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Prefatory Note

First, on behalf of the Graduate School of Environmental Studies at Tohoku
University, | would like to express our deepest gratitude for your continued
understanding and support for our research and education programs.

The fiscal years 2020 and 2021 were dominated by COVID-19. On January 16,
2020, the first COVID-19 patient was recorded in Japan. Although it has
already been two years as we have now entered 2022, at the time of this
writing, the sixth wave of infections driven by the omicron variant is spreading
across Japan. Thus, we are publishing this 19th Activity Report still amid the
pandemic.

Our graduate school has implemented measures against the spread of infection
based on guidelines set by the national government, the prefectural
government, and Tohoku University. We have made the health and safety of
our students, faculty, and staff members our priority, while making every
effort to maintain the quality of our research and education. What will follow
after the pandemic is still uncertain. We have no choice but to accept life with
restrictions for the foreseeable future.

We aim to nurture human resources with a bird’s eye, global perspective on
existing environmental issues and the ability to implement countermeasures
with cutting-edge environmental technologies and human resources capable
of creating solutions based on humanity-science interdisciplinary
environmental thought and freely assuming directorial roles in a variety of
positions and contexts. In other words, we aim to nurture human resources
who can take a leading role in the post-COVID-19 world.

Since its foundation, the Graduate School of Environmental Studies has
emphasized globalization and has conducted various international programs.
Since fiscal year 2014, the school has consistently been selected as an
International Priority Graduate Program, and with support from the Ministry
of Education, Culture, Sports, and Technology (MEXT), it has implemented

the International Environmental Leadership Program (IELP). As the program’s
third term, the International Security Environmental Leadership Program
(ISELP) has been selected (with three students in the master’s program and
five in the doctoral program). This program enables the school to host
international students every year, focusing on those from ASEAN countries.
In addition, fiscal year 2019 saw the founding of the International Graduate
Program in Resilience and Safety Studies, for which the school will assume a
facilitator role. Students have already begun enrolling. We are also actively
involved in other international, collaborative programs at graduate schools
and WISE Programs.

As a research organization, we are strengthening the functions of the
Environmental Research Promotion Center to promote research on issues
related to resources and energy, with an emphasis on collaboration with the
community and industry—academia collaboration. Starting in April 2022, we
are launching the Resource Strategy Research Center as an organization
within the graduate school to enhance our activities on issues related to
resources.

There is a strong correlation between the spread of infectious disease and
environmental problems. We need to be keenly aware of human security,
which can be a matter of life or death for the human race. How will the global
environment—uwhich currently sees globalization literally covering the entire
world—change, or how should it change, in a post-COVID-19 world? | feel
that human wisdom itself is being tested. We do have hope. In the Graduate
School of Environmental Studies, we are blessed with students who aspire to
research advanced environmental studies and create a new society for the
future, changing the society that has produced so many environmental issues.
| believe we can expect a lot from them, and | am confident that they are
capable of living up to our expectations. We greatly appreciate your further
and continued help and your encouragement of our research and education
programs.
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Measurement, observation and equipment development for
understanding of various geosphere information

Assistant Professor
Nobuo Hirano
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The objective of the laboratory studies is to focus on measurements and observations to understand different geosphere information, for which we are
developing apparatuses. Our main targets are water—rock interaction, the destruction of rocks under hydrothermal conditions at Earth’s interior, natural and
artificial thermoluminescence (NTL, ATL) of minerals such as quartz and feldspar, and hydrogen production from the reaction of strong acid hot spring

drainage and aluminum metals.

Our main focus is the development and utilization of geothermal resources, and we will use these research results for social purposes.
In addition, we will demonstrate the possibilities of and provide ideas for high-temperature/pressure experiments and measurement methods using autoclaves.
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Fig.1 Changes in porosity and p-wave velocity of gabbro and granite after experiments.

Fracturing of rocks by fuid phase change

In previous studies, we have reported that the rapid decompression of
granitic rocks in supercritical water at temperatures above 400°C can
induce significant cracks in the rock due to the temperature drop caused by
the boiling of the internal fluid and the adiabatic expansion. In addition,
we showed the involvement of quartz in the granite is significant, together
with the results of numerical simulations. Moreover, we have reported that
the quartz in the granite is largely responsible for this phenomenon. This
phenomenon is important for understanding the causes of rock fractures in
the Earth’s deep crust and/or near volcanoes. In this study, we conducted
experiments using rocks other than granite, especially gabbro, in which
quartz is almost absent. As a result, it was confirmed from the observation
of porosity and P-wave velocity that the degree of fracture initiation was
lower in the gabbro than it was in the granite under the same pressure
reduction conditions. This result suggests that a certain amount of quartz
content in the rock is necessary for fracture initiation by external thermal
stress, as inferred from the previous discussion (Fig.1).

Preliminary geothermal exploration
using thermoluminescence

A phenomenon called thermoluminescence (TL) has been observed in
minerals constituting rock, especially quartz and feldspar, whereby energy
originating from natural radiation stored in minerals is released when the
minerals are heated and then energy accumulation is observed as emission
light intensity. In other words, once heated, minerals emit less light, so
minerals that have been in a geothermal environment should emit relatively
less light. Therefore, by observing the degree of luminescence, it is possible
to screen promising geothermal resource sites from the minerals in the rock
samples obtained during surface exploration. In 2021, we mainly investigated
the behavior of spontaneous thermoluminescence of feldspar using the
apparatus developed in the previous year. As a result, we found that although
the luminescence intensity of feldspar is much smaller than that of quartz, it
could be observed sufficiently with the developed apparatus. In addition, we
found the luminescence behavior is generally the same as that of quartz and
that the luminescence behavior differs slightly depending on the type of
feldspar (Fig.2). From these results, it can be said that feldspar TL can be
used for geothermal exploration in the same way as quartz TL.
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Fig.2 Results of TL observations of K-feldspar and plagioclase.
TL intensity is larger in K-feldspar than in plagioclase.

Hydrogen generation and power generation
from aluminum with acid hot spring water
at low temperature

Hydrogen is generated when a strongly acidic solution at pH 1-2 and
metallic aluminum react at about over 50-60°C. This is a much lower
temperature than is used in the conventional hydrogen production method
by hydrothermal reaction, and industrial applications can be expected. In
2021, we conducted a hydrogen production experiment using strongly
acidic hot water and aluminum and a power generation experiment using a
hydrogen fuel cell at the Tamagawa Acidic Water Neutralization Facility
in Senboku City, Akita Prefecture, as well as using the reaction system
developed in the previous year. As a result, we succeeded in generating
electricity continuously by introducing the hydrogen extracted from the
reactor directly into the hydrogen fuel cell (Fig.3 and Fig.4). As a result, it
can be said that the power generation system using Tamagawa acidic hot
spring water and aluminum to operate the hydrogen fuel cell has been
successfully established.

Fig.3 Power generation experiment by hydrogen fuel cell
using produced hydrogen.

Fig.4 llluminated lamp operated by hydrogen fuel cell.
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Development of High-Functional Non-Metal Light Element Materials
for a Next-Generation Sustainable Life Style

Associate Professor
Yoshinori Sato

F/YMEOHRBEEZRRNRITED VB RBREEZRH DESE - BEMER - B / B/ T Uy MIRZEIR T2 &3, REBANBHED
120CTH2. RNARETIFE. RE - REXRFTICEDVWT, F/YEORFEZ/NILIEZTREEDERLEANR - BEaME - B/ BE/\1TUv
MHRIDEET - G - FHEETV. TS ORISR EIZ (Sustainable Development Goals: SDGs) ) Ic6Bb 3 RiERDI Y —>ITR)LF—
DBHICDERARBEEN DERELRIRILF—ME (FICHESBETEMR) ORIRICHKELTWS, MREZEITIZICHD. BITRONRY
R K&K, BR. BXR. 7vR. RE VUERAVCEBELRRAAZH OFSBERTRMROREZT>TWS (Fig.1).

Our laboratory is in the research area of advanced nanomaterials for clean energy (alternative energy and hydrogen energy). To fabricate, assemble, and
composite organic/inorganic materials with high-performance functions created from combinations of each material’s properties is one of the most
fascinating and necessary areas of research. In this laboratory, we design, synthesize, and characterize the assembly, composites, and organic/inorganic
materials based on surface/interface design to apply nanomaterials’ properties to bulky materials (Fig. 1). In particular, we have challenged ourselves to
create and develop highly functional nonmetal light element materials (carbon-based materials including boron, nitrogen, oxygen, fluorine, sulfur, and
phosphorus) with high-performance surfaces and interfaces. Such materials are necessary for the field of next-generation clean energy, which in turn is

needed to meet sustainable development goals (SDGs).
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Sulfur doping of carbon nitrides

Carbon nitrides (CN,) are synthesized by thermal treatment of nitrogen-
containing organic compounds such as urea and melanin pigment. Their
electrical properties are semiconducting, and they are expected to be used
as photocatalysts for decomposing water to produce hydrogen. However,
CNjy require improvement in carrier density and tuning of their optimal
band gap for sunlight. To address this issue, we have doped CNx with
sulfur via heat treatment of a mixture of urea and sulfur-containing
organic compounds (Fig.2). The goal of this study is to control the
electrical properties of sulfur-doped CNy by precisely controlling sulfur
doping.

Development of carbon-based material
catalysts for use in polymer electrolyte
fuel cells

Hydrogen energy is a candidate for a new alternative energy system
because hydrogen molecules can be generated from various resources,
stored, and transported. Although hydrogen energy-harnessing polymer
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S doping

Fig.2 Photograph of sulfur-doped CNx. As the amount of sulfur doping
increased, the color of the sample changed to blackish brown.

Fig.S1 Lab members (2021).

Fig.S2 New crew. Kyosuke Miyamoto (B3).
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Fig.3 SEM photograph of TisC> MXenes.

Fig.4 Pizza party.

electrolyte fuel cells (PEFCs) have been created, they are not yet widely
used. Platinum, which is used as an oxygen reduction reaction (ORR)
catalyst, is an expensive and non-abundant resource, and it has poor
durability for ORR activity. Therefore, metal-free carbon nanomaterials
have been developed as alternative platinum catalysts. Nitrogen-doped
carbon nanomaterials have been reported to exhibit especially high ORR
catalytic activity. However, the ORR mechanism has not been clarified. To
achieve highly efficient ORR activity, doping nitrogen species should be
precisely controlled in the carbon framework. In this study, we tried to
selectively dope carbon nanomaterials with nitrogen atoms via a
fluorination—defluorination process to clarify the ORR catalytic activity
mechanism for nitrogen-doped carbon materials.

Synthesis and surface chemical modifcation
of two-dimensional titanium compounds
(MXenes)

PEFCs are operated by hydrogen oxidation reaction (HOR) at an anode and
ORR at a cathode. Since acidic aqueous solutions are used as an electrolyte,
acid-resistant electrocatalysts are required. Two-dimensional material
M Xenes are layered compounds composed of transition metals (Ti, V, Nb,
and Mo) and nonmetallic light elements (C and N). TisC; is a typical
MXene (Fig.3) and has excellent acid resistance. In this study, we
modulated the electronic properties of TisC. using chemical surface
modification to achieve high-performance HOR and ORR catalysts.

Grants

0JSPS KAKENHI 18H04145 (Scientific Research (A)/PI)

0JSPS KAKENHI 19K21911 (Challenging Research (Exploratory)/Pl)
O Collaboration grant (STELLA CHEMIFA Corporation/PI)

Collaborators
OSTELLA CHEMIFA Corporation (Research Division)

Fig.5 Graduation photo (March 2021). From left, Ryudai
Tsukidate (B4), Yuto Sano (B4), and Minori Kokubo (M2).
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Design of materials harmonizing with environment and life Professor
Masanobu Kamitakahara

RE. BRIBRABMBZABALTEERZEATVS, FRAUEGHIZBRIZLHICE. RERZORIDSOMBOTYA Y NRET
Hd. ARHFTIE. MHREBR ERBEROVEFBICOVWTOERZAMICIML, RERZFOHELNS, EGPRECHML. SSICIFER
WICEGPERACBHENT THLUWANZERAHITHROTH IV OEKRET>TWVWD, BRNICIE, £EREBETZHOMR. BEYZET
BURI\AAVF7 V5 —Dich DIBGHM K REZF LT ZHOME BEICHAMNTZLIIVIAT-TA VI RBREDRAEET>TWS,

Nowadays, we are using many materials in our daily lives. From the viewpoint of environmental science, materials design helps to build a sustainable
society. In this laboratory, based on the fundamental science of the relationship between materials and phenomena in nature and life, we study the design
of materials that produce harmony between the environment and human life from the viewpoint of environmental science. We are studying and developing

biomaterials to repair our bodies, materials for bioreactors, materials to clean the environment and materials that are in harmony with the environment.

gboooboobooobooboobooboobo

RFITHAATN D BEEMBORRZT>TWS, BBHEZRY
FEAFBERBREAY MROATBORENRDSNTND, ThETIC,
EFEATRNENEORBICHEAREND Y VBN TLIRRE A
HOERICHENILTWVWD, INSDIRREAGKZY VBRI TLE
EXVKNCHEBALZEICED, P EEBOEATRERYI/OR
LEFRPYVINVEDEATRERII/OK[ILOMAZE I DHAR
ZHEUVVBNOINDILBEX Y NODRFKEED TS, UVEAIL
VULREIAEDBEBEPENLICHESIERIDOIXRICED, BBE
BADBEWEXY NDERHZRIELTWS,

gbooooooboobobooo

AIBCEAZBEUTHEEZNELEISEVWSHANEBENT
W3, BEFLERZEMNICHKESESOICE. EAIDREES
ZHHITDVENH B, ZDHICIE. BHOBFAENEETH D
EEZ D, FMARTI. EKADBRTEDEADBHERICEZ D

T

Optical image of Slice  Mapping at 217 em’ (OCF)

Preparation of calcium phosphate cement
for bone regeneration

We are preparing bone repair materials that are incorporated into
metabolism. Development of injectable artificial bone cements that
promote bone regeneration is desired. We have succeeded in preparing
spherical porous calcium phosphate ceramics that are incorporated into
bone metabolism. By incorporating these spherical porous bodies into
calcium phosphate bone cement, we developed a new porous calcium
phosphate bone cement that has macropores that allow cells and bone
tissue to enter as well as micropores that allow body fluid and protein to
enter. We aim to produce cement with high bone regeneration ability by
selecting the type of calcium phosphate spherical porous ceramics and the
reaction that contributes to hardening.

Preparation of drug-loaded bone repair
materials

Many attempts have been made to load drugs on artificial bones to impart
a function. To induce a drug’s function effectively, it is necessary to
control the drug’s release behavior. For that purpose, we think the drug-
loading method is important. In this study, we are investigating the effect
of the drug-loading method on the release behavior of the drug. It was
revealed that when a spherical porous body of octacalcium phosphate

Mapping at 3570 cm-' (HA)

2474 1'
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Fig.2 FT-IR mapping of the cross section of calcium phosphate granules
with drugs which promote bone formation. The surface is rich in octacalcium

phosphate (OCP) and the interior is rich in hydroxyapatite (HA).

Fig.1 Cross section of the porous calcium phosphate
cement containing spherical calcium phosphate granules.
(a) Low magnifcation and (b) High magnifcation.

Assistant Professor
Masaki Umetsu

Group Photo

BEARNTND, BEERNIOEVWI VEBANILY ILKRRKREZ L iEZ
BEMBRDICEDERTZRIC. BRZHESI BRI THREICE
RlziBiFgdlenTEBIEZBEEMLIe, —A T YVEAAL
VULBRSAGOERBICERZERFI L. BRETEFEITE
IRRBICHHELTLES S EZBASMILTWS,
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MEMENBLIN\AAVT I I—C L2 BEINPERES AL
MEEINTWD, NI AVTII—DBREROIHICIF. MEYER
EICEFTEDIMRIRDSND, WEYOBROLDICIE. HMED
DEEULPTVWRAZHOMBORAENEETHZEEZXD, KRR
Tld. BKEOBBWBILF ¥V ERBICERILZIIEDTEZFY
VEBICEB U, BADERETRILIBLITF Y Y2 BEIRZ FH
L. ZOERETOMEDDEEEHICDOVWTHANTNS,
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BEFAMARKEBICEVWTE., EROBBARBICHINLIOER 5
EOXKZHATEZDT, KDKREBRREERENPFTES, LHL.
RELDEEBEEDKEFATZOT. FEAT LM ICKDE
RN KRHEND, 22T BEAKRECTHEENSVWEHEFT
EZEIIVIRIA—TAVI DRI DOVWTHAN, ZILZFHEL
UCYNAZFERFMcI—T1 7 UieRlEER U, 2h50
A—Fa vV ERURZRMIE. -T2 %20 TWRVWRER L

BEBRMIZSNDZEZHASMMILTVS,

gpoooobgo

LIEREE BANAMAYTUZIZSFBE. BEESIVI I
SEGREEMRISRE, BRI UTILZRTEES

|

Water drop

Fig.3 The surface-treated titanium to improve the hydrophilicity.

having high bone regeneration ability is produced by a dissolution—
precipitation reaction, the drug could be firmly loaded by coexisting the
drug. On the other hand, it was also revealed that when a drug is supported
after the production of octacalcium phosphate spherical porous body, it
can be supported at a high concentration but is released at an early stage.

Preparation of scaf¥old materials
for bioreactors using microorganisms

Attention is being paid to metal recovery and environmental purification
by bioreactors using microorganisms. To construct a bioreactor, a material
capable of stably supporting microorganisms is required. To support
microorganisms, it is important to develop a material with a surface on
which microorganisms can easily adhere. In this study, we focused on
titanium metal, which can form highly hydrophilic titanium oxide on the
surface. Titanium metal substrates that have been oxidized under various
conditions have been prepared, and the adhesion behavior of
microorganisms on the substrates has been investigated.

Research on ceramic coatings for application
to supercritical geothermal power generation

In supercritical geothermal power generation, higher temperature and
higher pressure water can be used compared to conventional geothermal
power generation, so a larger power generation capacity can be expected.
However, because water with higher temperature and pressure is used,
high corrosion resistance is required depending on the materials used.
Therefore, we investigated the possibility of ceramic coating, which is
expected to have high corrosion resistance in supercritical water
environments. Carbon steels coated with alumina and zirconia were
prepared. It has been shown that these coated carbon steels are less
corrosive than uncoated carbon steels are.

Activities in academic societies

M. Kamitakahara: Committee Member of the Japanese Society for
Biomaterials, Committee Member of Division of Ceramics in Medicine,
Biology and Biomimetics of the Ceramic Society of Japan, Council of the
Society of Inorganic Materials, Japan, etc.

Fig.4 Alumina coating on carbon steel for corrosion resistance.
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The Development of Environmentally Friendly Biotechnologies Professor
for Pollution Remediation and Resource Recovery Chihiro Inoue

EMRER. FEMELTWRESBPEDBEERILAYICLSLE - T KORREBFRE LS, #HTERNOFEBEMNICLZERTEME
ZRERIDEWRFEELUC EYHREZEFENUVCBEIX - BREEFOREEERMCPERDEMICLDBRIZCEZAEL. NS0
BRiffAAEICE I 2MREToTV\S, UT 2021 FOELMEFHZENTS 1 (1) 1B - WEVZBWAZTESBLEYWICEIZTIE - KRR
BROBEICETZME. 2) EYREZABULCRERTORHKICEIZHAA. (3) ERBEFOVAIVOTIRAFYIDRESE LV ZDDHE
TOtRICEIBME

The contamination of soil and groundwater by heavy metals and persistent organic pollutants, such as petroleum hydrocarbons, has been a serious
environmental issue of global concern. Moreover, demand for underground mineral resources is growing. However, effective pollution removal and
resource recovery methods with low environmental burdens have not been successfully developed and thus they remain a challenge. Our target is to develop
remediation and resource recovery technologies that reduce costs, energy demands, and environmental loads. Here, we introduce our major scientific
activities in 2021: (1) phyto- and bioremediation of heavy metals from polluted soil and water, (2) development of biotechnologies by using complex

biological systems, and (3) investigation of the distribution and degradation process of microplastic in soil.

goboooooooooooooooooooobo
gooooooboooobooo

ER(As) PARITVA(C) ICXBTEKIREFRDEEICDOVT,
FNEThOEEREEY (As: ELYIVY. Cd: \IHUNFTHH)
ZRAWVCERMREKROEIERBZREL. SEE (1) BRERN=DD
BB IC TRIERRZTolco (2) NI YN\ITFADRICEFENSY
ZAR—F—BIZFD HMA4 1& Cd & Zn IZISE L. /RT3 IXEERIC
BEET3IEERERL. EYLED Cd/Zn EERRICHIaER%E
BEULREFIgD. Q) AXZYrI/ONOAYZIATAY N—TEVH—,
ETFRERMARHAARESHE FOARRAMEOERMATELT,
EEGRAERMEZBW PETIS BIEICEDESEBEMDERIC
BIZHNREEHXBEOEHZTV., LREXEBEZEEKRELT
HRTUHTHRELUEREZTLAVY—Z U (Fig.2),

goooboooboooboboooboooboobo

BEEYR - EYBECLIRERNORALICODERRE - &9
BEEERAOBBEE SOEETRIC, XY NT—I@BITESUEmE
BEEUT—9YAIVADFEEZMO AN, COFEZBALRL

RIS sl el ==

Fig.1 Proposed roles of HMA4 and IRT3 during Cd and
Zn absorption by Arabidopsis helleri ssp. gemmifera
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Phyto- and bioremediation of heavy metals
from polluted soil and water

Regarding the phytoremediation of arsenic (As) and cadmium (Cd) from
contaminated soil or water, we have continued the basic research and
demonstration on hyperaccumulators Pteris vittata (As) and Arabidopsis
halleri ssp. gemmifera (Cd). First, in 2021, we continued the field trials in
three fields in Miyagi Prefecture. Second, we confirmed the transporter
gene HMA4 is expressed in response to Cd and Zn, and IRT3 is constitutively
transcribed in the roots of A. helleri ssp. gemmifera (Fig.1). Third, as a
collaboration with the Cyclotron Radioisotope Center of Tohoku University,
Takasaki Advance Radiation Research Institute, and the National Institutes
for Quantum Science and Technology, we have traced the process of target
metal in P. vittata by PETIS measurement using short-living radioisotopes.
In addition, we have issued a press release on the results of the world’s first
moving image of the As transport process (Fig.2).

Development of biotechnologies by using
complex biological systems

For the practical application of complex biological system to environmental
technologies, we have applied data science approaches, including network
analysis and machine learning, to elucidate and predict the functions and

EL UL dFdeRHEGOESE T

oh

Fig.2 Illustration of the As hyperaccumulator Pteris vittata.

Assistant Professor

Mei-Fang Chien

Associate Professor
Guido Grause

BEERE HAK
RiTEES LA FRE
EBMER TENT

Group Photo

ERDOEYZNERE DR T — DB - AL AR 2T R 5
7OV SAICERS . Z0OZXTICLD, RETEEORBEDHI L
ROEYMFIATREES LOMEEBOLZIIEZRICAD S22 LR
HUTz (Fig.3)e 12 BIcYYRI DA TRIBEET—YFAIVR
DEREINNSRZIDDDIZEEL. S5BDEEDE >H T Z/E>
fz (Fig.4). fthDEMFBBRMICOVT, 1,4- VAFHY U EHET
AV ITLDS, HMEEEHEIBEOREEZMHEAL, HDFEY
EHEFELTHEHERT 1,4-dioxane EDBTEZEMIAVY YT LD
BEEICRIN LT,

gbooobobooobooboobooboboobo
oboooboooobooonbg

TENSOIYAIVATIAFYIDHFITEICDODVNT, 7V YRIG
ICEDBEIEREL. TILNVI—Y 3> EEmMEERW IR,
ISICEAREBICED T IAF VI REEFMI DA EEREIL LI,
RUIFLYEERADEVERERTSAF Y VEMORPEREE
BT, 7IRAFvIOREBICELCZOBEICHEDESHNES
LTWBZEZBASMIC LT,

gboooboobooboobon

BN IFERE R International Conference on Biotechnology
and Healthcare Industry ICEREEZT ol (AVF1V). HE
BRIFETQSTRIBEY AT VYR T7T X4 2021, CRESBEER T
ERZETERE/\1ATI/O0Y—-28, BEER EYIER.
TiEMTKERESRICEWT, D3 Tusher, Park, D2 %, D1 &, T,
M2 ik, ENICKDESHDORRET oI, BBEN NRERME
NAA T/ 09—08IE%EBIR Ui EYEe & E YRR OER, =
BEELT HAMEYFERBTAEZZE U (Fig.5). 3AIC6 4.
9RIC4 ZDIET - FELEZEXEDHLU (Fig.6). 10 BIC 1 20O#HF4E
2R, REFMBZAER 21 BIcHoT.

Fig.3 Clusters of factors obtained through network
analyzing on data from feld trails

Fig.4 Poster of the symposium
“The interface between
environmental research and data
science and what we can see
from it”

interactions among organisms in the system, which is necessary for
practical use. This study was adopted as a joint research program of
RIKEN-Tohoku University Kagi-hub collaboration program, and through
this study, we found that some sugar-like metabolites identified from the
rhizosphere could be used as indicators of arsenic concentration in plants
(Fig.3). We hosted a symposium in December that created an opportunity
for further collaboration (Fig.4). We also elucidated the roles of degrading
and non-degrading bacteria from a 1,4-dioxane-degrading consortium and
found the importance of non-degraders. In addition, we successfully
constructed a synthetic consortium that can efficiently degrade 1,4-dioxane
with coexistent of other pollutants.

Investigation of the distribution and
degradation process of microplastic in sail

For the assessment of microplastic in soil, we separated the microplastic
through elutriation and centrifugation, including the removal of organic
material by the Fenton reaction, and we identified plastic particles by
staining and visualization by fluorescence microscopy at several
wavelengths. We confirmed the involvement of microbial activity in the
surface oxidation of plastics by long-term exposure experiments of
agricultural plastic materials made of mainly polyethylene.

International exchange and other activities

Dr. Chien provided a keynote lecture at the International Conference on
Biotechnology and the Healthcare Industry. Professor Inoue gave an
invited lecture at the QST Takasaki Science Festival 2021. Mr. Tusher
(D3), Miss Park (D3), Mr. Huang (D2), Miss Han (D1), Mr. Kudo (D1), Mr.
Shimura (M2), and Miss Sato (M2) gave presentations at domestic
conferences. Dr. Chien and her research, entitled “Elucidation of
biofunctions and interactions among organisms toward to develop
environmentally friendly biotechnologies,” received the Nomoto award
from the Federation of Microbiological Societies of Japan (Fig.5). We sent
out six graduates in March and four in September (Fig.6) and welcomed
three new students in April and one in October, bringing the number of
affiliated students to twenty-one.
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Fig.5 Certifcate of Nomoto
Award won by Assist. Prof.
Chien from FMS Japan

Fig.6 The “INOUE-LAB” cake designed
by Dr. Tusher for the graduation ceremony
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Geo-environmental systems driven by fluid-rock reactions Professor
Atsushi Okamoto

WEREICEVWTRERMEZRINPYE - TRILF—BEBZREL. A RERINEY O—/VLEHERR. RERE. ERTESGE. AH
HBICORELBHFEESZ D, UMRETIE. HRPIYYMUICEITS TR ZENUCEAORGPIRILF— - YEBRHICEB L. @EERFH
RERCHKEIROFRICEIT e R, KORIERKROEE - BR7OEAEZOEDIA, WE - BHTOIMYARE - . HEE
RAEDERBZELCOVWTOMRZEDTWND, S5IC. ZRITICFEREEMBZEBEE BB THHEDTSNIMEYE (GRPRE) £
WRELT, T—IREEBITPHEEET U VI 2170, HERBICET2BNIZATLAOERBEEHA TN,

In the geo-environments, fluids facilitate chemical reactions and mass and energy transfer, and fluid—-rock reactions have a significant effect on human
society, including global geochemical cycles, surface environments, and resource formation. In our laboratory, we focus on the reaction of rocks and energy
as well as mass transfer through “fluids” in the crust and mantle and conduct fundamental research on the development of supercritical geothermal
resources and hydrothermal deposits, and H,O and CO, fixation and circulation processes as well as their effective utilization. In addition, we examine the
mineral dissolution and precipitation in faults and fractures and the relations between fluid and earthquakes. Furthermore, we are attempting to extract
information on dynamic systems in geo-environments through data-driven analyses and numerical modeling of geo-environmental materials (rocks and

fluids) that are characterized by multidimensional chemical composition and complex spatial structure (textures).

gboooboobooobobpoobooboon

BERARGERZHRNICHARE - AALTWIeoicid, HEGRE
DOHEZENUEZHM T 2DENH D, AFEEIF. BREFERICH
FBBEFEOHANENT - ZHLFFHEY TMIRERL, HEBRE
DFE. BHBREICELZDET VI ZTV. BRIEDIE pH RED
EREBERASHIC U, Feo RREGKRZICEWT. RRAKT
EXAIVART—ILDERIFEET DI EZRE U, ERRRICK
D, BHNEREDNESTIRADHEKEEICLIDERNTER TS
EZASHNICL. BIRFMABEICETDREDOHLVWEFERIZ
T U (Fig.1).

BIHILRDOFLZ—ICEY 2MWERDOARKFORR P RAEEE
VDR ZITL., BEICEWVWT 300°C ML EDEKIERE cm -+
cm ORETEH U EZBSMT LT, E5IC, EKIEHTL Z1EE
UfcRBXTHERRZED, LRI EREDH T, U AR FHIERL.
FBEUBDNSHMRU. ARNFAEE(LTZBEZHSHIC UL,
[RE ] ZEETF (ELHRE 195 JoGU 2EEFRKRE 202156 A6 H

psoum ™

Fig.1 Porosity generation during the replacement of feldspar in metamorphic
rocks in the Kinkasan Island. Right = BSE image, Left = FIB-SEM.

Geochemistry of supercritical geothermal
resources and formation of hydrothermal
ore deposits

For sustainable development and utilization of supercritical fluid resources,
it is necessary to evaluate geochemical properties of geothermal fluids. In
2021, we implemented the thermodynamic data of dissolved species in the
low-density region into the geochemical calculation software, modeled the
fluid chemistry during depressurization and cooling, and clarified the
formation mechanism of corrosive low-pH fluids. We also found a large
amount of microporosities in plagioclase grains around a plutonic body.
Laboratory experiments revealed the porosities are formed by hydrothermal
alteration of feldspar under certain fluid chemistries, suggesting a new
mode of fluid existence in supercritical geothermal reservoirs (Fig.1).

We have analyzed the shape of bipyramidal quartz particles and fluid
inclusions in the chimney of the black ore deposit and have found that
hydrothermal fluids above 300°C were ejected at the seafloor at a rate of
several cm/sto several tens of cm/s. In addition, we conducted hydrothermal
flow-through experiments simulating a hydrothermal vent and clarified the
processes of silica particle formation, growth, and transformation into
quartz particles in the ascending fluids. [Award: J. Sugioka (M1) JpGU
Best Student Presentation Award, June 6, 2021.]

Fig.2 XAFS analyses at KEK (Tsukuba), and Fe**/Fe?* map
of serpentinite from the Oman ophiolite).

Assistant Professor Researcher

Masaoki Uno Dandar Otgonbayar

Group Photo

goooboooobooboobooo

EANOKOCZBEERZEDOEELIE. JO—/NILEYEREEREYLR
BREBEICKRELVEEZSZZ2EELRTOLATH S, NEEE., TUA
M 65001 DINEIREBEDEBMARETESNIY Y NLEADRI
ERTDS, BADPEAENT TRET S E T RILRZZEEL
ITBRIEEASMC Ul FIMMPAAFTREIRNS EFUZFIIIE
BEOYY NVERDETHNS. SEHFAHFFTOYYNLITYID
“BRFEORBEEE(LIOERZHESHICL, AO—HEICER
LTWBHREEZ R Uz,

[FLRUY—R]2021 %883 H.2021%€12H83H

Fleo TR KPZRILRER) ZRINT BRIGHA. ZEBRD AR
TTEDLS ICRENICETNZESHTIE BN o 7FOVYE
D MgO BefEaZ BWeRAKRIG—EKRRICED, 2A—RER
ISICE>TEEDBEL. RAEDRNIMEET B2 RRETEA
Ulco Zhnic&D. ZRICRRZHTANERNICEES 27cH DKM
NOISAN TSNS,
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EA—REEEERIE. RELYEBEZHS, AV—VATA
4~ DIYIREE DR BHFEDREITICLD, Y MLICEKDTRNT
JURDBRTZTOCADSRAEBE DI A LRT—ILZH#E U,
e, YYMNLOEBICLZKRIXIVF—EREHEZEEESAE
EERERYOD Fe(lll) DXV EV T EBSHIEICELD, BEYPYYAIC
KBEEERASHICLTWS (Fig.2)o

FEEEREL. XRECFERT - Z2FBIEBRFEEE
TIEBEEEZEEVAAAATERSICERAL. HEDRIGEHA
ICKEDYERBEHRI>TVWBIEEASMITLE (Fig.d)o
[ZE] HPET (BLER1F) HIRXAENFEARIFEEFRRE
2021 £ 6 A 6 H. HAMBEZREHFRKIY—E 2021 £9H 4 H. =H
—& (B2 1 5 BXEYRZES HRERESFE 2021 F£9H18H
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Fig.3 Field excursion of the Sanbagawa belt,
Shikoku (Aug. 2021).

Fig.4 Analyses of element transport of oceanic
crust and metamorphic rocks revealed by
machine-learning approaches.

Processes of water and carbon dioxide
Fxation into rocks

Fixation of water and carbon dioxide in rocks is an important process that
has a significant impact on the global geochemical cycle and surface
environments. In this fiscal year, isotope analyses of mantle rocks obtained
from the submarine survey of the Ogasawara Trench by the Shinkai 6500
revealed carbon dioxide has been fixed by the circulation of seawater over
tens of thousands of years. Analyses of mantle rocks from the Sanbagawa
metamorphic belt revealed the origin and fixation processes of carbon
dioxide in the mantle wedge in the subduction zone, suggesting it may be
related to slow earthquakes [Press release issued 3 August 2021 and 3
December 2021.]

It was not clear how the fluid-consuming reactions of H,O and CO, could
be sustained in the subsurface where porosities are limited. By
hydrothermal flow-through experiments of sintered MgO, we have
successfully demonstrated that fluid-rock reactions can fracture rocks
and promote fluid flow. These results are expected to be applied to the
technologies for efficient fixation of carbon dioxide. [Press release issued
18 January 2022.]

Mass transport and energy generation
associated with fuid-rock reactions

Fluid—rock interactions involve significant mass transfer. By analyzing the
reaction zones around mineral veins in the Oman ophiolite, we estimated
the timescale of fluid transfer from the process of the silica dissolution
triggered by infiltration of hydrothermal fluids. We also investigated the
effects of temperature and silica for hydrogen energy generation during
mantle alteration by mapping and magnetic measurements of Fe(lll) in
seafloor rocks and experimental products (Fig.2).

A machine-learning model developed last fiscal year, which is trained on
basalt chemical compositional data, was applied to seafloor-altered rocks
and subduction zone metamorphic rocks, and it revealed a large amount of
mass transfer had occurred during certain reaction stages (Fig.4).

[Awards: S. Tanaka (M1): Best Student Presentation Award, JpGU, June 6
2021, Best Poster Award, GSJ, September 4 2021; K. Yoshida (D1): Best
Presentation Award, JAMS, September 18 2021.]

Metamorphic rocks

Uu K sr

Fig.5 Best Poster Award at the 3" Academic Forum

Sugioka (M1)).

on Environmental Studies (Nov. 2021, Matsuno (M2),
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Studies on environment-friendly development systems Professor
Hiroshi Takahashi

AARETR. RERANBEFAREMEL A TLOBEZRIEL. BREAIEVOBERL. MARBOMEL. TRKERGICETHMEE
BNSRMOBEREZIToTWS, HICIWKERBICHEFZHBBERIEICEVTIE. 4 BLD 'SRGRBICHARLA V7 SBEZERT
2@ AlORY N OLA—>2ayvh7AI I MCSML, BEIBRAZAWEREHTE) 27— EUMRERKB U, i ER
fLREL TEOBERRICELTE. (1) N—F1  EIEYZRAWCMEERCLELTOBER . (2) Empty Fruit Bunch (EFB) ZEW e
WAEEECNIBE T OBERFMHICETIARERRE L, S5IC UAV ZRWEBY Y 7UVJICEALTIE. RAZMDBAS 30cm DFRSF
TRYV1—ZBASE, #POIWEY TV I I2EEZFRL. BR - BAXRRZEBLT ZOEMMEERIEL.

The research activities of this laboratory are as follows. To measure ground information at landslide disaster sites, we have participated in the Moonshot
R&D project “Collaborative Al robots for adaptation of diverse environments and innovation of infrastructure construction” since 2021. \We have begun
research on estimation of ground strength using excavating resistive force, as well. Next, we are interested in the advanced development of a fiber cement-
stabilized soil method. We have evaluated (1) strength characteristics of the fiber cement-stabilized soil using perlite byproducts, and (2) strength
characteristics of fiber cement-stabilized soil using empty fruit bunches (EFBs). We have also conducted soil sampling using an unmanned aerial vehicle
(UAV). We developed a device to sample soil with a screw penetration depth of 30 cm while applying a reaction force, and we tested its effectiveness

through indoor and outdoor experiments.

gogoobobobooooobobbuoooonboo

KRRETIF. 2021FELD, "SRBRBICTHEIGL AV 7 FHEE
EEHIDIHBEAIORY N OL—>Y gy IOV MISHIU.
HEHIEM A ZAWCEBEHTE) 27 —VICHRZFAA L. RF
FUATOMRRZIT o1,

(1) Xy NMTER I 2 IBEIR A Z AW B i DR EHE
EW65. 95RLUVENITEZAVWTHEBZERL. \TYNE
FILIC KD B ERHIL, BRAZAETDEEHIC. TIEHIER
HEMEERE (1—VBH) LoBRICOVWTRE UL (Fig.D),

(2) 7L —RICEAY 2 EHIBEMAZ AW EEOEEHTE
(1) EACEWZAWTHERBZIERL. TL—REFILICLDH
BEREHIL, BRAZAETIEEBIC, FOEHIERDEMBRE
(OA—ViEH) EoBFRIc>WTRE UL (Fig.2).

(3) IEEIRICERICIER T 2EIER NV Z RV B O HEE :
(1) EACEWZERVWTHEBZERL,. ZOME FTETEREE
ElizS . ZOBRORNLIZEHATZ EEHIT, FEMNL I EMBEE
(A—ViEH) LDBRICOWTHRET L (Fig.3).

Fig.1 Apparatus for bucket excavation

Fig.2 Apparatus for blade excavation

Estimation of ground strength using
excavating resistive force

We participated in the Moonshot R&D project “Collaborative Al robots for
adaptation of diverse environments and innovation of infrastructure
construction” beginning in 2021. We have also begun research on estimation
of ground strength using excavating resistive force. The following studies
were conducted:

(1) Strength estimation of sandy soil using excavator bucket: Sandy ground
(silica sand #6, #9, and decomposed granite soil) was excavated using a
bucket, and the excavating resistive force was measured. We investigated
the relationship between the average excavating resistive force and the cone
index (Fig.1).

(2) Strength estimation of sandy soil using a blade: The same sandy soil as
in (1) above was excavated using a flat blade, and the excavating resistive
force was measured. Once again, we investigated the relationship between
the average excavating resistive force and the cone index (Fig.2).

(3) Strength estimation of sandy soil using rotating torque acting on crawler
during turning: The crawler model was rotated on the same sandy soil as in (1)
above, and we measured torque during rotation. We determined the
relationship between average rotating torque and the cone index (Fig.3).

Fig.3 Apparatus for rotation torque

Assistant Professor

Xiao Dong Liu

Assistant Professor
Tomoaki Satomi

Group Photo

(4) Tz aNVzZRAWET7r—ILREE : B EXIBH=AKETO
T14—=ILRICEVWT. 3Dy anN/Lz AW REIER Z1T>
feo BT, S anNLOYIVFICEAEYYE LA O—
VY EREL, BEICHESEAZESATIEEDIC, YUVY
ICERY 2 hh S BEZHTE T 2 FEICDOVWTIRET U (Fig.d).

gboooboobobooboobuoobob

RARETIE. KAABSEKEELOFLVWEERLLIETHS
MEEELEL THEZAEL. ATEOEREEMREBIBULHAR
EITo>TW3, AEF. UTO®FEETo7c,

(1) X—=S 4 FEIEDERWBEERCLE L OBERE : FEEE
IN—ZA NRIEYMZRLITEE TR &ICLD. MEER{CLELT
RICREREROBEER CE 5L EER U, REE. N—54
NEIEMEKBHRIY—ERE Ul R MR EE (LM ORFICEE T
SHRETV. ZOEMEERER U,

(2) Empty Fruit Bunch (EFB) ZRW it EE{LLE T D8 E
B A YRR T OB KERIS\OBMEERELLE L TEDHE
AZzB#EL. 1YRXITORKRNBEBEREEY THS EFBZAWN
ik EE LB L DBEEEICDOWTRE U (Fig.5). A%
BRRIE THEERBI BB T REEY Y IRI DA 2021 ICTHRKRL.
EBHANEEZE U,

vuAviOogoooooooooooobgo

2019 F &DRVVa—AEW YV TU VI EBEORFKZRE LU
MARET>TVNED RERRAZEROLBHS 30cm DFERSETRY
Va—%BATEDHREZIEML (Fig.6). AV V1—BARREZIT >/,
TR, KEZHHEHICKRELLER. RAZEOGHSEED 30cm
FTRVYV2—%Z2BAL, tWEY YTV ITEB LR LI
KEEBOBFETRREZTV. BATOEE ISz,

Fig.4 Filed experiment using mini-shovel

Fig.5 Modifed soil by EFB

(4) Field experiment using a mini-excavator: We conducted soil excavation
experiments using a 3-ton mini-excavator in a field located in Sanbongi,
Osaki City, Miyagi Prefecture. Pressure and stroke sensors were installed
in the excavator’s cylinder to measure the pressure changes caused by
excavation. We investigated a method for estimating ground strength from
the force acting on the cylinder (Fig. 4).

Advanced study on fber cement-stabilized
soil method

We conducted the following studies to achieve advanced development of
the fiber cement-stabilized soil method to recycle unused high water
content mud.

(1) Evaluation of strength characteristics of fiber cement-stabilized soil
using perlite byproducts: Last year, we confirmed that mixing perlite
byproducts with mud could reduce the additive amount of paper debris
required for the fiber cement-stabilized soil method. This year, we
developed an inexpensive neutral solidifying material by mixing perlite
byproducts with a water-soluble polymer and confirmed its effectiveness.
(2) Evaluation of strength characteristics of fiber cement-stabilized soil
using empty fruit bunch (EFB): The strength characteristics of the fiber
cement-stabilized soil with EFB (a typical agricultural waste product in
Indonesia) were investigated with the aim of applying the fiber cement-
stabilized soil method to landslide disaster sites in Indonesia (Fig.5). The
results were presented at the International Symposium on Earth Science
and Technology 2021, and we won the best paper award there.

Development of soil sampling device
using UAV

We have conducted research and development of a screw-type soil sampling
device since 2019. This year, we conducted a screw penetration experiment
using a device that can penetrate a screw to a depth of 30 cm while applying
a reaction force (Fig. 6). As a result, the screw can penetrate to the target
depth of 30 cm and sample soil. The experiment was also conducted on an
actual seashore to confirm that the device could operate outdoors.

Fig.6 Screw type soil sampling device
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BRSSP SERE Resources Strategies

(Takahashi & Sakaguchi Lab.)

HRRIREE - TRILF—RIT DR

Toward Advanced Environmental Geomechanics and Energy Technology

HERBIRERIES 8P Earth Exploitation Environmental Studies

Associate Professor

Kiyotoshi Sakaguchi

2021 FIC YR E T > e EBHRRLTFDEH D TH B,

1) HEBRREROKRAEHICHITEEREMET XD (Fig.1. 2)

2) TEEE O~y ORETEE 1o OERE (Fig.3. 4)
3) REQRUREEICH S INEMEDRZEREZES)

4) HETEREEEAOKERREROERBEICEIBME (Fig.5. 6)

5) REHMERICEDINIRAEEDERBEICRIZIITFEHIEOTE

6) KEMEHDREHEMOILEILEITZERESLROTHAEICET AR

In 2021, our research activities are as follows:

1) Development of high-precision rock stress measurement method for submerged vertical borehole in soft rock mass

2) Macro- and microfracture toughness of granite

3) Spatiotemporal fluctuation of vertical rock stress due to large crustal movement

4) Formation process of hydraulic fracturing of high-temperature ductile rock under confining pressure

5) Effect of nonlinearity on the accuracy of the rock stress measurement method based on linear elastic theory

6) Study on high-sensitivity multipoint strain measurement at the bottom of a submerged vertical borehole at a depth of several hundred meters

gbooobooobooooobooo
goooooobogooo

EBEREFICH LT R SEIFL SN HEH THERNEN T
BRI BREREMENEEORREZT o . AMATIE, FEMK
HEl. EEOZVWISHBREZRAT L. A#ALEDT
HEEREUC, £\ BESNZUEREN S, RUBEREICHE
UTEBINEERXOREZHME Ufc, E5IC. BIERTICED, £
RIDUEREOERUAEBEZRIEL. {EROMHELEOT HE
(CCBOX) &homWERAEREZR I IEZHSM LT,
Ffle, WEICERY S 24 FFOTH VY (Fig.l) ZEEH THH#
LEmICAN T2 EZRAL. EEAZEELL LT K&RUEH
WAEEICEE CEIMBREEAREZRE U, REUVCESES
ETHNAULCOTHEYTDOVOTHAERENDH BT B/

Fig.1 24-elements strain sensor

Fig.2 3D-FEM simulation of laboratory experiment

Development of high-precision rock stress
measurement method for submerged
vertical borehole in soft rock mass

We have developed a high-precision rock stress measurement method that
can measure rock stress in vertical borehole drilled from the ground
surface for sedimentary soft rock masses. We decided to adopt the stress
relief method, which is highly reliable and has a proven record; and
proposed a conical borehole wall strain method. Various issues to be
considered for in-situ measurement were extracted from the assumed
measurement environment. We verified the theoretical measurement
accuracy of the proposed measurement method through numeric analysis,
confirming that our method had greater theoretical measurement accuracy
than the conventional CCBO method. We adopted a method of attaching a
24-element strain sensor (Fig.1) to the wall surface of a conical borehole
with an adhesive. After selecting an adhesive, we proposed a new bonding

\ P i it
sum 3P Artificial X H=10 I
aym 2MPa '

E=1GPa
Pa=0.25

b ]

Fig.3 Three scale specimens

IZ. FIEDILERRZERL—Z 300mm OEET Oy 7Ic0d
HErUEEELEEERETok (Fig.2). ZOHR. +2807
HPRERETH D R U,

gboobooboboobooboobo

MR LR F E R ORI ER THIEADRERRE. ZOH
FNLRBRZE) - AT LzBMNELT, BATEESEE
BT 2 (X, AVRA, NRA. BER) Z2WKRICLEY(1Y
OIS (MFT) HEEEMELZ, MFT OTREKEFEEICDOVWTS
B3, hryFLN—BoMREZzAVT, 3BEEOTEDH
HE(MOumx10umx50um, 20 umx 20 um x 50 u m,
20umx 20 um x 100 u m ) THEZIT o7z (Fig.3.4) . &Y
D MFT . ZOEORZEVESHNSAHE, HRA. HURA. B
BOIETH T, TN 51E SCB HEE T LIcaRa D~y OKRBIE
HiELDBNELK, AE (72%). f&A (63%). HUKRA (50%).
BEEH (9.2%) THolco MFT BRICIEBEERTAKRERKII TSN
Bh ol YUABIKEHIEEDER, BYORRICLDIEEYL, &
FETIRERIEHNKREC MFT HBREVARILEDOHIEHEZE X
L TWSABEMRENTRE I NI,

goooboobobooboobg
ooooboooon

KERRBREHRDNIRFIR—ILKE LRBEDODEDRETHRE, ERET
0N ERBMICASHICUI, HETOSRIEEEADIEE. KE
RRRESRHORER. TL—IF IV EFENZRREBICREVERET
BDTIEERL, KELEFBRICBWIERERL, ERXYNT—T%
LT C e E e (Fig.5.6).

00
1) ROBH  RENPMENRBEE

Fig.4 Specimen immediately after the experiment

Fig.5 Fracture formation after
breakdown pressure

method that can adhere to the wall surface of a submerged conical
borehole. In a laboratory experiment (Fig.2), we confirmed sufficient
strain measurement sensitivity.

Macro and microfracture toughness of granite

We conducted microfracture toughness (MFT) tests on the minerals that
compose Inada granite (quartz, K-feldspar, plagioclase, and biotite) to
evaluate and elucidating the fracture phenomenon of rock, which is an
inhomogeneous body with fine mineral particles. To evaluate the scale
dependence of the MFT, we conducted MFT tests with three cantilevered
specimens (10pm x 10pm x 50pm, 20pm x 20pm x 50pm, 20um x 20pm x
100pm) (Fig.3,4). The MFT of mineral was in the order of quartz,
plagioclase, K-feldspar, and biotite from the largest value. Those MFT
were lesser than the macroscopic fracture toughness of the rocks evaluated
in the SCB test: quartz (72%), plagioclase (53%), K-feldspar (50%), and
biotite (9.2%). We found no significant scale dependence for the MFT
itself. The difference from the macrofracture toughness was suggested by
the influence of mineral grain boundaries and the possibility that quartz,
which has a large composition ratio and a large MFT in granite, controls
the overall fracture toughness.

Formation process of hydraulic fracturing of
high-temperature ductile rock under
confning pressure

We experimentally clarified at what stage hydraulic fracture occurs and
progresses as the hydraulic pressure of a borehole increases. In high-
temperature ductile rock under confining pressure, we confirmed that
hydraulic fracture does not occur immediately after breakdown, but
gradually progresses during the process of increasing hydraulic pressure
to form a crack network (Fig.5, 6).

Awards

1) Kiyotoshi Sakaguchi received Graduate School of Environmental
Studies Education Award

Fig.6 Fracture formation at about half
the breakdown pressure
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IRILF—EREBE
PRI RIF—I AT LE4EF  Distributed Energy System
Y2714 FTINBIRIVEF—V AT L
EIRICMEITT

Toward the development of sustainable energy system Professor
Tatsuya Kawata

Energy Resources

HRTFOMRFHIF. RERNELZORRICAF AN EFOSVREOERTH S, REBEOHRTERIC. HEBRILFE T/ RI(C
EBIXINF—BHEMAICRARGBIRILF BN, SLOTRILF—FREM. FMRRERSICHDEGRERTOERRME L
FEBEREZERAFELL WS, BE - IRXLF—HBEOBRICE. CERBOBHENAEBETEIRILF—OREMRIGDHDH LW
MOBERHFAREER., ZORMBRELT, SHE, SMAEOEFREYTREIEH] (SOFC) K LUVE KK ER I (SOEC) D
ERICHDERBEMFEZIND LT, FRANOEEEOHBEL. YATFLAICAVWSKZMEOERREICSTIMBLZEN. EBRIEEICOVT,
#Ah%, BRLE. BRICFZERETIBEMICL>THSNITT B,

Our research target is to develop environmentally friendly energy-conversion systems. Our special focus is on high-temperature electrochemical devices
such as solid oxide cells, which are useful for high-efficiency energy conversion between chemical and electric energy. Research studies on the mechanical
reliability of solid oxide fuel cells (SOFCs) and solid oxide electrolysis cells (SOECs), which are tightly linked with physicochemical and thermodynamic
properties, have been performed through collaboration with other research groups inside and outside the university. A simulation code was developed to
evaluate the deformation based on transient distribution of chemical potential inside the materials. The mechanical and physicochemical properties of the
constituent materials have been measured at elevated temperatures in controlled atmospheres to be used for the simulation.

gooboobbooooobobobbooobboog
goooooooooboobobo

NEDO ZFEEZ ERBRICMMBERR Y v I DB ERE - #
EMOMEFHR M 2020 FELDFHKL. B7OY I MNISE
LTW3, EBEWROSVERERCFMEEM (SOFC) lc&BWT,
65% (LHV) OBEz=RL. MR 13 BREU LICEBRT 251
DN ZBIEL. XY v DEEFE - BITRIMORAEZT>TWS,
PRAEDELEZED THRATHRZEDTED., RRRE. R
KF. AMKF, EERWHBEMER. BAOFRMEATEEIY
V=7 LU, SOFC MRS EOBEICEE U TEEZHE
LTW3, BMRETEEVRRFIARICERLTR/ILIAERTOE
BRENRDRD, ZEEBICORERNTNECDHEENH B/,
CILRDBANASIEZFHMICTHERE I DB ENH B, BHARE
FEILOEBMPEBETMICETREZIE>TED, SOFC DR’
Wtz EVUCERNBZIEKRI 5cHDBERBREEORAERED
7oTW3 (Fig.1)o

goooboooboooboboooboooboobo

2050 FEXTIEA—RyZa— IIILZERTBICIE. BHH#EE
Tl B - BRELTERENSEG—RIXILF—DAh—RY
Za—hIWVEDREERED, 22T CCUSETEINL CO:2 Z1E
W, BEARIRILF—ZFALLBRNEETOEZIMEREIhTL
%, CO7OERFRTIIBETEIRILF—HRORREHZE G
BALmERE )L (SOEC) TTRILRREKBIDOHEERIZILET
REMBBEEICHEGERARZBVERICERT AR RES R
TW3, HFRETIE NEDO ZFEFEE "RIEA FT RIDERESEK
ME—BEETOERICEITZMERK, I 2021 FELDZEL.
SOEC HEMA L Ic R ELRERFHOTME - REZT>TWS,

Development of advanced evaluation and
analysis technologies for the durability of
solid oxide fuel cell stacks and the
development of a high-toughness cell

NEDO’s project involving the development of advanced evaluation and
analysis technologies for the durability of solid oxide fuel cell (SOFC)
stacks was launched in FY2020. It aimed to develop advanced stack-
evaluation techniques to achieve super-high efficiency of 65% LHV (lower
heating value) and a lifetime longer than 130,000 hours. In this project, a
research consortium organized by the University of the Tokyo, Kyoto
University, Kyushu University, AIST, CRIEPI, and Tohoku University
collaborates with companies that have developed SOFCs. Under high-
output conditions, high fuel utilization causes various operating conditions
at different places within a cell. The degradation behavior may also differ
from the average operating conditions. Therefore, the cell’s local
degradation should be evaluated. Our lab contributes to the development
of the mechanical reliability evaluation method. A stress test apparatus has
been developed to achieve high toughness, which extends the application
range of SOFCs (Fig.1).

Fundamental technologies for liquid fuel
production using high-temperature
co-electrolysis

To achieve carbon neutrality by 2050, not only electricity generation but
also chemical-industry feed stocks and fuels for transportation must be
decarbonized. Much attention has been given to a new fuel production
process using captured carbon dioxide and renewable energy. A co-
electrolysis of carbon dioxide and steam by solid oxide cells is proposed to
produce a syngas for liquid fuel production. Our laboratory has participated
in the NEDO project since FY2021 to realize this technology. In the
project, we have evaluated the basic properties of co-electrolysis cells. A
specific model electrode cell was designed for the analysis of co-
electrolysis reaction to extract critical issues of cells (Fig.2). The results of

Associate Professor
Keiji Yashiro

Fig.2 LRI L SBRHBERRICDENT DI ICERICHKFTULETIL
BB/ ZRAWTHBRIEOR/ILLNILTOREOHEBZITL. Z0
HREZAMOEABEOREICTr— RNy I F2kHlc. ETIL
BRERABED 2 D051 7OBBROBABNLBFTMZITSIET
TRICHEBEREILORFKZTSIEZRELTVS,

gogo

2021 FEQHMREDAVN—(F, B 14, EHR & AR
B1%. KifHES 1 ZOBBE 4 A, BXFE10H. FHFES
ZOPE 18 BZDEN 22ZTHERSIN. 3 AICIIMELREZ 4 2D
ETU. 2HE 4 BIFFRBELTREICER U

the model cell analysis were fed back to a design of a practical porous
electrode. This scheme contributes to rapid development of co-electrolysis
cells at high temperature.

Educational activities

Lab workers consist of four staff members (a professor, an associate
professor, a researcher, and a technical staff member) and 18 students (10
master’s students and eight undergraduates). Four graduate students and
four undergraduate students graduated in March.

Fig.1 Apparatus design and simulation of robustness evaluation for SOFCs.

YSZEE E 12 EF L L FzNiTEE

CO,
H,0 000 000 - - ¢
m “. er— — .x"/
Ni YSZ Ni 4
SOFC SOEC NI-YSZERBESE - TEAR i-YSZHLEEED
----------- HREEE
= 0 —94—RIY
H2 z 'HL.j‘{ -

PREHE BRRE EXW

Fig.2 Specifc model electrode cell for analysis of co-electrolysis.
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IRILF—ERFERE Energy Resources
IRILF—BRY XA VFTMESDEF Resources and Energy Security

ISR SSERE  Environmental Policies

EiEtt SeReR 95 (BRIEBERSERE)  Socio-Environmental Dynamic Analysis (Environmental Policies)

WERIERZORCEFRAEGER TXILF—RHE

The Deepening of Geo-Environmental Science and
Sustainable Resource and Energy Development

Professor
Takeshi Komai

IXNF—EFRIRIHHEDFF. RREEER - TRIVF—OBEEFRICEIHRAGMERRZD EIC. MKRBICEIT2YERERICR
SURHBYRATLAOERE, ER - IRILF—RRCHESIT2RERIVREVAIER, AORREBARREEOBR, EREICEITZLE
PHITKEDBREE. SSICRBEECEYVEDO IR FEICEIT2MAENBHE - MRZEET %,

FRREZEOFERF. HIRHFEER - TRIF—HEROFPMEZERE LT HIKRES JOCHBRBEORLICET 2RMT P 2T LD
REXREL., BEBSLUMRZEL TRMOHRICER I D ETH B, AMESPREFEORIMAR. TLARKEZBU T HRHBRZ
ELEMABLTHRITHELTWS,

We have conducted various research in energy and environmental sciences and engineering, such as environmental risk assessments, geosciences/
geoengineering in light of energy and resource productions, and geo-informatics, for our sustainable future. We have investigated hydraulic, mechanical, and
chemical properties of high-temperature rocks and ways to control/utilize them, particularly for sustainable and profitable productions of petroleum and
geothermal resources. Recently, we initiated a research on a new method for CO, mineralization, in which an environmentally friendly chelating agent is
applied and recycled to dissolve calcium silicate efficiently and produce high-purity calcium carbonate and silica in an alkaline aqueous solution. Furthermore,
we initiated new research on risk assessment of new hazardous chemicals, flax method of soil-water boundary conditions, reality of fluid flows in pore
systems of soils, and risk assessments of coal and metal mines in developed countries. We have developed new knowledge and several innovative methods
for data-driven environmental analyses.

doodoopoodooooooooooooooon
dododoooooooooooooooon
O AISTOJAMSTEC O OODOOOO
BREFOERIE. BERTHD., ZOBHROFHSHEHRBRERZHE

TERFENEEERD, RARTIE. EERFREBEYOHEHRIF
EORR (BB et al, RIBHER DV R) LARELLLOLEIRZO
X (Nakamura et al.,, Heliyon) ICEBU.[EHZHETEIET,
BT TOCROBAET >

Development of discrimination methods for
paleotsunami deposits and elucidation of the
regression process of closed mines via
environmental data-driven analysis

Environmental information is infinite and complex, so it is important to
identify which factors are beneficial. In our study, we developed methods
to discriminate paleotsunami deposits and described the regression
process of closed mines. Through data-driven analysis, we elucidated a
complex and wide variety of environmental processes.

goooodoooooooood
(AlsTOOOOOO/70000000C00CCOCOOOOO)

Research on the geoenvironmental transfer
of topical materials

FEYEORK LEFORNPAHEAAZZXLDNFRBHRTH
D, REBELGEOENICKERFEIEZSNTVWD, FART
&, TEREARVCTIEALOTI SV I AOBEETILOREZT-
fz (Kondo et al., Environmental Modeling & Assessment.;

LRAFERECRINEN

2 e L L L]
[ ]

NN - FARASELREORE R ENEn

Fig.1 Paleo-tsunami deposits core sampling in

Sanriku coast, lwate environment

Recently, air, water, and soil contamination have become serious problems
worldwide. The transportation and distribution mechanisms of hazardous
substances in the air, water, and soil are still unclear. The purpose of this
study was to assess transporter phenomena in the geo-environment using
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Fig.2 Image of volatilization fux model in geotechnical

Fig.3 Risk assessment model image of new
hazardous chemicals at our living area

Professor Assistant Professor

Noriaki Watanabe Kengo Nakamura

Group Photo

Parlin et al., SUSTAINABILITY), &Ffc. NERZERSOMEEHIC
FEUVEEVEORMBEETIVERAEL. FENEFREZRREL
fz (Pongritsakda et al., Applied Science).

000 /000000000000000
(JspsUOOpOOOOOOBMOOOOODOOOOO)

HREICH AR RBER RO BEHAERIOEENIRFI NS 400°C
LEDMTRETOKEBRBOANZIALICETIEREZRI 3
fmzF& U (Goto et al.,, Rock Mech. Rock Eng.; Pariso et al.,
Sci. Rep.; Goto et al., Geothermics), Fiz. MEEFICEL BT
BEDHD. EROTAMIRNDEEEZOEKENOEEZRS
MUfe (BILS, EBF R, 2021), SISICHBARICELS DY)
N F/RFICEBEREETORHEZOMEIAFEZRASHICLE
(Watanabe et al., Sci. Rep.),

co00b0dogboonoobooobooonbo

gjgspsoboobooobooboomiocMECOODOOO
gooooooooobdg

SR TIREICIEE U CO2 ZREICAWS CO2 /)L —LAmE S
BOERRICAITT, COz ILLBPEAHADOFHEFREHASHICLE
(Pramudyo et al., Geothermics), Ffc. BREEEHAITZIET
FHRWEREURIEETIEZIEHTEER, FL—MIZERWZE
ADOBKEREF EEFKHAL (Watanabe et al., Sci. Rep.).

co:00000Dg0ono co00m0n

BEABATRELRFL - EZERW CO &7 1B ALY VAR
Y/ BEVHSORBEAILY U LABERTZ KB UL (Wang et al.,
Sci. Rep.; Wang et al., J. Environ. Chem. Eng.). Ffc. E#fith
TOTM BRI EURME TIERRKEDRIGZF AL CO2 HI
REICEET 2 MREMB L.

a self-made model. We developed a model for the long-term transport of
toxic materials in the ground at illegal dumping sites, and proposed a
remediation method.

Creation and control of supercritical/superhot
geothermal reservoirs

We have published three international collaborative papers on the
mechanism of hydraulic fracturing in supercritical/superhot geothermal
environments (above approximately 400°C) in Rock Mech. Rock Eng., Sci.
Rep., and Geothermics. Additionally, we have clarified the shear slip
behaviors of fractures that may occur during geothermal energy production
and their impacts on reservoir permeability. We have clarified the
characteristics of permeability reduction due to the formation of silica
nanoparticles during energy production, as well as ways to inhibit such
reduction (Watanabe et al., Sci. Rep.).

CO: utilization and suppressing induced
seismicity in creating geothermal reservoirs

We determined the characteristics and advantages in fracturing of rocks
by CO; injection, which may be applied to create future CO, plume
geothermal systems (Pramudyo et al., Geothermics). Additionally, to avoid
frequent fracturing (i.e., greater risk of induced seismicity), we have
proposed a new method to improve reservoir permeability using a chelating
agent (Watanabe et al., Sci. Rep.).

CO2 mineralization and CO2 removal
technologies

We proposed a sustainable process for CO. mineralization using a
recyclable chelating agent and calcium silicate-type minerals and wastes
(Wang et al., J. Environ. Chem. Eng.). Additionally, we have initiated new
research on CO2 removal technology based on reactions of calcium
silicate-type soil modifiers with water.

Fig.4 Fractures created in granite
by CO: injection

Fig.5 Voids created in granite by chelating agent fooding

Fig.6 CaCOs produced by the new CO:
mineralization process
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IRILF—ERFERE Energy Resources
RIEHAKESE T Designing of Nano-Ecomaterials

RIEEDHE-TXRILF—D
BlRiAIB S F / e R R

Development of functional nano-ecomaterials for energy and Professor
environment in the environmentally benign systems Hideyuki Takahashi

F/MBZERERTRSMHEZHERIZMBELTHFINTVSY, EOBKRTRIERRENGEMBETZODICE. BNETDHEZR
RIRICHKBETEHHE - ERR - RRICHEHITZ2LENH D, CORGERDS. AARETIE. FEMRHPTOMROREZFHERT X #8iE
BTEORBIMNZEBEC THBICHEL, ZORISEBZESCZNFECEENMEZIALRATZE T SWXE>BERRKEDF/
MBI ERAETEFEERHALTND, Klc. SHEEZRIRT BcHDREFEEDORREZIToOTWS, X (A) BRIR/ILF—ZHME (b
BYKGEMAT/HEL REZBREGE /AT K. 20, (B) #eEkr/ - T BEES /KT SRELETRERES /MR
(Cu+/HIF, CuF/T7A4VRE). BAESDFRESHAKEEF/MEME. BE). (C) BAELIXIIEDHMBERREETZIHDHE
FHERAT,. FICHE|TES,

Hideyuki Takahashi Laboratory’s research has focused on developing and using well-defined nanomaterials in our daily lives. In particular, we have
developed methods for synthesizing and utilizing useful nanomaterials with specific morphology.

Our research objectives can be classified into (a) natural energy conversion materials, such as alloy nanoparticles for compound solar cells, thermoelectric
alloy nanoparticles, and photocatalysts with specific morphology; (b) functional nano-eco materials, such as uniform and well-crystallized alloy
nanomaterials, well-defined electric integration nanomaterials (Cu nanoparticle, Cu nanowire, etc.), and precise control of nanocatalysts for fuel cells; and
(c) development of novel methods for extracting rare metals with precise control under complex conditions.

ooon Research

To achieve industrial applications of transition metal/alloy nanoparticles
instead of precious metal nanoparticles, various procedures for synthesizing
these materials have been developed under low environmental loading
conditions. In particular, a method of synthesizing “uniform” and “well-
crystallized” metal/alloy nanoparticles should be developed to utilize the
uniform properties, selective and high-performance, suitable phase, and long
lifetime. Moreover, materials synthesized for commercial applications should
have specific properties, such as high oxidative resistivity and low addition of
surfactants. We have developed a method of synthesizing metal/alloy
nanoparticles with the properties mentioned above using simple equipment
and low energy conditions (RT-70°C) in the aqueous phase.

EREBEOERETRRVWEED I/ MHZEALIZILER
HBIC, BRBEB/ AT/ T2 BEARIDBVWFETERT
DMEFEREZTO>TND, FC. MRIORMEDIEY, SRz R
RI2HEDERNER. REML. EERTDHICIE. HETHE
EENBVWEE /B T/ HTFTHIIENBRETH D, Blc, T¥
LA % REEIC B < EMELIENE < O DOREHEEBEM O E A IR E
TERITIDETH Do CORBETCORBEEIRTHILRE/
BT/ NFE, E-N—F0BHELEBOAZAWN., EE~70C
BEOKESRPT AHT3EVWS “RBAROESM " EEX2F%%
HAFELTWS,

Z0AIIF. BREADZKARBICEVWT. £BOREZHELLT
3L AREART AEBBEIIGETMHIERLHORTY v
LWEE—{CRUHETZEDNDETH D (ERTDMRHC LD,
BERELUOREEIEZBEEHD ). ZITHERXOMEETIFEHE

To synthesize “uniform” and “well-crystallized” metal/alloy nanoparticles,
the condition of metals in the aqueous phase should be restricted to the
homogeneous phase, and the reduction potential of both metal complexes
should be equal. Sometimes, oxide materials and sulfide materials are also
synthesized.
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Fig.1 Schematic drawing of researches in H. Takahashi Lab (concept).
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Assistant Professor
Koji Yokoyama

Associate Professor
Shun Yokoyama

Technical Engineer

Kenichi Motomiya

FEZRAVWTKBRAPOEEHEAOEEZZHIEL. ZTOLTER
MHESEEFEERE L.

Bz, EEYRGEBRIEAS Cu-ln &7/ HIF+° Cu-In-S
F+/kiF. Cu-In-Sn &&F/1iF. Cu-Zn-Sn-S ./ HFZKERF

SER U BRI E TAGEBERR S EIRMERMAE L, &,
BEMINELMRILENSW Cu F/HIF»° CuF/J71Y, EHEE
HEMRAOREBRIREIEHZIT o/ Cu fiF. EEMRZER TR
I2HD Fe F/HF. FOAKERALERATND, Blc, IX
ILF—RELT, SEBTMMRCREE MR, BFREGKTEE
BZHRIRIDANT T 771 RAMEMR, ZRFELTVWS (Fig.1).

gbooobooboboooboobobobooboo

EiE (R) MIREFMBE TR FEEEOMRHERENCERH. 132
=Y avEEAINTZIO-NILLERETZIEICHESRE
BWTHED, ZEEFEOERSB CORRPELRERXEDER%E
BAMICIT>TWS, 2021 £EIF., EFEHA S, COVID-19 DFE
THELDORIBICARZN O rOEEFERET oI, HEHABTIE. 6
BRECER ZMERRILXBEZTARICTMC2 OBARERS A
MC1 OFRABEIARLIVEREIALNAY 10T 9 BICHES
nic 2021 FEER - RMERZEBEERAMNZRLICTMC2 DI
AERSARVNFESA. MC1 ORAEBEIA. GEBLRIA.
BRBEIALNAYZIV T 11 BIIIATHRESINIZE=EIRER
FHRRACTMC OFRABEEFSA. HBLERIA. BRESALHE
REITO>TWD, Fle. RNEER. ZEHENE DD 3HORNE
WELT,

COVID-19 O EZEMERITNIE. REELMEIF. ECS P MRS,
BR-ZMER. ER-ZMERFILRERE. BAYEZR. BE
ERAOZRCHBEBIICSIL. RBROERETSFETHD. &
foo BAIRILF—ICEATIRMESCEERICHRDIEILRFS
EREICE TDHAIEEREEBRT %,

Therefore, we introduced our idea for a particle synthesis system based on the
predicted concentration of metal complexes in an aqueous solution as a
function of pH.

For solar cell application, we developed methods of synthesizing Cu-In alloy
nanoparticles, Cu-In-S nanoparticles, Cu-In-Sn alloy nanoparticles, and Cu-
Zn-Sn-S nanoparticles, and we applied these synthesized materials to the
formation of printable solar cells. Moreover, we tried to synthesize Cu
nanoparticles and/or Cu nanowire with high conductivity and oxidative
resistivity, Cu materials with specific morphology, and Fe nanoparticles with
low melting point to apply as bonding materials. Thermoelectric materials,
fuel cell materials, and stratified photo catalysts with specific morphology
werealso developedtoapply these synthesized materialstoenvironmentally
friendly energy materials (Fig.1).

Student activity (conferences, prizes, etc.)

Students from our laboratory attended up to 20 international and domestic
conferences in usual year. To develop members’ abilities, we recommended
joining international conferences and studying abroad (DC course
students). However, we only attended nine meetings in 2021 because of the
COVID-19 pandemic.

This year, Mr. Yota Umemoto (MC2), Mr. Yuma Araya (MC1), and Ms.
Kaoru Fukuoka (MC1) joined MMIJ’s Tohoku branch meetings (May,
online meeting). Mr. Yota Umemoto (MC2), Mr. Kaoru Ono (MC2), Mr.
Yuma Araya (MC1), Mr. Hiromi Koga (MC1), and Ms. Kaoru Fukuoka
(MC1) joined the 2021 MMIJ meetings (June, online meeting).

Mr. Yuma Araya (MC1), Mr. Hiromi Koga (MC1), and Ms. Kaoru Fukuoka
(MC1) joined the third Meeting of Environmental Studies, held in Sendai
(December, poster).

Three papers related to the students’ research were published in 2021.

After the COVID-19 pandemic, we will join the Electrochemical Society
Conference (ECS), Materials Society Meetings (MRS), MMIJ’s spring
and fall meetings, and Tohoku branch’s spring MMIJ meeting, as well as
the Japan Society of Applied Physics (JSAP) and others.
Moreover, we will participate in various social activities, such as events
addressing natural energy, public lectures, and so forth.
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Fig.2 Schematic drawing of researches in H. Takahashi Lab (target).
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IRILF—ERFERE Energy Resources

IXRILF—HEBRELV

# U WEBRRRMTOERICRIFTALED

Governing energy strategies and the diffusion
of new low-carbon technologies

ERITXRILXF—ERFESER  International Energy Resources

Professor

Noriyoshi Tsuchiya

HWIKERILICLDRBEERE TRILF—BEADOHGREINTTULICRBEL S TWD, AMREF MELKEIRILF— FHEE MR,
BERER. —BRICRFZODEHHGE, BANZNEIOCHSRZNFEZMESE T HRAUESHSORRICAT. BN DERINGE

IRILF—ERZOMEEEDT NS,

As tackling the ever-increasing climate change and energy crises becomes a critical and urgent call, our group strives to run various research projects
combining natural and social sciences on geothermal and hydrogen energy, resource recycling, and carbon emission reduction. We expect these meaningful
studies and essential developments to serve a carbon-neutral society for long-term sustainability.

goooboooogoo

WBIXILF—FEHRNICEERBETREIRILF—FRTY
T, RBOMBMERICMZT, BEREAMEAFERE (SGR:
Supercritical Geothermal Reservoir) AD7 70— F &k Fe il
ELTELDBELIFESNTVWEY, SGROXKAFTFOTELTTE
MEEHEVATLAZREL, YTV - BKIRTLADTRKELZHA
SMCTBIeHICEKABEEZMRLTVET, COMREIF, HEE
MAEEDBERICEDIFHULWAMRESZT<NET,

EERMBEREFOAEATIE., BREFORN R EDHRIERME
REICKD, MEFKERT PR OME T RILF—ADOEDEHDEFL
TWEd, 22T, Agent Based Modeling (ABM) ZRHWT#HS
HxYhT—o0HT, T—IzVh (N) BNEDKSICTENTEN %
EFIEL, BRI RILF—LZORKEOHENZTREZAMTLTW
%9 (SLO, Social License to Operate),

gbooobooboobgoobooooboo

MHABE T OHBRES, HREE, MR, HHROIX
LF— HWEOFHICKRERLELZEATVWEY, BARETIE. #
BERM. BKBREABLFLOANZI L, HRPEBET DRE
TIVvIADHE, HEREFHOEAZHARE., BRKINSOFLE
TROEIZE, BEWEEZNT VI DOWTIHERZT>TVED,
R THNSEXBETOIENBREETILEBRICIE. RIEFEE

Fig.1 Volcanic and Geotehrmal activities in Mt. Zao

Geothermal energy and society

Geothermal energy is a globally accessible and renewable resource. Our
research team studies not only conventional geothermal system, but also
future and potential system. Accessing supercritical geothermal reservoirs
(SGRs) is currently an expanding and critical research field of geothermal
development for power generation. We study granite porphyry systems as
the natural analogues for SGRs and investigate brecciation textures to
reveal fluid evolution of the magmatic-hydrothermal system, which helps
explore additional potential energy. These studies provide novel insights
into the earthquake-fluid relationship.

However, given its abundant geothermal resources, the development of
geothermal power plants and local geothermal energy initiatives in Japan
has nevertheless stagnated due to social issues such as opposition from
relevant stakeholders. To solve these problems, we use agent-based
modelling to simulate real-world social network behaviors and analyze
social acceptance (i.e., SLO, social license to operate).

Fluid-related geological processes
and disaster science

Aqueous fluid flow in the subduction zone plays an essential role in crustal
deformation, ore formation, energy transfer in geothermal systems, and
earthquake triggering. Our group research interests cover a wide range of
interconnected geological topics: hydrothermal fracturing and brecciation
mechanisms, fluid flux estimations from rock samples and discovering
seismic activity evidence, rare-earth mineralization from hot spring water,
etc. Understanding fluid and rock properties is important to provide a

i
B

Fig.2 Social acceptance of geothermal energy
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Fig.3 Hydrogen production by using
wast Aluminium with acidic hot spring

comprehensive fluid flow model from the lower to the shallow crust. Our
lab is one of representative bases of water-rock interaction. We are also
interested in disaster prevention, such as identifying historical tsunami
deposits using big data analysis.

Towards a carbon-neutral society: Hydrogen
energy and CO:z capture, utilization, and storage

Efficiently reducing atmospheric CO- is becoming more urgent than ever
because global warming is speeding up and Japan has pledged to reach
complete carbon neutrality by 2050. To achieve this goal, the development
of new technologies regarding renewable energy production and CO,
capture, utilization, and storage (CCUS) is essential. Our group has
extended direct geothermal use for green hydrogen production via acidic
hot springs and aluminum wastes at a local scale (e.g., Tamagawa hot
spring, Senboku City, Akita Prefecture). We have also developed an
advanced and industrial-applicable CCUS process with the use of
industrial wastes/resources (e.g., cement, slag, and fly ash) and recyclable
chelating agents, during which CO; can be efficiently captured and stored
as valuable high-purity carbonates.

Research Topics in 2021

OHydrogen production using waste aluminum and hot spring
OAnalysis of social acceptance of geothermal energy
AL for identification of historical tsunami deposits

[J Geothermal energy system in the subduction zone and supercritical
Ogeothermal energy

0 Construction of seismic activity model by flux analysis of
O rock-fluid reaction zone

[JCCUS using industrial wastes and recyclable chelating agents

Field Survey

[OVolcanic activity (Zao active volcano)
[J Geothermal exploration
O Historical tsunami deposits (coast line of Pacific Ocean)

[ Social survey for analysis of SLO of geothermal energy
(Tsuchiyu Onsen and Naruko Onsen)

Hilo-Hn
Al

FE S22 R ERR T

Fig.4 Histrical tsunami sediments along the Pacifc Ocean (Noda Villege)
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BEISERSEEE Environmental Policies

BiE - TRILEF—BFHE9E  Environmental and Energy Economics

B FSAFr—VEBOEEMNAEE

EETSY R DAHEIL

Resource logistic approach to visualize supply chain risks Professor

behind resource use

Kazuyo Matsubae

FEEDOATEABSPICERBERRICESYEREE., SEEICRITIZIV—VIO/ I —%2RBIILHDEFRMEXZEF5VEREE
BENZNEXERICH D, BEREROLFAYIVEBETHZ2BNEIG. HE - £EEFHEXIDE<O—REROFELBNKEFELTWS,
BERHIEDOERICH I 2L BRMBER YRV ERFEHICHUTCULIEVIERELRFELELLSTILEFAMSNTVWEZHDOD, Y751 FI—r%
BULERORNOEEL, BEIZVRIOARIIEBIRVEROBMETEDNRELTHEZE, YTUTZILT7O—BERIRTEL VWS E
FER. BEDVZVONRKRTH D, AMELBFTIE. ChSOFBEERRL. BRIABICEDZY 7S F—V YRV IBEREENN - BEEHIC

EEITLERBEZAEY

With the increased global concerns about resources and environmental constraints in recent years, the role of mining, as a constituent of social responsibility
associated with resource extraction and usage, is becoming increasingly important in science, technology, and innovation policy. Under increasing public
and shareholders' concerns of social and environmental sustainability, the fabrication industries require careful attention owing to their own risks related
to the resources and materials that are used in their products and services. The material flow analysis (MFA) tool and input-output technique provide useful
perspectives and valuable evidence for avoiding or minimizing the social and environmental risks related to the demand of resources.

We analyzed the risk-weighted flow by combining the resource logistics database and Input Output model. The estimated results shed light on how resource
logistics prepare policy makers and research and development (R&D) engineers to confront the risks behind resource usage and how the information should

be shared among stakeholders.

gboooooboboobgobobooobooboong
goooooogbo —bobobooboobg-=

EREBEEOERIAR. BRFAFKZEC THOEVWE Y
BRABRBEZEZRIET, BEVEREZAVVT H5EICKIT2E
EDHBOBEICLDFRINOERBEE QL WIBEZFTMI B75E
DMRESND, COBRICEEIIHER. BREOHBOEET—F
CEBESHRAOMEICEIC/N\ATIVYRFIO—FTH 2%, BF
DEBHLEDEFIMRZEL T BEAOBEHERMOEER. =R
EESnc L HBEICROBEINIEPHBOEZLEL DI EZH
S5hicUlc, BIZIE BATESBBEZEET SR ICERBOL
HWIBELICF Y (6%) DEA—ARTUTF (14%). 1V RX27 (11%)
HNE#MEIND. FRINLFZITVILBIERESINTED, D=
WEPHbE & QIYERE ICE W TR B AR R B EERERIRYT 57
2. EOEDEDRRICEET BERBEE SN LBBEDOEEICE
BICEARRETH S (Fig.1-2).

& B ]

T . ;_-:u
E‘l’l P "f -
LY
HE'-'i ] - 33 o
Fow | w dar. am Vi *
s 2 &7 T8 °E, LY ;
1_'.”?-l|- 3 'y A
—— = e P
te-oo [EEPITTS

Fig.1 Multi-regional land disturbances (kg-TMR/kg) induced by vehicles
production in Japan. Derived from Kosai et al. (2020).
https://doi.org/10.1016/j.resconrec.2021.106093

Multiregional land disturbances induced by
mineral use in a product-based approach: A
case study of vehicle production in Japan

Resource use in the country of final demand has severe environmental
impacts in other distant countries and regions through resource
exploitation. Using the total material requirement (TMR), we proposed a
methodology for evaluating telecoupled land disturbances induced by
manufacturing a given product in a given country. This product-focused
method is a hybrid approach based on the integration of inventory data of
a given product and the international trade statistics. Through a case study
of vehicle production in Japan, we found that the transition to next-
generation vehicles in Japan results in changes in the countries and regions
most exposed to the telecoupled land disturbances: i.e., from Chile (27%)
to Australia (14%) and Indonesia (11%) for battery electric vehicles. The
algorithm we developed is relatively simplified so that it can be readily
implemented to determine the telecoupled land disturbances associated
with any product in any country for a sustainable interaction in their
mineral trades with other distant countries and regions (Fig.1-2).

Fig.2 Multi-regional land disturbances induced by gasoline cars production in Japan,
by country per vehicle (in percentage). Adapted from Kosai et al. (2020).
https://doi.org/10.1016/j.resconrec.2021.106093

Assistant Professor

Zhengyang Zhang

obooboooobooboboo
gboobooboboon

HRICEFZIEYMERDOFEIZ. RRFLSNDGRIZEEZERIC
BZHITTWS, —A, MMEROY 774 Fo—rIcld. ShLEZ
DEHBEPEYSHRMEDRRBZERLBYRINEATWNS, Z0D
FTH, RIBTRTECDRTV MBI DIET LDRIEIC LS M
BYRTEERGEEZRIES. FMATRIPEROY T51F—
VIRV EEENICFHEL, XEHAEDZSWY TS5/ F— DB
BLUOFHARGEREBICEITHBYELERTI 5. DIFIC
BRUT, Y7210 Fz—r2TWI BRI BRE ENICTE - BIE
INBT—IN—RZERUS2T. —EOEEZTHH MBI OR
B RBICEZPHENM K TELSMBHERERETILICERY
3Z&ic&biT> (Fig.3)o

gbooboobobooboobuooboobob
gbooboobobogon
—gooobooboooobooobog =

ERBARE (GCC) FEIF. ADDBRREZ®BLI DI+
BREHZHRATZENZE>TWS, —H. ARG\ DBEKREL.
GCC #EEIcERENBEERFORILICHSBIETRICH I BEHEHE
zblc5d, BN - EEREERMIE. RELEDREZRELL. £
WHRAZRIMEICIMZA DD, BREDINEEZSHEILICEI>TR
HEREZALSEZAREZELTVS, KHENSH 15km? D
ERREBFF 0.Tkm? RBEDEZEEREHN, /Vx— EICHITS 6
BOBZOBMARTEZVWHNTHSEIMNRE SN, i, tiEE
SUHERNBERICLZRAMHEDRF M2 FE A TRIBEHRER L
DREHENRRSNfcE LD, GCC HEENENR - BEERERINZ
RAUVZBRICEEY 2HA0ORE,. B5WICREDERN - BUERNZE
HICAET BESBHATE NI (Fig.d)o

L ELD i, BFSLFI— EE@E

EEVRS

Fig.3 Diagram of supply chain risks analysis

Supply chain risk analysis for mineral
resources focusing on tailing dam failures

The worldwide demand for mineral resources continues to increase
alongside the transition to a carbon-neutral society. However, various risks
such as land changes and biodiversity losses at mining sites are present in
the mineral supply chain. Among them, supply chain disruptions due to
the collapse of tailing dams that accumulate as byproducts of the mining
process has a significant effect. We evaluated the mineral supply chain
risks and proposed a new benchmark for constructing a high-risk resilient
supply chain along with sustainable resource consumption. To achieve
this, we created a database that classifies supply chain disruption risks
comprehensively, and then connected it to a multiregional input—output
model that can estimate the economic and environmental influence of
production activities across the supply chain (Fig.3).

Potential for food self-sufciency improvements
through indoor and vertical farming in the Gulf
Cooperation Council: Challenges and
opportunities in the case of Kuwait

The Gulf Cooperation Council (GCC) countries have the ability to import
sufficient food to meet their populations” demand. However, overreliance
on imported food leaves GCC countries vulnerable to food shortages
during crises that disrupt international production and shipping. Indoor
and vertical farming technologies have the potential to improve food self-
sufficiency by multiplying vegetable crop yields while optimizing the
efficiency of agricultural inputs and minimizing land requirements. Our
study demonstrated how approximately 15 km? of indoor farms or less
than 0.1 km? of vertical farms could reduce the need to import six vegetable
crops in Kuwait (Fig.4). We also contextualized the need for improved
food self-sufficiency in light of vulnerabilities resulting from regional and
global threats, illuminated unique challenges faced by GCC countries that
are considering adopting such technologies, and summarized opportunities
inherent in the current legal and policy framework.

Vertical Farm ||

ndoor Form N
protoctes Fiocs
openrics

10 20 30 a0 50
Total area (k)

(=

Fig.4 Comparison of total land area required to achieve 100% self-suffciency
using different cultivation scenarios. Adapted from Meshal et al. (2021).
https://www.mdpi.com/2071-1050/13/22/12553
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HiiEE (DOWA ;1R—JL5 1 >4 RX) Endowed Division (Dowa Holdings Co., Ltd.)
BIEMRIERESE 8P  Study of Functional Materials
EIEEEBES9E  Study of End of Life Materials Control
RIEYERESSEF  Control of Environmental Materials

RISIRMBERRMORAE L.

HENLERBIR AT LOBRERZBELT

Towards developing new, environmentally friendly materials and

constructing sustainable systems for resource recycling

DOWA B IFIRER AR E DOWAR—ILT 1 7 AKASH O BENHRMAZNDOE & 2004 FICHR L. B4l TELE
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- BERORMICH>THRETIEEINESYENDOTIWEDHR
EMRT—NICUTIRREB ZHET 5.

The DOWA Holdings Co., Ltd. Sponsored laboratory was inaugurated in FY 2004 and comes under the endowed division of the Graduate School of
Environmental Studies. The main study aim of our laboratory is to solve problems of environmental conservation while taking into consideration the
viewpoints of manufacturers and the high-consumption society. Research in this division is categorized mainly into (a) establishing processes of valuable
material resources released in society and controlling, recycling, and disposing of them efficiently and safely; (b) inventing the preparation of functional
materials that can nurture environmentally friendly engineering applications, such as electronic devices with less impact on the environment; and (c)

methods for dealing with substances to be controlled in circulation.
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Fig.1 Schematic drawing of the mechanism

of magnetic bead raw materials
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Fig.2 Building a platform for secondary

[ Study of Functional Materials ]

Development of Environmentally Friendly
Materials and Their Applications

Our laboratory mainly focuses on the development of environmentally
friendly materials and their applications. Moreover, we research and match
academic and company needs. For example, viruses and/or heavy metal
ions, which are widely scattered among environmental conditions,
seriously affect by our society because they are difficult to collect. To
solve these problems, magnetic beads were recently developed. As shown
in the schematic drawing in Fig. 1, the specific functional groups, which
are attached to the new material’s surface, interact with the specific
substance. In our laboratory, to develop the highly effective magnetic
beads, well-stabilized, high-performance core materials are synthesized
under room temperature conditions using simple equipment and by
controlling the reaction potential through the management of the metal
complex condition in an aqueous phase. We are planning to check these
abilities for the collection of various pollutant materials and present the
results in international/domestic conferences beginning next year.
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Fig.3 Survey analysis of used small home
appliances
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Fig.4 Image of metal recovery by microorganisms

[ Study of End-of-Life Materials Control ]

Research toward the Construction of
a Recycling-Oriented Society

We are conducting research on recycling in society that focuses on
resource-recycling technologies and social systems for building a recycling-
oriented society. Specifically, wastes such as electrical and electronic
scrap, photovoltaic panel waste, and used lithium batteries, which have the
potential to pollute the environment if not disposed of properly, are expected
to undergo mass disposal in the future. However, because a clear strategy
has not been established in Japan, to establish these processes, proper social
systems for collection and processing technologies are required. In addition,
to increase the quantity of secondary materials, it is necessary to remove
harmful, toxic, and repellent substances so that materials such as metals
and plastics generated by sorting and other processing can be safely used as
secondary resources. We are conducting basic research to design an
appropriate policy and are working to build an informative platform
through flow surveys and analyses of target substances circulating in
Japan. These studies are progressing through collaboration tests with
municipalities (Sendai City and Miyagi Prefecture) and participation in
national investigation committees. We also focus on understanding and
disseminating information on the latest trends in the other countries and on
conducting research related to global resource recycling.

[ Control of Environmental Materials ]

Reducing the Environmental Impact of
Raw Material Production

Our lab members were renewed from FY2021 while we kept researching
toward proposing environmental policies related to remediation, especially
regarding smelting operations and contributing to environmentally friendly
resource development. Particularly, we are studying the development of new
processes to remove and recover metals contained in the wastewater
produced by the nonferrous metal-smelting industry using microorganisms
(Fig.4). We conducted a field survey of the Kosaka Smelter and Refinery in
December (Fig.5).

L\ o

Fig.5 Group photo in front of the third drainage adit at
Kosaka Smelting & Refning Co., Ltd
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SEHESEEE  Collaborative Divisions

g 2 7RSO (FEERITRSTZEFT) Environmental Risk Assessment

(National Institute of Advanced Industrial Science and Technology)
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Studies for utilization of safe and secure geothermal energy
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The members of the Environmental Risk Assessment (AIST Collaborative Laboratory) team carried out studies to enhance safe and secure utilization of
geothermal resources in collaboration with researchers in GSJ, AIST, and GSES at Tohoku University. Major research activities in 2021 included (a) modeling
and potential evaluation of subduction-origin “supercritical geothermal systems” based on geophysical and geological survey; (b) simulation, microseismic
monitoring, and rock mechanical studies for monitoring and managing enhanced geothermal systems (EGS); and (c) developing an Al system for stable steam
production and reservoir management. Furthermore, we developed technology to simulate industries in areas of Japan stricken by the 2011 earthquake.
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Research on supercritical geothermal
development

Members of this laboratory have been investigating the feasibility of
establishing several tens of gigawatts of power generation in total using
supercritical geothermal resources, which originate in the subduction
layers of oceanic plates, in cooperation with scientists and engineers
worldwide. We have started a new four-year NEDO-funded project for
detailed modeling and potential evaluation of supercritical geothermal
systems in the most promising area and are making drilling/test plans.
Members of the laboratory aim to contribute directly to a carbon-free
society in 2050 by realizing supercritical geothermal power generation.

Microseismic and magneto-telluric
monitoring of geothermal reservoirs

We have carried out microseismic/microearthquake (MEQ) monitoring of
geothermal reservoirs associated with treatment injection at Yanaizu-
Nishiyama Geothermal Site in Fukushima since 2015 to determine the
reservoir’s response to water injection. The dynamic flow of high-
temperature fluid inside the geothermal reservoirs has been successfully
inferred using polarization states caused by microtremors. Reservoir
characterization using naturally existing electromagnetic waves has also
been carried out in the lab.

Professor Professor

Hiroshi Asanuma Ming Zhang
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Research on proper development of
geothermal resources

Members of this lab started NEDO-funded projects for (a) an Al
monitoring/prediction system for steam production and (b) a visualization
and Al processing system for high-temperature boreholes to establish
stable and sustainable geothermal energy production.

Technological support of local industries

We provided technological support for startups in local industries in areas
damaged by the 2011 earthquake and tsunami. Geothermal-related
technologies have been cultivated under this scheme.

Contributions to international society
and collaboration with other organizations

e International contributions

International contributions have been made with partners in Germany, the
US, Iltaly, New Zealand, and Iceland, mainly in the area of ultra-high
temperature geothermal development.

e Social contributions

Prof. Asanuma has been a board member on international and domestic
scientific drilling projects. He has also served as an evaluation/advisory
committee member for governmental agencies and local communities.

e Collaboration with other organizations

The laboratory collaborates with domestic and foreign laboratories,
universities, and industries. Mutual visits, web communication, and joint
publication are actively done.

e Collaboration with local communities

We have collaborated with local communities, mainly in northeast Japan
(Tohokuy), in the area of education of children. Students have a long history
in the lab. Prof. Asanuma made one remote lecture about renewable energy
in 2021 as well.
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Fig.1 Model of supercritical geothermal system
in Japan generation system

Fig.2 Distribution of pH of surface water Fig.3 Change in frequency characteristics of tremor Fig.4 Field test of small-scale hot spring power Fig.5 Concept of Al steam production monitoring

Fig.6 Scanning head of borehole scanner
for geothermal well
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