Spatial Analysis in CO₂ Electrolyzers through Segmented Mapping
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CO2 electrolysis offers a compelling route to convert captured CO2 into fuels and chemicals that can be reintegrated into existing industrial value chains. As the field advances toward industrially relevant current densities, high selectivity, and long-term stability, understanding spatial variations across the electrolyzer becomes increasingly important for reliable scale-up.
In larger zero-gap cells, local operating conditions can differ substantially from the average behavior of the full reactor. Variations in CO2 availability, gas transport, and ionic conduction can lead to region-dependent changes in selectivity and current distribution, even when the overall cell performance appears stable. Capturing these spatial effects is essential for identifying the origins of inefficiencies and for guiding future reactor design.
In this work, we introduce a zero-gap AEM CO2 electrolyzer equipped with local current-density measurement and operando cathode gas on-line analysis at multiple points along the flow path. This setup enables simultaneous tracking of local current density and local gas composition, revealing how product distribution changes across the cell and where parasitic hydrogen evolution emerges under CO2-starved conditions.
The cathode analysis shows that CO2 is progressively consumed along the reactor pathway, while CO forms and hydrogen evolution increases downstream, leading to clear spatial gradients in selectivity. In parallel, the segmented current collector reveals pronounced local variations in current density, determined by the operational conditions of the electrolyzer.
The presented measurements demonstrate that averaged outlet data can mask substantial in-cell heterogeneity in both reaction selectivity and current distribution. By combining segmented current mapping with spatially resolved cathode gas analysis, we provide a more complete picture of reactor performance and highlight the importance of local diagnostics for understanding and optimizing CO2 electrolyzers.
Beyond the cathode segmentation, in my talk I will introduce how the same platform is being expanded to uncover spatially resolved anode-side transport phenomena that can help complete the picture of carbon management in CO2 electrolysis.
Reference:
Arias Villarroel, P.; Kecsenovity, E.; Janáky, C. Local Variations in Current Density and Selectivity in CO2 Electrolyzers. ACS Energy Lett. 2026, 11, 2029–2037.

