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Effects of Conductive Materials on Anaerobic Digestion of
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Abstract: Anaerobic digestion is a promising technology for the resource recovery from sewage and
organic solid waste. Recent studies have shown that conductive materials can enhance the anaerobic

digestion process, but their specific effects on different types of substrates remain unclear. In this study,
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starch and soy protein isolate were selected as the representative substrates of polysaccharides and
proteins, while biochar and iron powder were used as conductive materials in biochemical methane
potential (BMP) tests, either individually or in combination. The results revealed a distinct double-
plateau pattern in methane production from polysaccharides, whereas methane production for proteins
was relatively smoother. The kinetics were well described (R > 0.99) by a combination of two modified
Gompertz models, which were then used to analyze methane potential and rate. The findings indicated
that under the mediation of conductive materials, biochar significantly increased the methane potential,
whereas the addition of iron powder enhanced the methane yield rate. Specifically, the addition of
10 g/L of biochar increased the methane potential of polysaccharides from 275.8 mL/g to 292.6 mL/g,
and in the protein group, the methane potential increased from 286.7 mL/g to 302.4 mL/g. The addition
of iron powder slightly reduced the maximum methane potential of polysaccharides (260.3 mL/g) but
had no significant effect on the methane potential of proteins (284.7 mL/g). During the early stages of
polysaccharide degradation, pH decreased and butyrate accumulated, while the conductive materials
accelerated pH recovery and butyrate degradation. In the protein hydrolysis process, ammonia nitrogen
release maintained a stable pH, while the addition of iron powder slightly raised the pH. No significant
accumulation of volatile fatty acids (VFAs) was observed in the protein experiments. Microbial
community analysis revealed considerable differences in the inoculated sludge cultured with
polysaccharides and proteins. In the protein experimental group, a higher abundance of the
hydrogenotrophic methanogen Methanobacterium was observed, suggesting that hydrogen, serving as
an electron donor for CO, reduction, may be the primary pathway for methane production during
protein degradation. Iron powder promoted the enrichment of Methanobacterium regardless of the
substrate. Additionally, in the polysaccharide experimental group, Clostridium sensu stricto 1, a
butyrate-producing bacterium, showed significant enrichment, and the addition of biochar, either alone
or in combination with iron powder, resulted in a notable increase in its abundance. This suggests that
biochar facilitated the acidification process during polysaccharide degradation, correlating with the
accumulation of VFAs. This study elucidates the anaerobic degradation processes of two representative
substrates, polysaccharides and proteins, and explores the influence and mechanisms of conductive
materials in these processes. The findings provide new insights into enhancing the efficiency of
anaerobic conversion.

Keywords: Anaerobic digestion; Conductive materials; Proteins; Polysaccharides; Kinetic model
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Table 2 Results of kinetic parameters fitting for polysaccharide methanogenesis

A EIPIEE 2 Hfy PS-0 BCO+IPO PS-1 BC10+IP0 PS-2 BCO+IP10 PS-3 BC5+IP5

M, mL/g 167.0 161.8 157.7 157.6
u mL/(g-d") 82.95 109.00 120.70 130.80

I d 0.95 0.92 1.08 1.07

M, mL/g 108.8 130.8 102.6 114.5

XU IE GompertzAbi 5

i mL/(g-d ") 43.70 42.09 40.20 45.34

r d 5.77 5.01 4.54 4.18

M+M, mL/g 275.8 2926 260.3 272.1

R — 0.999 0.999 0.999 0.999

M, mL/g 279.4 296.8 261.2 273.6

uy mL/(g:d") 40.29 41.82 48.86 52.74

1 IE Gompertzf5 74

I d 0.25 0.08 0.39 0.43

R — 0.975 0.973 0.976 0.978

M, mL/g 2924 309.7 271.0 284.2

— 8 Iy 2R K, mL/(g:d ") 0.20 0.20 0.25 0.25
R — 0.967 0.971 0.962 0.963

*3 EARFRENSINZSEUEER
Table 3 Results of kinetic parameters fitting for protein methanogenesis
A IS~ E:Kiva PN-0 BCO+IPO PN-1 BC10+IP0 PN-2 BCO+IP10 PN-3 BC5+IP5

M, mL/g 198.1 209.4 209.6 226.1

” mL/(gd") 48.58 55.51 56.00 54.46

" d 0.27 0.24 0.21 0.22

M, mL/g 88.6 93.0 75.1 74.9

WU IE GompertzA5 %I

10, mL/(g-d ") 633 6.23 3.81 4.68

r d 2.83 2.82 4.93 7.71

M +M, mL/g 286.7 302.4 284.7 301.0

R — 0.999 0.999 0.999 0.999

M, mL/g 268.4 279.2 248.0 266.1

u, mL/(gd") 37.39 40.72 49242 35.23

16 1F. Gompertzf#H %1

" d -0.24 -0.33 -0.23 -0.82

R — 0.970 0.975 0.965 0.950

M, mL/g 280.3 290.1 256.9 274.1

— B3 K mL/(g-d™") 021 0.23 0.26 0.23
R — 0.981 0.990 0.980 0.968

WA —E M fe B, 7 B e i 1 i 286.7 mL/g 3) B fE HERSCR 5 B B A= W i 21 (PN-1) AL
FETHE 302.4 mL/g(F 3) . BRA BUHLINXT 8 H AY X R WA 0 B M 22 B IX 2 b R AT AL e

7 B e AT B 52 e (PN-2) , T B3 [+ 48 10 26 (PN - BT 7B SE iR (A MR/ R i Eia 1
5
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Fig. 4 Microbial community composition
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