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Abstract: Microbial electrosynthesis (MES) provides a sustainable biochemical transformation path for
reduction of CO, reduction to acetate and other multi-carbon substances. Microbial CO, fixation driven by
electric energy, with the characteristics of abundant raw materials, mild operating conditions, no toxic
substances and environmental sustainability, brings new opportunities for global carbon neutralization and
carbon emission reduction. The feasibility of MES and CO, capture efficiency depends on system structure,
electrode materials and operation parameters, of which the cathode, the central platform of CO, recycling
and biochemical production, is the core of MES system. Herein, the CO, capture process by MES system
was firstly introduced. The type, structure and research progress of MES electrodes made from
two-dimensional materials and three-dimensional porous materials were then summarized followed by
review on conversion of CO, into biological products via MES with emphasis on product type, product
yield and carbon chain extension. In the end, the existing problems and future direction of CO, fixation by
MES were discussed.
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Fig. 1 Schematic diagram of microbial electrosynthesis
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Fig. 3 Metabolic principle of synthetic products of microorganisms through reductive acetyl CoA pathway
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Fig. 5 Two-dimensional electrode and three-dimensional electrode
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Table 1 MES products and system overview!’”
K W B A A LG TAY TIREREY BECRR % i s 275 3k

Cl Wk TR L0 MI-0.7 WA — 340 mmol/(m*-d) [42]
et CLSAI08 P 64.30%+4.83% — [34]

LB -0.7 Methanococus maripaludis 58.9%+0.8%  (8.8+0.5) mmol/(m*d) [71]

A iz it -0.75 Shewanella oneidensis MR-1 ~— 0.59 mmol/h [36]

2 A AR -0.4 Thermophilic Moorella 65% 63.2 mmol/(m*-d) [37]

i — — Z LR — — [38]
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C2 Y. TR AT 21 4 -0.4 Thermophilic Moorella 65% 58.2 mmol/(m*-d) [37]
WERBE BT — 72 R 35% 0.78 g/(L-h) [55]

e -0.6 R 63% 1.06 g/(L-d) [56]

Tk, AEBE 10 A5 — 35.89 g/(m*d) [57]

Zm — T AR — 1.46 g/(L'h) [58]
S HOEE 201 R 49% 8.46 g/(m’d) [44]

ZH 0.9 — — — [59]

C3 WigEy — — Pseudomonas putida — 0.6 g/(L-h) [46]
PR BRI — R — 0.4 mmol/(L-d) [60]
SR RES -1.35+0.04 =72 RH 34%+19% (1.17+0.34) g/(m*-d) [43]

LW — — Escherichia coli — 2.5 g/(L-h) [61]

- N | —0.6 f1-0.4 Geobacter sulfurreducens — (6.0~9.0) mmol/d [70]

C4 THrEr -1.35+0.04 =2 35%+12% (1.9+0.6) g/(m*-d) [43]
[1 2% HL — TR 58.9% 0.54 g/(L-d) [62]

T —0.85 TR 69.8%+2.8% (3.3+£0.2) g/(L-d) [63]

WRET 4 A —0.65 Caboxidotrophic 32% 1.82 mmol/d [47]

ST R 0.7 AR A — 0.63 mmol/d [64]

TR BAERR ~0.795 R KR 84.87% 2 g/(Ld) [65]

>C4 IR — — Escherichia coli — 1.3 g/(L-h) [66]
— — [ RIFIEAL S DH-1 — 134 mg/L [67]

(Rl —0.65 Eschericha coli 50.70% 1.10 mol/mol %5 b [52]

3 icE N 7] - WG e 109% 1324 mg/L [68]

T —0.85 IR 69.8%+2.8% (2.0£0.1) g/(L-d) [63]

DAtk AR -0.9 R4 45% 739 mg/L [69]

TRt AR -0.9 JR& 45% 36 mg/L [53]
SkpE — — Saccharomyces cerevisiae — 2.1 mg/L [54]
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