and create a society in which distribution efforts communicate the value of these products more fully and broadly.

P
—_— — — —

Activities aimed at solving problems in island regions through carbon cultivation

- Iriomote Project -

Discussions focusing on the challenges of rice cultivation on the island identified issues in circulation (including livestock farming and
the marine environment) and corresponding local needs. Based on these insights, we envision expanding into new research themes.

o
Solving issues with a focus on rice cultivation= (N T . \ N\
facing the entire local community LA R

Cooperating on
rice cultivation-
related

technologies

Strengthening collaboration
between regional leaders and
researchers to address local issue/s

Involving
researchers in
the project

Clarifying
other related
issues .

Circular Economy

- -The collapse of the local production )\
and consumption economy
-Dependence on external sources of
N feed and fertilizer ) Creating a circular economy
; . — . - " . ‘Dependence on external assistance for based on rice cultivation
/Increasmg local r|ce\‘ /Manufacturlng local \H/ Spreading to other \‘ waste disposal J
N\ production L products N\ industries J g J
y | 4 N\
Vo Carbon Neutral
-Op_tjmiz_ation of regional logistics Research of plant activity for the
pr . . s -Utilization of renewable energy \restoration of seaweed beds )
( Producing rice via ~ -Methane gas emissions from
\__hatural methods Facilitating local sales/‘ livestock manure Ve ~
-Reduction of blue carbon H
s - -
Researching ways of
e reducing the livestock industry’s
Nature Positive [=\_environmental impact Y
P ~ /B — 99 >\ (Addressi i GeBr) -Ecosystem destruction due to the e 3 N\
N nhancing consumer ressing marine debris increase of certain species
‘\VConservmg biodiversity /‘ \\ Understanding /‘ ‘\ and other issues j -Phosphorus dischargg into the ‘h ?
The issues facing remote islands are a microcosm of the ocean and disappearance of seaweed beds Solving issues through
. . . -Disruption caused by overtourism ” ;
issues facing the entire country, .Land d dation due to th lect of collaboration with
hich means that solutions can serve as models for other regions and degratianion due o the negiect o distributors
W : primary industries J




Specific activities

Breeding for rice cultivation on Iriomote Island

TUAT has registered “Sakura Fukuhime” as a rice variety resistant to typhoons and high temperatures and
is cultivating it on Iriomote Island.

Improving Kachibai

Karchibai (introduced from an Indian variety) has been selected as a variety resistant to e
high temperatures and typhoons, and is being worked to improve its shedding properties. Kachibai

(Ntf-34)
Aigamo Robot

The TUAT hub, in collaboration with NEWGREEN Co., Ltd., is developing rice-cultivation technology using
the Aigamo Robot (“duck” robot) and conducting demonstrations on Iriomote Island.

What is the Aigamo Robot?

Powered by solar energy and equipped with GPS, the Aigamo Robot moves around rice paddies
automatically and agitates the water with a screw, suppressing weed growth.

It also minimizes damage to rice caused by apple snails, a problem in paddies in warm regions. . — .
Demonstration experiments have confirmed that methane gas emissions can be halved. The Aigamo Robot operating in a rice paddy

KachibaiNIL
(Ntf-37)

Key points for weed control

Muddying the water to inhibit weed photosynthesis
The screws churn the soil to make the rice paddy cloudy, thereby blocking sunlight, and
creating an environment that makes it difficult for weeds to photosynthesize.

Forming a layer of soft sail
The churned soil accumulates and forms a layer of soft soil, burying weed seeds and
preventing them from sprouting.

Manufacture and sale of Awamori using ingredients from Iriomote Island
The project creates value by producing Awamori using exclusively Iriomote-sourced ingredients, including rice, water, and yeast.

The value of using materials from Iriomote Island }

Exploring and resolving issues related to the natural environment and
circulation, finding value in those solutions, and linking the results to

Cultivating products that resonate with
society and lead to expanded sales
social understanding

~ The Awamori manufacturing process

N
Raw material rice Koji making J Preparation of whole-rice koji I Fermentation Pot-still distillation Aged Awamori
Washing, Black — )
-\ = @
VPN and steaming h <> (maturation) g
‘ > > Black koj > — > >
(kuro-koji) Mash
(moromi)
. . . Water from Iriomote
\ Rice from Iriomote Jrom riomote ‘ ‘ ‘Islandlorproofadjustment Y,

Livestock waste processing Methane emission-suppression technology

The goal of this research is to reduce greenhouse gases produced by carbon cultivation and establish waste disposal technolosgies.
Specifically, we will take the following steps to develop sustainable systems based on livestock farming and agriculture:

OReduce GHG emissions in rice cultivation by incorporating water management with fermentation residue and charcoal application
ODevelop high-efficiency biogas-recovery technology from mixed waste, such as biomass utilization residues and livestock waste
OUse carbonized methane fermentation residue as an adsorbent

OEstablish upcycling technology using methane, nitrogen, and phosphorus

ODevelop a material circulation model that takes GHG and nutrients into account

The system technology to be developed will help solve issues related to resource circulation and the realization of organic farming on Iriomote Island.

Creating value beyond biodiversity

(" Achieving major social change hinges on identifying local issues. It is h Satoyama-style circulation design rooted in
essential to design a cumulative cycle on the local level. the local community

Developing products that serve as a model

¢ Generating feedback on consumer needs through test sales
for the virtuous cycle of local resources

( Efforts to help consumers understand the story behind circulation can _
produce value. In doing so, cooperation and coordination among production, Creation of BtQC valge that supports
manufacturing, distribution, and consumption is key. circulation

Researching methods to help consumers

: ! Developing value-creating advertising methods
understand local resource circulation ping 8 &

~
Demonstrations at World Heritage sites and UNESCO Biosphere Reserves can From consumer lifestyles to
be effective as precedent cases for creating frameworks (OECM) throughout Japan. local nature positivity

J

Developing a logic model that connects customer value and global environmental



	2024AnnualReportTotal250820.pdf
	2024AnnualReportTotal250820.pdf
	2024AnnualReportTotal250820.pdf
	【フライヤー】大浜農園講演会1022（確定）修正.pdf
	スライド番号 1


	2024AnnualReportTotal250820.pdf
	250129_アグリ技術シーズセミナーin沖縄フライヤー.pdf
	スライド 1


	2024AnnualReportTotal250820.pdf
	digital-brochure.pdf
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	★COI-NEXT_拠点パンフレットA4_Ｒ6修正版_page-0007
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