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https://www.motive-power.com/npuc-resource/carbon-neutral-goals-by-country/

In 2019, EU leaders endorsed 
the objective of achieving a 
climate-neutral EU by 2050.
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J. Martens et al, “The Chemical Route to a Carbon Dioxide Neutral World, ChemSusChem, vol.10, pp. 1039-1055, 2017 Wiley

CO2 ACCUMULATION
IS A KINETIC PROBLEM

CO2 accumulation is a 
kinetic problem
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J. Martens et al, “The Chemical Route to a Carbon Dioxide Neutral World, ChemSusChem, vol.10, pp. 1039-1055, 2017 Wiley
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REDUCTIVE AND NON-REDUCTIVE PATHWAYS FOR CO2 CONVERSION
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Grim et al., 2020. Transforming the carbon economy: challenges and opportunities in the convergence of low-cost 

electricity and reductive CO2 utilization. Energy & Environmental Science, 13(2), pp.472-494.



LEVELIZED COST OF SOLAR AND WIND DERIVED POWER VERSUS DEPLOYED CAPACITY
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Grim et al., 2020. Transforming the carbon economy: challenges and opportunities in the convergence of low-

cost electricity and reductive CO2 utilization. Energy & Environmental Science, 13(2), pp.472-494.
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POWER2X DEPLOYMENT ROADMAP

Daiyan et al., 2020. Opportunities and Challenges for Renewable Power-to-X. ACS Energy Letters, 5(12), 3843-3847.
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VALUE-DRIVEN CO2 CONVERSION

9

Value Ratio = 
Market price

Unavoidable cost

Profit potential relates to:

Formic acid: small market, but H2 carrier and ‘liquid syngas’

Oxalic acid: small market, but high value/volume derivatives

Fuels: legislation, incentives / large market

H2

H2
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➢ Methanolisation of carbon dioxide coming 
from geothermal power plant  with renewable 
hydrogen (geothermy)

➢ Operational since 2011

Source : http://www.carbonrecycling.is/
last access 16th March 2015

CCU EARLY DEMONSTRATORS

Power to Liquid : methanolisation

http://www.carbonrecycling.is/
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Köpke, M. and Simpson, S.D., 2020. Pollution to products: Recycling of “above ground” carbon by 
gas fermentation. Current Opinion in Biotechnology, 65, 180-189.



DREAM PRODUCTION
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CO2 ELECTROLYZERS
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▪ H2020 LOTER.2M and ETF PROCURA projects TRL 6 - 5 kW pilot in progress today
▪ ECO2FUEL Green Deal project: 50 kW electrolyzer in 2023
▪ Towards renewable fuels – ranges (e.g. methanol, C1-C4, …), also gasses: H2, CO, …
▪ 50 kW (5000 h/y): 20 t methanol/y (100 % select., 50 % ηenergy)



DEMONSTRATOR CONSTRUCTION 
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GLOBAL PIPELINE OF COMMERCIAL CCUS FACILITIES OPERATING & IN DEVELOPMENT
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IEA, Global pipeline of commercial CCUS facilities operating and in development, 2010-2021, IEA, Paris 
https://www.iea.org/data-and-statistics/charts/global-pipeline-of-commercial-ccus-facilities-operating-and-in-
development-2010-2021

https://www.iea.org/data-and-statistics/charts/global-pipeline-of-commercial-ccus-facilities-operating-and-in-development-2010-2021


PROPOSED TIMELINE OF CO2 UTILIZATION METHODS
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Bushuyev et al., 2018. What should we make with CO2 and how can we make it? Joule, 2(5), pp.825-832.



CONCLUDING WORDS
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➢ Thermochemical and bioelectrochemical routes offer the most technically feasible near-term 
opportunities for CCU, representing immediately deployable pathways to high-value and 
relatively high-volume products → face inherent challenges with respect to lower equilibrium 
conversion (thermochemical) and a limited C1–C3 product distribution (biochemical), 
potentially hindering their long-term viability

➢ Direct electrochemical pathway show long-term promise and can theoretically overcome these 
limitations, yet currently face numerous technical barriers preventing near-term market 
adoption 

➢ The products with the highest ease of formation were CO and methanol based on relative TRL 
and conversion metrics, representing immediately deployable entry points for CO2R.

➢ For the efficient conversion of electrical energy to chemical bond formation in seasonal or off-
peak energy storage applications, CO and formic acid represent the top near-term targets.
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