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Methane fermentation technology is attracting attention to converting biomass into renewable energy for
a carbon-neutral society and a resource-circulating society. This technology produces biogas mainly containing
methane from biomass such as food waste and livestock manure. It is socially important because it can achieve
both biomass utilization and energy recovery. However, methane fermentation is based on microbial reactions,
so it is easily affected by substrate properties and operating conditions. Therefore, significant challenges remain
in improving methane fermentation efficiency and utilizing digestate, hindering the social implementation and
dissemination of this technology.

This doctoral dissertation aimed to improve unstable behavior in methane fermentation by using granular
activated carbon (GAC) and microbial electrochemical technology (MET). The main purpose was to clarify
how GAC and MET affect methane fermentation performance and microbial community structure, focusing on
organic matter concentration of substrate.

The effects of different amounts of GAC on methane production and microbial community structure
under various organic loading rate (OLR) conditions were evaluated. The results showed that GAC addition
under high OLR conditions improved methane production and methane concentration by stabilizing pH.
Microbial community structure also changed depending on the amount of GAC. This result suggests that
enhanced direct interspecies electron transfer contributed to fermentation stability. In addition, grease trap
waste, which is a high-lipid waste, was examined as a substrate. The effects of optimization of the organic
matter ratio between substrate and inoculum and GAC addition were evaluated. The results showed for the first
time that grease trap waste can be used as a single substrate without pretreatment.

Microbial electrochemical technology was studied as a method to promote electron transfer between
microorganisms. The relationship between applied voltage and OLR was analyzed. The results showed that the
effect of MET did not depend on a single voltage condition and strongly depended on OLR. An experimental
system was also developed in which the anode and cathode were installed in separate fermentation reactors.
The roles of each electrode were evaluated using microbial community analysis. Characteristic microbial
communities were formed on each electrode. Enhanced activity of hydrogenotrophic methanogens was
suggested on the cathode. In addition, stable methane production was achieved by using MET even when the
hydraulic retention time (HRT) was shortened to five days. These results provide useful knowledge for reactor
downsizing and improving fermentation efficiency. The applicability of digestate as a fertilizer for slope
greening was also evaluated. The results showed that digestate had greening effects like those of chemical
fertilizers. This finding suggests that digestate can increase the value of methane fermentation systems.

Overall, this study focused on GAC and MET as different methods that promote electron transfer between
microorganisms. The novelty of this research is the comprehensive evaluation of OLR, substrate characteristics,
HRT, microbial community structure, and digestate utilization. The results contribute to the establishment of
stable methane fermentation systems under high OLR and short HRT conditions. This study also showed that
microbial activity can be controlled by GAC and MET. Furthermore, by examining small-scale systems, high-
lipid waste utilization, and digestate use, this study demonstrated the potential of methane fermentation systems
to achieve both energy recovery and resource circulation. These findings provide important knowledge for the
future development of methane fermentation technology.




