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Our challenge

Research and Development Toward Saving Energy 

for Direct Air Capture with Available Cold Energy

NEDO Moonshot Goal4/Capturing CO2 Through Cooling and Solidification

/ Dr. NORINAGA Koyo



Cryo-DAC® our team

3

Cryo-DAC® concept design

High-performance amine development

Process simulation for cost and energy analysis

Material selection and analysis

Exergy-based process analysis

Sensing device for stable operation

Cryo-DAC® plant design and construction

Environmental and economic analysis
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DAC with LNG coldness

Japan imports 75 millions tons 

of LNG in 2021

CO2 -160°C
DRY ICE



Cryo-DAC®
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A pressure swing amine process driven by the cryogenic pumping with LNG cold

Absorber

Desorber

Sublimation tank
Catch CO2 by

Chemical absorption

Air

(CO2 < 100 ppm)

Release CO2 by

Pressure swing

Convert CO2 gas into

CO2 solid by LNG cold

High pressure CO2
CO2 (400 ppm)

Absorbent

Air



Cryo-DAC® liquid absorbent
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Screening good amine/solvent mixtures

by high throughput CO2 solubility measurements



Cryo-DAC® process simulation
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Cryo-DAC® thermal energy requirement
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DAC A DAC B DAC C
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Cryo-DAC® cost (perspective)

Energy saving 

by LNG cold 

can make

cost reduction
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Cryo-DAC®
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Absorber with low P drop Kinetics of dry ice formation



Cryo-DAC® material 
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KOBELCO research

institute

Fatigue tests (>10 cycles, 25 years operation) in liquid nitrogen 

proved SUS 304 to be

a candidate material for the sublimation tank



Cryo-DAC® sensor
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Integrity monitoringwith wireless sensor



Cryo-DAC® plant design
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Bench scale 1t-CO2/y

2022 Design

2024-2025  Install & Operation at Nagoya University

(↓tentative)

Pilot scale 50t-CO2/y

2028 Operation



Cryo-DAC® Roadmap
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2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

Start

Design, construction, operation of a pilot-scale plant

Design, construction, operation of a bench-scale plant

Proof of concept NOW



Cryo-DAC® LCA
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※1 CO2 emission factor : 0.506 kg/kWh (2020) 

※2 Aspen Economic Analyzer / National Institute for Environmental Studies 3EID database

※1 ※2

C H U K Y O U N I V E R S I T Y



Cryo-DAC® perspectives 
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Shell LNG Outlook 2022

LNG import share % (2022)

LH2 cold

Energy Institute Statistical Review of World Energy 2023 

Japan 18.1

China 17.2

South Korea 11.8

India 5.2

Taiwan 5.1

Total Europe 31.4



CO2 capture from LNGCC power plant 
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Machida et al., 

ACS Sustainable Chem. Eng. 2021, 

DOI: 10.1021/acssuschemeng.1c05892).

Featured in C&EN news
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Cryo-DAC® 7 goals

1. Develop good sorbents 

2. Pursue an efficient use of LNG coldness

3. Find suitable materials for construction

4. Develop sensing device for stable operation

5. Design & construct bench / pilot / commercial plants

6. Draw scenarios pleasing to our society 

7. Offer a unique DAC to the world

Direct Air Capture with Liquid Sorbent and LNG Cold
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https://cryodac.my.canva.site/home


