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Electrochemical CO, conversion is an emerging technology that transforms carbon CAS

emissions into valuable chemicals and fuels using electricity, ideally from o

renewable sources. It offers a sustainable pathway for climate change mitigation

and circular resource creation in the chemical industry.

Introduction

The escalating threat of climate change has intensified the search for innovative Subscribe to our FREE

carbon management strategies. Among the emerging technologies, Newsletter & Stay Updated
electrochemical CO, conversion stands out as a promising approach that not only

reduces atmospheric carbon dioxide but also generates useful products such as

fuels and industrial chemicals. By harnessing renewable electricity to power Email

chemical transformations, this method supports a dual mission: environmental

protection and sustainable industrial development. The article explores the Name

science, potential, and recent advances in electrochemical CO, conversion, as well

as the challenges that must be overcome to bring it to industrial scale.

The Urgency of Smart Carbon Management

Current Issue

The increasing concentration of carbon dioxide (CO,) in the atmosphere is a major

driver of global warming, prompting the urgent need for innovative solutions to
mitigate climate change. Among the various strategies exploring CO, utilisation,
electrochemical CO, conversion stands out as a promising technology. This
process uses electricity to transform CO, into valuable chemicals and fuels,
offering a dual benefit: reducing greenhouse gas emissions and creating

sustainable resources for the chemical and materials industries.
Fundamentals of Electrochemical CO, Conversion

Electrochemical CO, conversion involves CO, undergoing a reduction reaction
within an electrochemical cell, driven by an electrical current. The key 2025

components are a CO, source from industrial point sources or directair capture, Chemical Industry Digest — June
2025 Issue
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and an electrocatalyst to facilitate the conversion reaction (Birdja et al., 2019).

Ideally, the electrical current is supplied by renewable sources like solar or wind

energy. An electrolyte solution is also necessary to conduct electricity and support

the chemical reactions.
Media Partners

Electrochemical CO, Reduction

Efficiency and selectivity of the electrochemical process are influenced by the P
electrocatalyst which determines the reaction pathway and product selectivity = I DW DOWNSTREAM
(Overa et al., 2022). Additionally, the applied electrode potential influences the o CONFERENCE
reaction’s driving force, impacting both the rate of electron transfer and the

selectivity towards different products. CO-HOSTED BY

Versatile Products of Electrochemical CO, Conversion S 0 C A R

Electrochemical CO, conversion has the potential to produce a wide range of

valuable chemicals. These include carbon monoxide (CO), and syngas (a mixture of
CO and H,), which serve as a feedstock for various chemical production processes
and provide a versatile building block in chemical synthesis.But also formic acid
(HCOOH), used in industries for leather tanning or as decalifier; methanol (CH,OH),
a promising renewable fuel or ethylene (C,H ), a key component in the production
of plastics.

Advantages of Electrochemical CO, Conversion

Electrochemical CO, conversion offers several advantages over other carbon
capture and utilisation (CCU) methods. Due to CCU processes being energy-
intense, electrochemical conversion has the ability to integrate renewable energy
sources directly without the need to use green hydrogen,making it a more
sustainable option. The technology is scalable, stackable and suitable for both
small-scale and large industrial plants. Another interesting approach is the
electrochemical pH-swing (EPS). This process is an innovative carbon capture
technique that uses electrochemical reactions to manipulate the pH of a solution,
enabling the absorption of CO, at high pH and its subsequent release at low pH,
thus facilitating various carbon capture and utilisation (CCU) pathways (De et al.,
2023). This approach offers versatility in CO,; management, including the
production of pure CO, gas and bicarbonate solutions, which can be used for
applications such as microalgae cultivation, while achieving CO, capture
efficiencies exceeding 90 % (De et al., 2023).

Challenges, Recent and Future Research

Despite its promising benefits, electrochemical CO, conversion faces different
challenges. Improving catalyst efficiency and selectivity is a key area of current
research (Overa et al, 2022). Scaling up the technology for industrial
implementation present challenges are related to reactor design and long-term
stability. Another crucial point is reducing the energy consumption of the process
(Nabil et al.,, 2021). The selection of appropriate electrolytes and solvents is
essential to enhance CO, solubility and promote efficient electron transfer (Birdja
et al., 2019).

Recent research is therefore focusing on overcoming these challenges. Advances in
electrocatalytic systems include developing novel catalysts and reactor designs to
enhance product selectivity and lower energy consumption (Overa et al., 2022).
Molten Carbonate Fuel Cells (MCFCs) are also being explored for carbon capture
applications (Bove et al., 2020). These high-temperature fuel cells use a molten
carbonate salt mixture as an electrolyte, enabling efficient electricity generation
(up to 60 %) and internal reforming of fuels like natural gas or biogas, while
operating at temperatures above 600°C.The “electro-swing” (Faradaic electro-
swing reactive adsorption — ESA) approach is gaining attention as a flexible method
for integratingrenewable energy sources (Wilcox, 2020). This innovative method
captures CO, from gas streams or ambient air using a specialized battery-like

device.
The Waterproof Technology

One approach using electrochemical CO, conversion is explored in the EU-funded
research project WaterProof, in which CO, from waste incineration and
wastewater treatment facilities is transformed into formic acid with the help of the
WaterProof technology. The derived formic acid will be tested in three different
applications: consumer cleaning goods, in the process of fishleather tanning and
for the production of acidic deep eutectic solvents (ADES), that can be applied to

recover precious metals from wastewater sludge and incineration ashes.
Conclusion

Electrochemical CO, conversion presents a compelling strategy for carbon
management. By leveraging renewable energy to transform CO, into valuable
products, it can contribute to a more sustainable future. Continued research and
development are essential to realise its full potential.
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