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Our research topics are as follow:
1) Development of carbon-neutral sewage treatment system

2) Development of an early warning system for infectious diseases based on wastewater information

3) Development of evaluation approaches for the effect of climate change and land utilization change on natural environments

4) Mechanisms of flood wood generation caused by global warming and forest industry declination

5) Waste and wastewater treatment using environmental biotechnologies and microbial community analysis
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Greenhouse Gas Emissions from
Wastewater Treatment Processes and
Development of Mitigation Technologies

Reducing greenhouse gas emissions is a global imperative. Among these
gases, nitrous oxide (N,O) is a significant environmental concern; it has
a global warming potential approximately 273 times that of carbon
dioxide and acts as an ozone-depleting substance. Recent reports
indicate that atmospheric concentrations of N>O are rising more quickly
than the IPCC predicted. Wastewater treatment processes are a source of
N,O, which is generated during aerobic and anaerobic/anoxic stages.

The downflow hanging sponge (DHS) process has been implemented as
an energy-efficient technology due to its superior treatment performance
and low energy consumption. However, there is limited knowledge
regarding emission dynamics during its operation. We evaluated N,O
emission behavior under varying operating conditions, specifically
focusing on hydraulic retention time and temperature.

Furthermore, we developed a novel N,O removal process using a DHS
reactor under anoxic conditions. Whereas this process achieved a
removal efficiency of over 90% for low concentrations (300 ppm or less),
efficiency decreased at higher concentrations (2,000 ppm). We are
currently investigating methods to increase this removal process’s
kinetics and efficiency.
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Photo 1. A DHS reactor removing nitrous oxide

Energy Production from Biomass Derived
from Wastewater Treatment

Methane fermentation is a biochemical process that decomposes organic
matter into methane and carbon dioxide under anaerobic conditions
through microbial metabolism. It is a promising energy production
method for establishing a circular economy. In this research, we focused
on duckweed as a novel biomass resource.

Duckweed is a fast-growing aquatic plant that efficiently absorbs
nitrogen and phosphorus from water. It is particularly well suited for
methane fermentation because it contains lower levels of lignin—a
recalcitrant component—compared to other biomass sources. Although
duckweed is already utilized in wastewater treatment, its subsequent use
as a substrate for methane fermentation has gained significant attention.
We conducted continuous methane fermentation experiments, using
duckweed as a mono-substrate to evaluate its effectiveness as a
sustainable energy resource.

Photo 2. A laboratory-scale methane fermentation reactor treating duckweed.
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