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Challenge: €0, recovery from atmosphere (DAC), and Recovered CO, can
be converted into fuel and/or various chemicals as a raw material (CCU)

Fuel l Combustion -

Exhaust gas
C0,10™20%

-Absorption
-Adsorption

‘Membrane, etc.

CO, capture

C02>98%—‘

Atmosphere

CO, capture

F

CO, 400ppm
N, 79%
0, 21%

> CCS
CO, storage
— CH, Methanol | ) Fuel
CO, free
| Alcohol
> CCU —>
H, Polycarbonate |
CO, utilization | + Chemicals
Catalyst |5 Olefine
_|_
‘Heat
-Light
‘Microorganism
s Carbonate BU|Id|r.1g
materials
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AGfO, Energy of Formation (kJ/mol)

LRI R E LR CO,FI A D P

Gasification
0 ‘/’—\ Combustion
—_— C(s)
e ot
201 —
_— co
-200 1 C2HsOH() (&) .
HCOOH(g)
0 '
Combustion M
-600 - -
_800 - Mineralization i
-1000 - -
Standard Molar CaCO3(s)
1200 e Energy of Formation, at 298 K 7]
-4 -2 0 2 4
Average Carbon Oxidation State HATGEHE, FHRIRILF—R

5I%. 201951088
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Cost for CO2 Removal (DAC as a Backstop Technology)

all global emissions — all global emissions
o 100% mitigation —» e 100% mitigation —»

DACS COSTS TODAY /] 2Pove >100/tC0;

e = = = JTUREDACS COSTS 4
= “
g 8
. G
: +
| I

tons of mitigation required tons of mitigation required

Relationship between cost and introduction amount of DAC

Source: Direct Alr Capture of Carbon Dicxide Roadmap {ICEF 2018}
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Direct Air Capture + CO, Utilization/CO, Storage

Energy Required ! nima
Low CO, AIR
AMBIENT AIR /
—3 DAC —4 Manufacturer s cONSUMER

A&

HYDROGEN e
ENERGY ENERGY ENERGY
UTILIZATION
ENERGY

Energy resource should be zero/low CO, emission

(Source: Atsushi INABA, How to evaluate technologies?, Moonshot International Symposium, Dec. 18, 2019)

26



HhECREBRIE R RDERTEE

AN DARK

¥
»| AREIEEN

:

FIEX R DFF

BEMRIRIIROAVIDEE

S E T RAVITR

HEBE-SAITRIMIVE €+

IRIILX—E 1B AEES

IRILT—ENRE
MEF B ERE

I

ERICKDYE -TRILF—RE

COHEH " ITRILF—-YE - [FH

IRIILEXF—DIRRFEIE
MELEEDEKREL

CO,i=E .~ COo,#EH

AN&REIECO, LISt
DGHGHEH -~
fEBLER GHGEE

4

RIrEBZERE . [mLF

— BROXIEEBEZEWE

HEREEDERRIL
CO,EMR - HT8E

\ Y I T745.0

& FIR
(BEHBIRER)

& vois .
HEM ., BEREZEREYR (DAC) e
SIRHIE (KBRS S ) ) (Y FIVY =TT
'\
‘i%-'\m‘—
¥ e ) RN BT I B
7

HAF : ILhEAR (2006) TTRILF— - BE - BEVRAT LR 5KEEICNE

27



BAY—hktt £ (Society 5.0) DA 78Dk

HBAV—FIZERBEGE/-F—EXE REQGANIC REGRIC, REGEITREL,
HED=Z—X([CEHHNHETE, HOPHIANEDE VY —ERZZIToN, Fin. 1%
Al gk, SEEE WV OBk RIEEVERYBA  BESESLREBEICEL T CENTELHHR,
Y AN—ZER (REZER) ETONIVER REZR) ZEEISHESE VAT AIZLRY,
RAREREAZHREDRRRZWILT D, ABPLOHE

S E(FHEGLATIRICEELLLN:

LIPS TS —EHEHEL. » BHRICEDE/DIE
B/ NDEENSH—ERIBEAEEELZLTZD
+HIFHRAT TYHRAI—R) AL @

EEL, VDY FBRICSEE !
(EEV) T4 PRAFTETIEA / R— 3 VIZHS
REGFEE (VDU F) KEEShTWVS)

BIZIE, BENEEI+D—2x7 /548027 > BREFMRAREERI%)OMA L > BHERESHDH
Lo BBELEESEDET > SMFRMEEEDET >TRILF—FERD > CO,HIE

BIZIE NI0TTAY— AT FUR S B HAFGOEME > BR-ELREFEDEKRTS> TRILFT—F
EiF 4 >Co,HliE

28



IT, AIEOIVRA—RE O EHF ST 2

29

HERFIRIILX—EHBEZEMNICTIR
ILEX—ZHEELTLSDITTIEEL,
HA-H—EXLHAEEL 5T
. FhicEbEShi-TRIILX—%HE
ELTULBITBEEFLLY,
“ HAEEL LT ER-Y—EXDE
FRIZEFELBEMNEL, TRIZHHHEEL
e TETRIF—-CO2BFHERIL BRI
’ H B AR HY .,

Power

5 Watts

2.5 Watts

(Y
75 kWh

0.1kg

Embodied energy

H B8 1IASA

R O . e
v 24 EMEES T, Al 0TOEHH
MEE T 7 )T LG HEFTLEFREL, TRILF—E

NEREGEELN B
SnFo.

R LZH-0TBEIZHFE 29



CO,IERREOBHICRAMNSIIRILF—RT L

— BARAY—Ft%& (Society 5.0)

I*}bﬁ-&'ﬁ#ﬁ@ﬁé < ,/ 10T, Al, Big Data, Blockchain, Smart Sensor, ...
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DR, V2G, VPP, ZEB/ZEH, ... J S> LR BER L -FHEM, JHAIIL, etc.
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Thanks for your attention
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