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IMPORTANCE OF CCS
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CAPTURE EFFICIENCIES THEORY & PRACTICE

Energy Environ. Sci., 2018, 11, 1062-1176

~ factor 20 higher*

*Highest energy cost is desorption of CO2 at high T

https://doi.org/10.1039/1754-5706/2008
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by: Andy Read & Mark Kombrink

CCS PROVEN TECHNOLOGY … PUBLIC PERCEPTION
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TOWARDS A SUSTAINABLE CHEMICAL INDUSTRY

Feedstock

Recarbonization

Energy

Decarbonization
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Grand challenge: Our Man On The Moon

Renewable 
production of fuels 
and (platform) 
chemicals from 
CO2, water and 
nitrogen based on 
photochemistry, 
electrochemistry, 
biotechnology

* Modified from NWO solar fuel 
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CONVERSION TECHNOLOGIES

1. Catalytic Hydrogenation

2. Direct Electrochemical

3. Polymerization

4. Biochemical

5. Mineralization

Electrification
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RENEWABLES WILL CREATE OPPORTUNITIES

0.9 GW (2016) → 4.5 GW (2023) → 250? GW (2050)

https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwixqIbuj7rQAhUBzxQKHXM7Ds4QjRwIBw&url=https://fd.nl/morgen/1147482/deltaplan-op-zee-tegen-het-broeikasgas&psig=AFQjCNFGHUT-HOcx6AZKCt09DBy2z7zB7Q&ust=1479827146582076
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INDIRECT VERSUS DIRECT CONVERSION
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INTEGRATION CAPTURE WITH CONVERSION

*Ammonia is just an example

*

indirect

direct
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Ammonia 
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ammonia losses

Flue Gas

Hydrogenation

20 bar, 80oC

Stripper

150 oC

HCOOH

Recovery

HCHO

Hydrogenation

20 bar, 100oC

CO2 + NH3 +H2O → NH4HCO3 NH4HCO3 + H2 → NH4COOH(aq) + H2O

HCOOH + H2 → HCHO + H2O

DESCRIPTION OF THE SYSTEM
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COMPARISON OF PRODUCTION COST

• Comparison with formaldehyde market prices for

a purity of 37%

• Interesting CO2 utilization route from an

economic and sustainable perspective

Comparison of formaldehyde (37%) produced by

integrated capture and utilization:   

H2=1.5 €/kg H2=3.5 €/kg
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DIRECT ELECTROCHEMISTRY

Sumit Verma, Shawn Lu & Paul J. A. Kenis, Nature Energy (2019) 
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MERIT IN ELECTROLYSIS



Home

UP-STREAM REACTION DOWN-STREAM

PROCESS AND SYSTEM INTEGRATION
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INTEGRATION OF CO2 CAPTURE & CONVERSION

Formic acid

Syngas
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CO2 REDUCTION FROM CAPTURE SOLVENTS

Aqueous capture solvent A Aqueous capture solvent B

Organic capture solvent B

Low aqueous capture solvent B
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WHAT IF WE MAKE CO

Base Case GDEHigh Pressure Integrated
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SUMMARY: THE FUTURE IS CIRCULAR

C

2050
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