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Abstract: CO, reduction and conversion are the most attractive alternative to mitigate the greenhouse effect.
However, the traditional CO, reduction technologies have high energy consumption and low efficiency.
Bioelectrocatalysis , a new green and efficient catalytic CO, reduction technology emerged in recent years
combining the advantages of biological enzymtic catalysis and electrocatalysis, can achieve efficient
conversion between chemical energy and electric energy, improve the efficiency of electron transfer in
redox reaction, and provide a potential solution for alleviation in the greenhouse effect and manufacture
of value-added fine chemicals. In this review, the characteristics and four-stage development of
bioelectrocatalysis technology were briefly described. The types of electrode materials for
bioelectrocatalysis (including carbon felt, graphite rods, €tc.), the selection of electrocatalysts (especially
biocatalytics including enzymes and microbial cells), cofactors (such as natural cofactors reduced coenzyme
I and artificial cofactors, etc.) and reduction products (formic acid, methane, methanol, acetic acid, €etc.)
were then systematically summarized. Finally, the feasible research directions of CO, reduction in the future
were discussed, including the development of novel materials that should adsorb CO, and immobilize
microbial cells with enzyme or CO, reduction activity, to improve the efficiency of bioelectrocatalysis,
optimizing the design of electrode materials and reaction system, and fully integrating the latest
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technologies in metabolic engineering and systems biology.
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FLAR A A} LA FL i /mA /] FEREEGE R/ [mmol/(L-h)]  BHICHK
Tl —0.85 Vvs. Ag/AgCl — CH, 0.075 [30]
Tk —0.9 V vs. Ag/AgCl — CH, 0.157+0.014 [10]
VeE--3:2 —0.9 Vvs. SHE — CH, 0.678
LRl A =R 20 ~1.0 V vs.Ag/AgCl — CH, 0.058+0.007
2, 6~ ff TR S - R AR B ~1.0 V vs.Ag/AgCl — CH, 0.035+0.010
ORLIR £ 55 ~0.8 V vs. SHE — CH, 83"
S D9 AL R +0.4 V vs. Ag/AgCl — CH, 0.150
B ~1.0 Vvs.Ag/AgCl — CH, 0.094 [31]
VaE:-2id ~0.6 vs. SHE — CH, — [24]
Tkl —0.5 V vs. SHE — CH, 91.2"
1B —0.5 V vs. SHE — CH, 89.9%
T 2T e A —0.7. 0.8 V vs. SHE — CH, —
T 2T 4 A —0.5 V vs. SHE — CH, —
cc — ~2.00+0.45 C,H,0, (3.5+0.25) [25]
SS — ~0.45+0.02 C,H,0, (2.83+0.19)”
CC-SS — ~2.30+0.99 C,H,0, (4.21£0.23)"
CC-SS-AC — ~7.00£1.13 C,H,0, (4.31£0.20)”
SR BETC R +0.4 V vs. Ag/AgCl — CH, 0.017 [32]
VEE--2 kA +0.5 V vs. SHE — CH, 0.031 [33]
e =" AURTAHRE M ; SHE MhrEE N, FHE; ORAIE%; QNS g/L.
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Fig. 4 Engineered Escherichia coli whole cell-mediated electro-biocatalysis for CO, to formic acid conversion
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Fig. 6 Electroenzymatic CO, into formic acid (a); Chemical structure of bipyridinium-based redox cofactor (b))
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