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[Duration] FY2020~FY2029
[R&D Items]
1. Development of high-efficiency CO, Direct Air Capture technology from the atmosphere

—Applying RITE Sorbent

2. Development of CO, conversion technology for carbon recycling into valuable resources
—Using an inorganic separation membrane reactor for synthesizing liquid hydrocarbon fuel

3. Practicality assessment as a liquid hydrocarbon fuel using LCA method
— Collaboration with a liquid hydrocarbon fuel customer
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[Development of three kinds of regeneration system for DAC]
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R&D item 1.

R&D item 3

Kanazawa University (Kakuma-machi, Kanazawa)

[ Development of highly efficient CO, capture
technology from the atmosphere|

1 — @ Development of highly efficient CO,

capture technology and evaluation of system

[ Application of liquid fuel, and LCA evaluation ]

( Research Institute of Innovative Technology for the Earth
(RITE) (Kizugawa-shi, Kyoto)
R&D item 1.
[Development of highly efficient CO, capture technology from the atmosphere |
1 —@ Development of novel absorbent for low concentration CO, Capture
1 —(@ Development of highly efficient CO, capture technology and evaluation of system
R&D item 2.
[Development of CO, conversion technology for carbon cycle |
2 —@® Development of high efficiency CO, conversion technology and investigation of

optimal process
R&D item 3.
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[ Application of liquid fuel, and LCA evaluation |
.
. : {Subcontractor]l : Y
: Mitsubishi Heavy Industries Engineering (MHIENG) (Yokohama shi, Kanagawa) ~
| R&D item 1.
' [ Development of highly efficient CO, capture technology from the atmosphere |
| 1 —@ Development of highly efficient CO, capture technology and evaluation of system
! 1 —(® Detailed design and manufacturing of scale-up test equipment and evaluation test
1 T |
| I . ! :
[External Partner] ; ; OUtSOUfClng v OutSOUI’CIng
R&D item 3. Engineering Company Large scale synthesis of amine and support, amine

[ Application of liquid fuel, and LCA evaluation]
Collaborate with Toyota motor Corp,
(Toyotashi, Aichi)

(2 —(@ Detailed design and manufacturing of
scale-up test equipment and evaluation test
(Liquid fuel synthesis) )

impregnation
(Collaboration with multiple companies, Building
the supply chain)

[Advantages of Membrane reactor for CO, conversion]

Conventional process
Liquid hydrocarbon (FT synthesis) = Including production of syngas
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<membrane reactor process> ~

<Membrane reactor>
¢ promotion of water

W 4 gas shift

#H — Direct CO, conversion

# Distribution of H,
through membrane

Direct conversion: CO,=e-fuel
Energy saving and reduce the cost

*Plant cost ; syngas production 65~70%. FTS 21~24%. Upgrading 9~19%

Technical challenges

® (Catalyst deactivation owing to H20
® Revers water gas shift

® Heat removal owing to exothermic reaction
® Difficult FTS reaction Control

Advantages of membrane reactor

® Remove H,0 through the membrane

= Promotion of water gas shift, and suppression
of catalyst deactivation

® H, distribution through the membrane

= FTS reaction control
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[Study for LCA )

» Setting calculation subject for operation evaluation based on the data of test

equipment as a first step of LCA

« Examining direct utilization of waste heat for better energy balance on a large-scale

demonstrating equipment (although heat is all counted as operatiiig load on the test

equipment) l
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» Constructing framework for operation evaluation based on the test equipment

» Evaluating the calculation results and optimizing the system by integrating

related facilities
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- Development of Air-regenerative DAC(Direct Air Capture)Technologies

Indirect heating type: Air at atmospheric pressure, not steam, is used as purge gas to remove
CO, from the adsorbent and adsorption column; the air discharged during CO, removal does not
condense at normal temperature and pressure, and CO, remains at a rough concentration, but
steam generation and vacuum pumps are not required.

Honeycomb rotor type: The absorber is heated with heated air to desorb CO,. Heating the rotor
with a small amount of air is an important development issue. On the other hand, heats and cools
only the honeycomb rotor, thus minimizing sensible heat loss due to the absorber's heat capacity:.

Indirect Heating [What’s meaning of Air-regenerative DAC for rough enrichment of CO, ]
adsorber type DAC
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[Progress and challenges of indirect heating systems]
Adsorbent coated [ECIIEIEICINS) Consideration of changes in CO, concentration at the desorption outlet
Heat Exchanger

« Only high-concentration CO, in the early stage of the desorption process is recovered.

* Low-concentration CO, in the latter half of the desorption process is returned to the adsorption column.
= mprovement of recovered CO, concentration and recovery ratio
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-DAC(Direct Air Capture) technology development: Developing a new solid sorbent material consisting
of new amine and support structure for capturing low-concentration CO2 from the air (Direct Air
Capture; DAC) and high-efficient process with low energy for recovery.

-CO,coversion technology development:We have developed the synthesis of liquid hydrocarbon using
CO2 captured from atmosphere as raw material. By applying the membrane reactor, high efficiency and
enhergy saving can be expected, and the inorganic membranes are also developed to apply the
membrane reactor

[Developmenr of amine and support materials on DAC [CO, desorption property after Air adsorption)
technology ]

2020 2021 2022 ~ - Result of CO,-TPD - Desorption property with SA-VSA
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[Evaluation Test started at DAC Experimental Facility

[Oxidative degradation resistance of RITE amine ] n RITE] (2022.9.20 NEDO, MHI Engineering, RITE 3 party press release )

(Condition: Air, 100°C, 42 h ) Commercial RITE
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[Development of membrane reactor for CO, conversion] [Process images of CO, conversion
0.5 oo20C. 20 MPa 0.5 using membrane reactor])
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