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Effect of substrate concentration on the operating
characteristics of microbial electrolysis cells
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ABSTRACT: This study examined the effect of input substrate concentration on hydrogen production of microbial electrolysis
cells. To compare the performance of MEC according to the input substrate concentration, six laboratory-scale MEC
reactors were operated by sequentially increasing the input substrate concentration from 2 g/L of sodium acetate, to 4
g/L, and 6 g/L. The current density, hydrogen production, and SCOD removal rate were analyzed, and energy efficiency
and cathodic hydrogen recovery were calculated to compare the performance of MEC. The maximum volumetric current
density was obtained at 4 g/L condition (76.3 A/m®) and it decreased to 19.0 A/m’, when the input concentration was
increased to 6 g/L, which was a 75% decrease compared to the 4 g/L input condition. Maximum hydrogen production
was obtained also at 4 g/L condition (47.3 = 16.8 mL), but maximum hydrogen yield was obtained at 2 g/L input condition
(1.1 L Hy/g CODy,). Energy efficiencies were also highest in 2 g/L condition; the lowest result was observed at 6 g/L.
condition. Maximum electrical energy efficiency was 76.4%, and the maximum overall energy efficiency was 39.7% at
2 g/L. condition. However, when the substrate concentration increased to 6 g/L, the performance was drastically decreased.
Cathodic hydrogen recovery also showed a similar tendency with energy efficiency, with the lowest concentration condition
showing the best performance. It can be concluded that operating at low input substrate concentration might be better
when considering not only hydrogen yield but also energy efficiency.
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Fig. 1. Reactor configuration of lab-scale MEC.
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Fig. 2. Current density curves with different acetate concentration (2, 4, 6 g/L) (a) and volumetric current density. Volumetric

current density were calculated based on the averaged 4 hour period of maximum current production.
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Fig. 3. Hydrogen production and composition (a) and SCOD removal (b).
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Table 1. The Summary of the Performance of Microbial Electrolysis Cells by Sodium Acetate Concentration

Sodium acetate concentration I, H, production H, composition H, yield
(glL) (A/m®) (mL) (%) (L Ho/g COD)
2 66.5 = 10.2 29.8 £ 5.7 75.1 £ 64 1.1
4 70.8 + 20.3 477 + 16.8 68.1 = 10.9 0.85
6 19.0 = 7.1 109 + 8.1 284 + 153 0.1
Sodium acetgz/aL)concentratlon SCOD removal (%) (7;:;) 77(,;0/:)5 Z;:)[
2 934 + 2.1 764 £ 14.1 397 £ 173 68.6 + 12.6
4 90.8 £ 13.2 619 + 18.1 31.6 £ 9.2 55.6 + 16.2
6 49.8 + 13.6 28.6 = 27.5 139 + 149 179 £ 8.7
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