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Professor Yukitaka Kato
Director of the Laboratory for Zero-Carbon Energy

Greetings from the Director

The Zero Carbon Energy Research Institute (ZCRI) was
established in 1956 as the Reactor Research Facility affiliated
with the Faculty of Science and Engineering at Tokyo Institute of
Technology, and celebrated its 70th anniversary in 2026. In 1957,
the year the IAEA (International Atomic Energy Agency) was
founded, the Department of Nuclear Engineering was
established within the Graduate School of Science and
Engineering at our university, with ZC faculty members
organizing its operations. Today, as the Graduate Major in
Nuclear Engineering, which was established in 2016, we
continue to advance education and the development of the next
generation of talent. Our institute has strived to contribute to
nuclear research and education in Japan. We would like to
express our deepest gratitude for your continued support and
cooperation.

Climate change and the intensification of natural disasters
associated with anthropogenic carbon dioxide (CO2) emissions
are becoming increasingly apparent, making it more critical than
ever to mitigate CO. emissions resulting from energy use.
Furthermore, energy supply risks are increasing due to the
instability of international relations in Eastern Europe and the
Middle East. In particular. With the blockade of the Strait of
Hormuz in 2026, energy security has become socially and
economically critical for Japan, which relies on the Middle East
for 90% of its crude oil. Our institute aims to contribute to the
creation of a prosperous energy society that coexists with the
Earth through the development of carbon-neutral technologies
utilizing Zero Carbon Energy (ZCE).

The ZC Research Institute consists of two divisions—the
Future Energy Division and the Nuclear Engineering Division—
and our staff will work together as one to tackle these
challenges. Primary energy is essential for driving a prosperous
society. We are conducting research to minimize our reliance on
fossil fuels and utilize renewable energy (RE), nuclear power,
and fusion energy-all forms of ZCE-as primary energy sources.
Since renewable energy is intermittent, large-scale energy
storage technologies are necessary for its widespread adoption.
We are exploring energy storage technologies such as electrical
and thermal storage, energy carrier technologies, and new
energy network systems. Nuclear energy has caused anxiety in
society following the 2011 nuclear accident. While reflecting on
the accident as a nuclear research organization, we recognize
nuclear energy as a ZCE essential to humanity and are
developing safe and economical nuclear and fusion energy
systems. Furthermore, we are advancing research on medical
applications of radiation.

We define the societal transformation required to achieve
carbon neutrality as the Green Transformation (GX), and are
advancing the Ministry of Education, Culture, Sports, Science
and Technology (MEXT) project, the Green Transformation
Initiative (Science Tokyo GXI), to accelerate the societal
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implementation of GX research. Through GXI, we are conducting
open innovation research and development in collaboration
with industry, society, and citizens. By fiscal year 2025, the MIT
Energy Initiative (MITEI), Massachusetts Institute of Technology
(U.S.), the Electric Power Research Institute (EPRI) (U.S.), and the
German Aerospace Center (DLR) (Germany) will join as official
members, and we are advancing international collaboration.
Humankind has utilized carbon since ancient times, and it is
hoped that we will continue to do so in the future. Therefore,
with the aim of creating a carbon recycling industrial system
using ZCE that allows for carbon utilization while preventing CO2
emissions into the environment, we operate the world’s first
demonstration facility for a carbon recycling green industrial
system (GXI Ookayama Lab), dedicated to the capture, resource
recovery, and recycling of COx.

Many of the research themes pursued by our institute are in
uncharted territory and cannot be achieved by an individual or
a single organization alone. We require the cooperation of
many people who share our vision for these themes. We hope
that our institute can serve as a hub, collaborating with many
people both domestically and internationally to help build a
society with hope for the future. We warmly welcome your
participation.

We sincerely appreciate your guidance and support for our
institute.
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JCHIER3DEEDTa—Fr—TRILE—2F. EEHTEEMPINSAD. ASEEFE TS —2 LS LT ZC consists of Future Energy Division and Nuclear Energy Division and cooperates with Graduate Major in
Nuclear Engineering as shown in Fig. 3. The headquarters of the Green Transformation Initiative (Science Tokyo

WET, JU—>« FIURTA—X—23Y « 1227747 (Science Tokyo GXI) BXDATZEECXEZEZEEL. GXI) is set up and operates GXI. In addition to conducting collaborative activities with the Fukushima Reconstruction

FI-IEEEE - BAWEI -y k. TEPCOREFEHLE CEE B A ED. 4 rORBALERO-DICT RN —ES and Regeneration Research Unit and the TEPCO Collaborative Research Cluster, and we are preparing to establish a
= collaborative advisory committee to maintain cooperation with society. In order to realize the CN society that the institute

RENELET, MZEANBEET CNHRORROLHELF. SMADIBFNIERNICEEL THRAFEZEDTLET, aims for, each department and each research field are organically collaborating to promote research and development.
_ Ju—.
m hj>§g§;;;§a> : —| Advisory Board |
| | Science Tokyo GXI | |

Green Transformation

Initiative at Science Tokyo

Science Tokyo GXI
7a2—Fv—IRILF¥—EBFT /GXI A<D FEFATFEM Future Energy Division/GX| Headquarter

L IXLF—RYNT—O3E 1. ERFHOATLRH KFhkR FEFZIFI—-X 1. Energy Network Field 1. Advanced Nuclear System Field Graduate Major in Nuclear Engineering

Research organization

&
—— FEAHU—RES |

YOIIy aYy - k& /YERERET ERIR. e, BunEn. 1oL, zero emission/carbon and material innovative reactor, fusion reactor, thermal
FIF—SRT L TRIVE—IFEF - tFallrr — recycling energy system, energy hydraulics, fuel cycle, nuclear security
HEF 2. &4 - ERBSHERN A2 H BEER - BEWRR1=v economics/ sociology 2. Life/Medical Radiation Fukushima Reconstruction and
2. IRIE—BTE - THOH MEE, EFE—L. BEHEER. TEPCO 13 EERZEHLS 2. Energy Storage/Conversion Fields  Utilization Fields Regeneration Research Unit, TEPCO
Z# EE T LF—F0T, ke B ESEEILEE. S TUBRDHL. thermal energy storage, battery, accelerator, quantum beam, Collaborative Research Cluster
Btk REIN. KEFER 3. BERFHHE - (LERF BRI, BlIRBRIRINIE. energy carrier, CO, capture and radiology, biological effech B Accident reactor decommissioning,
3. 5=V FSYRTA—A—2avRE | SR, BIIyUR. MEEHE JREIZE recycling _ 3. Advanced Nuclear Materials / debris removal, contaminated water
GX EEFAZE 3. Green Transformation Field Chemical Flglds ‘ ‘ countermeasures, solid waste
GXI researches metals, ceramics, functional materials treatment, wide area

decontamination

3 ZC EROABRABR Fig. 3 Organization structure of ZC



05

Science Tokyo GXI ®3—JL

113 GXI Bd—JLELTHIEYT GX EY3> T,
—RIFILF—ICEOD—RYIXRILF— (ZCE)
ZEALEYT, BEIRIKRBICKEL. HAOZH
DPAREKBHERIMBEVEADRETYT, —HATEREAQ
ICHEEHHHB70H. TXRILF—EFHOIHDE
B (Bith). B8 BEEBEERHISETT,
IXLF—FEARIZKORBTRACENELE
tLEd, TCTHHINZ ZEBILRREZRIUNL.
ZCE TREMCEBYREDIRILF—FrUTICEHR
LTERBAIATIREBREMAEENE T, F
FREEAICKEREBELEOIRILF—HIGDD
DEEETOELINBETT, TLTHYEDE -
DB - BEZBERICTS I CTHRHHEAIAES CN (e
PRIZLEFY, GXI TIFBLAS GX M ERREL
CN #HEBRAOEMZEELEFT, I5IC 2024
F 10 BOREEHMERAZ COMEEHRICER
GX ¥ TEEZILERLAED Well-being NDEFS
Zzd—ILeLTHEDET,

1 Science Tokyo GXI D GX E>3>

JV=2 s FIVRTA—R—=23Y « AZTT17
(Science Tokyo GXI)

HAHNBIET 2050 FA—HR>=a—r3JJ)L (CN) REDDHICIE. F)—> kSR TH—AX—32 (GX.
RE. CNICRLTEEERUARDOBEDZEL) MUETY, JU—> - hIURTF—KX—23> - (=
77+ 7 (Science Tokyo GXI) BEIIXHRFE I v 3V REMFELREICEDE2022(5/M4) EEH
SEBEMIBLEL. GXHECNHERDRIBELET I OICCXMRDHE LR Z— TV TEMR. E
¥ HRIUBEELLA—T oM /R—2a aiEHEd, o, CXAROEBMRELTESL. HEKRE
CHELIHEBEADEMEBIELET,

al— Science Tokyo GXI @
WA/ R— a3 AER z._jy,r/,\\_yas/

;ﬂi—@g?ﬂ%‘/%\
H/\AI Al . .
R ngi&jvja:;/*?é*é\ . % Science Tokyo GXI |G ZCEHRICABI ZEE. EX - HR L
A il mE-mE. —l} EELICCXAFOA—T o1/ RN—2a R zREALE
GXHiZEE BRI—k AR : S R
TN D S Fo R2IEGXIDEERY LT —ITY, GXINICEEFE

Ao HEER (ICAX) £BE. TR —BEEREN403
ZCEH/GXIZ':E'B #‘biﬁ%]%?ﬁ\/\\ ?W@ﬁ700%@1*)b¥—ﬁﬁ%ﬁgﬁgﬂ
| - — | ongmmz Bro¥nEiEl, RBEMRREOA T 1/ R—>3>
V=25 A72 =X S _— MEEHELTVET, £io. GXIARREOHEEET
H GXIKEWLZ R
Science TOKEN. BrBIT. AE— Ty TEREZIELES, HitToXIE

ERREMET 3751 RRERCXARLSH [HE
GXIZtELS FERELSRFLARTMRMR *RELRIHEED
Start-upBMI7 ZHEDTUVWEY, ZLTOXIZBAEH S ZAIRKLGXD
\ J HEREZEDHET,
| |
( . . N
THIF—BERRA0HD iﬂ,—cgi‘ﬁi‘%ﬁfg) s CXERICAIFTEBROIIEE, CHERLSLBELL
L GXIEETS S Y T+—L LUz ) 7= ngig—o

2 Science Tokyo GXI DA —F> A /R—>a>xybT—20

Laboratory for Zero-Carbon Energy

Goal of Science Tokyo GXI

Figure 1 shows the GX vision that GXI aims to achieve.
First, zero carbon energy (ZCE) is introduced as a primary
energy source. Since renewable energy depends on the
weather, the problem is that the output fluctuates
greatly. On the other hand, there are fluctuations on the
demand side as well, so it is necessary to develop electric
storage (batteries), heat storage and transformed energy
material storage technologies. Energy demand sides
need carbon materials in many sector fields. The carbon
recycling in which the carbon dioxide emitted in society
is recovered, converted to carbon materials by ZCE, and
recycled for reuse in society is required. A sustainable CN
society will be established by simultaneously resource
material collecting, separation and regeneration. GXI
aims to contribute technologically to the construction of
a CN society. Furthermore, with the integration with
Tokyo Medical and Dental University in October 2024, we
will expand our activities to include Health GX, with the

goal of contributing to human well-being. Fig: L The GX vision/of Sclence Tokyo GXI

Green Transformation Initiative at Science Tokyo
(Science Tokyo GXI)

In order to realize Japan’s 2050 carbon neutrality (CN), green transformation (GX, changes in
industrial and social structures according to CN) is indispensable. The Green Transformation
Initiative at Science Tokyo (Science Tokyo GXI) project has started its activities based on the Ministry
of Education, Culture, Sports, Science and Technology's mission realization acceleration fund since
2022. GXI will promote GX research and strengthen startups to lead the realization of CN society, and
promote open innovation in collaboration with industry and society. In addition, we will act as an
international center for GX research and aim to contribute to the construction of a society that
coexists with the global environment.

President

Open Innovation in Science Tokyo GXI
Science Tokyo GXI is headquartered at ZC and develops

Research and Innovation HQ

Schools Open Innovation open innovation research in the GX field in collaboration
6 schools  |Academies for Materials| fj '2tform with industry and society. Figure 2 shows the GXI
ZEigfgyfeClgfe‘;‘ Slperaommatcsy, “Inst, Integrated | collaborative network. The industry, government, and
researchers, | Academy of Energy Research academia collaboration committee (IGAX) has been set up
il and Informatics Energy-related within GXI to carry out corporate consortium activities
researchers, 200 with about 40 energy-related companies. GXI organizes
ZC/GXIHQ collaboration with 700 energy research-related faculty
——— . GXI Labo. members in Science Tokyo and the companies to

Green Transformation Initiative at Science Tokyo . . .
Science Tokyo GXI 6XI Ookayama L. promote problem-solving open innovation research. In

order to implement GXI research results in society, we will
support startups. At the same time, in order to accelerate
GXI empirical research, we will set up an experimental
facility of GXI Ookayama Lab, Carbon Recycling Industrial
System Demonstration and Research Facility, and
promote more laboratory activities in the future. Then,
Citizens, local governments, ministries, we will form a GXI joint research center and promote the
local companies, international social implementation of GX.

companies, domestic / overseas . .
L universities and research institutes We appreciate your guidance and support for the
realization of GX.

GXI Labo. 2 ...

G4

Industry, goverment, and . Start-up
academia collab. committee (IGAX) incubation

GXI Joint Research
GXI JRCs

J

y

>40 energy-related companies

J

Fig. 2 Open innovation network of Science Tokyo GXI

Green Transformation Initiative at Science Tokyo
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Associate Professor

Assistant Professor

Assistant Professor

Yukitaka Kato
Takehiko Tsukahara
Yoichi Murakami
Hiroki Takasu

Riku Enomoto

Shigehiko Funayama

Institute of Integrated Research

Institute Professor

Ryoji Kanno

Institute of Integrated Research

Professor

Toshiyuki Yokoi

School of Environment and Society

Professor

Junichiro Otomo

Nuclear Energy Division

Professor

Professor

Professor

Professor

Professor

Professor

Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Associate Professor
Assistant Professor
Assistant Professor
Assistant Professor

Assistant Professor

Toru Obara

Yoshinao Kobayashi
Hiroshi Sagara
Noriyosu Hayashizaki
Yoshihisa Matsumoto
Katsumi Yoshida
Hiroshi Akatsuka
Chikako Ishizuka
Mizuki Uenomachi
Tatsuya Katabuchi
Hiroshige Kikura
Masatoshi Kondo
Koichiro Takao
Hiroaki Tsutsui
Masahiko Nakase
Jun Hasegawa
Shintaro Yasui

Shota lkeda

Naokazu Idota
Kentaro Urata

Yoshiki Kimura

Members List of ZC

Specially Appointed Faculty

Specially Appointed Professor Yosuke Shiratori
Specially Appointed Professor Kenji Takeshita
Specially Appointed Professor Keigo Akimoto
Specially Appointed Professor Hiroshi Asano
Specially Appointed Professor Chikako Iwaki
Specially Appointed Professor Tsuyoshi Fujita
Specially Appointed Professor Ken Koyama
Specially Appointed Professor Takao Nakagaki
Specially Appointed Professor Hideki Murakami
Specially Appointed Professor Atsushi Morihara

Specially Appointed Professor Takuya Oda
Specially Appointed Associate

Professor Ayumi Itoh
Specially Appointed Associate
Professor Anna Gubarevich

Cooperating Faculty (Science Tokyo GXI)
School of Materials and Chemical Technology
Professor Hajime Arai

Institute of Biomedical Engineering
Professor Akitoshi Okino

School of Environment and Society
Professor Mika Goto

Institute of Integrated Research
Professor Kan Tanaka

Institute for Liberal Arts
Professor Takeshi Nakajima

Institute of Integrated Research
Professor Michikazu Hara

School of Engineering
Professor Yoshihiro Mizutani

School of Materials and Chemical Technology
Professor Junko Morikawa

Institute of Integrated Research
Professor Takeo Yamaguchi

School of Materials and Chemical Technology
Associate Professor Takuya Harada

School of Materials and Chemical Technology
Associate Professor Sachiko Matsushita
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EOh—ROIRINF—DITRE - B HORZRE
Energy Storage and Transformation Technologies for a Carbon
Neutral Society
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Yukitaka KATO / Professor
[=],*

RSB E

H—RYZa—rIILERICIHMEERENSBERRE. BEFAIRILF—ARro¥Oh—R
YIXILF¥— (ZCE) NOBITHNETY, ZCE DETR. BHNIFEZEFBICHKAHD.
HEZRICHEEIZIIEIRILE—ITRE - ZREMHKROSNET, TS TEHEBEEMRE
IXLF—DRETCAEDIRILF—FREBEITICEE  BRANATVYREBRS T L
(HYTES) ZBHELTVET (K1), RRIIABLEMELASVIRILF—#ETY, BiHZ
BILREEEN. REMEHCBERLLBERMBACTIZRINRRBRIRILE—SITLA
(ACRES) OEALEEDHTVET (K2), FEIRMKEEREICLZEMEXKZRNE
RETLTWETD,

Outline of Research

Achieving carbon neutrality requires a transition from fossil fuels to zero-carbon energy

(ZCE), including renewable energy and nuclear power. It is necessary to convert ZCE to a

form that society requires. To achieve this, new energy storage and conversion

technologies are required. We are developing a chemical/latent heat hybrid thermal

energy storage system (HYTES) for the low-cost, large-scale storage of variable renewable

energy (Fig. 1). Carbon is an energy material that is highly compatible with humans. We are

working to put into practical use an active carbon recycling energy system (ACRES) that 1 b5 BRNATUYREHRSRT L (HYTES)

can capture carbon dioxide emissions, recycle them into carbon materials, and reuse them ~ B2 RRERIFILE—-R7L (ACRES)
Fig. 1 Thermochemical and sensible heat hybrid thermal energy

(Fig. 2). We are also investigating the recovery of high-purity hydrogen using low-cost system(HYTES),
hydrogen permeable membranes. Fig. 2 Active Carbon Recycling Energy System (ACRES)
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Creation of Smart materials and devices for
resource/environment/energy circulation

sz KR BIE

Takehiko TSUKAHARA / Professor
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GX RBRICMEIF. NATIVEEICRDEBRVEVERBTR (LT7XRIL) OBELDBEI -
VA EMORIULNEEORBELL>TWVD, KAE. B - BEDFERLTYTT
BAHLIFMBRRHC Yy TAVVMIOF/T0/O0—=2BEL. BRER - RIE&HE
MR I B EFMNEFETO LR ZBRT B LICHKATVS, BEMICIE. RIBICKRE
LTHBEZEX 2B - EBRNATVYRMEHIEBTEL T ALV AT, 1 B TERR
ICABDITZET T IBFDUSH A XDIFET/NAX (Lab-on-a-Chip). 7' —>ARzH A
Licamilam. BSEREMLELSOEEL. SFRFZHALICRRHYEDER
B7AY =T, ZHLED TV S,

D> Outline of Research

Creation of highly-efficient recycling technologies of valuable and precious metal elements
(Rare metals) is one of the most crucial issues for achieving carbon neutrality. We aim to
construct innovative chemical processes, enabling resource/environment/energy
circulation, by means of top-down and bottom-up nano technologies. Specifically, we are
taking on following challenges; Advanced rare metal recycling by organic-inorganic hybrid
materials with stimuli-responsive physicochemical properties, Palm-top chemical analysis
device (Lab-on-a-Chip) enabling rapid and simple separation-detection of target rare
metals, New material synthesis using green solvents without any environmental burdens,
Advanced radioactive waste management, and Production of medical radioisotopes
(Ac-225) from nuclear fuel using fast neutron reactor.

Smart XTUTIL « TINAZD—)
Examples of Smart Materials and Devices

09 Laboratory for Zero-Carbon Energy
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Development of next-generation energy and environmental
technologies

sz WL B— E?‘Eﬁ!

Yoichi MURAKAMI / Professor Iil

R BIE

H—AR>Za—rIIUCAFTE EEEI LY —-BERESR A CO2 0N BN MO BT,
FERIXILE— (B BER N OBWEARMOREIEETHZD, AMRETIEINSOIER
Bt (XTF 1~3) ORIHZETo TV,

gt 1. HEEEMEHEE (COF) ERVW-EHNAREIR CO2 NBELINHM D% (Fig. 1a)

BAZT 2. HERL - RV SREBEITSRAERTER. BEN AN CREZARICITS 7O AERER
ftr (Fig. 1b)

R 3. KRMABRNYRF vy 7LD RBERAOAZF ATTRARERNICERTZ I+ - 7vFO
YINN—=>3> (Fig. 1c)

CNSICMR. COF ZRVWHHROEMAMEORRELTWS,

Outline of Research

For carbon neutrality, developments of a viable CO2 capture and separation technology and

technology to maximally utilize thermal, electric, and photonic energies are important. We are

developing such technologies, as 1 to 3 listed below.

1. Innovative solid-state CO2 capture and separation materials using covalent organic frameworks

(COFs, crystalline porous solids made only of light elements; Fig. 1a)

2. Liquid thermoelectric conversion technology using waste heat; flow-type thermoelectrochemical

conversion that simultaneously conducts forced-convection cooling and power generation (Fig. 1b) MR 1~ 3 E2RTIERR
3. Photon upconversion to convert presently unused long-wavelength light into useful  Schematicfiguresto describe the Research 1 to 3.
shorter-wavelength light (Fig. 1c)

In addition to these, we have started the development of new generation battery materials using COFs.

Hh—FRozZa—rSILADTEHZBIgLT:
IRILX—EERE

Energy-related research for contributing to carbon neutrality

ez B KIE SR

Hiroki TAKASU / Associate Professor E -

Wi E
FRARETRIA—RZa—bIIILORRZRER. TRILF—ZH - FERMFERICRDEATVLS, HICF—T7/09—LTD” CO2 D%
ENRERBIOBRORIE ZBELT ERZFHFLIIREREERCITEC/LOBRICIRDEATED, REA-H—S5PHKT - HE
FROESERREZED TV D, BaMEKEREDTLODKEDHRMBARTRIEBRFERE 35\ LLTHBAIIERBKEIREORKZ
EHTWD, AEDBEZAVSCCTESMELRKEDHI —ROB IO LI TRR TS CHEFTE. RERASLICLZIBNIORMMEEPR
REMAMZE I 2EBOBMRORETED TS, CNSMADT—VICOVWTHERMICIIE LIFZ{ToTWS,

Outline of Research

In our laboratory, we are engaged in the development of energy
conversion and storage technologies with the aim of achieving
carbon neutrality. In particular, we are working on the
development of next-generation solid oxide cells with metal
supports, with the goal of achieving efficient direct electrolysis
of CO2. Collaboration with manufacturers, other universities
and research institutes is currently underway to promote this
development. We are also working on the development of
hydrogen separation technology focusing on metal hydrogen
separation membranes. By using the developed membranes
with, it is expected that ultra-pure hydrogen separation can be

X R A X Schematic diagram of CO2 electrolysis with SOEC  Cross sectional SEM image of MS-SOEC
achieved in a single separation process.

Future Energy Division
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AEREERB RTINS ZHS L TOO—-AELTH - AFOFIT
WX (D42 - PyFaAVN—23> (UC))

Thermogalvanic conversion integrated into forced convection cooling * Photon
upconversion (UC) using intermolecular energy transfer

pu 124 PE

Riku ENOMOTO / Assistant Professor

RZEEIE
JO—HAEZH | EFERFOHARBOMNERNAERCHBEHIEICITSEDUREN. TOBT
TN F—DAREIKERLTLES, 7O—ABREICED. SEMEHICZFOTIILE—1B%D—
BEEHELTEIUY 3,

Outline of Research R DOMEBEE  Research Schematic
Thermogalvanic conversion: Cooling is necessary for efficient operation of electronic devices and heat engines and for preventing thermal damage,
but exergy is dissipated significantly in this process. In this research, a part of exergy loss is recovered as electric power along with cooling.
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High-power density and high durable composites for thermochemical energy
storage

ma RALL PR

Shigehiko FUNAYAMA / Assistant Professor

FRFTHLE
LB TR R ERAE IR ¥ BT S5 T, AT CURMERE TR SN ARV

M»H L}%@&{E:ET)L’EF#??%L\ %%E.:‘I‘%ho‘(%ﬁﬂ?%*ﬁﬂ@ﬁﬁT t’éﬁ&fc&,\i%ZSEHnTFﬁEJ%*TLTJEAMﬂ(;\ plir:3
RINEEA DO BEAREIRILE—HDSORFEHOFRISSAIN A—R V22— FSIULAOBRORE SN FY, BREDLSILEREFERIN

Composite with calcium hydroxide
for thermochemical energy storage

Outline of Research
Thermochemical energy storage is a technology for storing thermal energy using reversible gas-solid reactions. This study focuses on composite
materials using thermally conductive supports and investigates their thermal charge/discharge power densities and repetitive durability. We
have also developed a numerical model of the composite to efficiently optimize the support materials by numerical analysis. The composites
developed in this research can contribute to carbon neutrality by being applied in surplus electricity storage from renewable energies.
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Creation of superionic conductors and development of all-solid-state
batteries

Bo%E B TR

Ryoji KANNO / Institute Professor

ZEFE ORI
BEME. EREMROEAEOE L EORALEKIMTORENBRELICL>TRRENZLERBMIIMT - ERTRIILF—ZBRTNAIOD
IE*E—VM:**L\ FﬁEd)ﬁ?ﬁtL‘Cjt*&%ﬁﬁb“?rﬁ%h‘(’b\éo %@%fﬁtcr‘jh‘t Elﬁiéé.ﬁggo)%gﬁﬁ?ﬁ%ﬁb\\ REREERENOERZE

Development to all-solid-state batteries

All-solid-state battery, which only be realized with the
comprehensive optimization of combining electrode
materials and electrolyte materials and their interface
forming technology, is considered as an ideal
chemical-electrical conversion device, and is believed to
be a great future technology. For its realization, the
development of all-solid-state batteries is taken place by
examining their optimized mechanism based on LGPS

based materials, making prototype devices to find out M1 SEGEDBERE M2 EREREERV-LEEBEOEN: S
their issues, and go in g throu g h the unde r[y| ng Fig.1  Schematic diagram of all-solid-state battery: Fig.2  Excellent output characteristics of all-solid-state
X ’ R (Left)Conventional lithium-ion battery, batteries using solid electrolytes

technologies to solve the issues. (Right)All-solid-state battery

Laboratory for Zero-Carbon Energy
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Development of nanospace catalysis toward carbon neutrality
in chemical and energy industries

sz MEH B2

Toshiyuki YOKOI / Professor
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CTAZAMNIERME T/ EREMETHD, AEEE- 14> e - IRE - DEEBEZIE LD L TIZELIEEEEN L. RIATIF. ZBbixEK - R{bK&K-
NAARZAEDNEADIRERIR. BERELY) - TOEZT - HEAFVENEDLIEZRER. TSIEEREDED. SRAERBRICHIGAEE
BMEIELT, DD SDGs RIRDF—ITFUT7ILELTHAMISEEINTWS, IRE. 1) BBRA Al RFOMUBZFHIELIAMHREEA S D
BIE. 2) XZ. X&/—=)L. ZB{tikFRL ol Cl DFEBRBEASAMUETOER, 3512 3) BEFHHAESMTICLZERNAIFTROF)ER
ICERDHEA TS,

Outline of Research

Zeolites, which are crystalline nanoporous materials and have diverse functions including catalysis, ion-exchange, adsorption/separation,
etc., attracted much attention because they contribute to the solution of the issues of energy, resources and environment, contributing to
the establishment of a sustainable society.

We’ re tackling 1) development of a new class of

zeolites with the location of Al atoms in the

framework controlled, 2) catalytic upgrading of

C1 molecules including methane, methanol,

carbon dioxide, etc. by using zeolite catalysts,

and valorization of disposal biomass by

advanced catalytic technology.
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Creating Circular Systems for Hydrogen, Caron, and Nitrogen
Utilization with Energy Conversion Chemistry

s KR [E—EB

Junichiro OTOMO / Professor

EBiE

A—RrZa—hrIURRBICEITIOKE - RE - BERERIASITLOMEZEDT
WEY, BV REEZRT2HRERAMBZEHL. 1420 BF. K&
HEHIHTZICT. BHELREER - BRUILERELTVEY (B la), B
LIctIlZAWVWT. BMERLEREKDSOTVEZTERGHRIEORET LK
RETNADOGHEARZEHTVWEY (B 1b)e THIC. FvUTHFORBRIETRIGIC
B ORI —TEZAVEZBILRRDELR L L BT BORF ZT>TVEY (K
10)e UEDMRZEIC. FROIRNF—ERIITLDERHRERZBELT
DRT LG R EE D EmE LIcFEZRELTVET,

Outline of Research

Circular systems of hydrogen, carbon, and nitrogen with renewable energy are

investigated to achieve carbon neutrality. Highly efficient fuel cells and electrolysis cells

are developed by synthesizing new electrolyte materials with high ionic conductivity

and controlling ion, electron, and hole conductivities (Fig.1a). Using the developed cells,

the electrosynthesis with nitrogen and carbon dioxide reduction reactions is

investigated (Fig.1b). In addition, the effective use of carbon dioxide is investigated by

using a chemical-looping method with the redox reaction of carrier particles (Fig.1c).

Based on the above achievements, a new method integrating system design and . o . "
. .. . . 1(a) BBEIOEELZIVIRRIE. (b) ERILFIRERDR

techno-economic analysis is developed to devise future energy conversion systems and 1Lk BEEAR. () REEEABLSL— s

their social implementation. Fig.1. (a) Highly efficient protonic ceramic fuel cell, (b)
Electrosynthesis with the electrochemical promotion of catalysis,
(c) Chemical looping for carbon recycling

Future Energy Division
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Nu%lear energy systems with safe and less waste and criticality safety
study

D00
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Toru OBARA / Professor
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R BIE
HA—RYZa—rIIIHRORRICIIRETREVREOVDBVEFNLRFFORREIBERARTH S, CNZHEXEMEERCELERR
ERBLET. RAVIRHIVI V2B L. BREFMICFIATE. BREYOREEL DAL MOBVR2MZE T BEEERE SvI
2O T —RN—VEERIF (RFBB) ORREEDH TS, &fc. BEE—RFHREMOELEBERRLICTONZHBEN B, KT TUDER
D LBHIARI T TUDBRR L BSBVESICEEZITICLRFARTH B, CORRTIRIAET TUMNMEERBRR L BB L EHIET 35T
—HRHFEELIIFEON RO ZIToT VS,

Outline of Research

Development of innovative nuclear reactor with safe and

less nuclear waste is necessary to realize carbon neutral

society. Based on this, the development of the Rotational

Fuel-shuffling Breed-and-Burn fast reactor (RFBB) is in

progress. The reactor has unique features that natural

uranium or depleted uranium can be utilized as the fuel, it

does not need enrichment facility nor reprocessing facility,

it can utilize natural resource effectively, the amount of

radioactive waste can be less and it has high safety features.

The decommissioning of Fukushima Daiichi NPS must be

performed safely. In the fuel debris removing process, it is

necessary to avoid criticality accident. The study is

performed to develop the technology to avoid the criticality  gammss w915 59— x—s mEsaF (RFBB) DA
accident and the measures if the accident happens. Concept of the Rotational Fuel-shuffling Breed-and-Burn fast reactor (RFBB)

ELON—FRUMHEIREME LVRF N ATLD
TMEBIIADREElD;ER

Materials creation with Zero-Carbon Energy and utilization
of metallurgy for safety nuclear systems

[T
wis IV BETE . oA
Yoshinao KOBAYASHI / Professor ] L

R BiE
TOH—RIHASRBICIE. BEMEPCHEEMBORETOEITH—RYZa—tIILEERITBZENEETY, KWHHFTIE. VTFrIIL
HEFON—RUIRIILF—ZEAL. EOA—RVERKZRBYERREMIZHELE T, RFNDHF TR, R TEEEORVEEME
OHFR=ZED. BMLWRET COMEESMEE EZBIELTUWEY, £, BEKESKFORFMEZBIEL. BETTUORDEHLPRE I
TRMEDHITOTVET

Outline of Research

Achieving a Zero Carbon society requires carbon

neutrality in the manufacturing processes of

structural and functional materials. In the steel

industry, we aim to utilize recycled steel and Zero

Carbon energy to realize Zero Carbon steelmaking

and promote a materials-circulating society. In the

field of nuclear energy, research is being

implemented on safe and reliable metallic

materials, with the goal of improving material

integrity under severe environments. Additionally,

investigation is being made on accelerating the B ) o o

FRFFEEEME AR —2TIUCL BRI R T TR EARIEER

decorpmlssmmng of BOIlmg Water Reactors (BWR)’ Reactor core assembly and reaction experiment between mock fuel-rod debris and stainless steel in a cold
focusing on the removal and storage of fuel debris.  crucible furnace.

Laboratory for Zero-Carbon Energy
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Pursuing Safe, Secure, and Resilient Nuclear Energy
System

wis FHEE ¥

Hiroshi SAGARA / Professor
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ICBL ALK RN R THETAF —TIF RO o , .
BWERICLAEASEEZERERLTVS, ?riqﬂlqa&nfﬁrﬁeﬁdﬁ%\;gf Liéght*\%:tzrljggerfc’i)ﬁr vav—liqér{h%r%;ﬁkspﬁé;y Non-proliferation features

Outline of Research

The utilization of innovative nuclear reactors and small modular reactors enable its multiple purpose utilization and enhance its flexibility
responding to variable social demands. It, however, might requires enhanced measures against nuclear proliferation threats such as
terrorism. We are pursuing studies on resilient nuclear energy system against threats to safety, security and non-proliferation. Small
modular light water reactors loading silicide fuel, one of the candidates of accident tolerant fuel, and sodium-cooled fast reactors with
passive safety shutdown device, non-destructive monitoring system have been investigated for enhancing safety and security by their
design, as well as minimizing the burden of high-level waste by utilization of its principal component minor actinides.
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Creating a prosperous and sustainable society through
particle accelerator and quantum beam technologies

sy PRIEF FREE

Noriyosu HAYASHIZAKI / Professor
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BUWERMEOODEBMIRMORER, E—LRRICLBZREEICOVT, HE LR
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2, WBRIFREREAO/NENRSETEFR, ERAIMESORFEZEHTULET,

Outline of Research

Quantum beams (ion, electron, X-ray, neutron, etc.) are used in the fields of
cancer treatment, medical imaging, pharmaceutical production, sterilization,
nondestructive inspection and semiconductor manufacturing in addition to the
frontiers of elementary particle physics and material science, and technologies
based on quantum beams are indispensable for daily life. Our group develops
compact particle accelerators that create quantum beams, with properties
depending on the application, through a design process that incorporates 3D
simulation, followed by precise fabrication. This process delivers high reliability
and operability with collaborating faculty and students. A multi-beam linear
accelerator, a compact accelerator-driven neutron source for nondestructive

bridge inspection and a medical accelerator are under development. BN FIRSRTL 2 SH GRCFHZRAT CORFERMF)
RIKEN accelerator driven compact neutron source II. (Joint development
with RIKEN)

Nuclear Energy Division 14
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DNA double-strand breaks: From molecular mechanisms to cancer
therapy
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BAHRICEZTEIERBERTE. DAARENREDOERIE DNA BETHD. FITH DNA ZAHETIM
IFRDBEFECEZSNTVEY, FAF-BOMEEICIE. DNABEEZEEL]ED. MIEEABESEICESTD
TBRILT. BEHROEENSHEEE. EiE. B2EZ < AHMMEHL>TVET, HAERETIL.
FaHY VA DNA $EEZEFRHEL. DNA BEZIFLOH I35 EMERSZS | SHI IO ZHRATZI L
EEIEL. NAAAAX=D20 RIERS—T o0 7/ LR, iPS #iigh K RIHOD FEYH.
HBNREMERELTHRATVET, LROMEOMEIE. BAOKSHERZEOSHEEDF I
HlfEEL T, KERDOBEHEEPHARBICERT 3 RFINET,

Outline of Research

Various health effects and cancer therapeutic effects of radiation are thought to be brought by
various types of DNA damage, among which DNA double-strand break is considered the most
critical. Our cells protect cells themselves, individuals and species from radiation effects by
repairing DNA damage and by dying autonomously. We seek to elucidate the molecular
mechanisms how cells recognize DNA damage and elicit bioprotective responses including
DNA repair. Toward this aim, we employ cutting edge technologies in molecular biology and
biochemistry, including bioimaging, next-generation sequencing, genome editing and iPS cell
technology. The outcomes of our research will enable precise prediction and control of
radiosensitivity and contribute to radioprotection and radiotherapy in the next generation.

BEHRHEED XN XL LR EDOMEEZ
A schema of the mechanisms of radiation effects
and the aim of our research
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Development of high-performance severe environment
resistant ceramics
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Katsumi YOSHIDA / Professor
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BzRELILERELSIYIXDRRICIDEATVS,

Outline of Research
Ceramics have been recognized as attractive materials used in severe environment such as high
temperatures, high thermal gradient, corrosive and oxidizing atmosphere, radiation and
- particles irradiation, and plasma exposure because they show excellent properties. To apply
ceramics as structural components, it is necessary to improve their reliability as well as to
provide them with properties and functions for each application. Focusing on the
enhancement of reliability and the development of new functions/properties based on
multi-scale structure control in’ nano-, micro- and macro-sc'ales and high.ly microstructure @Eﬁﬁ@ﬁfﬁgg%ﬁg%ﬁﬁgﬁ
control, we have been developing advanced ceramics used in severe environment such as  #semE=
fission/fusion reactors and aerospace industries. We are also developing advanced ceramics ~ SEMmicrograph of silicon carbide fiber-reinforced

. . . silicon carbide matrix (SiCf/SiC) composites, which
ContnbUtmg to carbon neutral society. are expected to be highly reliable heat-resistant

structural materials.

15 Laboratory for Zero-Carbon Energy
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Plasma Electronics —Atomic/Molecular Processes and
Spectroscopic Measurement

Hiroshi AKATSUKA / Associate Professor
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Outline of Research

Optical emission spectroscopic (OES) measurement methods are being developed to
monitor electron temperature, electron density, electron energy distribution function,
gas temperature and radical density of various low-temperature non-equilibrium
plasmas. Our research aims for practical applications of plasma measurement.
particularly in the fields of semiconductor processing and medical/dental applications.

FEFHTSAIDEADHEADS. RFERICEDIETRE Te, EFHE Ne ZROZHFEDEERH.
A conceptual diagram of a method for obtaining electron temperature Te and electron density Ne based on atomic processes from OES
measurement of non-equilibrium plasma.
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Nuclear Reactions, Nuclear Data, Nuclear Transmutation,
Nuclear Theory

wns A MEF

Chikako ISHIZUKA / Associate Professor
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MEERTY,

Outline of Research

At the Ishizuka Laboratory, our research aims to achieve a deeper
understanding of nuclear reactions by using cutting-edge theoretical nuclear
physics and machine-learning methods, and to connect that knowledge to
practical applications in nuclear energy systems, radiation therapy, and
space-related technologies. In particular, we study the mechanisms of nuclear
reactions, with a focus on fission, and explore their applications. Our applied
research includes transmutation in advanced reactors such as fast reactors and
molten salt reactors, durability of structural materials for fusion reactors,
improved treatment planning for heavy-ion cancer therapy, and fundamental
studies relevant to muon science and space strategy. Our goal is to pursue the

physics of atomic nuclei while returning its benefits broadly to society. ST LH B

Our servers and our simulation sample

Nuclear Energy Division
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Research on next-generation medical diagnosis and treatment technologies
based on nuclear physics and radiation measurement
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Mizuki UENOMACHI / Associate Professor
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Outline of Research

The fundamental technologies for detecting invisible radiation are used in not

only particle physics and astronomy, but also in nuclear power, medicine,

industry, and energy. In our laboratory, we conduct basic research on

fine-pitch silicon pixel detectors with several tens of micrometers and

radiation signal processing circuits. We also apply these technologies to

develop next-generation nuclear medicine imaging systems. In nuclear

medicine, a radiopharmaceutical is administered and the distribution of the

drugin the body is visualized by detecting emitted X-rays and gamma-rays. We o o _
. . S . BIRLIEBHSMERRI ORI A XA -V VIV RT L (L) YIBEIIRIC

have proposed and developed new simultaneous multi-nuclide imaging a7 111in Hifk e 18F-FDG AR A—D oRR (TE)

systems, and novel quantum diagnostic technologies to extract localized Custom-developed system for simultaneous imaging of multiple

. . . . . P . radiopharmaceuticals (top), and simultaneous in-vivo imaging results of
biological information such as pH via nuclear spin interactions. 111in-labeled antibody and 18F-FDG in tumor-bearing mice (bottom)
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Study on neutron nuclear reaction for nuclear energy,
astrophysics and medicine
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Tatsuya KATABUCHI / Associate Professor
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Outline of Research

We measure neutron nuclear data, especially, neutron capture cross
sections, which are important for design of a nuclear transmutation
system and understanding of nucleosynthesis. Measurements are
performed in the Laboratory for Zero-Carbon Energy and the Japan
Proton Accelerator Research Complex (J-PARC). In addition, we are
developing an imaging system for dosimetry during treatment in boron
neutron capture therapy. This system allows for evaluating the absorbed
dose of each patient online, thereby improving determination of
irradiation parameters and evaluation of treatment efficacy.

J-PARC DM FIZRGBIELEE ANNRI
Accurate Neutron Nucleus Reaction Measurement Instrument (ANNRI) of J-PARC

Laboratory for Zero-Carbon Energy
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Nuclear Thermal Hydraulics and Decommissioning
[Fukushima Revitalizics Zero Carbon Energy Research
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Hiroshige KIKURA / Associate Professor
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ROEIFHAE - COA—RIRILF—AREHELTVET,

Outline of Research

We are researching on the development of new flow measurement methods for
nuclear reactors using ultrasound, laser, camera, and electrical characteristics,
and on the development of next-generation reactors such as Small Modular
Reactors (SMR). We are visiting the areas damaged by the Great East Japan
Earthquake and the nuclear disaster to conduct Revitalizics activities. In addition,
we also promote the development of industrial promotion technologies,
decommissioning research, and zero-carbon energy research.

RFNBRE CEIF - BRFELOH RV IRILF—HROBE
Summary of Nuclear Thermal Hydraulics and Decommissioning /
Fukushima Revitalizics Zero Carbon Energy Research
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Liquid metal cooling systems for fusion reactors and
accelerator-driven systems
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Masatoshi KONDO / Associate Professor
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5TERL. TORRBURECILENES ZRREBETBICKDANTVEY, R BOREERE AN ATLDORELLT, EHEESEMEI Db
FHRHEELEFONFT, RESEOLCFHSEHIECBREBEMHOBREOTADBERNSIMDBATVEY, . RESEZBICKKIL
KPP RFHEREEDOODERRERBRICCHE T 2MADBEEAICRBLTVET,

Outline of Research

We are studying the liquid metal coolant systems for
fusion reactors and accelerator driven systems. We
synthesize new liquid alloys which have suitable
thermo-fluid properties and chemical characteristics as
coolants of nuclear reactors. The chemical compatibility of
high-temperature liquid metals with candidate structural
materials is one of the important issues to be addressed.
The study on the chemical compatibility has been
performed from the viewpoints of the chemical control of

liquid metals and the development of advanced structural H
materials. Interdisciplinary studies are also performed for
the development of liquid metal direct contact type (a) L—H—RREFDRKE LiPb IS5y b o 2T Land (b) RikEBEEERIUEKKES 2T L

(a) Liquid LiPb blanket type laser commercial reactors and (b) liquid metal direct contact type

seawater desalination system and low melting point metal e
seawater desalination system

mirrors for deep-space exploration.

Nuclear Energy Division
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Fundamental Coordination and Solution Chemistry of Actinides
and Related Elements for Advanced Nuclear Fuel Cycle
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Koichiro TAKAO / Associate Professor
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MBEIRAVLECE (NUMAP % ) OFREBES SR ED TS, ERMNEREZEZBKUIVEREZEEL. #HMERICEOVTEKE
BEVSVEBNIDOIRENITHBIRT B VAV RELUVFHRBKIZ VREM ZHRFE

LTW3, RMAIRDIFEACRSNBVIS U DILERIFEZBAT ST

BAAER DS MZIARHCBSBR WIS ) OFRBMEREZRAELTVS,.

Outline of Research

Based on selective and efficient precipitation of U and Pu from HNO3(aq), we

have proposed NUclear fuel MAterial selective Precipitation (NUMAP) method

as an advanced reprocessing technology for spent nuclear fuels. To utilize U

present in seawater, which is overwhelmingly more abundant compared with

its terrestrial stock, we have designed ligand molecules strongly and

selectively capturing U in seawater based on our cutting-edge coordination

chemistry, and are developing chemically-decorated polymer resins as novel

adsorbents for U harvesting from seawater. During nuclear fuel fabrication,

depleted U has to be generated, which has no utilities to date. We are

pioneering new avenues for effective utilization of such “U unusable for

nuclear energy” in chemical directions in which any isotopic effects are almost gy s o) 2B S<CEEBREFH 274
ignora ble. Circular Economical Nuclear Energy System Based on Nuclear Fuel Cycles
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Application of Strong Magnetic Field: Nuclear Fusion &
SMES
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Hiroaki TSUTSUI / Associate Professor
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Outline of Research

Fundamental studies on plasma confinement, equilibrium, stability, and
control are investigated using numerical analysis and data science methods
with the aim of realizing magnetic confinement fusion.

Superconducting magnetic energy storage (SMES) is a promising candidate
for power load leveling, but the large electromagnetic forces associated with
energy storage are a serious problem. To cope with this problem, we
proposed and demonstrated the concept of virial limit coils based on the
“Virial Theorem,” which describes the relationship between magnetic field

and stress. ) NFFFYTRASEDHFHEL. TOREEIRO. KRV, FEEIFROEMEE
) Qb Fi B OAIAEZER £ TORREZET L,

) Trajectories of a particle and its guiding center, and a trajectory by
ding center approximation near a banana tip.

a
b
a
i

b) Time evolution of a particle positions in a Poincare map.

(
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(

Laboratory for Zero-Carbon Energy
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Toward the establishment of the innovative Nuclear
Energy System

sz O IEZ

Masahiko NAKASE / Associate Professor

HRIEE
=R Za—rIILEROETHIREFHOZLENF MBI L. BUIE ( 7OF /AR BEEEEUR ). BEYUDZEDTRF NI AT LI
FEBLTWS, FHELTW3 Nuclear Material Balance (NMB) code D##ERILICED. TRILEF—FIBSFUA. EFFEAMR. S8 O¢
ZFE. BFREYEER A BEROERE VS EEEEZBIELTVS, BEE—RFNIRERTRELLSHELEEYOON. LB, FRE.
WP Y BRI Z PR LM EERE L TREISE. BEYSITLHRELTERBALTVWS, MOFICE T3 0L, oftZEom. BEFH
DFEARIBETEIBIZ7IF /1RO L—FEEEDEMEB RV TEDTLS,

Outline of Research

Achieving carbon neutrality hinges on the multipurpose use of nuclear energy.
Our research encompasses nuclear systems, including reprocessing for
actinide and valuable metal recovery and waste management. By enhancing
our Nuclear Material Balance code, we aim to optimize energy utilization
scenarios, explore innovative reactor impacts, assess separation processes,
and minimize waste volume and disposal site areas. We integrate strategies
for the analysis, processing, storage, and disposal of diverse waste from the
Fukushima Daiichi Nuclear Power Station by materials science and safety
assessments as part of our waste system research. Beyond separation and
analytical chemistry, we are exploring chelating agents for Actinium utilized
for medical purposes, using machine learning to advance their applications in
nuclear energy.

BB 1)L 22l —%— NMB ZB W1 VLB ELRZE
Cycle integration study using nuclear fuel cycle simulator, NMB

T5XT + EFE-LElizBERBETBEMESS - KRS
TFDEER

Exploring advanced accelerators and nuclear fusion engineering
based on plasma and quantum beam technology

wss T

Jun HASEGAWA / Associate Professor
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Outline of Research

We aim to contribute to advanced accelerator engineering and advanced nuclear

fusion engineering while exploring the sophistication of generation and control

technology for high-temperature, high-density plasma produced by high-intensity

lasers and high-voltage discharges. We are working on the development of a

long-life laser ion source using a cryogenic target for next-generation heavy particle

accelerators for cancer treatment, a high-brightness laser ion source using a

magnetic nozzle for heavy ion inertial confinement fusion, surface modification

technology by plasma based ion implantation using laser-produced drift plasma, a

nuclear fusion neutron source using high-voltage glow discharge, and a DC

induction acceleration cell for particle accelerators for free electron lasers and

nuclear fusion plasma heating.
WER NS PIETFIR
A compact fusion neutron source using high-voltage glow discharge

Nuclear Energy Division
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Development of Energy Storage and Electronic Materials
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Shintaro YASUI / Associate Professor
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BRILTY, MHZORRDS. SETICBRVFLLIEZ RS, REMEORREZITOTLET,

Outline of Research

Rechargeable batteries play an important and indispensable role in our daily
lives. Currently, liquid-based lithium-ion batteries are mainly used. Better
rechargeable batteries are required from the standpoint of safety, performance,
and recycling. We are working to develop new water-based lithium-ion and
non-lithium-ion batteries to develop safe-use materials. Electronic materials
are all around us and enrich our lives. Energy is one of the key issues in
operating electronic devices, and since this energy is generated from limited
resources, it is very important to make electronic devices more energy efficient.
From the viewpoint of materials science, we seek novel physical properties that
have never existed before and develop unexplored materials.
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Development of ion linear accelerator
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Shota IKEDA / Assistant Professor
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LZ# MeV (~EDEED 10 % F2E) FTHMERICET 570, RFQ #RAZINESR & DT MR INEER DNLEEIE Z H—DINRZERICHEFAATEH
LUVR IR DI RRREEE B> TVET

Outline of Research

Particle accelerator accelerates charged particles (ion, electron,
etc.) by electromagnetic field. They are used for many
applications (Radiation therapy, Radioisotope production,
High-energy physics experiment, etc.). Our research focuses on
ion source, radiofrequency quadrupole (RFQ) linear accelerator,
and drift tube linear accelerator, which are applied to an injector
for heavy ion cancer therapy and boron neutron capture therapy
(BNCT) system. We have currently developed a new linear
accelerator that incorporates the accelerating structures of the
RFQ linear accelerator and the DT linear accelerator in a single
cavity to accelerate ion beams to several MeV (about 10% of the
speed of light) with high efficiency.

1 TE211 BMEAMBEBIERZERI=TvY
Fig.1 TE211-mode single hybrid cavity linear accelerator

Laboratory for Zero-Carbon Energy
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Development of Functional Nanomaterials
Based on Organic/Inorganic Hybrids
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Naokazu IDOTA / Assistant Professor Microscopic images of polymer-grafted inorganic
Eﬁ%mg nanosheets
ER T/ MERANOBRENHZHIHTICCICED. RIBROHER - BRSO TRAROEEEZRIEYT 2EH-EE/N\1TUyRMEZRERELTV
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BEBEMR. EON—HR>Za—rIIILOERRICEN DML T/ MERANOGAZEIELTVWET,

Outline of Research

We have developed organic-inorganic hybrid materials that exhibit maximum functionalities with a minimum amount of organic and inorganic
components by controlling the organically surface modification of inorganic nanomaterials. Taking advantages of intrinsic properties for organic
molecules and inorganic nanomaterials, we are challenging to create functional nanomaterials that lead to realizing a carbon neutral society, such
as nuclide adsorbents in respond to external environments, nanocarriers for radiation therapy, nanosheet solid electrolytes, self-healing materials.
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Creation of material production processes in carbon
neutral society.
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Kentaro URATA / Assistant Professor Morphology (precipitation) control
Eﬁg%mg of impurity copper in steel
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Outline of Research

Metallic materials are essential materials that support our daily lives. Hence, our research aims to create a materials production process that can continue to
produce materials in a stable and sustainable manner even in carbon-neutral society. We study and develop the carbon-neutral ironmaking process where
the direct iron ore smelting reduction by using CO gas is collaborated with a technology for reducing CO2 gas back into CO. We also study removal and
harmlessness of impurities in scrap materials to recycle, for which demand is expected to increase in the future, as material resources. Currently, we study the
harmlessness method for copper, an impurity element in low-grade scrap iron, by controlling its morphology in steelmaking processes.
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Development of innovative nuclear reactors reducing social and environmental risks
and study on improvement of traceability of RN materials by “nuclear forensics”
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Yoshiki KIMURA / Assistant Professor
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Outline of Research FROBE L HEHOHOBT BRSSO
Our research focuses on the innovative nuclear reactors reducing social and environmental risks by enhancing 52;?;;‘;};”5{:2;2:?of:ni’lfsmp'e of microscope
nuclear safety and security (2S) features. We are working to improve intrinsic 2S features based on risk assessment

for abnormal incidents assuming malicious human acts, and reactor design optimizations that include external measures such as physical protection and
safety protection. As research to ensure public confidence in the nuclear energy and improve its transparency, we are also working on the application of
novel approaches such as deep learning, for advanced, low-cost, and more confident analytical techniques for “nuclear forensics” to identify the history
of nuclear materials and radioisotopes (RN materials), and the establishment of concepts that contribute to enhancing traceability of the RN materials.

Nuclear Energy Division
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High-Safety Circular Batteries Enabled by Aqueous Quasi-Solid
Electrolytes and Direct Recycling
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Yosuke SHIRATORI / Specially Appointed Professor
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Outline of Research

Enhancing the safety, cost-effectiveness, and recyclability of batteries is a key
challenge toward a sustainable society. | developed a circular battery concept
enabled by the direct recycling of active materials, built on “3D-SLISE
(Three-Dimensional Slime Interface Quasi-Solid Electrolyte),” and am
advancing its research toward practical implementation. 3D-SLISE
simultaneously achieves non-flammability and high ionic conductivity,
offering a new design paradigm for battery systems through the integrated
redesign of electrolytes, electrode interfaces, and manufacturing processes.
We are now pursuing an integrated research approach spanning materials
design, device engineering, and recycling, aiming to realize innovative

batteries with enhanced safety and circularity. 1 3D-SLISE I2 & BIEBRUF o L1 4 BMD T+ 7 R
Fig.1 Concept of 3D-SLISE-enabled circular lithium-ion batteries.
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Prediction of Future Energy Society
~ Significance of Upgrading of Nuclear Fuel Cycle ~
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Kenji TAKESHITA / Specially Appointed Professor
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Outline of Research

The nuclear fuel cycle consists of the front-end process including
mining, refining, enrichment, and fuel production, and the back-end
process including spent fuel reprocessing, vitrification, and final
disposal, centering on nuclear reactors. By clarifying the material
balance between processes and setting appropriate operation
conditions of each process, it is possible to quantitatively evaluate
the entire nuclear fuel cycle. In this study, we construct a dynamic
simulation code for the nuclear fuel cycle and evaluate future
scenarios, such as the use of MOX fuel, the introduction of LWR
multi-cycle, and the introduction of fast reactor cycle. Aiming at the
sustainable use of nuclear energy, we discuss the upgrading of the

nuclear fuel cycle based on back-end processes from the results of X1 AHETHEES BRIl
scenario analysis. Fig.1 Nuclear fuel cycle assumed in this study

Laboratory for Zero-Carbon Energy
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Analyses on sustainable global energy systems
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Keigo AKIMOTO / Specially Appointed Professor
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Outline of Research

The Paris Agreement of UN Framework Convention of Climate Change
(UNFCCC) stated the long-term goals of restricting the rise in air temperature
to2and 1.5 C above preindustrial levels, and my countries including Japan
will achieve net-zero emissions by 2050. The UN also has the Sustainable
Development Goals (SDGs), and the Government of Japan is planning
energy policies meeting the balance of energy security, economy, and
environment (3E). Energy is greatly important in our industrial societies, and
we are seeking a better energy systems considering such multiple global
agenda, through systematic consideration and systems analyses including
energy systems and economic models from interdisciplinary viewpoints.

ETNEAVESTIADHA L BRO—RIRILF— S
An example of scenario analysis using an energy systems model: primary energy
supply in Japan
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Design of a Hydrogen and Ammonia-Based Distributed Energy

System (Microgrid)
s R I

Hiroshi ASANO / Specially Appointed Professor
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Outline of Research

We design energy systems for smart factories that also utilize hydrogen and
ammonia, which are indispensable for decarbonizing demand sectors that are
difficult to electrify with renewable energy alone, such as high-temperature
industrial processes. The operational decision variables include the output of the
battery energy storage system (BESS: Battery Energy Storage System), the output
of the hydrogen energy storage system (HESS: Hydrogen Energy Storage System),
electricity trading with the grid, and the boiler output. We develop a method that
simultaneously optimizes the supply-demand operation schedule of the
microgrid and the capacity sizing of the BESS, HESS, and variable renewable

energy sources.

1 N(TUYRIRILF—FERBEETEIVI/OTVYRETIL
Fig. 1 Microgrid with hybrid energy storage system

Specially Appointed Faculty 24
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Development of Next Generation Energy Systems through
Thermal Utilization
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Chikako IWAKI / Specially Appointed Professor
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Outline of Research

We are conducting research and development on thermal utilization
technologies to achieve engineering feasibility and economic
rationality. Thermal energy storage power generation promotes the
integration of highly variable renewable energy and enables the
effective use of waste heat. In this research, we are examining diverse
energy utilization models that combine power generation and thermal
utilization, focusing on their applicability to distributed regional
demand. Based on the properties of advanced thermal storage
materials and heat transfer fluids, we quantitatively evaluate the
thermal-fluid behavior in each process. Our goal is to establish design
guidelines for distributed energy systems that support carbon
neutrality, regional revitalization, and a resource-recycling society.

1 BRREIRTL
Fig. 1 Thermal energy storage power generation system
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Planning System toward Sustainable Decarbonizing-Cities
and Regions
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Outline of Research

Regional Planning Guideline systems are developed by analyzing and

generalizing demonstrative practices of advanced cities and regions

and the systems are implemented and verified through regional

collaborative action research process among local governments, key

business sectors and other related stakeholders. Based on the

investigation of local characteristics, regional energy system, local 1 BRI ISRy b= O DX =
transportation systems as well as built environment transition systems  Fig. 1 Infrastructure Network Image for Decarbonizing Regions
are interactively designed and shared in the decision making process

with quantitative evidences.

Laboratory for Zero-Carbon Energy
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Energy Security
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Ken KOYAMA/SpeC|ally Appointed Professor Fig.1 Ken Koyama, The Institute of Energy Economics,
Japan,Perspective on the International Energy Landscape
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Outline of Research

I conducted research activities focused on global energy challeges from such viewpoints as energy security, decarbonization and

geopolitics of energy.The examples of the concrete activities at Zero Carbon Institute, | made presentation/lectures atGXI seminar on May
2024 and GXI Symposium on March 2025.

CCUS / CDR ICHh'h % TIERIEH T DIHEHE
Comprehensive Research on CCUS/CDR
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Takao NAKAGAKI / Specially Appointed Professor
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To achieve carbon neutrality, the direct capture, utilization, or sequestration of CO, from Fig.1 Carbon Recycling Technology for the

concentrated emission sources and the atmosphere is essential. In the area of CO, capture Co-Production of Valuable Byproducts Using Seawater
and sequestration, we are conducting the following researches: the standardization of

performance evaluation methods for chemical absorption processes, CO,-absorbing ceramics, the carbonation of steel slag or
magnesium extracted from seawater and its application in concrete products, and enhanced rock weathering. In addition, we are
conducting research on indirect heat exchange moving-bed type thermal energy storage and transport system using zeolites,
electrochemical partial oxidation using SOFCs, and process simulations encompassing the entire integrated steelworks, including the
carbon recycling blast furnace.

HFEDH—AR>Za—r3IL
Carbon neutrality in the steel industry
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Hideki MURAKAMI / Specially Appointed Professor
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Outline of Research

For 40 years, | have been involved in technological development of the steelmaking process in a steel company. Steelmaking is one of the
industries with the greatest impact in promoting GX, which is considered a “Hard-to-Abate Sector” where decarbonization is difficult. | research
the optimization of processes in the upstream stages of steel production (iron ore reduction — melting — refining — casting — rolling) from the
perspectives of energy and CO.. In addition to improving the performance of individual processes and equipment, | also promote research and
development on creating new processes and optimization measures for the entire steelworks or the surrounding industries that it encompasses.

Specially Appointed Faculty
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Development of abatement system for semiconductor
production exhaust gas
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Atsushi MORIHARA / Specially Appointed Professor
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Outline of Research

Semiconductor factories use perfluorocarbon and chlorine-based gases, and

most of them are exhausted in an unused state. We are developing a system

that decomposes and removes it using electric plasma or a scrubber instead

of burning fossil fuels.

Since global warming can be suppressed by not using fossil fuels, the use of

electricity for processing is increasing worldwide. In the future, we will

promote the development of even more energy-saving methods that utilize m1 ssxvpzzs M2 FSIINE
hyd rogen that is not derived from fossil fuels. Fig.1 Plasma abatement system Fig.2 Fire of plasma

I/ —EHICSSIBIRFIADRAI - RBEIL
Maximize and optimize the renewable energies through sector
coupling
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Takuya ODA / Specially Appointed Professor
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Outline of Research

To achieve carbon neutrality, it is necessary to optimize the

energy system from a global perspective. This study focuses on

the sector-coupling, which links multiple sectors such as

energy conversion, transportation, and industry. With this

approach, it will find solutions for electricity supply
fluctuations caused by renewable energy sources. Particular

attention will be paid to the supply-demand adjustment

potentials of electric vehicles and the energy storage function

of hydrogen. In addition, the impacts of electricity market
transactions on the efficiency and stability will be evaluated. & %@z
Through these efforts, it aims to achieve both the promotion of =~ (@) TRLF—2RFLLELTE—-NYTUZT  (b) BV 2B EBROREEEHE

renewable energy introduction and economic efficiency. And ::C.) TN %gg}ﬁwﬁﬂﬁﬂb
ig. Research Outline

we will contribute to the realization of a sustainable energy (a) Overview of energy system and sector coupling  (b) Power Supply Plan by EVs in Power
society. Outages  (c) Optimization model for energies and materials conversion

Laboratory for Zero-Carbon Energy
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From Accident Traces to Future Nuclear Safety: Materials
Science Research
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Ayumi ITOH / Specially Appointed Associate Professor
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Outline of Research
My research connects the decommissioning of Fukushima
Daiichi with the safety of next-generation reactors through
materials science. By analyzing fuel debris retrieved from
Fukushima Daiichi, I integrate materials modeling and Bayesian
inference to reconstruct in-vessel conditions during the
accident, including temperature, atmosphere, and reaction
history. In parallel, I examine the high-temperature reactions
and partitioning behavior of neutron-absorbing materials under
fuel-melting conditions, thereby reducing uncertainties in
recriticality assessment. Through the integration of experiment
and computation, this work deepens understanding of severe
accident phenomena and strengthens the scientific basis for fa= T =
. Lo L . IRFRORFHREFTHENEF TSRO RE
both Fukushima Daiichi decommissionin gan d the Schematic overview of research that reconstructs accident in-vessel conditions from

advancement of safer nuclear systems. Fukushima Daiichi fuel debris analyses and extends the resulting knowledge to severe
accident digital twins and future nuclear safety assessment.

BEE—REROMET TUNRHSEHREHIFARMGZEHE L. TOMREZBEEFRT ORIV
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Innovative ceramic processing: From nuclear waste solidification
to next-generation material development
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Anna GUBAREVICH / Specially Appointed Associate Professor
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Outline of Research

Stable solidification of ALPS sediment wastes is crucial for the safe decommissioning
of the Fukushima Daiichi nuclear power plant. We are developing a novel method
using whitlockite phosphate ceramics cold sintering (Fig. 1), which provides efficient
immobilization of radioactive elements, minimizing environmental risks while
reducing energy consumption and processing time. In addition to cold sintering, we
are pioneering other innovative ceramic processing techniques with low
environmental impact and minimal carbon dioxide emissions. Utilizing rapid
non-equilibrium processes driven by highly exothermic chemical reactions and
electromagnetic field assistance, we are advancing next-generation methods for the
synthesis and sintering of novel materials, such as nanocarbons, MAX phases, and

high-temperature semiconductors. -

Nuclear waste solidification method

Specially Appointed Faculty
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Study on rechargeable batteries for large-scale
energy storage
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Outline of Research

We develop lifetime diagnosis and life

extension management of lithium ion

batteries that are produced worldwide for

electric vehicle applications and can be

utilized as large-scale energy storage

systems as social infrastructure.

Furthermore, we focus on safe, low-cost

and material-abundant aqueous battery

systems such as zinc-air, and improve

their performance by using operando

analysis.
(a) BHHEBBE H&T (b) BREAEH
(a) State of health diagnosis of batteries and (b) Zinc-air batteries
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Atmospheric plasma engineering for surface treatment,
elemental analysis and environmental purification
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Akitoshi OKINO / Professor
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Development of brand new atmospheric plasma sources

In Okino lab., we have developed brand new plasma devices with various discharge
methods from below zero to several thousand degrees Celsius, from 100 microns to 1
meter and are evaluating their basic characteristics.

Applications for surface treatment, elemental analysis and
environmental purification

Using plasma devices with plasma generation methods, plasma-producing gases,
plasma temperatures and plasma shapes suitable for each application, we are
conducting applied research on surface treatment to improve adhesion strength,
elemental analysis in single cells, environmental purification, etc.

1 BELURLABA[ETSATEE
Fig. 1 Various atmospheric plasma sources
developed

29 Laboratory for Zero-Carbon Energy
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Research on comprehensive productive efficiency analysis
considering environmental factors
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Fig. 1 Concept of Comprehensive Productive Efficiency Analysis
Outline of Research
Toward a sustainable society, climate change countermeasures and environmental problem-solving perspectives are becoming
increasingly important along with economic efficiency and growth perspectives. In corporate management, disclosure of non-financial
information related to ESG investment has been encouraged in recent years. Under such circumstances, it is necessary to shift from the
conventional productivity and productive efficiency evaluation system, which relies on output maximization and cost minimization
consisting of input factors and outputs, to a comprehensive and inclusive system that incorporates new factors such as environmental
factors. This laboratory is proposing methods to incorporate natural and cultural resources and various environmental factors in the
evaluation and analysis of productivity and productive efficiency for companies, regions, macro-economies, etc., by applying
econometrics and mathematical models, and is conducting research through empirical analysis using various types of data.
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Understanding and application of the cell system based on
energy and biosynthesis
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Basic architect of photosynthetic cells

All living things are made up of cells, and elucidation of the basic operating
principle of the cell system is a common goal in life science. At the foundation of
the cell system is a bioenergy acquisition system represented by photosynthesis
and respiration, and cells grow by biosynthesis supported by it, and cells are
further replicated to cause cell proliferation. In our laboratory, we are conducting
research on how these bioenergy-based processes are integrated to build a living
cell system. In addition, the actual habitat of living organisms is constantly
changing, and we are considering how living cellular systems cope with such
fluctuations. Comprehensive understanding of cell control and environmental
response in photosynthetic microorganisms and application for algal biomass
production are specific research examples. 1 AR A
Fig.1 Basic architect of photosynthetic cells

Cooperating Faculty (Science Tokyo GXI)
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Low temperature ammonia synthesis
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150 °CLAF T NH; IR (# MPa DANET 80% M ED NH3 IR (K1) Z3EL 9 53 L L\ xRt Haber-Bosch A7 O Xz RFL.CO, 7 —
THRILF—ICED NH; REEHESRETIICICEoT CO2 #HEHE %R 2~3% LU EHET %0

NH; 2% —FI#8S5 Haber-Bosch (HB)i&I&. NH; IXED@E L% 100 ERDBEE LTV, COTOERATHEON TS/ SRAEDBRERE
1% 400 CUEDEBTH BT HYLME T NH; NREZFHBIIERIGREMELRITNUIERS RV, 0T RESkRbELERTZR0. 5i8-
EEOHIFICATIAIXILF—2/ALIEELTH. NHs INERIE 30 ~ 40% (SBFHRV (K1), #HIxiX. HB ;A TRk R AE% 450 °C. 5MPa
THEELHBE. A NH; XKL 17% THD. 0.86 MPa D NH; LHMESNAEL, LH L. 100 CTEEINE (1 MPa T 93%) %iERT D
fiEA B NIL. 1 MPa DANET 0.94 MPa @ NH; 8513 (K1), BB, 450 °C. 5 MPa TOBEICIRA LT RIL¥—% 70~80% HIiBIL TH.
FAEEU LD NH; ZBIETES, Hid 150 °CLATF T NH; FEINEEZZER TIZHHED HB FADMREZRENICE DI EZEKT 5. LHL.
WERD HB ATl 150 °CIA T TIEEN I BB T SEE LA,

COEOBEREOR. HTIL—FIF : 150 °CLATF T NH; FEUERZER T 25 LWLk R Al Haber-Bosch ‘A7 O X ZRE T 2.

Low temperature ammonia synthesis

Conventional ammonia production based on the Haber-Bosch (HB) process using
hydrogen derived from natural gas and coal is currently required to reduce the large
global CO, emissions. Any catalyst that can allow the operating temperature to be
decreased below 100-150 °C would reduce the energy consumed for the HB process by
70 to 80%. While we have also discovered a unique Ru-based heterogeneous catalyst to
synthesize ammonia from H, and N, even below 100 °C, we have again focused on iron
used as the reaction sites since the beginning of the HB process. Iron has been regarded
as a classical transition metal that is inferior to other transition metals for ammonia
synthesis. However, iron is suitable for low temperature ammonia synthesis. The use of
ubiquitous, abundant, and inexpensive iron is also a significant advantage with respect
to the environment and economy.

1 HBZEDRBEYL NHs INE DR
Fig.1 Correlation of ammonia yield with temperature
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Development of Damage Monitoring System and Integrity Assurance
Method for Hydrogen Storage Composite Pressure Vessels
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Outline of Research

Damage Monitoring for Composite Hydrogen Pressure Vessels : To promote fuel

cell vehicle adoption, we are developing a damage monitoring system for

composite hydrogen vessels. This innovative technology substantially reduces

vessel costs for fuel cell vehicles and hydrogen stations. Real-time monitoring allows

precise damage assessment, enabling safe use of vessels until the end of their actual

lifespan.

Probabilistic Failure Modeling for Composite Vessels : We are developing a

probabilistic model to predict rupture probabilities of composite vessels. This model

considers stack.mg sequenc.es, ve§sel dimensions, car.bon fiber st.rength variability, BB % s D T K B S O MRS X s
and pressure h|5t0rY- Applylng this model allows setting appropriate Safety factors Integrity Assurance System for Hydrogen Storage Containers for Fuel Cell
tailored to vessel operating conditions, optimizing safety and cost efficiency. Vehicles Using Damage Monitoring System

Laboratory for Zero-Carbon Energy
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Thermal device, Instrumentation of thermophysical
properties,Thermal analysis & simulation
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Outline of Research

Thermal technology has become increasingly important in a wide range of fields from the perspective

of the environment and new energy development. In particular, the development of materials and

processes with thermal functions is required to make further progress as a fundamental technology to S ECiakD)

support the effective use of energy in an accelerating digital transformation society. Our research group Fig. 1 Heat transfer controlled by using the
accelerates the exploration of the science of thermophysical phenomena (Thermal Science), including anisotropic molecular orientation
the fusion of thermal design informatics with the latest thermal device and measurement technologies, (Reproduced with permission from ACS)
to meet the challenges of environmental and new energy development from a broad perspective for the construction of a next-generation society.
The aim of this project is to develop new thermophysical properties such as heat transfer, heat dissipation, thermal insulation, heat storage and
radiation in new energy systems, and to apply them to the latest green innovations by using precision measurement methods and material design.
The new thermal analysis techniques we have developed are contributing to the foundation of industrial technology as international standards for
measurement methods.

K1 SFERSIECAEESE (ACS KDFFF
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Design and development of energy materials and devices

sz IO IRR

Takeo YAMAGUCHI / Professor

ARE RS STKERICET SMEAE LU A TLDRE - R

MBS, TRIL¥— - BREEMEL CIREOMBORRICE. FLUMNELUT NI ZROBRDUERITRTT, KBRELV
MR COTRIVE—EL - FARERREL TV EY, BREBSSOBSITME. SOICENSERILBEBEBESHLLT. HFH5
HIEFTERIFTER. RRUGITHOMAEEEL T, RECHRELOT/ N RERG - BRLES.

Design and development of fuel cell and water

electrolysis materials and systems

The renewable energy can be converted into hydrogen or hydrogen carriers
by water electrolysis, and stored and transported, and used as electricity
by fuel cells or hydrogen turbines at the required time and place. Water
electrolysis using anion exchange membranes can efficiently produce
hydrogen without using precious metals, and development of highly
durable anion exchange membranes are key to achieve the technology. For
polymer electrolyte fuel cells, high temperature and low humidity
operation is required, and the electrolyte membrane development is
important. We are developing those new membranes, electro-catalysts,

: : : 1 DFLANDSERERSSIUERCEME. RERESE. TN
membrane- r mbli nd th ign str ies.
embrane-electrode assemblies, and the design strategies i, BRI AT CT I - 5/t Rl
Fig.1 Energy material and device technologies that connect from molecular
level to electrolyte membranes and electrocatalysts, membrane

electrode assemblies, devices, and a sustainable society
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Challenges to the next generation carbon neutral cycle
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Advanced CO: capture process

The establishment of high efficiency CO. capture system is a crucial challenge toward
the future sustainable zero-carbon society. We explore the advanced low-cost CO,
capture processes based on the new class of functional materials, such as the
core-shell type nanoparticle clusters and molten ionic oxides.

Low energy cost electrochemical CO: conversion

The utilization of CO, as a new carbon source plays an important role in the future
low-carbon energy systems. We perform the researches on the advanced low-energy
electrochemical CO, conversion processes to produce useful chemical materials by
the sustainable and atomic energies.
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Fig.1 Schematic illustration of next generation carbon neutral cycle
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New Thermal Enegy Conversion Technology:
Semiconductor-Sensitized Thermal Cell
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Outline of Research
A semiconductor-sensitized thermal cell (STC) is a new
thermal energy conversion technology that uses thermally
excited charges in a semiconductor to generate electricity
through a redox reaction of electrolyte ions. The discharge is
terminated when chemical equilibrium is reached at the
installation temperature, but can be switched off to another
equilibrium to discharge again (published review: Chem.
- Commun. 2025, 61, 5556.) We will contribute to the
realization of a zero-carbon energy society through the
establishment of this STC theory.

STC 30K
STC's schematic image.
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