CRDS-FY2017-SP-04

_WmnE v,
RFS - FRERWENT S
BF - 142 OB

~FERrl ARG O A&BiIEL T~

STRATEGIC PROPOSAL

Science on electronic and ionic control
for innovative technology of reaction and
separation

- Aiming for a sustainable reaction process -

O

EumEEsA BIEERRELE TRRREEREYY—

Center for Research and Development Strategy, Japan Science and Technology Agency



MERMEER > 22— (CRDS) (. EOBEEMA / N—>3 VERICEHT DAE. 2. 1
RAPIUBBRIIGIIL D TIT ORI VI A2 D—D27T. XERFPEZEIHE CT 2 EILMFEH
FEABIEEAMIREERE (UST) ICBLTOWET,

CRDS (&, BEEMOF2AEOEE (HEH) . HE2WBAFTOIT. BRAOBEATCERRLL
REBEEA T, SEIERDPBFOFMIRPBRUEZELOMEZBL T, HERTOR-—TIL] %
ERLET,

(B 7 OAR—YIL] (S SEREE U TERMICEVHT NS MAERFEDOEMER® B2 RM 1/ N—
TAVBREDEERBICOVWTOREZFEDHILHDE LT BERUZECEEMFTENEM L.
IE< AT LET,

REBRILEMATTIE. (B4 DMFTREDIREZ (T TH L. ENODMEIC K 2 THEN BRI
IIGAD I EDEBETY,, [T OR—TIL] PEOBERIRISTER SN BIZEEM 1/ X—> 3
Y DRPH AN B REDRRICTES T I EEHMRFELTOET,

EHICEHEIE. TRV 7YV A b EaZETE0N,
http://www.jst.go.jp/crds/about/index.html




BEE7OR—YN
RIS - FBERHTEHTHETF - 14 OFEEE ~FRrLRE 70t A 28#EL T~

IT7EIT179<)—

ARKT R =L, =X —F W E A FERFIZ LB 70 5 Hogny 7efbe 7 e & R
BT DG« BN B9 D AFSER RS DR E CTH D, BARMICITER. 6. BRI
ARG BN 2 E D= RN —RATER LT USRS B A TEH LTc e & B0
U EREENIIZHIENT 5 Z & T, UG O E & BRI O N & RIREIC T 2 FEHR S - )
HEH AN OBFFEBR RIS CTH D, ZHUT LV | FERITEIRE LS Th o 7o b & KIE IR
5, ZETHoMNE —FIZTD, HDWVIEDEHRMELZ AEIZTH 2 LT, (k%7
22 ADMFIRT RN —HEOREHZ BT 5 & & biZ, ZDEDRHEATRER K
F o KRFEW/ERASOFEBUCE T HHMTERNCORT HZ &N TE D,

COP21 A E A3\ T, OE TR EN R T AP HEIE O BEE & LT 2030 £
(2 2013 4FFELE 26% IO K HED R, 7o EHABLE L LT 2050 4% TIZ 80% HITE %
Hfe 4 Z LR ENT, 2050 % PR X 7-AF2EBR% & LTI T= R b —BREi A/ ~—
va VR (NESTI2050) | THOBFRIEMARE SN TEY, IO HICEENLIME
TEHEATIZ OV T HAFZER 3 O BAR L3 D ST\ 5, —J5, BCKICE T 2 e 28 bk
WOBFZERTE TIX, BB ESLSHOIA MITRELWE SN TN KBEHRERED
HAFREENDORFENZBEBOICIERA T2 2 LT, kKFOAX U RELZAHFELE
Power-to-Gas, & OIZIZEAERERC L F i liE 2 B 15 L 72 Power-to-X ~DOHL Y fLA D Mk
FoTWA,

F - FeRRA A B AT REMEAE S 2 R - OIIX BR O L A B IRICIKAE LT R L —-
WERHA OO OBHANKLETH Y | fRFE - KFEOIFERAIFIH & TEEIC T 2 Hiffr~D
BN EEICR D, ZORKREHELZRE - KEMEEOAX—LE2EZDH L, K
EITHE2 D CO, RKBREDILFERT % VORCE S FREL L 2 b 72, R&Eex
AINFX—2WBETLHT v e VRIS (REVER) DZEIZR D, ZOXH7% 7 v 7
NUSIZER. e EOFIEEO SV R —JRZIE T 5 2 & I3AREIhEN 7
FHETHY , ZRUTIA T, BLFIORTHEEE « R E2AS - JEFRT 5 2 & T, WERDOEW
FOGTIEREECTH - 72 5% FHTE D HEMER D 5,

&> BSOS CIEERE DAL ERIEHR =RV — DB WIS TH > TH, KLEX

ZIEHT 2 2 LT L0 PRIR S TR EE 2 fie KERTE 2> L 7o IS & BT 5
&> B - B EONGIRIC X0 OSEE 2 E (b 2 LR —{KT) St
%

> BSOS BEC X0 ROE & B A AR LA O S Bl E 2 AT 5

> RSB X0 SRR O SO % R HED B

AT v AR—HL T AARE LORCKOWIIER BN, REIFZRELA, B U LWk
RV = ADOHAEZNE A U TR THIEREREOHEE 2RI 5, £ IhICL V&
BRSO « B O FEBL A BT D TH D,

& EXEIEH LICOE « BEEN © [BIRA =7 AR O TC AR

CRDS-FY2017-SP-04 EMAAERFEEARE MRS MERRER > 42—



BEE7OR—YI
RIS - FEERNEHTHETF - 14 OFEEE ~FRrERE 70t AZ2BEL T~

*

S - RGN A NG U7 SO« o BERT - BB R, S RS IRAEE, Rk~
T REH v A 7 m T & E DT D OB

INA T A ARA T — RIS« o BESAT - N TEEE OB L

AR ET XL —RAEE0, MENIIEHT D8 « B

By - BRIGSC X DGR A SOSTIE T % 72 0 ORFFEER %
LRGBS D EEA R - FRIREEV R e EOHTRA A= ARPEF, il (FE
R SRR 7R &) O RIS BEO Te O OREE GRAIVEZS FLA EE 2 &)
BRES, SN R B D T 72 S BERER ] 70 & DR & 70 B BRORE S

L 2R 2R 2R 2

2

RBARDEFIIAANSE L THEEA =7 AOMEM BN KE R ZEZ o B
L ORED AT o REHFEAFCEH BRSO B 7 E UWERIC X0 36072 BOSHEREAZ I
ARBIZR VIO TWH Z e 2B 2 b L, A% LRtiEICE & U CHIRAIICERY fHie 2
Clid, HAREZLEETEL0HE L CADBEE CHORERIAIV T EEZILND,

PLFIEAR T v R —HY U BER T 2 UG - Bt a7 b A=V %R,

g ™ ' ) '’
I OE RO IGREE PIRHIRIS - ikl
e A "\,‘ FaYd H\
*ITAY-H( m - (minm) ™ '(
fLaRm ,) preain- N A
&t B&E EEWE | AEmE | | RowE
' BEQELBED ' e——— ENOED - HN
ey 1 [AEm 2l EEW
3] : RERL 330 COI/HIONN. =7 mmﬂ
{EEnE - A ST OER T L & A TR B
+ r ) ) ~. | B
, ® ERA-b o s T HW [ RS
L i DEHE W e el L Wiz ) _«!_]
B HRERAR LR & LR  houm
- ARMRE LTINS SRES T -
W . W A

B EHHORIS - DPEERMOI T M X=

APEROHERBIIEMICDIE 2006, KR CY = — X &3 TE X DMERH
Do i x OEATIZEZOIIBRMEICH D Z b, BPOMZERE 7 = — X HENLB X
Z 2030 FEH E T) 1LFEROAREFI RO R L 72 2 I 2 ED 5 Z E N EE L E X
SND, WFIEBRICEBW T, FRICT BT I 7T ORE & LTid, OFFMI7Z2 BOSHERE O fREA 72
EOIEOFHOMSL, Z DO OFHIEAM (A7 FEHlll) L3RI E DOWHm¥E. @
BFHRA A =7 Ak EEIN OB L 22 5/ MBI OB, NEEICRD,

ZD XD T = — KTV CEEEMIE &2 B DERIICAT O 72 0IZix, 4T L D
AL BRI D72 N B THH B2 BAEA N CC, S EO RN ER i o—58 &
LCHEY ZFh, MENDIETEDHENORT oy vaE RE5 2 ENEEIIRD, 20
72O, I 7 = — X TIREERCAEE I Z 12b 63, EREEOH R AH o T
BEBEFEDO =— X5, /M a2 4P MNIRERETAY v b -
FHED I TE AW A2 B L7 DUG » BEZATV, £ O T & 72 2 BRI O
FERAR K VAL THED D Z ENEETH D,

CRDS-FY2017-SP-04 EMAREREEARZ RS AERRER > 42—



STRATEGIC PROPOSAL Science on electronic and electronic and ionic control for innovative technology of reaction and separation
-Aiming for a sustainable reaction process-

Executive Summary

This report is a strategic proposal related to the research and development (R&D)
involved in innovation of reaction processes that form the bases of processes such as
energy conversion, chemicals synthesis, etc. Specifically, it focuses on an innovative
reaction and separation technology that enables active control of electrons and ions by
utilizing electricity, and/or light, etc. This makes it possible to simplify the chemical
process and greatly reduce energy consumption. And it can lead to technological
innovation that will contribute to the realization of a sustainable society.

In response to the COP 21 agreement, Japan is aiming to achieve a mandatory 2030
mid-term target reduction of GHG (greenhouse gas) emission by 26% and a long-term
target of 80% reduction. Looking ahead to 2050, Japan has identified innovative
technology fields in “Energy and Environmental Innovation Strategy (NESTI
2050)” , including chemical processes. Also, looking to Europe and the United States,
by utilizing surplus electric power from renewable sources such as solar and wind,
Power-to-Gas program, which is conversion to hydrogen or methane, as well as that of
power-to-X program aiming for liquid fuels and chemicals, have begun. In addition, to
become the ultimate sustainability society, it is necessary to transform from use of
fossil resources to cyclical use of carbon and hydrogen. The production scheme in this
future will be characterized by existing chemical processes that requires large energy
due to the chemical processes based on CO, and water. An efficient method to utilize
highly controllable energy sources such as electricity and light for chemical processes
required much energy is essential, then additionally the following functions and effect
would be expected.

Realizing a reaction which can accomplish high reaction rate and selectivity, even

if it is a reaction with high activation energy

Increasing a reaction rate (decreasing activation energy) by external electric or

electromagnetic field effect

Simultaneous achievement of reaction and separation by virtue of separated

reaction field

Non-equilibrium reaction by separated reaction field

In this proposal, from the view of R&D trends with a long-term perspective in Japan,
Europe and the United States, we aim for innovative reaction technology by promoting
research and development tasks shown below.
» Reaction technology utilizing photo- and/or electrochemistry using solid state
ionic

» Reaction technology utilizing light and electromagnetic waves: optical

CRDS-FY2017-SP-04 Center for Research and Development Strategy, Japan Science and Technology Agency
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semiconductor catalyst, photo-metal complex catalyst, surface plasmon
resonance, microwave chemistry and material development for them
Bio-inspired reaction technology: Development of artificial enzymes etc.
Reaction technology that combines various energy sources including low grade
heat

Research to utilize the external field effect such as electric field and
electromagnetic field

New materials related to the above method: New solid state ionic working at
intermediate temperature, electrode catalyst, photocatalyst, material for
separated reaction field, etc.

Understanding of detailed reaction mechanism elucidation including various
reactions and external field effects

The concept image is shown below.
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Fig. Concept image of innovat|ve reaction technology

Since the research period for this proposal would be long-term, it is necessary to

consider the research phases separately along time. As the current technology would

be on early stage, it is important for academic researches to understand detailed

reaction mechanisms and to develop useful materials for devices.

In order to continue such basic research for a long term, it is important to demonstrate

that the technology from basic research, whether it is a favorite technology or a

derivative technology, has become some useful outcome.
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