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The Carbon Cycle & Climate Change
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è reduce CO2 emissions

è reduce fossil fuel use
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Global Greenhouse Gas Emissions by Sector
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Options for CO2 Capture and Utilization
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a) Direct CO2 Utilization

b) Carboxylation

c) CO2 Reduction

O = C = O

Industrial CO2 capture      & separate, functional utilization of CO2
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a) Direct CO2 Utilization

05.09.2022

IDEA League Summer School

Promising properties of CO2:
• Non-flammable
• Non-toxic
• Inert
• Supercritical state easy to reach
• Relatively low greenhouse gas potential

(among refrigerants)
• Switch for properties of mixtures

Applications:

CO2 could make 
processes more 
energy-efficient

CO2 is typically 
released againO = C = O O = C = O
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Options for CO2 Capture and Utilization
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a) Direct CO2 Utilization

b) Carboxylation

c) CO2 Reduction

O = C = O

Industrial CO2 capture      & separate, functional utilization of CO2
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b) CO2 Utilization / Complete Insertion of CO2
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Advantages:
• Relatively low energy demand for

CO2 conversion
• Substitution of fossil feedstocks
• New Materials are possible
• Temporary CO2 Storage

Applications:

O = C = O O = C = O
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Dream Production: CO2 Utilization for Polyurethane Mattresses
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Capture and 
Transport of CO2

Process Development for
Conversion of CO2

Catalysis Research Life Cycle Assessment

Production and Testing of
PUR made from CO2 
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Dream Production: CO2 Utilization for Polyurethane Mattresses
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Life Cycle Assessment
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Dream Production: Life Cycle Assessment (here: Global Warming Impact)
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Options for CO2 Capture and Utilization
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a) Direct CO2 Utilization

b) Carboxylation

c) CO2 Reduction

O = C = O

Industrial CO2 capture      & separate, functional utilization of CO2
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Thermodynamics of CO2 Capture and Utilization
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Gibbs Energy G

Power-to-H2-to-Gas: C1-Molecules

IDEA League Summer School

Formic Acid

Formaldehyde

Methanol

Methane

H2

H2O

Carbon Monoxide

Energie

Renewable
Energy

Quelle:  Klankermayer; Leitner, Phil. Trans. R. Soc. A 2016, 374, 1–8.
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System boundaries

Is a CO2-based synthetic fuel (here: OME3-5) reasonable?
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Global Warming Impact for synthetic fuel (OME3-5) compared to Diesel
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Ø  

Carbon 
footprint of OME3-

5 life cycle 
is strongly 

influenced 
by 

electricity 
supply.

Ø  

Break-even 
requires clean 

electricity 
with at least 
140 g CO2 eq./kWh.
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Use limited OME3-5 as blend or substitute?
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• Fleet perspective
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Can OME3-5 blends reduce GHG, NOx and soot emissions?
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Use limited OME3-5 as blend or substitute?
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Options for CO2 Capture and Utilization
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a) Direct CO2 Utilization

b) Carboxylation

c) CO2 Reduction

O = C = O

Industrial CO2 capture      & separate, functional utilization of CO2
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Distribution of CO2 emitters in Europe

Quelle: von der Assen et al., Environ. Science Technol., 2016, 50 (3), 1093.
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Environmental-merit-order curve for CO2 as resource
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Quelle: von der Assen et al., Environ. Science Technol., 2016, 50 (3), 1093.
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Current and future CO2 sources in Europe for CO2 utilization
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Circularity is not enough!
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Quelle: Intergovernmental panel on climate change (IPCC) (2018): Special report on Global Warming of 1.5 °C
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The Last Resort: Negative Emission Technologies, e.g. Direct Air Capture
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What can we do at our universities to close the carbon cycle?

• reduce CO2 emissions

• use CO2 / waste carbon?

• capture CO2 from air and store it?

Discussion
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Thank you!

Lehrstuhl für Technische Thermodynamik
www.ltt.rwth-aachen.de 

Niklas von der Aßen

niklas.vonderassen@ltt.rwth-aachen.de


