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Our research topics in 2021 were as follow:
1) Development of a self-sustainable sewage treatment system

2) Development of an early warning system for COVID-19 centered on wastewater-based epidemiology

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 anaerobic biotechnologies and microbial community analysis
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Toward Decarbonization of Sewage
Treatment

At the 26th Conference of the Parties to the United Nations Framework
Convention on Climate Change (COP26), the world formally agreed to
work toward a 1.5°C target, an achievement that is believed to have helped
drive the global trend toward decarbonization. Considering it was only
about 10 years ago that Japan declared at the G8 Hokkaido Toyako Summit
that it would aim for a low-carbon society, there is truly no time to wait.
Sewerage systems, which treat sewage discharged by human activities, are
an important social infrastructure in supporting a safe and secure water
environment, but it is said that the global-warming gases emitted from
sewerage systems are equivalent to about 0.7% of Japan’s total. About 70%
of the emissions is reportedly caused by the water treatment process, and
decarbonization of the water treatment process has become one of the
important issues in sewerage.

In Urban and Regional Environmental Systems laboratory, we are working
on decarbonization of sewage treatment by developing energy-saving and
energy-creating sewage treatment processes. The activated sludge process
used as the standard method for sewage treatment requires aeration to
supply oxygen to the microorganisms, and the amount of electricity
required for this aeration is large. On the other hand, sewage contains
organic matter, nitrogen, and phosphorus, along with minerals. For
example, organic matter can be converted into methane, and nitrogen and
phosphorus can be used as fertilizer for biomass production, so sewage can
be considered to contain a great deal of potential energy. In addition to
introducing energy-saving water treatment processes, one key to
decarbonizing sewage treatment is to generate energy by using these
nutrients. Currently, we are developing a system that enables energy
independence of the sewage treatment process. For wastewater treatment,
processes of primary sedimentation, cultivation of duckweed, and down-
flow hanging sponge (DHS) are combined. Anaerobic digestion of raw
sludge and cultivated duckweed is for energy generation. DHS, which uses
sponge as a carrier in a trickling filter process, has been introduced in
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India and Egypt as an energy-saving sewage treatment technology. The
technology of combining the DHS with a primary sedimentation tank is
excellent at removing organic matter, but it cannot remove nutrients such
as nitrogen and phosphorus. Therefore, a process to produce duckweed
biomass is installed between the primary sedimentation and the DHS. In
this way, nitrogen and phosphorus are removed as the duckweed grows.
Because duckweed is one of the fastest growing plants on earth, biomass
production is very active. The sludge removed from the primary
sedimentation tank must be treated in some way, but incineration is
undesirable because it requires the addition of fossil fuels. Anaerobic
digestion can be an attractive treatment method because it involves energy
production. Digesting the produced duckweed together with raw sludge
from a primary sedimentation tank will produce additional energy.
Reducing energy required for wastewater treatment and increasing the
energy produced will bring us closer to decarbonization of the sewage
treatment process. Currently, we are evaluating the effect of the cultivation
of duckweed on wastewater treatment efficiency (treatment performance)
and the production of duckweed using sewage treated by a primary
sedimentation tank. To accomplish this, we have installed a system in a
sewage treatment plant (Fig.1) and we are evaluating the effect of the
addition of duckweed on the anaerobic digestion of raw sludge from the
primary sedimentation tank (Fig.2). In addition, the entire system will be
evaluated based on the obtained data.

Fig.1 On-site experiment of the wastewater treatment system.

Fig.2 A laboratory-scale methane fermentation reactor.
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