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Research Accomplishments

Fuel Upgrading CCUS

Clean 

Energy 

Technology

Hydrogen 

Production

Carbon-neutral & 

e-fuel

Scale-up of chemical

Reacting System

Recycling
Operation of 

Pilot and Demo plant

- FB : Fluidized Bed
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Decoupling Gasification

CAS IPE Decoupling
Technology

Developing hybrid FB process with CAS IPE 
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Steam-Catalytic Gasification
Procedure of catalyst recovery

· The catalyst was recovered with a high 

yield (87%), by evaporating water according 

to methods 1 and 2. 

· To recover potassium, the required energy 

required to boil 30℃ water was 610 kcal/kg.
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Two-Stage Biomass Gasification

<Two-Stage Biomass Gasification & Gas Engine Power Generation >

H2 content: 26%

Tar Removal: 99.8%

Sampling

Gas engine

Power Output: 33kW
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Herbaceous Biomass Gasification

▪ Increasing temperature leads to higher 

yields of H2, CO, and CO2, while N2

decrease.

▪ Near 980℃, the concentrations of H2, CO, 

and CO2 slightly decrease, while N2 increase.

Effect of Gasification Temperature on Syngas Composition

Others
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Advantages of Herbaceous Biomass

Herbaceous Biomass
Woody Biomass

Which one is better as a CO2 reduction fuel ?

Power Plant

CO2

ENERGY

Herbaceous Biomass Woody Biomass

Producti
vity

High
Advantage

Medium/Low
Advantage

Energy 
Balance

Economic 
Feasibility

Net Energy Yield

Herbaceous Biomass Woody Biomass

Herbaceous Biomass Woody Biomass

Energy Return on Investment

Ref.: S. Amaducci et al, GCB Bioenergy (2017) 9, 31-45.

NEG : Net energy yield (Output-Input)

EROI: Energy return on investment 
(Output : Input) 

Technology development for utilizing herbaceous biomass as 
an alternative fuel is essential for achieving carbon neutrality by 

2050 and diversifying the energy mix

Producti
vity

Energy 
Balance

Economic 
Feasibility
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Distributed Herbaceous Biomass CHP integrated with CCU

▪ Direct CO2 Utilization Technology Linked with Distributed Power Generation Using Herbaceous 

Biomass

① Integrated torrefaction/gasification distributed power generation using herbaceous biomass

② Production of Na2CO3 and NH4Cl utilizing NH3 and CO2 contained in waste gas from the 

NaOCN manufacturing process

Carbon-neutral process for reducing fine dust and greenhouse gas emissions
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Dry Reforming of Methane (1)
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Dry Reforming of Methane (2)

CH4

CO2

CDR (Refomer) Membrane
Acetic Acid 
Reaction

Acetic Acid 
Purification

Hybrid 
Membrane

Syngas

Stack

Off-gas

CO

MeOH

MeI

MeI, AcOMe

H2O
Experimental condition :

1) CH4 & CO2 feeding rate : 25.5 Nm3/day 

2) DRM temperature : 1,000 ℃
3) Product of Acetic Acid : > 55 kg/day

4) A.A Reaction condi. : 190 ℃, 40 bar
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Capture-free, Low-Concentration CO2 Chemical Conversion (1)

LCA and process 

evaluation

Development of a Digital 

Twin Model

Construction & Operation of a 

platform chemical production 

process utilizing 1 Nm3/h of 

syngas

Demonstration of a 30 t/y-scale 

syngas production process.

Development of a PDP for 10,000 t/y

commercial-scale process

Process Analysis & Efficiency ImprovementPlatform Chemical Production Technology DevelopmentSyngas Production Process Development

Syngas 
ProductionDeSOx

Flue gas
30 Nm3/h

CO2, N2, O2

1 Nm3/h

DME Methyl Acetate

EtOH & AA Production

CO
H2

CO2

N2

H2 & CO Production

CO PSA

H2 PSA

H2

CO

Acetic 
Acid

Ethanol

[CO] [H]

CH4

3 Nm3/h

<CHP Plant>

Platform Chemicals 
Production

Syngas Production
Exhaust gas & Bio-CH4

Supply
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Approximately 6% reduction in operating costs compared to the conventional process.

Expected GHG reduction and cost saving through Bio-CH4(renewable energy) supply.

As-is

To-be

Comparison of Monthly Energy Costs for Wet CO2 capture using Renewable Energy(LP Steam) and for 

Compression Including Nitrogen

Steam : 78,000 KRW/ton
Electricity. : Industry 106.9 KRW/kWh
Gas : 999.2 KRW/m3

Wet CO2 
Capture

Dry 
Reforming

Comp.
DME 

Synthesis

CH4 (NG)

CO2

Flue gas
N2 (85%)
O2   (5%)
CO2(10%)

1,000 Nm3/h

N2, O2

DME

308 kW (31,166,270 KRW/Mo) 75.3 kW (8,411,950 KRW/Mo) 104,326,380 KRW/Mo+ =

90 Nm3/h (64,748,160 KRW/Mo)

Dry Autothermal 
Reforming

Comp.
DME 

Synthesis

Bio-CH4 N2

DME

Flue gas
N2 (85%)
O2   (5%)
CO2(10%)

829 Nm3/h

225.0 kW  (19,416,000 KRW/Mo) 98,552,640 KRW/Mo=

N2, O2, CO2

110 Nm3/h (79,136,640 KRW/Mo)

Capture-free, Low-Concentration CO2 Chemical Conversion (2)
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DAC-CCU

Domestic DAC Regen. Energy Consumption (A) = Sorbent Regen. + System = 7.2GJ/CO2 ton(A)

Waste-Heat Integration (Design of DAC body using tower and materials) Energy Savings = 1.53GJ/CO2 ton (B) 

Low-power induction heating with thermoelectric materials, vacuum regen. System,Energy Savings=1.7GJ /CO2 ton(C)

Regen. Energy
★Reduction★

Regen. Energy of DAC system = A-B-C = 3.97GJ/CO2 ton About 45%Reduction

10 CMH-scale DAC System

Application of a CO2 sensor-based cont. system

Waste Steam (150oC)

CO2 400ppm

60oC Abs./150oC Regen.

Evaporative 
Humidity 

Cont. System

Comm. Site for Waste Heat Utilization

Low-temp. Power Gen. 
using Thermoelectric 

Modules

PLC(Data Collection) & OPC-UA(Data Transmission) & DB(Storage & Management)

Low-power 
Induction 
Heating

International Collaboration: 
CCU Integration with Air2chem 

Vacuum Regen. (for CO2 gas, > 95%)

Thermal 
Assistance

Comb. & Opti. of core tech. = Dry Sorbent + System Cont. + Regen. + Waste Heat + CCU Integration
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2 Nm3/h-scale Cooling Wall & Adiabatic Reactor System
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① Introduction of CO from 

a 20 bar hydrogen 

saturator (feeding rate: 

1 Nm3/h)

② Analyzer malfunction 

     occurred

③ Syngas (H2/CO) flow 

increased to 2 Nm3/h.

④ During CO cylinder 

replacement, no CO was 

supplied.

1st cooling wall reactor

2nd adiabatic reactor
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100 Nm3/h-scale Cooling Wall & Adiabatic Reactor System
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CH4 con. ~ 80%

CH4 con. ~ 93~95%

H2 con. ~ 16~18% 

CO2 con. ~ 7~8%

H2 ,CO2 con. ~ 5%

CO2 + 4 H2 → CH4 + 2 H2O

CO + 3H2 → CH4 + H2O
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DAC-based LSM vs. LH2

Source : Journal of Natural Gas Science and Engineering 94 (2021) 

Liquefied synthetic methane : 360 kt/a

DAC

Scale ~180 kt/a hydrogen production

Costs of LSM and LH2 per unit 

Electrolysers efficiency ~80%
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Recycled Fuel Oil Production using Waste Plastics

Removal of Impurities (Cl)

Provision of Adsorbent Design Conditions

Mass Production of Adsorbents and Design/Construction/Operation of the Adsorption

Development of Hydrotreating and Separation

Provision of Catalyst Design

Mass Production of Catalyst and Design/Construction/Operation of the Hydrotreating

Control of T. P

Removal of Dust, Moisture, and High-Viscosity Wax Components

Waste-plastic-based pyrolysis liquefaction Development of pyrolysis oil refining Lubricating Base Oil2D Sorting
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Concept of Co-production Process for Clean H2 & e-SAF from Biogas
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Conclusion

Deployment of ‘advanced energy transition technologies’ is essential

2030 
40% Reduction in 

GHG Emissions
(compared to 

2018)

2050

Carbon 
Neutrality

Energy Transition 

Technology

Sustainable 

Development
BECCU

Towards an improved ‘Quality of Life’

CO2

Overcoming the Energy Crisis through Carbon Neutrality

AI



Thank you
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