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CO2 emissions are significantly contributing to anthropogenic climate change, but at the same time the 
costs of sustainably based electricity has greatly been reduced in the last decade.  This has provided a 

perfect economic and societal opportunity for electrochemical CO2 reduction into chemicals. While there has 
been a frantic race to produce better catalysts and upscale the process, taking a more detailed approach to 
understanding both catalysts and reactor design can provide useful insights into how complexities can hide or 
distort the underlying science. This talk will initially focus on fundamental studies relating to single crystal Au for 
CO2 reduction.1  Using a Pb underpotential deposition approach, we will show that even single crystals have 
significant defects resulting in a significant overestimation of the activity of Au <111> for CO2 electrolysis. As we 
move onto analyzing high current density devices, we point out the importance of measuring reactor outlet 
flows in determining faradaic efficiencies. By using a zero-gap MEA type device with a Ag catalyst, we analyze 
the anode outlet flowrate and do an entire carbon balance on our reactor.2  This leads us to discover our anion 
exchange membrane is primarily transporting carbonate, and thus our device is emitting significant amounts of 
CO2 out the anode. We further use a carbon balance analysis on a system using a copper catalyst and a reactor 
with a flowing catholyte.3  By monitoring the pH in both the anode and cathode and varying the electrolyte we 
gain further insight into the equilibrium operating conditions of these devices.  Finally we analyze cation exchange 
and bipolar membranes using a similar analysis and compare these results to anion exchange membranes.4

“A closer analysis of CO2 electrolysis 
catalysts and their upscaling”
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