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Figure 1 (Color online) (a) Ideal and (b) realistic charge carriers in alkaline MEA electrolyzer (in the case of neutral anolyte); (c) Bjerrum plot of
aqueous carbonate system [17]; (d) theoretical upper limits of single-pass CO, utilization efficiency for CO and C,H, production.
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Figure 2 (Color online) Schematic diagram of acidic MEA CO,
electrolyzer.
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Figure 3 (Color online) Schematic diagram of (a) reverse-bias and
(b) forward-bias bipolar membrane MEA CO, electrolyzer.
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Figure 4 (Color online) Schematic diagram of acidic-alkaline tandem
route for electrocatalytic CO, reduction.
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Figure 5 (Color online) Schematic diagram of high-low temperature
tandem route for electrocatalytic CO, reduction.
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Figure 6 (Color online) Schematic diagram of electrochemical systems for in situ CO, recovery based on (a) solid state electrolyte and (b) redox

mediator.
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Abstract: Renewable energy-driven electrocatalytic CO, reduction to valuable fuels and chemicals is an important
route to achieve carbon neutrality. The state-of-the-art alkaline electrocatalytic CO, reduction technology currently
suffers from severe carbon loss issue. The low carbon utilization efficiency has been considered as a bottleneck issue in
electrocatalytic CO, reduction reaction, especially in the case of alkaline membrane electrode assembly (MEA)
electrolyzers towards practical application. In this article, we provide an in-depth analysis of the sources of carbon loss
and discuss a group of innovative strategies that have been proposed for improving CO, utilization efficiency, namely,
developing new reaction routes for electrocatalytic CO, reduction such as acidic electrolysis, bipolar membrane
electrolysis, acid-alkaline tandem electrolysis, high-low temperature tandem electrolysis, all liquid phase anodic
reaction, and in-situ recovery of transmembrane CO,. The main point is to avoid CO, conversion to carbonate or to
recover carbon loss during reaction. While these strategies have improved CO, utilization efficiency to some extent, but
at a cost of other performance metrics such as Faradaic efficiency, current density, energy efficiency, and long-term
stability. Future research should fully integrate the rational design of electrolyzers with the rational design of catalyst
and electrode structures at a crossed scale from macro- to meso- and microscale. The CO, utilization efficiency should
be further improved based on the excellent performance of current alkaline MEA electrolyzers.

Keywords: electrocatalytic CO, reduction, carbon utilization efficiency, membrane electrode assembly, reaction route,
tandem electrocatalysis
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