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Summary

This survey examined the R&D of promising and effective CO, utilization technologies using statistics from both Japan and other countries,
academic papers, national projects, interviews with researchers, and working groups of experts.
In the previous survey, 3 promising technologies were selected: carbon / carbon monoxide, carbonate, and polycarbonate. For each
technology, CO, immobilization potential and target costs were estimated. Then the technological issues were assessed.
Based on these assessments, working groups of experts examined the technological obstacles to practical use and identified the
technological elements that must be developed to solve those issues. Although these elements span numerous domains, the general
direction for each of the promising technologies can be summarized as follows:

- Carbon / carbon monoxide: Develop technologies that is familiar with renewable energy and have high electrolytic efficiency

- Carbonate: Research CO, immobilization technologies for unused waste and those materials can be procured at a low cost; research

how to convert recycled materials into valuable products.
- Polycarbonate: Since energy input is large, CO, emission may increase; conduct more precise LCA and develop a promising catalyst

R&D scenarios were created for the selected technology elements to research and develop, taking into account priority among the
technologies and the time required for R&D.
The R&D scenario was divided into phases and the technology elements were examined at each phase. Then the commercialization period
was estimated for each technology, and development goals were set as follows:

- Carbon / carbon monoxide: Aim to commercialize in 2030 or later after inexpensive renewable energy becomes commonplace

- Carbonate: Aim for early commercialization by 2025 — 2030

The expert working group presented many issues that could not be solved technologically. In response to this, issues were considered that
must be examined further in order to proceed smoothly through the R&D scenarios, and a list of items to survey in parallel with research and
issues to consider were made.

The list of items to survey and the list of issues include building the structures to facilitate cross-domain R&D and facilitate commercialization,
necessity for expanding the technology to other countries, complying with regulatory requirements and the field surveys.
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EE Conversion of CO2 to CO using radio-frequency atmospheric University of Cambridge
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H Reaction engineering of carbon monoxide generation by
treatment with atmospheric pressure, low power CO2 DBD Eidgenossische Technische Hochschule Zirich
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A CO2 Fixation Process with Waste Cement Powder via
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Controlled Synthesis of Multi - Arm Star Polyether— Universitat Mainz

5 Polycarbonate Polyols Based on Propylene Oxide and CO2
KAy POLYCARBONATE DIOLS TO PRODUCE ELASTIC N : - , N
POLYURETHANE FOAMS — A METHOD OF IMMOBILIZATION oF | JNiversity of Applied Sciences Wildau, University of
CARBON DIOXIDEINTO A POLYMER STRUCTURE Chemical Technology and Metallurgy

Polycarbonate foams with tailor-made cellular structures by

controlling the dissolution temperature in a two-step Universitat Politécnica de Catalunya BarcelonaTech
supercritical carbon dioxide foaming process
ARAY Novel polyurethane reactive hot melt adhesives based on
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Synthesis of fully alternating polycarbonate with low Tg from Zhejiang University

carbon dioxide and bio-based fatty acid
RYA—RR—p HE Influence of Co(ii) lonic Liquids Catalytic System for Tianiin Vocational Institute
Polycarbonate (CHO/CO2) Synthesis J
///'\\\ Process of producing polycarbonate by copolymerization of
\iﬁlil carbon dioxide and epoxide using the same as catalyst SK Innovation Co Ltd

129 COHHAIBD = DERBKMRE



Appendix

(BF)FEH-RHRED/N\YIT—4F

RUh—HRr—k

=347 5] FEr4 e

BB H— KR — OB T A BREHUI— ABEHLERIRY

RUD—Rr—rEREY. BEMH R VR D—Rr—MEEM O SIRKZ BRI

SERHE
M — AU —R U — R SR T MRS
R A — b B RO REER VRS ki ST
o ® ‘ s e .
RYH—RR—b B RYh—RAR—+ORIESE RRREIARF RERXFE EFRBLEHASH
RYD—HRR—bHR R RALZEIRHRASH
BB IRAY H—AR R — bR D— R —MER EREBILE S

RUD—Rr—MEEME SV EREERY BAEAHAEH

7 0yF o T HBEHERYA—R R — B LU EDRIES & ERFIEHRAEH

130 CO,HHAIBD =t DERBKMiRE



Appendix
(BE)FEE-RBEMD/N\VIT—42

RUh—HRr—k

c3%Y) E HEF4 e
RYA—RR—rERAE HIEZIEKRASAT
HEERAMERUVRYA—RR—bORIES X FRIEEHRASH
’T ENFERERESLUBN FEKREREI(ILL FRBFEEASH
=P
RUA—RR—rRY H—RR—MER Y R U R AR HASIA AV ROV S EXRFE
RUA—HRR—k RYD—RAZ—MRYA—R R — A R U R R A HAESAA AV ROV ZEXF
BFEEM—RANIVF—HBY ZEEEKASH
BEIERYA—ARR— T FHE Novomer Inc.
RUA—ILORAMAE Econic Technologies Ltd.
™ L
A RS
®E , . .
TILFITAYYAR)T— Imperial Innovations Ltd.

131 COHHAIBD =t DEREKMRE



Appendix

(BF)FEH-RHRED/N\YIT—4F

RUh—HRr—k

AR E3 4 iR 1ES
] L2
raln TEIERFRETIRFIVFEOHEEG DO _EEMEFER Imperial Innovations Ltd.
EE

R H—RR—h

N

#=E

132 COHHAIBD =t DERBK MR

RYI—TIWA—RR—bRIA— L DEES &

BERITULHMERVZDRERE, W EEEAEE AL
f=RUD—HR R —bRIF—ILDORIEFE

HeEEERMREUEANMSEESNE-HSAA
BoEEI LA

BRLGIEHER)D—RR— R H—RR—MERYI RV Z D F
A

Bayer Intellectual Property Gesellschaft mit beschrankter
Haftung

POSCO Research Institute

SK Innovation Co. Ltd. . SK Global Chemical Co. Ltd.

SK Innovation Co. Ltd. . SK Global Chemical Co. Ltd.



I LCAEEMH

133 CO,BHAIBD 1=t DEREK MRS



@ LCAFEM

AL242 A3 A9 — R GICE WV TLCAFEEiZE/RELT-

AIZE TILCO, HEH B DM T 5CO,AMNF BRI SHBUNTIA IH 12 ILIZEFHCO,HIHE D FEEET 1=
CO AN HI R8T 2MERERUTHILE—IRE . BUIZCOMEETA TH (4L % 8L T (LCASHE) L. 2hoHifis
CO, A H PR HiEERALEVERORA RS T O AL LT 52T, EEMECOMIREEEEL .

RABIZHFHLCATHETITIE R RE . S DIDDH BB T BR BN EMEER R ELT-, REWEEMITDOVOTIZUT
DEYTHS,

- DIER& AL 742 (COEH,DEEAS/—ILEERBALIMTOS R E)

- QWEL: AR (COLEH,D A R— AV RIE)

- QYO YY) —hEE (v-C,SHEEFFILLIza291)—~CO,-SUICOM)

UTD4IEBHAEFMEEEEL THREL. LCAFMEZEEL =, BH. TSUMIBT5RHE - BROBEIZETLIIRILTF—HESELCO,
BHEEFEHHEVEDELTS,

- OERHA=E

- QKkF=HE

- QRB-WUHBTOEANSDCO,EEEIR

- @R MBS -EE

134 COHHAIBD = DERBK MR



O LCAFTf
CO.F I FHMI= 5 1 BRMETO 1R &
BREDOCO,ZALVELNTORRDLCATEMAELBL COHIBEEHEETLT-

+— CO,Mifihh <+ 21—TsU)T1H&A
aE7O0ER

el
B
YA

P i

CO, A 3% F 2B Gl L (BRALDBA)
7a+Xx :
N
| RER B LR FHLL
1 CO, (B—Rr=a—r35)
#H R (CO,)
Bl 65 B
co,
E
B TOER ok i and B P i

1 (BEA9VDIBE)
Y > M e o Looooooood BEX-

135 CO,HHAIBD =t DERBKMRE




@ LCAFEM

IRILF—DBREFEY., RRE., COBHREMICRET HARFHZRTEL:

E v
IEH =iy #E
FHERTESEHE i
IRILF—HARERERE MJI/KWh 3.6
e gL g — PR D FEEE (A —RRK) MJ-HHV/kg 25.7
O srEusuznezes :
K t-C/GJ 0.0247
PRFL D COL Bk Hi R BA L (B A — AR %)
( t-CO,/GJ-HHV 0.091
O o cx~ otz Por R e e wsivig || s0s
K t-C/GJ 0.0161
( AR DCO24EH R HE L (LPG)
t-CO,/t 3.00
O 75 rommeeizs 000 hy
k TSR B hly 8000
BHDCOHEH B t-CO./MWh 0.512
TEURIRE (MEA) D COLHEH R B 5T t-COaft 1.6

*1: R OB R AN - HET DL REERL *2: TS5 MREIF R X — iR #7EEL T8,000hy &R E
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FREREEM
( B
e KEIZUAEDPVE HIZ&B HE L #ie
7 == 71—6: 1] ‘lﬂ=:
L KERTRETS 80 R KEE () Nm?y 25 x 10°
( KREE kg/Nm?3 0.0899
(o M [FEHCO, B DAZEL KR Ak KWhiNm? 49
tOIIyiadd s
k KFRHRILEHRELL KWh/Nm? 0.91
( COBHHE kg-CO2/Nm® 0.002
° FTRTOTALABAETEAHIZ
K PVEATHE>LNDET S
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E v
IEH B{r WD =1 Gl BRIF
BHREE °Cc 600#k 300~400 175
FHERTESEHE COLERE vol% 13 27 33
( BARRE Nm®/y 184,523,630 176,000,000 155,200,000
e CO,RERITIMIMM R K NFEERE
AB =01
K BTSN EEE CO B tly 4,711,943 93,343 100,602
( FREE N E (Gross) MWh/y 6,132,000
Q SRR TS NI SR LR REAEE FEENE (Net) MWh/y 5,821,721
k HEME (BZHE) % 42.43
N/A N/A
TR ER % 5.06
BRI ES % 70
EEE A MW 1,000

LR K AREMERMTIUMNIEELLERNT IV OEEEE ALV,
ErEWBREERFERE
138 COBEHHIF D= DERFMIRE

2 HMTSUMITORRICEKOTI—IRIF, BIF. EIFDOHH RHH 2 HKFHE TIEBEA R P DCO, iR



@ LCAFEM

CO, 5B [EURICEE I SRR HFERELT-
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PSAE D W&+ 2(% .
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Q EERERE :
k EURCO R E % 99.9 99.9 99.9
( . . . 73 Rt IR R A GJI-CO, 2.5 N/A N/A
° S EEEIRLT=CO,ILRILET
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IHH B #iE
FERE R AR — LR tly 800,000
( A/ — AR °c 25
e }9/—JL®MTO}§FE*1(:$6 AR/ — LA E S tly 0.26
FLI1VERERE TFLUERE tly 133,776
K JOELVAERE tly 133,776
( @& 0.024
SR RIZTFLOE AR @) kWh/kg-CoH40rCsHg 0.116
Q JOEL 2 H40% 3 D ERE 2 @ (3t) 0.054
k ®-1(EH) 0.012
( FE fats R KWh/kg-C,H40rCsHe e
© ZSEOREBARRTES W 228 0002
MEBEBA~DFEREEES @-3(&M 0.001
k J ®.(EH) 0.021
HEH SED) KWh/kg-C2H40rCsHe 0.0%4
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G.® @ 0.000
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RGBAOHZ RISEHOH R -
E:p
FHBEEY IHH B #iE
( REEH MPa 5
8 RIGRE °c 250
Q AR /—ILERKIZRITED -
Bt =70 1% EE sv 1/h 10,000
K CO BR{EE % 22.3
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L B E K TE L HHITIARRE mol% 298
TAEKZDIT4—FRT -
@ EHEHEE N (L= ELARLV2 Ha/CO L2 — 2.8589
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A3p—av BT ARREHEREL:

E v
IEH B WA R N =G [y G
HEECO,2 tly 4,240,748 61,980 56,639
(8%27;;1“&%) kg/Nm?® 1.976 1.976 1.976
FHEBREEME —
#H#sH. = Nm3/y 8.58 x 10° 1.25 x 108 1.15 x 108
INTAIRIGZ o
e v T:r AE‘.FE‘ . ,_._,‘J:Z‘) KIRFE kg/Nm?® 0.0899 0.0899 0.0899
)‘9/ | E‘A_% :c,\;E
k H R CH, 2 Nm3/y 2.15 x 10° 3.14 x 107 2.87 x 107
BABRER GRIE) kWh/Nm?3-CH* 0.37
B AREEAL (TR kWh/Nm?3-LCH?* 0.103

HiF : NEDOT TH L ¥— v 7 OIREIFIE IR S MEE | (—B) TRLF—BA
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a9 —rREICE T SRHRFEHEREL:

T
FHEREEN I5H BAfT ZHEO RO Z#S8 IRI58
( ) AT cm
v-C,SZEREBF#MELTHERALY:
COZ-SU|CO|\/|*1€?:§H—' KK kg/m® 120 118 164 167
K / RILES VR kg/m? 432 55 410 84
\
( BF0# L CaCO,&Ca(OH), D y-C2S kg/m? 55 84
O renromzrzzso
2BYEREE BFS(B1FR3%) kg/m?® N/A 73 N/A 111
N y
( ~ F(I347v>a) kg/m? 212 69
° 7'_.;\_) J:;l;(j; ;g;;:‘%@i’) OO—DC S1(FH) kg/m® 1,032 1,020 699 418
|E.|' YRS l
=1
k ERAZEEE"™ y S2(RLEb) kg/m? 795 757 N/A N/A
( ™\ S3(LuFE) kg/m?3 N/A N/A N/A 265
= S P — KB FE
x(;:ﬁ_g%rtgwii%g OJr 8; §é§4) G(#A) kg/m® N/A N/A 1,029 1,052
;34 ~ ER a
J CO. RN E kg-COo/m? N/A 100 N/A 109

*1:CO,ENIL YD LIZRIRSE =AU EFERALTIV ) —hE8ET 54 % (FEREIRIRE : 0.512 kg-CO,/kg-y-C,S) . *2:CO,-SUICOM 2 & BCO2HIEI R ZIFy-C,SEF AT Bt RILES R4
UMEBIRRTTOTFATYATRETIHNRLEFEND, 3 REROEIL DOFREMELZRTIETHY . ENKREVEERBMENS L, 4 FENGILI)— N ERERER VD — OB, ThZTho
BEZHITOVTIFAZE THRTELE (65°C, 305/ DEIZKRPEE(20°C, 1348 M) | RIETIEHMNAEE (20°C, 28 M) DHIZHREEEEE (50°C, 128/H)
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O LCAFH
CO. R £ a0 — R B 4
BT — B LTCO B B85~ 102 B HIFE T3

CO2EEE RILESUREAVR v-C2s Il &+ B EREgmiE A%
0.40

0.35

0.30
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0.15

010 { 009 @

@4%

CO,#HEHH E[t-CO,/m3-a> 1) —H]

@) 0.10 0.05
0.05 1 E510:820.10 @0.01 0.02 Eﬁom 777777777777
0.00 — — . . . . . . .
0.01
0.05 - Iwme Exg|| &ob | [HEE| B8] For HHE | ERE | fub | HLE| | BEE|| Rk
Ca(OH), CaCoO, Z4E0 Ca(OH), Ca(OH), 48
R0 IRIE8

*LREBERERIVYY NIV T OV IICLMERATELRN L, FRIEKBIENIL Y LBREDOIAV Y —METEFLU DR EE IS >TEEEDHNEZ THLICBRETILELNHD
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COAMFARMERNTAL T4 . A AU — R A S BT BB

CO B EZS M 7Y 1V JLTaREiLT=

ARIFAETIECO, D BEEUIRMIC K> THEAHAMSEURLI=COZFIFHALTAL T2 A2 a9 — I REEETHEDCOBEHE
ESATH A TEMLIz. . INORBERITEITIBFOEETOLRECOBHEFLEL, ZDOEFCOHIF=EEL THETL
T=o

— AT, NoDERIEHETWEL-AHREHICEIKEDTHY ., ETORD I EH ., COFLR., fMiESTORFDHIMIZ
FOTEDLBLDTHAEITEENDLETH S,

AL I742IZDNVT, COEZAMFIALIERTOERIIBRFED T 7Y RREICEIERTORALLLE T HECOHIBIRNHY . £-.
CO,EEELERTHEELICCOAIBMENBUWER LG ST, — AT ERMGCOHIBELZZEASRIIFEBBFEDAL T4~
&) ICKBBRANH L EEEZELLZITNITESELY,

ARUNTDNT AIR—2aV[TEY EREENTZ AU INGELLE T HEMBEILIZIEDCOHHEZ REEB TETEINELHDL. B
2. AV DERFEENKRENCEOHARINCEYILI-COZBIRMICFIATEL LB ALIL, FRIEARBELTRELGRTU DY
WEHDEEZLND,

a2 —HMIDWT, CO,AMFARMICE > THRESN DAV V) —FERIFTATH A VI THOCOHIFE T DEGENLDOD ., aV)
J—rTRYIICLMERTERWVEE AENRON TS ERMALCOLHIBEZICIIRANH I LIEEETRETH S,

REHETIETAERBEDQRDOAMFIAOCE NEREZEE TETLVED, ERELGLCATHBZT=OICE. €A AT LOTAOERY
2al—Yav, RUGBEIEATRIREG D,
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