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Figure 2. Performance comparison of CH, reactors
with different carbon based CMU620:24.58-91]
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Figure 3. Performance comparison of CH, production
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Methanosaeta 2 X 22 1 il 5 S FURR ) PR AR
AR ZAM I 4618 T 445 Methanosaeta (1) 4 K AT #
Wi ;7= CH, PERERY G, CM B U il vl 2 51
FRfER, ATIER] CM %) DIET RfEsfi .

DL E P et AL, Methanolinea (448 i ) «

SRS
FE 5

X ARG CM

Methanobacterium (H%efTi#J&). Methanothrix (H
L2214 J&) . Methanomassiliicoccus (FH 4o¢ & FE BK
#). Methanomethylovorans (F4irg H B 1 R ) i)

4 PR SRR 2 e A BT s

(% 1. #% 2)., H+ Methanobacterium J& T & &

x1 FCHRZEPHRECMERRMNEEEMEDME
Table 1. Functions of carbon-based CM in CH,4 production system with enriched functional microbes
Type Dosage Inoculum Substrate Identl_flcatlon Functions Enriched microbes References
techniques
HC 10.0g/L UASB Glucose gPCR Improve CH, yield Firmicutes [53]
reactor 16SrRNA  Reduce lag time Methanolinea
Alleviate ammonia inhibition
BC 15.0g/L AD system  Phenol FT-IR Improve microbial activity Geobacter [74]
EC Improve CH, yield Syntrophorhabdus
MER/MEO Methanobacterium
BC 10.0g/L AD system Food 16SrRNA  Enhance pollutant degradation Geobacter [137]
waste/Waste Sphaerochaeta
activated sludge Sporanaerobacter
BC 109 AD system  Nitrate/Activated CV Enhance microbial Proteobacteria [138]
sludge EIS denitrification Bacteroidetes
CA Promote nitrate reduction Firmicutes
Nyquist Pseudomona
CPBC 209 AD system  Sludge/Food Boehm Buffer acid Geobacter [59]
waste titration Reduce lag time Syntroprobacter
16S rRNA Methanosaeta
GAC 0.2g AD system  Kitchenwaste ~ 16SrRNA  Improve CH, yield Syntrophomonas [139]
lipid-rapeseed oil Reduce acidification Geobacter
Methanosarcina
GAC 5.0g/L ADsystem Anaerobic sludge 16S rRNA  Accelerate start-up Desulfuromonas [62]
Resist to organic load Thermotogaceae
Methanosarcina
GAC 40.0 g/L AD system  Anaerobic sludge 16S rRNA  Improve CH, yield Synergistaceae [140]
Enhance COD removal Cloacibacillus
GAC 75.0g/L UASB Incineration Metagenomic Resist to high organic load Methanothrix [141]
reactor leachate analysis Methanosarcina
Geobacter
Graphite SBR Anaerobic sludge 16S rRNA  Accelerate VFAs degradation  Geobacter [15]
felt reactor Promote microbial growth and Methanosarcina
CHj, production
Graphite 7.0 wt% An-IFFAS  Anaerobic sludge Four-probe  Promotes CH,4 production Geobacter [9]
powder reactor measurement Syntrophobacter
16S rRNA Smithella
Methanothrix
Acetylene 1.0g/L ADsystem Vinegar residue 16SrRNA  Improve CH, yield Syntrophomonadaceae [18]

Black

Promote acetate conversion

Methanosarcinaceae

HC: hydrochar; BC:

biochar; CPBC: citrus peel biochar; GAC: granular activated carbon.
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Table 2. Roles of iron-based CM in CH,4 production system with enriched functional microbes
Type Dosage Inoculum  Substrate |dent|_f|cat|on Functions Enriched microbes References
technique
S-nzVIi 0.3¢g/L AD system Nitrobenzene Tian et al. Enhance performance  Caldisericum [107]
16S rRNA delivery Methanosphaerula
cv Promote VFAs Methanomassiliicoccus
transformation
Provide key enzyme
activity
ZVI 10.0 mmol/L AD system Anaerobic The phenol- Improve CH, yield Syntrophomonas [96]
sludge sulfuric method Antitoxicity Tepidimicrobium
Lowry-Folin Be the role of Anaerosphaera
method substituted proteins
16S rRNA
AC/ 5.09/L UASB Coal Lowry-Folin Accelerate syntrophic ~ Geobacter [142]
Magnetite reactor gasification ~ method metabolism Methanothrix
wastewater 16S rRNA Improve CH,4
production
Fe-Mn/BC 15¢g AD system Anaerobic 16S rRNA Promote methanogens Methanosaeta [55]
sludge activity Methanosarcina
Alleviate ammonia Methanobacterium
inhibition
BC/S-nzVI 1.0g/L UASB Nitrobenzene 1,10-phenanthroline Accelerate organic Bacteroides [143]
reactor 16S rRNA biodegradation Longilinea
Improve system stability Methanosarcina
Fe,O4/CC AD system Propionic acid CER Improve CH, yield Levilinea [23]
LSCV Promote electron Methanothrix
The transfer Methanobacterium
chronoamperometry
16S rRNA
ZVI1 20.0 g/L AD system Anaerobic LDH Promote electron Firmicutes [94]
sludge The diphenylamine transfer Proteobacteria
colorimetry Bacteroidetes
Oscillibacter
Methanobacterium
S-nzV1 10.0 g/L AD system Sludge/Food ETS Improve CH, yield Euryarchaeota [96]
waste Lowry-Folin 16S  Promote electron Chloroflexi
rRNA transfer Methanomicrobia
Fe/BC 10g/L AD system Nitrobenzene EPR Promote nitrobenzene  Geobacter sulfreducens [144]
Ccv transformation
DPV Improve
electrochemical
activity
Magnetite/  30.0 mmol/L AD system Anaerobic Ccv Improve AD Clostridiaceae [57]
BC sludge 16S rRNA performance Methanobacteriaceae
Methanomicrobiaceae
Fe;04/Coke 1.0-3.0 mg/L AD system Coal pyrolysis Metagenomic Enhance pollutant Syntrophorhabdus [145]
wastewater  analysis removal Geobacter
Alicycliphilus

S-nZVI: sulfidemodified nanoscale zero valent iron; ZVI: zero valent iron; AC: activated carbon; BC: biochar; CC: carbon cloth.
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Research progress on enhancement of methane production
through direct interspecific electron transfer by conductive
materials

Jing Li, Baogang Zhang’, Qingsong Liu, Yawei Han

Key Laboratory of Groundwater Circulation and Environmental Evolution, Ministry of Education, School of Water Resources
and Environment, China University of Geosciences Beijing, Beijing 100083, China

Abstract: Under anaerobic conditions, microorganisms produce methane (CH,4) through anaerobic metabolism. The
derived anaerobic digestion technology realizes energy recovery. The key step of CH,4 production is to stimulate the
effective electron transfer between fermentation bacteria and methanogens. Electroactive microorganisms can
replace the traditional hydrogen/formate to achieve direct interspecific electron transfer, with higher electron
transfer efficiency. The addition of conductive materials promotes direct interspecific electron transfer and increase
the yield of CH,4, which is a more effective way to enhance the electron transfer. Based on the development and
mechanism of direct interspecific electron transfer, carbon-based and iron-based conductive materials that promote
direct interspecific electron transfer are comprehensively reviewed. The structural characteristics, electron transfer
mechanism, enhanced CH, production and intermediate consumption by these materials are systematically
summarized. This review aims to provides reference for the research of conductive materials promoting direct
interspecific electron transfer, and to explore the possible research direction in future.

Keywords: anaerobic digestion, methane, direct interspecific electron transfer, conductive material
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