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Evaluation of Biogas Production and Microbial Metabolic Pathways of
Electro-Anaerobic Digestion
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Abstract

Energy transition is a critical strategy for achieving net-zero carbon emissions by 2050,
with waste-derived bioenergy playing an important role in mitigating greenhouse gas emissions.
Anaerobic digestion (AD) transforms organic kitchen waste into methane through four stages:
hydrolysis, acidogenesis, acetogenesis, and methanogenesis. However, conventional AD
systems often suffer from slow hydrolysis, volatile fatty acid accumulation, and inhibition of
microbial growth, leading to reduced methane yields. Electro-assisted anaerobic digestion
(EAD) addresses these limitations by applying low-voltage current to promote direct
interspecies electron transfer (DIET) between fermentative bacteria and methanogens,
bypassing the need for diffusible intermediates such as hydrogen and formate. This approach
improves electron transfer efficiency and enhances methane production. In recent years, stricter
policies in Taiwan have limited the use of food waste as animal feed, leading to increased
attention on composting and anaerobic digestion as resource recovery methods. In this study,
kitchen waste was used as the substrate in 1-L batch reactors, and EAD was tested under applied
voltages ranging from 0 to 0.9 V. Methane yield, COD removal efficiency, and electrode
biofilm morphology were compared under different voltage conditions. Microbial community
structures and metabolic pathways under varying voltages were also analyzed through
microbial profiling and genomic analysis. In addition, kinetic modelling and life cycle
assessment were conducted to quantify system performance and environmental impact.
Preliminary results showed that methane production peaked at approximately 0.6 V, while
higher voltages (e.g., 1.2 V) inhibited methanogenic activity. These inhibitory effects were
associated with current fluctuations and variations in the expression of extracellular electron
transfer genes. This study clarifies the microbial behaviour and metabolic mechanisms
influenced by applied voltage, and contributes to the development of optimized EAD models
to improve methane yield and overall system sustainability.
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