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Development details and ultimate goals
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③Demonstration of Proof-of-Concept by Small Pilot System 

Prototype
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Basic unitSmall pilot system

【Our goal】
The Direct Air Capture and Utilization (DAC-U) system, which is compact, scalable, and 

decentralizable, continuously captures CO2 from the atmosphere and converts it into carbon 

resources. CO2

①Development of CO2 capture unit based on membrane 

separation

②Development of electrochemical・thermochemical CO2

coversion unit

CO2 capture nanomembrane

CO2 conversion



CO2 capture technologies
[3]

absorption adsorption membrane



Merits of DAC by membrane
[4]

• Simple process
• Low cost・small foot print
• Size adjustable
• No hazardous chemicals
• Installation site free

CO2 capture anywhere
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Free-standing nanomembrane

for CO2 separation

World-high CO2 permeance 

by nanomembrane

独自のナノ膜化技術による
透過性能の飛躍的向上

Thickness:34nm

Free-standing nanomembrane with world-high CO2 permeance
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Conventional 

Performance in the past 

(2,000~3,000 GPU)

Realization of DAC using separation membrane, 

previously thought to be impossible



Molecular mechanism of gas permeation
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Structure of CO2 separation nanomembrane system
[7]

• High CO2 permeance

• High CO2 selectivity

• Production of large area nanomembrane



~250 nm gutter layer (PDMS)

Selective layer (Pebax-1657)

porous support layer (PAN)
200 nm

~10 nm

Selyanchyn O., Selyanchyn R., Fujikawa S. ACS Appl. Mater. Interfaces 2020, 12, 29, 33196–33209 

CO2/N2 selectivity : 23~72



Large-area and modularization of separation nanomembranes

10cm2 100cm2

Single step separation：4.2 times concentration

(Theoretical number : 5.2 times)

Multi-step separation



Development of CO2 conversion unit using electrochemistry
[10]

Production of carbon resources from CO2 mixed gas separated by nanomembranes

cathod: catalytic nanoparticle

electrolyte

anode
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Appearance of the small 

CO2 electrolyzer

⚫ High performance catalyst to produce chemical raw 

materials and fuel from CO2

⚫ Electrolysis system for producing fundamental chemicals 

from low-concentration CO2 mixed gas containing oxygen



Development of Cu nanocatalysts for the Synthesis of C1-C2 compounds from CO2

[11]
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Development of a syngas (CO) production system from CO2 mixed gas
[12]

Syngas production from 1% CO2 

mixed gas and waterWorld First!

CO2 electrolyzer

H2O

product

CO2 electrolyzer

CO2 (X%)
+

N2, O2

H2O

product

Pre-process

(new development)
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