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Innovation in electricity-material energy
conversion technologies

— Realization of diverse reaction fields towards
massive integration of renewable energy
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Executive Summary

This proposal discuses how to innovate “electricity-material energy conversion technologies”
that can generate, convert, and store electrical energy using interconversion with materials. The
sophistication and diversification of this technology will solve the problems of supply-demand
gap due to spatio-temporal variability and localization of suitable locations for renewable energy,
and lead to the effective use of renewable energy. The massive integration of renewable energy
will require the mass introduction of devices that utilize electric-material energy conversion,
such as storage batteries, fuel cells, and electrolysis. In this proposal, we focus on the reaction
field that governs device characteristics and suggest directions for the development of materials
and devices that realize a wider operating environment as an energy infrastructure and a more
ideal reaction environment in terms of energy efficiency and reaction rate. In particular, we
introduce the concept of “electrical-material energy conversion reaction field”. This represents
the control factors that govern device characteristics, including not only the components such
as reaction substrates, charge carriers (electrons and ions), electrode materials, and electrolyte
materials, but also the reaction environment variables such as temperature, pH, and voltage. By
establishing a cross-device science of reaction fields, it is expected to accelerate the creation of
new technologies for electrochemical materials and devices, in which Japan has an advantage, and
to accelerate research and development through technological integration among devices.

We propose the following activities or policies: 1. Promotion of R&D projects that contribute
to the circulation of knowledge among researchers in different fields related to electricity-
material energy conversion technology, 2. Development of research infrastructure to encourage
new entrants from different fields, 3. Promotion of materials and device development using
informatics and establishment of R&D system.

In order to realize a sustainable society, including a carbon-neutral society, renewable
energies with low environmental impact must be introduced in large quantities as an alternative
energy source to fossil resources. Renewable energies have the disadvantages of mismatch
between supply and demand due to time variability and the localization of suitable locations.
To overcome these problems, energy storage systems and the conversion of renewable
energy into fuel (energy carriers) must also be introduced on a large scale. However, simple
implementation of existing technologies is far from enough to realize a sustainable society. For
example, electrochemical systems such as storage batteries, hydrogen fuel cells, and water
electrolysis (hydrogen production) often require the use of scarce resources when operated
in the reaction environments currently in use. It raises concerns about resource constraints. In
other words, resource constraints are caused by the reaction environment (temperature, pH,
voltage, etc.) of electrochemical systems. To address this problem, it is expected to realize a
reaction environment that is milder and more resource-efficient than before. The creation of
innovative material and device technologies is essential for this. In addition, from the perspective
of mass adoption of renewable energy, a need has arisen for materials and devices that can
absorb sudden environmental changes as infrastructure to follow the variability of renewable
energy. Furthermore, electrochemical devices are expected to expand into new application
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fields, such as synthesis of chemical products by CO: electrolysis and electrochemical processes
for manufacturing materials such as steel and cement. In other words, electrochemical systems
have an important place in the infrastructure of a carbon neutral society. In particular, there is a
need to expand the reaction field to solve from resource constraints and to meet new system
demands.

To address these issues, this proposal proposes to promote the creation of materials and
devices that contribute to the expansion of the electric-material energy conversion reaction
field. For a long time, research and development of electrochemical devices has progressed
by increasing the functionality and sophistication of individual devices, but such an approach is
becoming saturated. Advanced electrochemical devices require new science that is difficult to
handle with conventional science. For example, in high-performance storage batteries for electric
vehicles, various components are confined to the nano- to micro-scale, and it is essential to
understand the complex phenomena occurred in the reaction field and establish how to control
such phenomena. In high-speed water electrolysis and fuel cells, it is known that the bubbles
generated by electrodes determine the performance, but even in such systems, no methodology
has been established to understand the complex reaction field from material conversion to mass
transfer. We propose to establish a cross-device science for the expansion of such reaction fields,
and to promote the creation of new concepts of materials and the integration of technologies
accumulated in each device, thereby promoting the efficiency and acceleration of materials
development. Specifically, the following four R&D issues should be addressed.

1. Development of fundamental science for a cross-sectional understanding of the electricity-

material-energy conversion reaction field

Electrochemical devices contain many common factors even among devices with different
purposes. However, materials and devices are currently being developed that are specialized and
subdivided into individual systems. By constructing a science of the reaction field across devices,
it is expected to create material concepts that cross over between devices and to create new
materials and device development technologies. In particular, since the extension of reaction
fields often involves harsh environments such as high current, high voltage, and high temperature,
it is necessary to establish fundamental science to support the understanding of reaction fields
in extreme environments. Specifically, understanding of interfacial phenomena consisting of
heterogeneous materials, understanding of material states depending on the environmental
characteristics of the reaction field (temperature, potential, pH), elucidation of electronic and
ionic conduction mechanisms and search for new conduction mechanisms, should be addressed.
Understanding reaction fields confined to the nanoscale, such as near electrode surfaces with
complex nanostructures, is essential for the advancement of electrochemical devices. It is also
necessary to develop operando measurement techniques, first-principles calculations, multi-
scale simulation methods, and data science methodologies to support the understanding of the
reaction field. The methodologies constructed here will also contribute to the promotion of
R&D topics 2, 3, and 4 listed below.
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2. Development of materials that contribute to expanding the operating environment for

electrochemical devices

Research and development of new materials that realize a completely different operating
environment from that of conventional devices or that can follow a wider range of operating
environments than conventional devices is required. Specifically, there are R&D issues such
as electrode materials, electrolyte materials, membrane materials, electrocatalysts, and
conductive materials development that contribute to the expansion of temperature, electric
potential, and pH (ion concentration), which are typical examples of the operating environment
of electrochemical devices. These must be oriented toward low cost, overcoming resource
constraints, and high stability with a view to mass implementation. Another challenge is to
control not only electrochemical properties but also mechanical properties, as in the case of all
solid-state batteries.

3. Creation of innovative electrochemical devices using novel materials

The realization of a carbon-neutral society requires large-scale introduction of electrochemical
systems and diversification of application areas. Based on the science of reaction fields and
novel materials, we will promote the creation of devices in a rational and rapid manner. Energy
applications using energy storage and electrolysis devices with low resource constraints,
electrolytic synthesis of chemical products using CO,, alcohol synthesis for applications in the
chemical and food fields, and development in emerging areas such as materials production (steel
and cement), are also expected.

4. Development of electrochemical materials and device informatics

With the diversification of electrochemical devices in the future, it will be necessary to establish
technologies to optimize materials, device structures, and operating parameters as early as
possible for each application. On the other hand, the electric-material energy conversion process
has a very high degree of freedom in terms of components such as reaction substrates/carriers,
electrode materials, and electrolyte materials. Informatics approach is required for rapid research
and development of materials and device structures for such a complex reaction field with a huge
number of combinations. In the short term, we will establish data-driven materials development
technology (materials informatics) for electrochemical materials by utilizing large-scale data
obtained through high-throughput calculations, high-throughput experiments, and advanced
measurements. In the mid- to long-term, it is desirable to develop device informatics, in which
the combination of heterogeneous materials and device design are performed by utilizing big
data, with the aid of the cross-device science obtained in the Research Issue 1. For this purpose,
it is necessary to enable more data accumulation and utilization, and it is required to construct a
cross-device data utilization method for heterogeneous materials and devices.

The following promotion measures are proposed to effectively address the above R&D issues.
Promote projects that address the pursuit of fundamental science across devices, materials
exploration, and device development, and encourage new entrants from different fields.
Strengthen the research support system to facilitate proof-of-concept of innovative materials
and devices and establishment of standard evaluation technologies as an approach to lower the
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barriers to entry for newcomers from different fields. It is also considered necessary to establish
a research center for the establishment of electrochemical material and device informatics
technology, and to establish a consortium to promote social implementation of innovative

electrochemical devices.
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ERNENADDETHIEDHREELZ 2021 F6BICEITLTWVWS, ZOLE2—ERICEEDE, UFD
LNy T —ERFEZHERL. 31.6ENLOEM - BMHROBE - UTA7ILXEICEHTZREZTD
ERNHIZLL TV,

COEFEHEICIRILF—4E (DOE) . KEATOEHREMBORERL. ERAY 74 F—>D
B, BINADOHROERDAIL. RERIFTEEHEOIRMIRICEITERICITERLZXETSIE
NRESTWD, Ffo, BEMOUTAVILICEIFIZMAERRE - 175K EIC60007 FILERET .

DOEZHDE UTERMALI ORBILMEE TERELSERL TS, ERIFFTIE. BLAEACAE
ZHILIHER NS JCESR (Joint Center for Energy Storage Research ) OEXDEANEETH D, B
BARR, BINRAERR. EEEMRREOIRXILF-FBROEBRNZZHELTWD, i, WRELD
BRELTH, Z<OTAYI I MEITTZIET, FEVFULIAVER (SRR, LiZBER).
EEGEL. FRIVLAAFYBMCSMA AV EBDERBASHARICMOBEATNG, 2021FENB(E
Energy Earthshots Initiative & W5 B AD7% M T Long Duration Storage Shot L WS HRFEFK O
ZLDFHKBLTWS, COTAYILTRIRILF =T )y REITORBEZEBOMEEZ [10KEU LD
R B2 REIC L. 10FLIAIZO0% D IR M ZHIF T 2] CEZBRICBIFTED. KIiliRAFENSEEL
FTCE—REB>THET DT EZEH>TWD,
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BN TOEEMEERNE LEICEITT, FE - BEEOREX —H—DFBCRINBEAA—H—TDY
TIAF—VOBEZERLTEMN/ NNy T —EEREDERFARDFEHIERKILLTND, F/=. H—R
Y7y UV NREL BEEHIMRFZERG. VY A2ILICBET BREIZEDAAR [Ny T —HRAIZE]
DRINBZEERICES>TRESINTWD, BINEZDESIBWIL—IAAF VI ZTETEHIEICK>T, BINE
NOMBEREZEBALICED LS ELTWD,

MEMAROERTIE, AR - 1/ RXR—2 3 VA0S 5L Horizon 2020 (2014~2020%F) DFHE
T. [Battery 2030+] WS KRBEAZIFFIDHBIN2020FE LD I DDTAT 7 M HEESN TV,
F7=. Horizon 2020 ®###* 704> L Horizon Europe (2021~20274%) TH [BATT4EU] £WSE
RON—=b =29 THNRZ—FLTWS (FE18.5E1—0), BATT4EU Tl 2030 FF TICERMICH
REEDA/R—YIVIAVRATLEREILL. BF2NDHD. FEAIE RREOEE RN\ 1 —F—Y
ZEEL. ARV Za—rIIIMHEANDEEZHETHEZBRELTVS,

(RE]

PEBAIFRSEEOREZRIEY [FEEE2025] ICEWT, EREBDIDICAIXR - fiTREHE
ZUEMITTWD, BEXEBEL)F VLN VY BHEZENORNRIERHEERAICMZ, Kk FOLAS
VBRI EBDIAERRFEICE KRR LR EZT>T S,

Fo. 2021 FICBERRERERICEIZE14RS A FFEZREERL. BEDUTAIINERT—YD
121> TWS, BT IS Fr—r2fhz@BLTOEI - VU A2)LICEAT 2 RAERRPCERELEDH
ENOENHEADERESNTND,

(3E]

BEIRAZ2021F7BIC [K-/\yTU—8EE] 2F%KLTWS, TNhid. 2030 FFTICEBMDFDE
EFFENHR—ICEOHEZBRICLICEDT, BERICEDZARBELGMERADIE, Y TS51FT—V
DEBE, VYAV HBEEOERETHEOREREDEBREZEIF TS, o, BEOTEEWEED
FITHLUT, K93.9MEDREZTIHFHERINTNS,

BEDBMA—N—FRZEDBEICKDAMBRICUEIN BB TH 72D, R TIIZDLS%
BEZESCBILL. EFIAMZESF 1,100 A LB TSI E2BREIEIT T\,

O@ARIEith - KERFREE
(B%]

BABME2017 FICKREABRZERL. KFHLZORBICAFIZERDBEHEIMELTNSD, R,
V) —VEREBBTLEERMO 1 DICABIFON. KREERMOLESERDIMEE ZNZFEICTS
AR MERFDEMBEREZED TN D,

FFIC, KEBEIMCEALTUIT -V /R=23VER(CEWT, KRET7ILABKEREBEDRFK®
RREPEMBKBREBEDORAZED TS, £ AERICEVWTIE, KFEYTSAFI—VDEEICE
HEANTED, IRXILF—FrUTOEIZAMERMELT, TRILF—FrITDEHYETHDIAFIL
voankdy (MCH) OBREZESRICEISMARAELEEL TS,

MEERICELTE. BERNBBEA—H—(ICLRREEEBEORMEA R ICERIF TETLTEN,
ZDERICEITIA V7 IBEODEREZIT >N, i, HIMFARICBEALTIEINEDO IRHEHREFRAD
RERILAICHIF I BRERRBUEZEEEMERAETE] 712020 ~ 2024 F(CHFT TETHRTHN.
EEFRIMBZIDRMLRY VREBZEBTZ TR ZDI2ODT S5y b7+ —LOBEIEATWNS,
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KEITXRILF—E (DOE) (32020F(ICKEEEDHEFMFE - RIEHEITHS [Hydrogen Program
Plan] #H&XLTW2, ZO&THEIZ. NEFTH2@ScaleEt WSEZRE/OV S LTEATELMRMARE
EHIBIETBEDTH D, £low AV ISRERAEICHEDT2022FEH0 5 2026 F (THF THUHII RS
)=V KRNTORFEICSOBRILOFEEZRAT S RIAHELR>TWVSD,

EAMTFRICELTIE, DOE(£2021 412 [Hydrogen Shot| WS 7ASSL%35 LIS, [T0FEMUR
(7)) —YKFRIARNZB0%HIR L. TkgH7/=D1RILICTZ| CexBREEVEARMBREEMBLTVS,
F7=. [HydroGEN (The HydroGEN Advanced Water Splitting Materials) IlElectroCat
(Electrocatalysis Consortium) | &WSKERE - MEEWEEDMEMEIRTE. X - ERICFEEEDE
B RIFEFICEAT 5700 5 LN DOE TEIT LTS,

(BRH]

BINEER(Z2020F 7 AIC [ERINDTURFIIADKREIE] ZHRRL TS, EEKBTE KROER
BOBRBRIEL ) —VKROEEE%, 2030FEFTIZ40GW & 1,000 5 hVIZEIE LEIFRZe&2BEEL
TW%, H. BHHAICEIT2HENRICE. BFEOKREEICLDGHG CREMRAR) ZHIRT (TN
FTRDT) =V KREAEXZDH, [BRFEKKR] (FIL—KEKR) bEATVD, Fie. MMNEEREIIN
SOHEBDHEES FUOEMEXEL. REZIMRSER=HIC [BINT)—VKRETIATVR] 2FHESE
TWa,

MFERMAAKICBELTIE Horizon Europe®ER/N—hF—2v7FMD12I2Clean Hydrogen Joint
Undertakeing (Clean Hydrogen-JU) #'&% b, BRINDAKIEM - KREZE DK THS Hydrogen
Europe. 8FLUHHERIZI 2 =71 DRETHS Hydrogen Europe Researchh*EU DE RN % YR I A
VLT, EICKREBEREH IO V7 b 2HEHELTWD (FE20/E2—H. 2021 ~2027 %),

RAYI1$2020F 6 BICERKREZHETL. AEBBOERICEITTIORI-—ODBRZFELTWNS,
FRICHAMBARICEAL TR, HE - KA (BMBF) A (1) KREEDEREE. (2) ¥ LTOXKERIE, (3)
KROEWICETZ2T7OY Y hEILb LIS 2021 FE~2025F FTICHRE7RI—OZBINY 25T ETH %,
BEMEEBENDEENMZEEYT [H2Gigal (3. RAVERDKERTS Y ~&2030F £ TIC5GW, 20404
ETICTIOGWRRETICHIERT 5 Z2BRELTWS,

(FE]

FEBAFZ2016E(1C [TRILEF—EMEREA/R—2 3 VTEEE] 2FKKRL, KEORE - FE -
B, BEENEORERREZEEEBICEELTNS, 2. BEBHEOEREZDIHDA VTS
BICHEANTED, RREF - thABRFE S (CRABRBERAEHELTWS, 2025 FFTIChRM. LM
BREDETILEFICEWT, 7=V IRIF—(CLIKREEEKRZIRILT DR - 8pRiiiadKE<
EHEE, BETREIRILY —(CREKFEECEDCKBEIRILY —4HE Y R T LD SR AL T
5 eEBERELTWS,

— AT, ) —VKREGEREM (BEREMN) ICBELTL, MBEROKRA V7S (ICHET 2 L BEERE
BEHENFTBHINTELT, RLICT)—VKRDODEEREZFH TV EVWSEEDERICEFEF>TWS,

(#&E]

BEKAFZ2021 FICKREEEREY IV ERRL, KRBENDBITDLODVAILAS—2%ERLT
W%, BEYIVDEREICEIL>T, KREFEDHER, KREEXDHBENLER, T2NREMRELL [K
FREEOBRSSVKRRLERICHT 5ER] 2R THOTHEL TV,

o, BERICLEDEKRREPILEDREZEDTHN, BELE(CH LT, FE30EAREDHR
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4523 WFZE AMFICBE 3 5 1R3L

BREEMR - TN RCETHERMRICEDIMRAMDORAERERAT —FICLEDTEHEDH D,

(1) BRIEEME - TN RABEEOERMRICEDLIHATEDE
ZITlE. BRAEME - TN REEOERME CELIMEEROBEERT, DRARIUTOE
NTH %,

2007 ~20114, 2012~20164. 2017 ~2021 ED3>DHBEICHKRINLZERILEME - TN
A AFREDHRBXEDNS S, HAEA, BE. R4V, XKE. FEDS HEOWHRENEEICEENDE
DEEE (F—9~R—2RIFWeb of Science #FIF) .
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X A-1 ERILEME - TN AREOEENERAREEERDEL

MA-1DBHhHB LS. BAREG, EE - EREETCIOI0FHEETHREAON3I~4EEE(C
BZTWBY, tEIEZNU EOBUPETHREAOIEARAL NS, HREOHENEHTIE. 2007 ~2011
FRATIIKE., FERICRCEIMDUEZSH TV A RETIMBEISEVWRINTWSRETH S,

MA-213. HA-1DT57BEOMEREDIBMNEK, BAMREOHEIGE VW STBERNORELLS
DTHB, HHRNIC, EEM. ERBAEOMAARICKZTLAZANTVWSZEARTENS, HAIZEE
DMEREDEMEIMBE TR TEVWRZBAEDBEICE>THN-LTWD,

B A-3(3&T/N\A R T 2EBRKRAREFE - MBOE(LZFEHTLDTH D, HA. BE. RV,
KE. FEDOS AENEDLS BE - MR HEMREEDTVDDD, WXENOIVF VT ETSHED
THd, CORNBIE. ZLOECHRETEZT/N\ARICEVWT, BREIHRMFBEF L LTOEEENEL
B> TWBIENRTEND,

CRDS-FY2022-5P-09 CRDS B FRMAEAR 2R MIREEE TAMREER T 5 — 39



BRZOR—YIL | BEX-WETIF LB OFH ~FAE AR F -0 REEAICH 7 2R AIGH O FET~

EEit AR E
0.6 0.6

3.7
04 . 0.4
0.2 . 0.2

0 0 1
0 2 4 6 8 10 12 14 16 0 2 3% 6 8 10 12 14 16
10.0
-0.2 -0.2
0.6
'Y )
’ JLB -
Xef  ENHFZRE OZELE(20174/20074 L)
0.2 Y#h : HERE OES/ EPLL D ZELIE(20174/20074F L)
NTLH AR 25E (BN - B 0220174
/20074 k)
0
9 ? 4 9 $ 17 S HAR @O%E OF1Y OXKE HE
-0.2
s [ 24 ] . =0 3
EA-2 ESEEME - TNARAOMREAODE(LE
B 45 ey §0E]
i B ERi B mRY
DO07-Z001] [017-2021] [ [2007-2001 | [P017-2021 7 [OT7-2021 2007-2011 | [2017-2021 7-2011 72021
T T [FE T T PR TP Iljg T [FE 1 T [
7 BFE 2 7 [ AFE 2 [Pl 2 Z 12 [=TF07 7 =TT i
R SEAEF | BHFOF P Eanr | B ATA 3 ENi=ES 3P T TRl [ S
AiISS @ |EE Ty=ED o E B HZUF HT=d CREF ) TR 7] R T e P
R L =) 5 Ry i FRATY | B[S [ 5 FTY T
FHEZFE  pHZE 6 |=SAm—ILE B 1I[EF I EES bEE 7B Rl =ES il=ES
1ETmiy HER R kel RERTR R .
PO0/-2011] [2017-2021] [ [Z007-2011 | [2017-2071 Z007-2011 | POL7-2071 FO07-Z011 | [P017-2021 | [ [2007-7011 | [2017-2021
T FE T FE T PR T [P 1;% %‘_E; T [l 1 T
g3 7 7 IE 7R 2 52 A [ FE 7 : e | S
3 3 Efjcac T 3 e B 3 AT St | T I
AE-IEF @A 0 L - (= B =7 EE Ay 4 |E=E
5 HAUF 5 5 R 5 FAY 5 [EFUT R 5 AFT 5 [FE 5 [hFE | Eah
WS> B ey | FEE By | B EE DEF B[ FEE TEE =E3
L e NN W R
T EO07-20IT] [POT7-2021) [ 00701 | [R0T7-2020 [EO07-200T | POT7-202T | [~ [007-2011 | [#017-2021 20072011 T 7-2021
TR T e T T PG N T S ;E TR T
7R T 7 7 2 PRE P2 2 ggy V£ 2 [T
TR [ [ S5 TEF ENSES 3 gézx e 5 5 BT
A FFY & k07 ol el N L s il ATy R AL &
eS| 5 FEY EEREZ il E=ES il - E.Fﬂ? 5 HE SHEIS] 5 5 T
AEErZSN O L 0 N | B ZES FA=>Y BE% FRoT—>> b 5%

EA-3 BEREEME - TN ZAOERAAERBRFEDOEL

ERARHOFRE ECEERADAMBIREHEWSBEAL LS. ERARICELZ AOEMEICELOL
BWLANIZET, SHRRIANCEY 3 VA > TUEMSE2REAH D TH A,

(2) BEZFEDEEH

AXZzREXITI2BERUCENFORZMERTHIBEILFR LR ZAKRT 2BEICENFOAMEIAT
&% Electrochemical Society (ECS) DREHZLHETY 5,

HA-4DEL5(2, BERIEFER. ECSELITEASES KURERBEMKUBEBUZIIREREITA,
CIREDREHDERIZICOVID-TIDEEICLZZRFHDERFICEDEDEEZIONS, 2L, ECS
NEERBOEREZBEIMNSETVSDICHL, BEREFRTRIFEREUXRS SV ZOENEHIEFETL
TW2, =, BETIHAOMBRER, VERER, LERELTLREHROBIDVERINTVNS,
SEBOMEAB LEVSBERNOLIE. AREICHETIDBFOEFAMDERICHEANDRENH D,

40 CRDS ENIAFRRAFEEARARMTIREEE HERABREY 5 — CRDS-FY2022-SP-09



BR7OR—IL | EX-WET T BN O FH ~FAE AR AL F — D REEAICH G 7 SR IGH O FE ~

N BXLFRREH oN) ECSRE#
6000 0.4 15000 0.4
4 .
000 0 10000 0.35
2000 0.3
0 0.2 200 0.25
2016 2017 2018 2019 2020
5~ 0 0.2
7 2016 2017 2018 2019 2020
A S SR N
EEREES ECS
RN EZS BENLE 2N FE FELE
2016 3106 747 24% 8477 2693 31.7%]
2017 3062 1005 32.8% 8202 2574 31.3%
2018 2929 1120 38.2% 8273 2717, 32.8%
2019 21786 769 27.6% 8771 3044 34.7%
2020, 2667 636) 23.8% 8046 2812, 35.7%
B A-4 EIRLGBRILFEOEEHORIL

CRDS-FY2022-5P-09 CRDS EFRAFEEARARIMTIREERE HRRAESR LY 5 — 41



BRZOR—YIL | BEX-WETIF LB OFH ~FAE AR F -0 REEAICH 7 2R AIGH O FET~

42

a4 BT HEERE I

SOEC/SOFC

ElFB{tYEIEH /L (solid oxide electrolysis cell; SOEC) S XU EREIYEMEIEM (solid
oxide fuel cell) D&, BEHEAMENALILZESILET/NAAD—ET, BEN(ZEZEE (700~
1000°C) BB THEIND, ARIRILF—EHATEZ-OZTBRMRIEVN, BRREDHIFICEEN
H5o

e-fuel

BARBIRILE— K ZBIERRICI>TEESINIBEREEHFOEAERRERE, BAM(C(F,
BAFEIRILY—(C&EoTREINDKEE, ATWISEBLIZCO2EREEIE LT, EBIMAREIRRE
BRBIDELENRETEIN TS,

PEMEC/PEMFC

7O RBERIEREIL (proton-exchange membrane electrolyzer cell; PEMEC) B&U7E K
VRIRERIRRIE M (proton-exchange membrane fuel cell : PEMFC) DB§, 1AV EEBME%EET S
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