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CO2 ACCUMULATION
IS A KINETIC PROBLEM

CO2 accumulation is a 
kinetic problem
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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.

2000s: The decade of wind
2010s: The decade of solar
2020s: The decade of batteries
2030s: The decade of hydrogen/electrolyzer
2040s: The decade of carbon capture
2050s: The decade without fossil fuels

Akshat Rathi, Bloomberg News



POWER TO X & CCU
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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

8

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



ELECTROCATALYSIS RESEARCH & DEVELOPMENT @ VITO
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Stacking/system integration

Demonstration/pilot

Industrialization/
Commercialization

▪ PhD on CO2 reduction to oxalic acid (‘18)
▪ PhD + postdoc on CO2 capture and conversion (‘18)
▪ postdoc on N2 reduction (‘20)
▪ EU project on electrochemical biomass conversion (organic electrochemistry) (‘18)

The bigger picture

▪ CO2 reduction to CO (`20)
▪ Demo E2C on CO2 reduction to HCOOH demonstration (`18)
▪ PROCURA –(demonstrator - platform) 
▪ Bio-conversion of CO2 (Bac-2-Fuel/Indian Oil) (‘18)
▪ EU project – demonstrator CH3OH (‘20)

PROCURA



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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QUALITATIVE EVALUATION OF 
PRODUCT EASE OF FORMATION
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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.



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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