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HHiEE (7O>5 7 - >ik) Endowed Division (Frontier Laboratories Ltd.)
RIGEEITEEESFIFSE  Innovative Analytical Pyrolysis

AR DHADFEIEEL LT

DEMOEFAEZEHIEL T

Towards Development of Innovative Analytical Pyrolysis Technologies

DR - HAVORNT 5T 4— | BENITE (Py-GC/MS %) IL&2BmRFOXFvZ 057 )E—rav, BTIRAFYIDIFAUILP
INAARREROENFERICAT cED FONMERGITM. INSETEETIHUWATFERS LODMTHERER EOITEB. HRY
OYMIZ7, BEMNEEB. TNSOBIHEERLRLE) Z1ToTW3, Ffeo ZOVT47 - SRNEI BN NEZEBC THEBRRZHF
ICHRE. BALOMERIRPEAMELEEHRTZ2ET. Y O—/NILAMOBERICHBEBRIICERD BT,

We are developing innovative pyrolysis technologies, such as pyrolysis-gas chromatography/mass spectrometry (Py-GC/MS), and the related

equipment for polymer characterization and development of pyrolysis processes for feedstock recovery from waste plastics and biomass resources. We

are also trying to develop human resources capable of global perspectives through international collaborative researches and seminars with Frontier

Laboratories’ global branch offices.

BEYYTLu-Y799—-GC/MS Y RT L%
BAL. VI sHERIEFERRRD (BTX)
EIUXE R _EITATh

RBETIE. RUV—DBEBNEICRTIZAF Y IPNAA
NRZWZEBICERRT 2HDOFEE LT BOREICEELT
W2, BADBEFTEEARAFEITICEWT M [CLoTEX
DILZEERZVIMTT 2FETH D, RBETIE NS REECE
M X1OZ0Y—) ZBWTTSAFVIONA AN REDES F
ERDHRU, BDRICLOTELZBRERYEARIONNI ST
[ BEDEE (GC/MS) L&D EEANYT S 7O—F=HREL
W5,

SE, KEETIE. 7AYT17 - IRKERASHTHRE L ST
ST hu-Y79459—-GC/MS (Fig.1) ZFRL. EAZ1 MM
# (HZSM-5) HETICEWT, VIZrvokHFLIBEeRETT
EiEL. AHEFERRAETHS BTX OEINEHN M LAEETH D
ZEmBHURE (Fig.2). ARRIE. Daegu University (Korea)
@ Prof. Young-Min Kim. Chongging University (China)
@ Dr. Chuan Ma. 8 KU AMBRERMAREEDOHBKRELT,
Chemical Engineering Journal i (Impact Factor 15.1) (T
BE N,

PYROASIA2023 Ef&E Dt

70> 747 ZMRH Co-organizier & LT, 2023 F£ 6 AIC
PYROASIA Symposium 2023 (Kuala Lumpur, Malaysia)
(Fig. 3) ZHEL. FREBBEOTHAEBRSLIVE/ELHED
International Advisory Member & UTSZEEEICER U,

A LZEEDERP ARV MTE T EHOFERE
SER, BRAMARIOTNI 5T 14— (Py-GO) BT BHE<
DEEE. MAEFCEETZERPARYMIBVWTERE L .
Py-GC DBAFAMAICE T B REOEANH. BIRTSAF Y

Production of BTX via High-Pressure Catalytic
Hydropyrolysis of Lignin Using HZSM-5 Zeolites

Pyrolysis is considered a promising method for polymer characterization
(in the field of analytical pyrolysis) and chemical feedstock recovery
from polymeric wastes (in the area of applied pyrolysis) because it can
decompose any polymeric material into smaller molecules by applying
heat alone in an inert atmosphere. Pyrolysis-gas chromatography (Py-
GC) involves pyrolyzing polymeric materials in a micropyrolyzer and a
subsequent direct GC analysis of pyrolyzates. Py-GC has immense
potential for applications in the fields of analytical and applied pyrolysis,
as it allows for rapid and accurate analysis of pyrolyzates. This is
beneficial for elucidating the microstructure and composition of
polymers and for rapid screening of pyrolysis conditions for designing
feedstock-recycling processes.

This year, we employed a developed system, high-pressure tandem
micro-reactor-GC/MS (High-Pressure TR-GC/MS; Fig. 1) for a high-
throughput investigation of high-pressure catalytic reactions at desired

Fig. 1 Schematic illustration of high-pressure tandem reactor interfaced
with gas chromatography/mass spectrometry (GC/MS) system.
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BOBARIONYNI 57— DI, $£385EAX7OY NS
7« —RBHREFFRIFEESR (2023/11/30)

[4] Atsushi Watanabe, “Analysis of microplastics in airborne
particulate matter using pyrolysis-GC/MS”, The 20th China
Symposium on Analytical and Applied Pyrolysis (2023/11/18)

Fig. 2 Products distribution obtained by high-pressure
catalytic hydropyrolysis of lignin.

Fig. 3 Logo of the PYROASIA Symposium 2023

conditions. We revealed that benzene, toluene, and xylene (BTX)
production from lignin was enhanced by high-pressure hydropyrolysis
in the presence of an HZSM-5 catalyst (Fig. 2). This work was published
in Chemical Engineering Journal (Impact Factor 15.1), and the paper
was published by the collaboration with Prof. Young-Min Kim (Daegu
University, Korea), Dr. Chuan Ma (Chongqing University, China), and
Yoshioka Laboratory in GSES.

Co-organizing PYROASIA2023 conference

Frontier Laboratories Ltd. co-organized an international symposium,
“PYROASIA Symposium 2023,” held at Kuala Lumpur in Malaysia.
From this laboratory, Prof. Yoshioka and Assoc. Prof. Kumagai were
involved as International Advisory Members and strongly contributed to
the management of the conference.

Privilege of Presenting Research Activities in
Scientific Conferences and Events

We had the privilege of presenting about pyrolysis-gas chromatography
(Py-GC) in analytical and applied pyrolysis fields in analytical
chemistry-related scientific conferences and events. These excellent
opportunities showcased this laboratory’s high activity and emphasized
the future potential of Py-GC techniques.

[RE

[1] C. Ma, S. Kumagai, A. Watanabe, C. Watanabe, N. Teramae,

T. Yoshioka, Y. M. Kim, “Thermal and catalytic fast hydropyrolysis
of lignin: Optimization for selective production of aromatics

using high-pressure tandem p-reactor — gas chromatography/mass
spectrometry”, Chemical Engineering Journal, 479, 147524 (2023).

[2] H. Mizuguchi, H. Takeda, K. Kinoshita, M. Takeuchi,
T. Takayanagi, N. Teramae, W. Pipkin, K. Matsui, A. Watanabe,
C. Watanabe, “Direct analysis of airborne microplastics collected on
quartz filters by pyrolysis-gas chromatography/mass spectrometry”,
Journal of Analytical and Applied Pyrolysis, 171, 105946 (2023)
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MEHESEEE  Collaborative Divisions

BEISESMEEISIS S B (HAS kTS tt) Process Engineering for Environmentally Adapted Materials
(Nippon Steel Corporation)

RE - RIDGEEEERFHDOEERMZE L T,
Rl RE R L R ICEE

Development of manufacturing technology for safe and secure
high performance steels contributing to sustainable society

KIS AIEERME UTHRILAD SRESN D, INSOHRBIFEALLRIC, RITvTIZEShT, BEKREICRIN S, %
AELBERNTRAREICPILVWHMETSH S, RFICHHMETERIAEOEREIRXILF—ADET, HIRREICKEEHLZDT,
RIBAHZERIBZENVDETH S, A TIISSIKEEYPEHEORELOHERERFMRDERINTWS, FAfcSEIEERA
BRI VPEEXZBEITZIL2ERELT. COBETRREICEINT2RICEE RO RBEHRELREEMAEZOEETOER LR
EZzERL. StENZERVCERMRISEERROAY Y NeED U KEEERICESICARREEEREEZT>TW,

High-performance steels are made primarily from iron ore. At the end of steel products’ lives, they are scrapped and recycled as raw iron resources. Iron is
therefore a reusable and environmentally friendly material. The steel manufacturing process, however, requires large amounts of resources and energy and
affects the environment worldwide. It is therefore necessary to reduce its environmental impact at all stages of production. Additionally, demand for high-
strength steels are increasing for weight reduction of infrastructure or automobiles. We aim to establish a sustainable society and industry, so we are studying
safe, secure, environmentally adaptable materials and their production processes, as well as related social systems. We undertake education and research via
a fundamental study that applies computational science and application research to large-scale experiments owing to resources of the company.

#HEORE - RiDEESRIEREEBERKFEAME

FhfcBid. KRAZRVESE BBEASBERREDOLSIC,
HERBEICRE U S MM R O EEERET> T\, 7 We have conducted research and development of high-performance steel
ey TR —TH B KEE R & LTETT 2R S e shE from the blast furnace process, such as high-strength steel for hydrogen

Adapting structural steels to the environment
for a safe and secure society

(FCV) ® FCV ICKREHIGTBDKRAT —ary TREEDKER
AZDNAWSNBD, NSDEEKRYATAILEDNZHTIC
FEBENDENIMARBIFEDNERSND, KAFARETIE

systems, infrastructure, or automobiles, which are friendly to
theenvironment. High-pressure gaseous hydrogen, a clean energy
carrier, is used in fuel cell vehicles (FCVs) and hydrogen stations that
supply hydrogen to FCVs. Steel used for highly pressurized hydrogen

RO IEAETENEEERTLTWS, BEANETETILFUY systems should~ have both high streflgth and sufficient resistance To

_ hydrogen embrittlement (HE). In this study, the effects of the main
TRBICBENT, BRTRICLOTERRRILHARE D 2 BETED alloying elements in steel were investigated. Our work clarified that
Z& (Fig. 1) ¥, 25I2iE Mn,Cr,Mo [Fh R DK KL Z(RET several alloying elements decrease the hydrogen diffusion coefficient D
Z2ZEEBASHICUTZ. ThSDERIE. KERLERLET D10 in water-quenched martensitic steels. Furthermore, we confirmed that

DEFEFEMOBECFE MM OERICERTE2, Mn, Cr, anq Mo promote HE along grain boundaries. These result[s led
to the selection of appropriate steel or development of new steel resistant

to HE.
r/Ly
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Fig. 1 Hydrogen diffusion coefficient D as function of alloy concentration. Fig. 2 The pair potential profile constructed for La system incorporating subtle

perturbations reminiscent of Friedel oscillations in the long-range region.

2288

FERHR AH BE FEEHIR A it

XEHR HO Ria REHIR W B
Professor Professor Professor
Koji Moriguchi Masaru Matsumura

Tomohiko Omura

Professor

Shinya Nariki

EBRINY 71 T ORBEBICEY 2 ERYIETHE

YO8 LPSO &R EDRY ¥4 TROEREMEF AL, ¥
HYBEZOMBBZICEITEIRKEOREELL>TWD, N,
RUYATORFHRWBEERAL. ZOXAZNBEDEMSICH
Mho5d, BLFERM Tl THDILICHET D, BRIE. La
RORVIATIXIF—wmeSRRELT ZHREFEERETIL
REFMERL. 7U—TIIRENCW - REMEEEROERAD.
LPSO #HOMELEEICEERZEI 2RI &z REH UK (Fig. 2).

HILARETOERICEIFZY IR 1 MNEAFIA

BERMAUBYT R NEABLIONAAVYRZERATEEN
REBEAFERICHEON< KFRTIE. YT R51 MEADBERLRE
EBSSUVRETERLEDHDREFGRELZERIFRER TR
HUfco ZDFER. EREERE (1300°C) NELIREICHEHTHO.
BALRESNZIFERTEDRIFEBRD I EAHIBALK (Fig. 3).

BEEEtEIIv IR - 2EBESMHORRE

T7AV eIV AMBOEMFESEEER EZERNELT,
FROELIIVIR-EBEEGMRICETIMAEREZITo>TLVS,
REWRF > (TI(C, N)) EXTFY LA (SUS316L) D BEHEE
EMEICEWTIE. SUSHMEYX TI(C, N) FOEREFERE
IC&D. MMEABCHEMEEENZI L. Ti(CosNos) # A DR
WEAWZBEICIE 1000 MPa 82 2EmWHIFEENEShc
(Fig. 4)

Sinter reducibility (%)

B
o

o 1 2 3 4 5
FeO in sinter (%)

Fig. 3 Effect of holding temperature and CaO concentration on sinter reducibility.

Theoretical study on formation
mechanisms of metallic polytypes

Predicting polytype-phase stability such as synchronized long-period
stacking-ordered (LPSO) structures has been a long-standing challenge
in condensed matter physics and/or materials science because the
atomistic interactions on polytype energetics are quite complex and
delicate despite the simplicity of their geometry. We have extensively
examined the two-body atomic interaction models using the La-based
polytype energetics as a reference system and discovered that the
modulation of long-range interactions resembling Friedel oscillations
plays a crucial role for the phase stability of LPSO structures (Fig. 2).

Utilization of magnetite ore
in the iron ore sintering process

Using magnetite iron ore and biomass is effective in reducing
environmental load. In this study, optimizing the temperature profile to
promote the oxidation of magnetite ore and sinter reducibility has been
examined through the electric furnace experiment. Low-temperature
sintering (1300°C) is effective for oxidation in sintering, which results in
high reducibility (Fig. 3).

Development of high-reliability
ceramics-metal composites

For the purpose of improving the mechanical properties and reliability
of fine ceramic materials, we studied novel ceramics and metal
composites. In the sintered Ti(C, N)-SUS316L composites, the
microstructure and mechanical properties were affected by the amount
of SUS and the nitrogen content in Ti(C, N), and high-bending strength
exceeding 1,000 MPa could be obtained when a raw powder with a
Ti(Co.sNos) composition was used (Fig. 4).

1100

SUS 10 vol.%

E 1000
=
% 900
b
£ 800
2
= T00
=
]
o 500
500 ' ' '
0 0.2 04 0.6 0.8

®in Ti(C,N,)

Fig. 4 Bending strength and microstructure of
Ti(CixNx)-SUS316L composites.
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MEHESEEE  Collaborative Divisions

WERIRIEZEEHE9SE (ERIEMZSAT) Global Environment (National Institute for Environmental Studies)

JH—NIVBAK[EIREPRRBROEILZIRZ S

Observation of Global Atmospheric Environment and Carbon Cycle Changes

HEETEMRRROAIREZBICEHDIATIZRD DAHPEBE(EETAT BN, BEIRICE T2 RE NSO BRI,
BRECICHIIKERLZEHL/ A—/NIBRSRELSBNCHITIMREABT 2T oTW\S, EFNICIE. AIHE. MEE. fHA.
W EHRRICLDZRTBAVYE., T70OVIL, BESTIKZNSOMRTO RO RN, 1 EHSOREDOERAKMORMRE, FI 7P
A, INUFZECIHEREHFRRIMICETREAEFDLSCICBELU T —YDRBFZIILT VXL, T—YBZET5EICL>THIR

RETORRREZSORERTRICEIT MR ZERBLTNS,

In cooperation with the National Institute for Environmental Studies, we are carrying out research on the global atmospheric environment, such as

global warming and air pollution. For that purpose, we are developing measurement techniques on atmospheric composition changes and terrestrial

carbon budgets. We conduct research and education on measurement principles, data processing algorithm, field experiments, and data analysis on the

basis of specific cases of remote sensing and in situ technologies. We also develop applications for atmospheric compositions/clouds/aerosols and their

surface processes, utilizing such instruments as satellite-borne, air-borne, ship-borne, and ground-based sensors. We conduct field measurements in

Asia, Antarctica, and the Arctic including Siberia, and we study global atmospheric environmental change by analyzing these data.

2K RFIEHBITB FTIRERICE S HFC-134a D
FtrebLY ROEH

FA4lE. D<IE (36.1°N, 140.1°E) £ & 173 2018 &£~ 2023
FFXFTOFTIRBRHARY MU S, HFC-134a (CH2FCF3) D&
EEEHITZFEEMA LU, HFC-134a &, AV VEBEHIET S
CFCs, HCFCs #0070y ORBYEL U TREFRONICEDLNT
W B TH D, 2000 FRUBERERICATHRENMERLTNS,
INFETHFC-134a i3, #ERKTYTUVI HUKRBAIHE
BAlICLoTUMEHAIThTZ b ofe . HAIGHFRICKERIT T
i FTIREHFT—oH 5 HFC-134a 2 E8H T2 FHDERET-
feo FTIR IC&BEHTIE SFITA EEIEN BT 7OV S L0ZEWT
mENnfc, Tikhonov ERIEEE RBEHETEE (OEM) EWSELED
BRZ 2EBEOHRFFEREZA W, TOHKRE. HFC-134a ld&FE
MITBARZZFERHS, BRENICITEMERICH B ENRVLES
Nico ZOER%ZZA R - Jungfraujoch ICHIFZERINLYRNELE
RUfcEZ?, EERUIEFTOIEDANKERIEMMN Y RETR
FENBEShER T, DKIETODEMIE. &iE HFC-134a ®

Trend Analyses with Boot Strap Resampling
1% Daily Averaged Retrievals
21 feted tena siape: 1.324E+14 [5.121%]
Fited intercept at smin: 22456415

ST0 of redschaali: 35068 +14 (0, T04%) et B e

Retrieval and trend-analysis of HFC-134a from
the FTIR measurement spectra taken at Tsukuba

We have developed a procedure for retrieving atmospheric abundances
of HFC-134a (CH,FCF;) with a ground-based Fourier transform infrared
spectrometer (FTIR) and have analyzed the spectra observed at Tsukuba,
Japan (36.1°N, 140.1°E). Recently, HFC-134a has been widely used as a
refrigerant substituting the ozone-depleting CFCs and HCFCs, and its
atmospheric amount has been rapidly increasing since the 2000s.
Measurements of HFC-134a were only possible by either a ground-based
sampling method or satellite remote-sensing method. We have developed
a new method to retrieve the HFC-134a total column from the ground-
based FTIR solar infrared spectra for the first time in the world. The
FTIR retrievals were conducted with the SFIT4 retrieval program via
two methods, i.e., the Tikhonov regularization method and optimal
estimation method (OEM). We retrieved daily-averaged total column
amounts of HFC-134a since 2018. As a result, HFC-134a has been
continuously increasing since 2018, with two peaks in spring and fall.
When comparing our results with observational trends at Jungfraujoch,
Switzerland, it was found that our results show similar or slightly larger
increasing trends. It may reflect the effect of increasing HFC-134a
production in China. We are planning to analyze the FTIR spectra taken
at Rikubetsu, Hokkaido which started in the mid-1990s.

TRENDS:

354 FTIR_IF) (2018-2022):
;=; +4.55 %JFF
?:" s el TOMCAT (2018-2022):
g £ 1 % Toskuba FTHt [Tikhans] ______.--" | +4.42 %f‘ﬂ
EE L # Toskuba FT% (0EM) 5 r ACE (2018-2022)
E E 251 ;l: _.-'"-.'..' - # +4B1 %-"'5"
_c:i } Pty # o L AGAGE_JF) (2018-2022):
2 20{ o - ; +4.30 %/yr
; e TeukubaFTIR (2018-2022):
154 0

Fabl M FLod mn F
Year

Fig. 1 Trend of daily-averaged HFC-134a retrieved with optimal
estimation method by FTIR observation spectra at Tsukuba. Each
point represents daily HFC-134a total columns, which curve and
line stand for fitted trends.

e sy T Tikhonows  +5.90 %A
PR RIS R 20R OEM: +5.30 %/yr

Fig. 2 Comparisons among HFC-134a mixing ratio trends by FTIR, model (TOMCAT),
satellite (ACE) and ground-based sampling (AGAGE) at Jungfraujoch, Switzerland
since 2000. Trends by FTIR at Tsukuba since 2018 are also plotted.

;':H'
EEHR PE RE EEHIT ETH 8

Professor Professor

Hideaki Nakajima Toshinobu Machida

BEMEZTWSHEICH TS HFC-134a DM DR EZESRT
WBAEEEN H D, S, LODRWT—YDHFEET HIL1EE - FER!
IEHF3 FTIR DT — BT EHTo TV FETH %0

KEFLD LI REICEIT DX Y VIREDEE

ABHWLBRHRZRFORKPORENRARDSE_#BILixER
ICRS BRI NEB T EAY Y DREIF. EEEGUBEOEM
H 2000 FERIC—BERIEL#&. 2007 ELDBETEMZRFHLEL.
2020 FLBIFEICEMEMELTWS, IHEDXYVEEDIE
MERZFERT 3 HICHRAZMTORAEDRELI TR TL
%, CITIRREMZERICLZEATOT I~ (CONTRAILZO
VIUh) TESNEAEELO LS RBICE T2 BRENDREE
ZEZRBNT 5,

CONTRAIL 7OV I MCHIFZDAY VREFBEFRSI Y YT

Y %E (ASE) EFBARKY Y TY YV EE (MSE) I k> TREY
SNERFEERETHMIZILICL>TESN TS,
Fig. 3 ICKFH LDILiE 40° HhSFREXTO LI RE TE A
NIEXYVEBEORRINERYT, LIMRBEDOXY v BE SRR
BEMGHHD., SBEEFEEVEEZRULEGHS, COBESIC
BWTH—AMICEBMLTWS, Ffc. JLiE 40 30° OHEE
BICEBWTEEZICEENICEWERELIFHEhTWS,

INSOEBORHMERBRICT DcdICTrv TV THRTH
BRUHDH Fig. 4 TH D, MmBERKICEWTIE 7 Blci®/\. 1BIC
BAZRT EMEBHERINDID, CIFYBIBICHITDREIK
SEEALERSEOANZE DD ICERELTWS, Jt#E 40° ¥ 30° T
EENICBASNIEREREZORVWKREREZOZED EEA
OEENFRREEZI SN, TNONEHEEF THEABEEFELTL
%, RHNICES EEROEZICEIEItORBREARIEREICKE
IR TWBD, LEFBHTNE W\, HOBEIESHIRERR
T TIE. 2020 FFALFIREEEE. 2021 FIHMEEEHDOAY
VIEMDEZEN BN >R RE I TS,

1800

1750

1700
2003 2007 009 2001 2013 301E 29T 2019 2031 2023

Fig. 3 Time series of methane mixing ratio in upper troposphere over the Pacific.

Variations of atmospheric methane mixing ratio
in upper troposphere over the Pacific

Atmospheric methane shows the second-strongest radiative forcing in
greenhouse gases. The mixing ratio of methane had increased in the
atmosphere since the industrial revolution until 2000. After stabilizing
for several years, methane started to increase again in 2007, with a
higher increase rate after 2020. The reason for the recent increase is
unclear but should be caused by several sources and sinks. For this
purpose, we have reanalyzed methane observation data in the world. As
part of these activities, we analyzed the methane data obtained by
aircraft observation (CONTRAIL project) and presented the latitudinal
difference of the methane mixing ratio in the upper troposphere over the
Pacific.

In the CONTRAIL project, methane observations are conducted by
sampling the air using automatic air sampling equipment (ASE) or
manual air sampling equipment (MSE) followed by laboratory analyses
using gas chromatograph.

Fig. 3 shows the time series of the methane mixing ratio in upper
troposphere over the Pacific from 40°N to the equator. The methane in
the upper troposphere shows a clear latitudinal gradient with higher
mixing ratios in higher latitudes and shows a steady increase in each
latitude. Extremely high values are frequently observed in summer in
the northern middle latitudes (40°N and 30°N).

Fig. 4 shows the fitting curves for methane observation data. Seasonal
variation in methane over tropical areas shows a minimum around July
and a maximum around January, which is due to the exchange in air
mass from the southern hemisphere and northern hemisphere. The
frequently observed methane peaks create a summer maximum in
northern mid-latitudes, which are influenced by natural methane
emission and efficient upward transportation in the summer season.
The latitudinal gradient in methane can be found in the boreal summer
and at a minimum in winter. A comprehensive analysis suggested that a
higher increase was found in northern high latitudes in 2020 and in low
latitudes in 2021.

1850 —

2019 2020 2021 2022 2023

Fig. 4 Fitting curves for methane observation data.
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Environmental Research Promotion Center (ERPC)

RIBRHEEE Y ¥ — D EUEA

Activities of Environmental Research Promotion Center

RIEMAMEL YT —F 2017 F 7 RICRISh. AZOREHEMREBOHE - tFEE - EFEEEONEAFZEL TREICE
THMAMROUSREEZR B LZANELEHLTNS, REMFHRN TR MWIKEEL - BRLE - TRLF— - BRERE VST,
RBICR<BEDIERRAERODARNEDSNTVNED, INSORARDFIFARDES UPMEREEEZERNHDENS, BELOH
ROHEEEHIC, ARDFEELICEELBDSAEHRRICHEESZI TV TMRBROGRIE) ZR>TWIENEETH 2,

RIBMIRHEE LY T, RIBICEIHMNHE, HIREE - EFEEESFZEC UMERROUSREORREZHscLbic, RO
7N —FEY - RIEREO#E - FRAROERERFZRBHICITT>TWS,

The Environmental Research Promotion Center (ERPC) was founded in July 2017. Through its activities, such as in promoting environmental education
and our university’s research activities, as well as various projects in coordination with the area or with industry, academic, and governmental
organizations, its aim is to apply the results of environmental studies to society. The Graduate School of Environmental Studies (GSES) works on up-
to-date studies that are deeply related to the environment, namely global warming, symbiotic relationships with nature, energy, and resource recycling.
Since these study fields are closely related to people’s lives and values, it is important for us to coordinate studies among different fields and systematize
study results while proceeding with individual studies.

Also, the ERPC is accelerating its environmental studies and projects to materialize actual application of study results to society in coordination with
area organizations as well as industry, academic, and governmental organizations. At the same time, the ERPC makes positive efforts through publicity
activities, promoting environmental education, and spreading study results.

EHR & DEE

EIERSAERIE. 2004 ELDEIRE S EEGEEHELT The GSES has had a cooperation agreement with Miyagi Prefecture
W2, AEEREBERRELEHREOBRRRIRS%Z 2022F7H since 2004. A roundtable discussion with the Environmental and
o I>Z. I~ =N=l SN =
KTV, SBROBZEZICODVWIERZRDLE, SHEED. BREE held in July. Environmental Administration was a class offered in 2023
DGEIC KD "RETER Z 2 ZHICERUc, FLERETO with a prefecture staff as a lecturer in the second semester. To understand
#eh# e ZEB (B /%Ry k- ¥0O- TXILF— - EIL) OERDT- the spread of geothermal heat and net-zero-energy buildings in Miyagi,
. THE L EEL TS EEEA L ZEB OEMESA % in January 2024, we held site tours of buildings that have installed
X - _ . - = geothermal heat equipment in cooperation with Miyagi Prefecture (Fig.
2024 £ 1 BIcfTo7c (Fig. 1) SSICERBEDEFRICKD, HE
BUVEEEEEROEERTICEIFEIRILF— - SDCs HE%.
BERSHRNOSEL EICEHUE (Fig. 2).

Cooperation with Miyagi Prefecture

Community Affairs Department, Miyagi Prefectural Government, was

1). At the request of Miyagi Prefecture, we provided the education of
energy and SDGs at Shiga Prefectural Takashima High School’s trip
together with GSES students (Fig. 2).

et & oEgE Cooperation with Sendai City
AN N = + R —
flai & 2009 fﬁ;@%ﬁ%;ﬁi’éﬁ?ﬁn LIeBk 202'_1 F3RE 2009. In March 2021, a new agreement was signed to renew the purpose
HEENZEEHL. BARHIESSICRIE UM IREZ iR Ui, and further strengthen the cooperation. In November, an information
1MACBERRBLSZITV. SEBOBEICODWIERZR DL, exchange meeting was held with the Environmental Bureau of Sendai

The GSES has had a cooperation agreement with Sendai City since

Fig. 1 The Miyagi ZEB Study Group.

Fig. 2 Assisting with school trips. Fig. 3 Awarding ceremony of Decarbonization Leading Area certificate.
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Professor Professor
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Tatsuya Kawata Hideaki Matsubara Masahiro Oba
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Assistant Professor
Sota Terasaka

Assistant Professor
Masae Mitsuhashi

EHRLOEELRKIC. SEED. (IATHEDRKEICELS TR
BTHGR) Z 2 PHICER U .

iE™MIE “ BRERRSEITHIE " £ UT 11 BICHICRIRE nich,
RIEXZBHEREZELLTEMLTWS (Fig. 3), ZDHEHEICH
LT REFEERBENEBERD, BEZTSRE R<HDL->
feo BIRBEEFEXVN—ELTHDNDZFETHN. ZITRE
BEMERE. HBORKRRIOY I EDSS585B(LD
&, HMIBRRAZEEZHICICRE U .

IR F—(iEFEI AR HEE L=

2019 FF 4 BIcEBMRESAN AL LT TR F—MEZAE
AREEN SR (MAR LEEFHRRR) BRESI . BE
BEINTVWIRILAZIRILF—VVRYILAESEEIF 108 2
BIcBfE L (Fig. 4)0 SEDY VIR ILTIE, “ BHILKEN L
GX (FV—=YRSYRTA—X—=23Y) " ZRIELL. KRBICHITZ
RHORKRZMAFR P RELEDRKRFETEICDOWTIEN Ui,

T3 AF Y I AV — NI DT 6 DB A IRARTTHLR

TSRAF VI AR— MBI D DB R (LAR:
MNE—RHR) OFHO—ET. 7TRIC=ZEEEERICERVTY
YIRIILEREU, 6 ROERBEICIMA. /SRILT1RHY
VAVTIHEMABRBENETL—F—Lah, TEAKE. EEHR
SH HTTERRPRECEOAL L BEBRICAT ZERET
fz (Fig. 5)o

Ffc. 8 B HIC, BAREWAT A7 T—V TRHESIN TBAL
WY T—=MDIRRILTARAY Y avIic MAEBENETL—5—
EUTEIEL (Fig. 6). BHIEFZD—IRELT, EESATOVIC
BBWT, YV OFFTREEFEIDT—I Y3y T =REL.

Fig. 4 Tohoku University Energy Symposium.

Fig. 5 Smartplastic Symposium in Shima city.

City. Environmental Administration was a class offered in 2023 with a
city staff as a lecturer in the second semester.

Sendai City was newly selected as a “Decarbonization Leading Area” in
November, and Tohoku University is also participating as a co-proposer
(Fig. 3). Associate Professor Oba served as a committee member and
was deeply involved in the application process, including providing
advice. The GSES plans to continue to be involved as a key member and
has established a new Regional Decarbonization Support Office to
strengthen support further for local decarbonization projects.

Interdisciplinary Studies of Novel Values on
Energy for Sustainable Development of Society

The Interdisciplinary Studies of Novel Values on Energy for Sustainable
Development of Society was recognized as an interdisciplinary research
group in April 2019. The Tohoku University Energy Symposium, which is
held every year, was held on October 2 (Fig. 4). Tohoku University designed
this year’s symposium, focused on GX (green transformation). It also
introduced the latest energy research at our university and the
decarbonization plans of a company.

TU-TRIPS: Tohoku University Transdisciplinary
Research Initiative for Plastic Smart

Tohoku University Transdisciplinary Research Initiative for Plastic
Smart: TU-TRIPS was launched as a collaborative group in 2019. In
2023, TU-TRIPS held a symposium in Sima City, Mie in July, which
was composed of 6 keynote speeches and a panel discussion moderated
by Professor Matsubae (Fig. 5).

She also moderated a panel discussion of “Sendai Reboot” in Sendai
Mediatheque on August 5 (Fig. 6). The following day, in the Tamaki-san
salon, we held a kaleidoscope-making workshop using microplastics.

Fig. 6 Sendai Reboot.
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Green-Job Market Fostering Co-Creation Base Based OV —& — BFOS IR —5 — AMBRYU—4— SHIENY R Research Associate Research Associate
on Gastronomy Geopolitics % WNE —ft IR SIBER EEMEETEH Assistant Professor Tomoko Mitsuhashi  Chigusa Uda
Project Leader: Deputy Project Leader: Human Resources Kokichi Ito
Professor Assistant Professor Development Leader:
Kazuyo Matsubae Masae Mitsuhashi Professor
Makoto Osada

WHHAE Y a v HERR. 2021 FEIC. REMRHEE LY Y—RICKREBES N, 2021 FEICHREI N JSTHAIDBEHRZIET
OJZ2L(COI—NEXT) "ERMBERRICEDICI V-3 v—o vy hOBEAMILAILE (RER  MAE—RER) 1 2EELTWS, Kl
R 2021 FENS2FEHBOBRETOV I L%ET. 2023 FE 4 ALOFRBEARIKL. 2033 F 3 AKRITO 10 FHOMEFFETO
Y IhEULTRY—hUlco RIERF DM, RRAFEPRRETAERE 7 K¥ 3 BAK. 23 BENSEBEELTEHLTWS, &5
IC 2023 FEIE "REREZESAMBRXIE L0 MlBEEEOEEBRLICLINAEY 3V RROME - FREXE O2FEORE
DEIREN, Ffclc 3 REEMREEE 1 bR EBEL, EYVIVORRFZBEL. SSHICHREMELTVS,

The Regional Co-Creation Vision Promotion Office was established in the Environmental Research Promotion Center in 2021. We operate "the Program

on Open Innovation Platforms for Industry-academia Co-creation (COI-NEXT),, which was adopted in 2021, “Co-Creation Base for Cultivating Green

Job Markets Based on Gastronomic Geopolitics” (representative: Professor Kazuyo Matsubae). This center underwent a two-year training program

starting in 2021 and was promoted to a full-fledged program in April 2023, starting as a 10-year research and development project until the end of March

2033. In addition to Tohoku University, seven universities, including the University of Tokyo and Tokyo City University; three local governments; and

23 companies are participating in the project. Furthermore, in FY2023, two project proposals were adopted: “Support for the development of human

resources who will lead the next generation,” and “Support for accelerating and enriching the realization of the center's vision by strengthening

collaboration with other institutions.” In collaboration with one company,

we are further accelerating our research with the aim of realizing our vision.

FTERMEF WS, HLWER

BHatR TR 2RRI3ICE. BRKEEBREBREY IS4
FI—YDT)—VEHAEET, ROEEBRERICEITIREGHEA
DEBEICZ, HEZLHBINTLWIEBHOBEISAICEDELS
B772avhHp20h, BMZHEHETZILET. EDLSRKRE
FENHDZONEERTIVENH D, BHMOMIVHAREAEEE
Z. b5 ULAaEERL, REBERLEUTEMN. BE. &%,
HERHRESIEIFLAENERZEZ. BREDEFREERLTW
ZERFOWEESSICERBIY. "ERMEZE Tk, BOESRE
BRE2EREERROMSE - BREZRD., ERROEE - R2iifiiz
BEL, BIRIEEY IS5/ F—00 V-, BREICER
U HBEEFZESZEREIZE2BIEL. HIBOBIAD. EED
. BBEOHRE, RICEDLZZKRBMENEEREL. AR
BE. TNEXZZREBEURERRIZHOEETH S (Fig. 1)

Ffe, 7OV MOTE, #HERETRINTEWSH, £2EH
TIEBEDEINABW “IVYIR " ZRBUERL LTz (Fig. 2).

Fig. 1 Courtesy call on Yoshihiro Murai, the governor
of Miyagi Prefecture.
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Fig. 2 Site tour of Tohoku Boring
Co., Ltd.'s new ZEB.

Gastronomy Geopolitics

To make a food system more environmentally sustainable, it’s important
to go green in agricultural resource management and the supply chain.
In addition, consumers must know the background and environmental
impact of food supply. We have established a new concept, gastronomy
geopolitics, combining gastronomy, which is the study of the relationship
between food and cultural elements, such as art, history, science and
society, and the pursuit of the pleasures of eating. In gastronomy
geopolitics, we aim to deepen our understanding of natural ecosystems,
establish management and conservation technologies, and go green in
the food industrial supply chain and consumer behavior. We also
concentrate on variable knowledge and the power of food to realize a
sustainable food economy and society (Fig. 1).

We designed the project logo based on a moray eel as a symbol of unused
fish resources except for in a certain region (Fig. 2).

Vision of the “Green-Job Market Fostering a Co-
Creation Base Based on Gastronomy Geopolitics”

In 2023, we conducted a project titled “Green-Job Market Fostering a
Co-Creation Base Based on Gastronomy Geopolitics” (JST’s COI-NEXT

W
- A

Fig. 3 Symposium in Higashimatsushima city.

ERMBIRICEDLK IV —>I3IVv—T v hD
BRI EETHSE

TRBEEEICHEIGUVCRBOY T4 F—VERRL, HREBX
EADBENDZEH. BRICEDRLWENCESEIHISHAITS,
DERZEY IVICEIT OBMKEEROBUGEELRERS.
QFBEBOBEYILRERE - 4 7V V7IREF M. QENER
BREE - TV Ta4vY. OEBMRZICEIKEVYRR - 754
Fr—V OHEE-EEFEDTHER.OFvIUTFHEE I/ V—>Y3
TAVFTUVED D6 DDMERAREEEZRTEL. FiERits
DEEICHET. HRFEBEEBLTND,

ERMBFEEE - KIBOTCHA BEE - OV 5BEE

SEMERMEMICEWT, AFt8EHOMRMAITEEZRHEL.
ENR 250 ZNSILc. NS DEETIF KETOZBAICIAZ.
JAZ2=FAFERPKRIBDOKDT—0 3y T RE, RRBOBDHE
EiZBWTEMUR (Fig 3, 4)o FLERTIEHEBHFORERITIC
YOVEEZRAREL. &N 200 &HSMUT.

HS SR Binlh & DEHEE)

BEMO NEMU RESORT ThfEa /o SDGs x UK U—ho
NYMBLORMETD SDCs EFEEHERBEANRYMIBEWT,
BAYMEERUCAEREIKDT7—vvavTe2tRE, 651504
DEMUTc, RIVETIE TEOEEYEREDORE CBULVIX
A—F—bEBREL. Z<OFEENSMUT,

ERMBZEIVRIVL NBHYTI VN,
BEMICEWTYYRYILZFEL. BRE. KEE, BERE,
#5140 &h¥s1UTz (Fig. 5)e 3 DOEFAFEBEL 71T 7HRS%
K, —ERIUKESRICLDEFZDRT Y. FRILHABESRK
CHEBEESRICIDPHERBAROTAIF T YN ERZ T YRA
L—oFxyFrh—REzEmELUk (Fig. 6).

Fig. 4 Symposium in Shima city.

Fig. 5 Tohoku University Energy Symposium.

BAF —7CH SR BhF R HIT
Research Associate Research Associate
Misaki Ipponmatsu Koko Yokoi

program), aiming to realize a sustainable food supply chain and a co-
creation society in which people can live close to nature for generations.
We aimed for six research targets: 1) appropriate management of
agricultural and fishery resources and environmental conservation, 2)
appropriate management of the nutrient cycle and environmental life
cycle assessment, 3) geological indication and branding, 4) a business
supply chain based on gastronomy geopolitics, 5) changes in consumer
and producer behavior, and 6) career counseling and green-job growth.

Extension Courses on Gastronomy Geopolitics

In Shima and Higashi-Matsushima, we held the extension courses 8 times,
in which 250 people in total participated. Guest speakers in a variety of
research fields gave academic lectures and held hands-on seminars (Fig. 3
and 4). In Tokyo, we also held business seminars once a month, in which
200 people in total participated.

Regional Collaborative Activities

We set up workshops, in which a total of 150 participants made a
kaleidoscope with fragments of microplastics, at the SDGs events in
Shima Nemu Resort and Higashi-Matsushima. A quiz competition about
marine life and environments was held at the same time as the Higashi-
Matsushima event, in which many children participated.

Symposium: “Kaizoku Summit”

We organized a symposium called “Kaizoku Summit,” which had about
140 participants, consisting of high school and university students and
businessmen in Shima. 3 keynote speeches and subcommittee meetings
were held. The students of local fisheries and commercial high schools
in Mie sold their original seafoods, such as canned seafood and curry
and rice with moray eels , which they developed in collaboration with a
local fishery.

Fig. 6 The Students Challenging to reduce plastic bottles.
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BRHIRIHZStz> Y — Institute for Resource Initiatives

BEEHSERNAICAIITT

Advancing Responsible Resources Management

T&R 3. FEAREXZ BRI THD. "ER ZBME LY RTFEY T 1% (SDGs%) ZHRICRU TW BEDLH B,
BICA—RYZ2—FILEHRNEEOBREUILGOEZORETH D, INICHITHRDZEBMOBRNIBELR > TWS,
FErvy—@. &R ICBHLZ/N\—R&Y 7 hOME THIRMEED, "EF cBbLEANRME - HEEBZBEL. Z02EN

ERZMEENICESD S,

“Resources” is a fundamental concept that supports a sustainable society, and it is necessary to present to society a study of sustainability (SDGs

studies) centered on “resources.” In particular, the establishment of a carbon neutral and sustainable society is an urgent issue, and it is necessary to

create an organization that can respond to this social demand. The initiatives will promote strategic research on both hard and soft aspects of “resources,”

build a complex research and education organization related to “resources,” and accelerate its interdisciplinary development.

BEREBHAREY Y-

BROREERIE. /O-N\UE—Yavn2ERETEZENIC
HESERAIv—DELL. FEEOREURY. hvRhU—URY
DEKR., SSICHBEIOFICLDY T4 F = DHBERE VAR
ICEDSHARRELRTDEICELD, BEEBEZEZ LEEEZLE
ELTWD, ZDfs, IBROEMBERDEEBZTROEATW
KTELWDBETH D, MIAFEN. ZORRZENUTHENR
EEHBMNS, FREMESOMEEENNDOEBEDOERENRF
REHET D,

EREEOY 7N/ OCRDOZMOBERILIEIRECENRTVS,
AZ ., N—=RZ7OCRICOVWTIHMEHEMICBWD, HFETdHES
DIZHIIFN—=RICMATY 7RI —DRENBHETHD. i
REICHZOERDBVERNDOREERRO O, REAE£DE
AZED DHEMEONDBETH Do T DDBHFDOAMRRIGRE
ZATHD, RETOHREVATLBMEHILLTWS, AMBERZE
ER7OYIVMNEUTERT %,

BEREFORBRICAFIHUVEIRRAETIVEE

O BREFORRICAITILHUWEIRIETIVERIC

B9 BHRMR (KRt ROOTS)

RE, BREHEZRUHETIZREXBBEOERNEAT
BH. KEEERLICERFYaFIXLOBENREITVS,
AR BRAR BRER. EREFOEREBAZMMTL.
AE#N\yT)—PBERBEEEI. HETREEREROL
VXAETINEEDZIEEBIELTV S, FHRENEZERT B/
Hlcid. ERNSEBEY Y7L, PEELHETFRORERR
EERICIBBIZZENEETH S,

O TINVYZRWBEIRD TSR F v 7 DEFIIC

RI 2 HRAMRE (Rt 57)

B7S2AFy VBB, @R, EWETERROEN. FEO
REEVMEROBARIEGEEEEBRRDED. B IEFPHIRRRIR
BREELTRHASINTNZ, Fic, VTI7LERERLSES
feIcld, EHL. SHRIELTVWBETIRF v I ORMEEIC

Institute for Resource Initiatives

The stable securing of resources will become unstable in the future due
to the rapid progress of globalization and the resulting oligopoly of
“Resource Majors,” increased environmental and country risks in
producing countries, and the fragmentation and enclosure of the supply
chain by COVIDI9, requiring collaboration beyond existing fields.
Therefore, it is necessary to work beyond the walls of the conventional
academic disciplines. Independent graduate schools (GSES) will
promote the creation of new academic fields and practical solutions to
domestic and international issues while taking advantage of their unique
characteristics to enhance synergy.

The systematization of academics in the soft processes of resource
strategy has lagged far behind. We have an urgent need to enhance soft
power in addition to hard power for a sustainable society in terms of
“Resources,” and it is also necessary to create a mechanism to promote
the introduction of private funding to solve domestic and international
issues for which the private sector has strong demands. There is a serious
shortage of human resources in this field, and the education system in
universities is becoming weak. We will develop human resources as an
academic project.

Collaborative research in building a new business
model to achieve the circular economy

O Collaborative research in building a new business model
to achieve the circular economy with ROOTS Co., Ltd.

In recent years, the spread of next-generation vehicles, such as EVs, has
increased, and the movement of resource nationalism in developed
countries is intensifying. In this study, we compare and analyze
international trends in resource diplomacy, decarbonizing, and circular
economy. It includes a proposal for a sustainable business model for the
recycling of resources, using case studies on end-of-life batteries and
electrical components. It is important to achieve this research objective
through an accurate analysis of the actual situation of international ELV
recycling and the distribution of used cars and parts.

O Collaborative research on the sorting of granular plastic
using terahertz waves with the SATAKE Corporation

Plastic waste issues are closely related to ocean pollution, greater
numbers of one-way containers, and China’s ban on importing waste. As
aresult, plastic waste is already recognized as a major global problem. In
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particular, to improve the recycling rate, it is necessary to properly sort
all plastics, which is becoming more complex and diversified. The
objective of this study is to develop a prototype of a sorting device for the
waste from coated electrical wire (PE and PVC) using terahertz waves.

Visualization of Supply Chain Risks

Various risk factors are inherent in the mineral resource supply chain.
With the globalization of supply chains, social issues related to human
rights, modern slavery, and environmental and cultural disturbances must
be examined more carefully. Risk-related information is provided through
local news and reports. This risk-related information extraction work often
relies on heavy, labor-intensive work by veteran experts. Furthermore, the
extracted risk information has not yet been well integrated into the flow of
resources through the supply chain. We aim to develop a new platform
integrating various environmental and societal impacts caused by mining
activity and to contribute to decision-making forward risk-minimization
in the R&D and manufacturing stages.

This year, we conducted the following research work:

1) Satellite image analysis for early detection of small-scale gold mines

2) AI/ML technology development for text mining of risk-related events

3) Evaluation of land use change caused by mining activities

4) Development of a new method of evaluating responsibility embodied in
the international resource supply chains, focusing on accidents related to
mining activities

Based on these results, we aim to help achieve a society that minimizes
resource-related risks through the supply chains.
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