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The CO2 electrochemical reduction (CO2R) powered by green energy is crucial for “defossilizing” 

the production of fuels and added-value chemicals, aligning with the UN and EU Sustainable 

Development Goals.1 Since the early 2000s, numerous studies have employed finite element (FEM) 

and finite difference (FDM) modeling to simulate the performance of CO2R electrolyzers with 

different configurations, electrolytes, and electrode types.2 These experimentally validated models 

enhanced process understanding and device optimization over time. 

This work aims to advance CO2R technology by developing representative models for the 

parametric analysis and optimization of zinc porous cathode electrolyzers. Simulations consider 

steady-state operations with various temperatures, inlet pressures, and flow rates of liquid CO2, 

including different configurations of the electrolyzer components (cathodic porosity, fiber diameter, 

pore length, fiber cross-sectional geometry, electrode thickness, and electrolytic chamber 

dimensions).3 Validated with experimental data from state-of-the-art literature,4,5 the models were 

implemented using mesh-based software designed for multiphysics phenomena simulation, 

considering species transport in aqueous solutions, flow in the Reynolds regime, and secondary 

current distribution.6 This methodology significantly improved CO production, achieving a record 

partial current density of 263.6 mA/cm² at -1.1 V vs. RHE,3 a 486% increase over the reference 

case.4 The results underscore the remarkable potential of computational modeling in guiding the 

manufacture of electrolytic structures. Optimized CO2R conditions demonstrate the possibility of 

producing green fuels economically interestingly when integrated with renewable energy sources 

such as photovoltaic electricity. 
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