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Green gas production



Publications

Graphene could enhance biogas production rate in mesophilic and thermophilic anaerobic digestion by 30%.



Four steps involved in anaerobic digestion.
• Hydrolysis
• Acidogenesis
• Acetogenesis
• Methanogenesis
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Interspecies electron transfer in anaerobic digestion
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Two modes for electron transfer



Glycine Glycine

 Graphene-based DIET sustains a much higher electron transfer flux (up to 6 orders of magnitude) than conventional 

hydrogen transfer.

Process Reaction ΔG0′ (kJ/mol)

1. Electron-producing reaction
MIET: C2H5NO2 + 2/3H2O → 2/3CH3COO- + 2/3H+ + NH3 + 2/3CO2 + 1/3H2 -33.42

DIET: C2H5NO2 + 2/3H2O → 2/3CH3COO- + 2/3H+ + NH3 + 2/3CO2 + 2/3H+ + 2/3e- -59.97

2. Electron-consuming reaction
MIET: 1/3H2 + 1/12CO2 → 1/12CH4 + 1/6H2O -10.89

DIET: 2/3H+ + 2/3e- + 1/12CO2 → 1/12CH4 + 1/6H2O 15.66

3. Acetate-consuming reaction 2/3CH3COO- + 2/3H+ → 2/3CH4 + 2/3CO2 -23.94

Overall C2H5NO2 + 1/2H2O → 3/4CH4 + NH3 + 5/4CO2 -68.25

 Table Gibbs free energy changes of DIET reactions under standard condition (pH = 7).

Models: theoretical maximum electron transfer via MIET / DIET



Graphene        

 High surface area

 Electrical conductivity

 Thermal conductivity

Tempera
turepH

Microbes Mesophilic
AD (35 °C)

C2H5NO2

Batch Biomethane Potential System

400ml

CH4+CO2

No. Graphene 
addition (g/L)

1 0

2 0.25

3 0.5

4 1

5 2

Inoculum (5 g/L)

Glycine (2.5 g/L)

Graphene
(different additions)

Amino acid (glycine): high content in seaweed

Hypothesis: conductive graphene can promote DIET 



Peak CH4

production rate

Glycine degradation Acetate conversion

In the presence of 1 g/L graphene,

 Biomethane yield increased by 4.2%, peak production rate increased by 30.0%,

 Glycine consumption rate (at 8 d) reached 77.6% in comparison to 69.6% in control group.

 Acetate conversion was enhanced.

CH4 yield +4%
+30%

Results: Anaerobic digestion performance



Bacteria

Archaea

In the presence of graphene,

 The abundance of acidogen Sedimentibacter increased with increased 
graphene addition.

In the presence of graphene,

 The abundance of Methanosarcina increased with increased graphene 
addition.

Sedimentibacter ferment glycine to 
acetic acid without production of H2

(Lechner, U. 2015).

C2H5NO2 + 2/3H2O → 2/3CH3COO- + 
2/3H+ + NH3 + 2/3CO2 + 2/3H+ + 2/3e-

Results: Microbial communities



DIET pathway:

 C2H5NO2 + 2/3H2O → 2/3CH3COO- + 2/3H+ + NH3 + 2/3CO2 + 2/3H+ + 2/3e-

 2/3H+ + 2/3e- + 1/12CO2 → 1/12CH4 + 1/6H2O

MIET pathway:

 MIET: C2H5NO2 + 2/3H2O → 2/3CH3COO- + 2/3H+ + NH3 + 2/3CO2 + 1/3H2

 MIET: 1/3H2 + 1/12CO2 → 1/12CH4 + 1/6H2O

The connections between Sedimentibacter and Methanosarcina are likely responsible for DIET in glycine digestion.

Results: Microbial networks
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Proposed advanced biofuel production in a circular bioenergy system

 DIET is thermodynamically more favourable compared to MIET.

 The peak biomethane production rate, lag phase time, and peak time exhibited strong linear 

correlations with graphene concentration from 0 to 1.0 g/L.

 The connections between Sedimentibacter and Methanosarcina are likely responsible for DIET 

in glycine digestion.

Summary
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