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Innovative approach of Chemical -Looping 
technology for CO 2 Reduction, Recycle & Removal
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Mission : R&D of innovative technologies for CO 2 emission 
reduction , recycling and removal

Research themes:

Net -Zero CO 2 power/fuel production ( CN: Reduction )
Biomass, bio -wastes combustion/gasification process for CO 2 neutral 
power/H 2 generation

CO2 utilization ( CCU: Recycle )
rWGS process to produce SynGas from CO 2

Innovative ¢reverse Boudouard reforming  technology for CO2 activation

Negative Emission technologies ( CDR: Removal )
CO2 mineralization 
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Chemical Looping 
Combustion
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Smart carbon Reduction, Recycle & Removal

Integration of Chemical looping technology with Reforming and Mineralization for smart 
CO2 Reduction, Recycle and Removal
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CO2 Separation Technologies 
Chemical Looping Combustion
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Merit:
in-situ separation of gases
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C+2Fe 2O3̠ CO2+4FeO

CO2N2

Air
ˢN2/O 2ˣ

Steam

Fuel
(biomass)

No direct reaction of O 2 with Fuel carbon
Oxygen carrier is used to transfer O 2

Oxygencarrier
Al2O3 Fe2O3)
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Combustor / Gasifier / Cracker / Reformer
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Chemical 
Looping

Combustion
ṕpower/CO 2Ṗ
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Syngas /H 2

ṕCH4, NH3Ṗ

application

NEDO finished

In progress

Chemical Looping applications at AIST

Under development
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CO2

CH4 conversion

Result of > 60 h continuous 
test run with CH 4 using 
Ilmenite as oxygen carrier

100 kWth triple bed hot 
Chemical Looping Combustion 

experimental facility 
AIST

6 m

CO2 concentration
>99
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CO2 Recycle Technologies 
Reforming
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How to produce chemicals from CO 2?

Oxygen needs to be removed from C O2!

O/C=2 O/C=0O/C=1

CO2

syngas 
production

direct MeOH 
synthesis

syngas
CO +H 2

Me OH

Fischer ²
Tropsch

CxHy

MeOH -to -
olefins

indirect MeOH 
synthesis

H2, CH4, NH 3

H2O H2O

H2

Why syngas (CO+H 2) as an intermediate?
+ can be used in conventional processes (F -T, indirect MeOH)
+ half of the oxygen can be removed in one simple step (potentially w/o recycle)

Note: this chart
is incomplete

H2

keller-m@aist.go.jp
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How to produce syngas?
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eSMR

electrolysis RWGS
Reverse water gas shift
1 CO2 + 1 H 2

RBR
Reverse Boudouard reforming
0.75 CO2 + 0.25 CH 4

AIST

conventional
Steam methane reforming of
Natural gas
1 CH4

Dry 
Reforming

0.5 CO2 + 0.5 CH 4

SMR 
+ el. heat

keller-m@aist.go.jp
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reverse Boudouard Reforming

Net reaction:  0.75CO 2 + 0.25CH 4̠ 1CO + 0.5H2O

RBR 
process

Use and 
combust

0.25 CH 4

0.75 CO2 recycling

MeOH 
synthesis

1 CO 0.25 CO2, N2, H2O

airH2O

2 H2

Chemical 
synthesis

keller-m@aist.go.jp
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What does it look like in the lab?

keller-m@aist.go.jp
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