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Marginal abatement costs differ as a function of the industry 

for the different pathways towards carbon neutrality

Falko Ueckerdt, Christian Bauer, Alois 

Dirnaichner, Jordan Everall, Romain 

Sacchi, Gunnar Luderer. Potential and 

risks of hydrogen-based e-fuels in 

climate change mitigation. Nature 

Climate Change, 2021; 

DOI: 10.1038/s41558-021-01032-7

3 pathways towards 

carbon neutrality 

(order is 

important!):

1. Increase 

efficiency

2. Electrify what is 

possible (far 

beyond our cars)

3. Need for 

molecules (both 

bio and e-based!)

http://dx.doi.org/10.1038/s41558-021-01032-7
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Same idea of CO2 abatement cost is used in the IPPC report 

published in April 2022:

IPCC, 2022: Climate Change 2022: Impacts, 
Adaptation, and Vulnerability. Contribution of 
Working Group II to the Sixth Assessment 
Report of the Intergovernmental Panel on 
Climate Change [H.-O. Pörtner, D.C. Roberts, M. 
Tignor, E.S. Poloczanska, K. Mintenbeck, A. 
Alegría, M. Craig, S. Langsdorf, S. Löschke, V. 
Möller, A. Okem, B. Rama (eds.)]. Cambridge 
University Press. In Press.

3 pathways towards 

carbon neutrality 

(order is 

important!):

1. Increase 

efficiency

2. Electrify what is 

possible (far 

beyond our cars)

3. Need for 

molecules (both 

bio* and e-based!)

* Biomass/biowaste based solutions (preserving carbon 

sink function & avoiding competition with 

food/agriculture) will be part of the solution but are not 

discussed here, focus on e-molecules.
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How to transport or store 10kWh of energy?

≈ 13.3 L of H2

(20°C, 350 bar), gas

≈ 7.7 L of H2

(20°C, 700 bar), gas

≈ 4.2 L of H2

(-250°C, 1 bar), liquid

≈ 3.1 L of NH3

(-30°C, 1 bar), liquid

≈ 1.7 L of CH4

(-160°C, 1 bar), liquid

≈ 1.1 L of Diesel

≈ 27 L of battery electricity

* Mertens, J., R. Belmans and M. Webber, 2020. Why the carbon neutral transition will imply 

the use of lots of carbon. C-Journal of Carbon research, 6 (39), 1-8
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Power – to – e-methane: example of Methycentre
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IEA, WEO special report, 2021. The Role of Critical Minerals in Clean Energy Transitions.
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awareness must increase 

for hydrogen and CCU!

Anastasia Gavrilova and Sara Wieclawska, 2021.  

IPCC, 2022: Climate Change 2022: Impacts, Adaptation, and Vulnerability. Contribution of 
Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on 
Climate Change [H.-O. Pörtner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K. Mintenbeck, 
A. Alegría, M. Craig, S. Langsdorf, S. Löschke, V. Möller, A. Okem, B. Rama (eds.)]. 
Cambridge University Press. In Press.
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“The catch is that sunnier locations also tend to be the driest. 
More than 70% of planned electrolyser projects will be in 
water-stressed regions, such as Australia, Chile, Oman, Saudi
Arabia and Spain (Figure 5.4). As a result, over 85% of the 
planned green hydrogen projects may need to source water via 
desalination (Rystad, 2021). Desalination of seawater would 
add USD 0.02–0.05 to the cost of a kilogramme of hydrogen 
(Blanco, 2021; Caldera and Breyer, 2017). And most 
commercial-scale desalination today is powered by fossil fuels.”

IRENA (2022), Geopolitics of the Energy Transformation: The Hydrogen Factor,
International Renewable Energy Agency, Abu Dhabi.
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Want to know more : download our latest version of our 

emerging sustainable technologies document:

https://www.engie.com/en/news/report-emerging-sustainable-

technologies 


