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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 -

-Absorption
- -Adsorption
Xhaust gas -Membrane, etc.
€0,10™20%
CO, capture —‘
(0,>98%
FCO2 capture n
Atmosphere
CO, 400ppm
N, 79%
0, 21%

> CCS
CO, storage
— CH, Methanol | ) Fuel
CO, free
| Alcohol
- CCU T
H, Polycarbonate |
€0, utilization | + Chemicals
Catalyst L5, Olefine
.|.
*Heat
Light
*Microorganism
s Carbonate BU|Id|r.1g
materials
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-1000 + 1
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-1200 e Energy of Formation, at 298 K i
-4 3 0 2 4

Average Carbon Oxidation State
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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 /| 3°°ve >100/tC0,

~ ~FUTURE DACS COSTS 0

) o
St S
@ @
o Q
Q o
+ o]

-~ 4

S 3

Q O

I I

tons of mitigation required tons of mitigation required

Relationship between cost and introduction amount of DAC
Source: Direct Air Capture of Carbon Dioxide Roadmap {ICEF 2018}
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CCU 0) 1, g ] [ m %ﬁézl” 15'] (Hepburn et al. (2019) Nature Vol.575, 87-97)

Low scenario High scanario

v

Fischer—Tropach fuels® ($1,500)

Cemeant™
Microalgae—
Methans®

* Non-conventional pathway TRL
B High -9 M Medium (5-7) Low {<4) DME

' Convantional pathway TRL

Fischer—Tropsch fuels”
M High(5-9 " Medium (5-7) W Variable (3-8) i

Methane*

Storage duration

© + Days or months
# Docades
~owee Cenfiuries or more

Mathanaol”

Microalgas®

BECCS™
Agd gregates*"“"—I
0

Cement curing™ BECCI™

Breakewven cast (2015 US$ per t GO, utilized)

Forestry*™

Ag gregates™

SCS*™  Biochar™ EQR™ Forestry*™

Urea”
scs™ e Methanol* Other CO, Sinks:

Biochar™

1
0 1 2 3 0 1 2 3 4 5 5 7 2 9 10 11 12 13 14 15 18 17 13

Gt GO, utilized 2050
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Direct Air Capture + CO, Utilization/CO, Storage

Energy Required !

Storage
Low CO, AIR

AMBIENT AIR / 5 -

COZ =
-\

HYDROGEN c
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)
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