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ABSTRACT Emitted CO is an attractive material for microbial electrochemical CO, reduction. Microbial electrochemical CO,
reduction (i.e., microbial electrosynthesis, MES) using biocatalysts has advantages compared to conventional CO, reduction using
electrocatalysts. However, MES has several challenges, including electrode performance, biocatalysts, and reactor optimization. In this
study, an MES system was investigated for optimizing reactor types, counter electrode materials, and CO,-converting microorganisms
to achieve effective CO, upcycling. In autotrophic cultivation (supplementation of CO, and H,), CO, consumption of Rhodobacter
sphaeroides was observed to be four times higher than that with heterotrophic cultivation (supplementation of succinic acid). The
bacterial growth in an MES reactor with a single-chambered shape was two times higher than that with a double chamber (H-type
MES reactor). Moreover, a single-chambered MES reactor equipped with titanium mesh as the counter electrode (anode) showed
markedly increased current density in the graphite felt as a working electrode (cathode) compared to that with a graphite felt counter
electrode (anode). These results demonstrate that the optimized conditions of a single chamber and titanium mesh for the counter
electrode have a positive effect on microbial electrochemical CO, reduction.
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Rhodobacter sphaeroides KCTC1434 +-5+= Korean
Collection for Type Culture(KCTC)of|A a5ttt &,
sphaeroides = <A1AF B Z|(Sistrom’s medium)oj|A] &
gzttt viR] AJE-2 KHaPO4(2,72 g/L), NH.CI(1,95
g/L), Succinic acid(4.0 g/L), glutamic acid(0.1 g/L),
aspartic acid(0,04 g/L), NaCl(0.5 g/L), nitriloacetic
acid(0.2 g/L). MgSO4-TH;0(0.3 g/L). CaCls2H,0(33. 4
mg/L), FeSO,*7H,0(2 mg/L), (NHy)sMo7024(2 mg/L),
100 pL9] trace element solution, 100 xL%] vitamin
solution® & FLAJE|o] QIt} Trace element solution
(TES) 2! Vitamin solution< 10,0008} &=35}o] AM&-5}
A} Trace element solution(TES) 2] A AELS EDTA
(1.765 mg/L), ZnSOs+TH,0(10.95 mg/L), FeSO4-TH,0
(5.0 mg/L), MnSO,+4H,0(1.54 mg/L), CuSOs+5H,0(0, 392
mg/L), Co(NOs)s-6H,0(0, 248 mg/L), HsBOs(0.114 mg/L)
o], vitamin solution®] A} AE-L Nicotinic Acid(1,0

mg/L), Thiamin HCI(0.5 mg/L), Biotin(0,010 mg/L) ©]
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Potentiostat Potentiostat
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Fig. 1. Configuration of MES reactor system: (A) Double
chamber MES; and (B) single chamber MES
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Fig. 2. Comparison of cell growth and CO, consumption in

R. sphaeroides under different cultivation condition

: (A, C) Bacterial growth; (B) CO, consumption of

heterotrophic cultivation; and (D) CO, consumption
of autotrophic cultivation
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Table 1, CO; consumption of R sphaeroides under different
cultivation condition

Cultivation Reducing Power CO2 consumption
condition (Ha) (umol)
Heterotrophic - 40,53+0,83
culture + 78.53+18,24
Autotrophic - 55.63+4.36
culture + 218,0243.03
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Fig. 4. The result of microbial electrosynthesis operation under the different types of counter electrodes: (A) Bacterial growth;
(B) Current density; and (C) Attached cell weight of electrode. *N.D: not detected
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