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STRATEGIC PROPOSAL
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Executive Summary

This proposal describes a measurement method that measures chemical, biochemical, and
physical dynamic phenomena occurring in materials, living organisms, and devices under actual
use, operating, and manufacturing environments, and links these phenomena to elucidation of
the functions of the measured objects. This method is called “operando measurement”. Now,
there is a strong demand for development of fuel cells and secondary batteries with improved
performance being effective in preventing global warming, and catalytic materials promoting
energy saving and low environmental impact. In response to the demand, operando measurement
is attracting much attention because the method possibly elucidates the functions of the
measured materials and devices. Operando measurement has already been applied to catalysts
and battery materials, providing useful information that is qualitatively different from the static,
cross-sectional information of materials and devices in a non-use or non-operating condition
provided by conventional methods.

However, there are several problems with the present operando measurement. For example,
the present measurement does not always reproduce the actual environment of the measured
object. As a result, the results measured on the nano-scale structure of the measured object
do not reflect the actual situation under its operation. The spatial and temporal resolutions are
insufficient for elucidating the functions. The measurement and analysis processes are difficult for
users who are not familiar with such a measurement. Due to these problems, we cannot fully
elucidate the functions of the measured object utilizing the present method. Additionally, we are
applying the measurement to only a limited range of research fields presently.

This proposal aims to solve the above problems in the present operando measurement,
establishing the “next-generation” operando measurement. Here, we refer to the following
as the next-generation operando measurement: an innovated method that provides enough
information to directly approach the core of functions of the object, and expands the application
areas beyond the present catalysts and batteries to other materials and devices, even living
organisms.

In order to establish the next-generation operando measurement by solving the above
problems, we will discuss the following four issues:
(@D Development of an optimal “model environment” matching the R&D needs which can

produce experimental data to elucidate functions of the measured objects, and which also
expands applications to wide range of materials and devices, particularly to biological tissues.
(2 Construction of a sophisticated measurement system and development of measurement /

data science technologies that connect between different scales to measure and analyze highly-

complex hierarchical structures in materials, devices, and biological tissues on multiple temporal
and spatial scales, elucidating the relationship between the structures and their functions.
(3 Development of measurement instruments and technologies with high resolution (time,
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space, energy, etc.) to raise the level of existing technologies and to extract information on inside
of materials, devices and biological tissues, and interfaces between materials.
@ Development of measurement technologies based on data science to achieve the next-

generation operando measurement sooner by utilizing data science technologies to make
measurement and analysis more advanced and efficient.

The following four measures are listed to solve the above issues in a coordinated manner:
@ Interdisciplinary fusion and collaboration to develop new science and to solve social issues

which enables advanced fusion of R&D in cutting-edge science and technology to deepen
operando measurement and to expand its applicable range.
@ Implementing measurement informatics to create a data science platform which enables us

to utilize cutting-edge data science technologies in operando measurement.
© Training and securing human resources which include scientists capable of promoting

interdisciplinary and collaborative research, and measurement experts with knowledge in
information science.
O Development of measurement and analytical systems taking into account the usability of

users which creates an environment in which users in a wide range of fields can effectively utilize

state-of-the-art measurement technologies.

On the other hand, new measurement methods have always triggered new scientific
discoveries. The next-generation operando measurement will create and develop new scientific
fields driven by measurement techniques for heterogeneous, unstable, and transient complex
systems. Looking back at the history of scientific discoveries in various fields, this new technique
has the possibility to bring innovation and open up new science.

Center for Research and Development Strategy, Japan Science and Technology Agency CRDS-FY2020-SP-07
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BIFOLAFY ZREBOEERPAZRBLES LT2HE. BESNTWSERER, w/\L—%5, &f
BlREz0BLTR4DOPRE (I L TEFERAFHIZITo>TWe D6, REROER - BIFRREFIRL S
TRREZBERY DR D18, ZREMDEERBICOBRAND IV, ZNITHLT, BlEDHET S
CECHRMBREZZDEE [ARSVREHA $HUTE. ZREHOKEORBENEH(ZRD, SHEEELD
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LT, BEFBHMEL XMRET (XRD : X-Ray Diffraction) &Wo7=sHHIRE SORFEDORE MM
WTWa, BIAIE. DEYES T TEMEF XRD - X#RRINHMEEE (XAFS @ X-ray Absorption Fine
Structure). 7OER - FN\A ZARBFICEWTIEBEMMXAFSAENERIN TV, Fiz, TIRD/NAF -
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FSIND, BRI [EFHWREA/ RN—2 3 VEEE] (2020F 1 BEERE) 4 TlE. 2050FF£TIZ80%
DREMEARBEHEROERICAET T, KBICRNDBOZEAE->TWD, IHIZ2020E108ICF. &
HEEMHEICED [2050FH—RYZa—hrIILEHR] COBERBEORBPLAINZ, EFNIREA/R—
AVEREICENE, BEEAIRILY—TTRILF -y D=2 ][KkFRITHh—RV UYL, CCUSITE
OTIEMKEE] 2EEB58BE L. [BATREIRILF—DOENERLICETZEIRNMOREREE
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MLRT —=ILIZE ESEED AT —ILIZE D > EHAIFEDREIEETWERL (FryT7®),

[\ A8 2020 (E#RMERK) | (2020F 6 ARE) 51 TlE, FHEIOF TAILABREEADI R,
INE#DRERRBFREERIEZARAMREICETE5 DOEBHNEERINIRINTWS, TDI556, EIC
[FEOOF VAL AREIE R ICIRDARBREDHEE | [/ A ¥EEE 2019 (61 (TR-> TEFAEDEAD AR
TEHBWER (MSEEEE) | D2 O0EBNERICEVWGHIRNOBENIDEE RS, FIZIEVS51
FEFEHMEBEBCTHEIOFTTAILRETATNL. TAILADERIBICHT=D AN 5 VNI EDIIKEE
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(Frv7®)o EXEFDVAILADEAFFHEHATENIL, VAL ARRECIBIER E DEEAERRIC DR
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&®2 NAFREBOFHRIR - #bg - BEEA (in vitro)
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TREHEX R N NN e
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(BT IRMER) (FA—2) OFHAFEL <fThNnThd,
o MEIROREERNTHON TS,
N o= o hvi =43 \ _
SPM SEOREO) ©) O z;)‘;ml\AoF)I\II:g (SHIRRAIEBDETRIN A
L—H—&% O A o fHRRDOMEPERAIE TITHN T LD,
AA—S 2D B LI BDUNRZ A0,
Lt MROREERE TITON TN S,

e O A O TE—L> hSR ST BHEREIC
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Frz. TILYNAY—TR. HEBEAIREE (ALS) REICRBINZHREMHRBOREXB DR
([ZIE, £E-MRICHT2MEAERESHE (BATEEECTILART) OARTYRFHNEERIN
TW3 7, —AT, B8 - TNAAZ5BOAT—RNRHANTO—T THRIME K XIR. PETR. B
TR (BTHEMEE) (X, M2 - B (invitro) ZXRRELBE. SHAICKDIA—IHEITHNAL
(R2. Frv7®), WRONAADBTIZETS (AR5 REA | 5HAlEMTE LTE. SPMD12DAFM (F
AREEFHYERIBOHHIEIARTEE) . L—H—HHAA—I VT GHIRRDEZEB D DRETHEENRE).
L= =SV XA=IV ) (BENHBELBRECHIR) MENRFONDID. WINOAELMERNER
BEEDEN LD FVWEFELGARD IR+ THE (Frv7O),

ERE - AR WSE AN BIE. £ R (in vivo) TOMBERERANTIR THD, BIK. EEADEE
LT, X#RCT. NMR/MRI, PET (RYROVEIER) RENEFEBRS CERAINTLSA, LWINE
ZEEMREIIE RN (K3, FrvTO), EX - BHAARA—I VI EFESELDBEVWEBNBELZERERT
=5H. WRUADEFEBNGIERITHBRIN - BELDEENEHRTEY. RROEML )L TIEHHREA
BREGHEDBERETDICEEBIZDEE LW (Fvy7O),

&3 NAAZBOFHRAM - £&A (in vivo)

il D fAREE  IRUN - BYEL

2B ZEREOfRAE (R s ERD#EAHAIRE
IRUR - BRELOD WA T O—T
B - Fk O~ A o o % DFEFENED.
AR=S2D  (aEsE) L —H— "X FEEME CIERS

1ImMMIZE E TOREPERR N EIAE,

O BB TN TS,
XBCT ez O O O EmmmcHAD)
EEEBOBEZENMTHONTVS.
(ERIRE CEAT)
NMR/MRI O & O O 2FRiiefE- el A —
S (e & BEREL DR ED,
OnA EEEBOBEZENMTHON TS,
~ E3=3:h g
PET  (uimm O © O BRLRBOLARAT. XHCT
%5 = DEFADENZ N,

(3) ARSVREHAICEY 3HRRAFEDER

FIE T, BBNHKREEBELCHERE=—XDBERD D, ANV FEHAORRERERA IV RE
AT/ SNSHAEEICOVWTEN ., —A TN —XDERLEREL L FHARMADIRFZIS
ZDBPRRNEENDOH B, £I. ARSYREHARMOELWVESHZEIFOND, —FlELT SPMEK
MATICHFTBHFRANRT Y FEHAIRIMTORFEE R %K 2-4 (CRT, 2010 FUBEF RS Y REHAIOHFEAMA
BERWTHEIZISNTED, FHARMADIBRFCISNZD B - FEANRWOD2HZRRICHDZZ NN S,
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o= pa— AR T _ (zo—'io) [ =
204 " (1996) loperandoleWis BEBAFM TARSYR]
. WEFEDNEDS (2005) B BXBOBY
¥ T
0 ) e J a\‘[_’ - s J—Q/‘.\’—J-A ‘
1995 2000 2005 2010 2015 2020
RERE (FEE)
[ANRS> R IE ST ARG REHMER (GEERT0-JRAMIR)
SCOPUS DM FERF
TITLE-ABS-KEY("operando") AND DOCTYPE(ar OR le) AND NIMS BEATTRETIRET—54D (—8M4Z)

PUBYEAR AFT 1981 AND PUBYEAR BEF 2020

X2-4 [FRSVER] 291 MLCETHRXE (BR) &
ARV FEHAEAT (SPMBESE) DEXFERE

MAT, RESERDOFIAEHEEEAT WS, 2023 FDEAMKBZEE L TERNMECMEIRILF —
3GeV DRMATRF SRR ETE 81, X #REMREFL — — 1z SACLA L RB M JHERR SPring-8 D77y
T L—REE ¥ THBH, WINLEHAIRMLNIILOKIELRR EZRRL, RERBEDOARS Y REHAIZ®
AITHR—PTEBY—ILEE RS, Floo FBEEEFHASELALT SAILYERDOESEERE L AR
R EEDICELIcERE - 8/ ULRT IAILY KRN, NETHEEREEERT/NA ADREINEATE
D FHLWARSYREHAIDY —ILE LTSN D, U LEOFEMZERAISTER L, RERBEDA RS
Y REHRIICEE Y D RIMA A BB DE LR >T WD,

ER. BALLIC, RERTARSYRHRAISEANTZ 7O 7 MAORRIEGCBFIRE TR L5730
. IXRILF— - RERESFZHROELE<DOTAI I CORICARS Y REHAIICEEY 2 RHEEDN
RESNTWS (BEF2Z2R), COILF. TNZTNOMRFEREEDZ L TARS Y FEHANEEREREN
TWBIEZRLTWD, —AT ARSIV REHAL EWSEHAIRMZDLDICHLTE, BEMAREDLEFT
BB [CEMARNEDONTWSEF T, BT LEBBICIDBEEN TS LIITIANI EEERLTL
%o ARETIE. REAEWMDARZY FEHARMZM D EFICEBHNICERY 22 & THHAKMOLRILT v
=R, HERRICERLSS [REAFRIV ] ZEDE<OMRRAEDPBF TCRIFISHILITLD,
BHOEDEERFNDR LICORIFBIEZBIET,
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2.2 e - REATIRDR

EFERADDF vy THIEBDH D ZE TRHROMEEBBANRIBTCENL. NETIFEAREZEOECIVIZEIH
bz ol-mee b ICMmIT=EE - THA VY DOBRBELRIEHNBOND KOS, [Fet- TV = [8E]
= [MHEERER] DY)l (K2-5) ##HERLLETIENTREICAN, EMEROBEHEZRIBICEBETE
ST TR, BEEAREBNICEDDZEICEDHRND, £/-. BROEBEER LICEEMTES, EEF
DME - FNRARIH T 5L, BUEPBEBR. BELVSEREETIIOANZ2EROEBHPEEERL.
KDEEEOEVEERKICEM TEDLIICHS, TahE, ARERICEDVTRERARS Y REHAH
BHCERINE. NROFICEIIDMERKICEWTETIBIENTREER D, RO EEZDOEENA
BWREAIDRIFTOKIENTES,

chzFT REERANRS > REHRIDORBE
st - o T aat D
FHA> — e
B - :\\ / . Bt - /
£
' FHA gt
PRI "” TR e enten
%
9 3 ks ANRS > RETHEI 3

X 2-5 RUEARSY FEHADKRICEZRMAFEY 17 )ILOINE

—AT 2019 FICHRELHFEIAF VAN ABRRED/NVTIVIICED, HEEEDTIHILESY
R7#—=*—=23Y (DX) DIRLTWS, =52, 2020F 10 BICIFEREEHEICLS 2050 FH—RY
Za—hIIILEREDBERBBEORBENH>Tce WITNDRFL, HRABLERBICHITZERNRELIRIL
FEFORAETESEALTVWSIEEZRLTWS, ANXEICEDZRIBAART Y FEHAORAER(I,
ZNHICHTEINRELTDA/R—2 3V OIMRICEERREZRT, 512 BHPEICE>THEMIC
LRBAMNICERZLMRNIBHTE D, UTITHZEZEF 2,

(1) h—RrZa—rIIIURRICAITI-HEH - BHFHDHR
A—RYZa—bIIRBEDLOHICIE, KEAXKBCANKEDBALHEROAREEACEESGHLLE
%E)ﬂbtit“b“/\?ﬁttiéo ZHERNRELTOBNRRRELCEBELEDEER LA KIMEL
. BHHE—RKMD1DEMD, ERIRILF—#BES (IEA : International Energy Agency) MA—iR
Y Za—rIILICAIFFRPIRER >+ U4 (SDS : Sustainable Development Scenario) [ZHWTIE,
BHAEN2020F0#I200 GWh [T LT, 2040 F £ TICEMZEC TRILF —FFEKMA 15 GWhia
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KESOBEDRENMREBEINTWD, ZDSDSIF2070F£TICH—RYZa—rIIILEBET O FUATH
D, 2050 FFTORRZEIEI LD E, SOHICKRELEBURENDEIILDEFRIND, ZDELOBK
MT T BEMBERRTERBELRDERICHD. ZOHROELRD)FILAFVEBOHHHEELFTT
£ 2018 FM4.0J5MA 2023 FIZ(F 8.8 WM EM 2.2 FITRB ZENFRINTWNS 0, F-EHek (Z
REM, —REM) OHBRBEICEVTESERSFETILSE (2018 F D 9.6 kAN 2023 F (2115 I8H)
([CRBEFRINTND, KIREDERIZED., FIZEERET COEBDLCEEORBEIEL &, Bits
nEkkEE (RE®D) EHIMEENIEEL., h—RYZa—rIIILERICKWIERTES, MAT. &
ErEOHETHIEMDEEREZELLMLIE. BHMBICH IV FIERICERWCEMISEDE
SN2, SOICIE, RN AERBERMORIEICEDEA DL E LNEL,

EHLUATEEREEEAVWBE - CR2ROEEIOVWTERERATIH S, KTDIEADTFUAIC
BWTUL FO—NILBH—RYZa—rI)L - TRILF -V RTLEERT B0 7 BEHBEN D
BRAKRNDEE SN, FEXEFIND CO FIAKMM (CCU : Carbon Capture Utilization) (Z&2H#4
B - EZRE3EEHBRE N DPRECRDZEEZIOLNTVD, CNEFTIENICHASINTEEZRSIE
RRERIEDFROLTH >l e D, BRICZHRID, FICCOBTRIGICEWTIE, ZOER LD EM
g CEREROMERALRENREATHD. RIMNICEXLZELRBIBICHDEERA D, D&538K
SICEDWT, BN Horizon 2020 7AY 7 bO—EBRE L THETIESNTWS CCU ICBBT 2MEREDAE
LIR—MZE, BERIEZNE SO COBITEKMZIMEY 2720213 CO ETHEB DR - EREIE
BHAEETHN., ZOFEELTOARZ Y REHAOEEEAZHINTLS 11,

(2) EfE - AIESBLREDIIFY - NMATHBICAIT-HEN - BENDR

DoFVOMRERTBHEEISILATZER FRIOFIMILRAICHTEZ7I7F 0 2EZELRWTE 201945
(3.9J6M) 520284 (6.7JM) TIL7FEDFA) I2HZ2H T FMBEIOF T RERREEILK(TF
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