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Abstract

Over the past few years, the Biological Systems Unit has been dedicated to the advancement
of BioElectrochemical System (BES)/Microbial Fuel Cell (MFC) technology for wastewater
treatment. This innovative approach harnesses the intricate interactions between microbial
populations and electrodes to effectively remove organic pollutants while generating
electricity. By integrating fundamental and practical objectives, our Unit aims to enhance
BES/MFC systems through interdisciplinary methods such as biology, chemistry, engineering,
and bioinformatics. Our ultimate goal is to optimize treatment efficiency and electricity
production by developing ideal microbial communities and cost-effective materials.
Sustainable wastewater treatment is particularly crucial for small islands like Okinawa.
Scaling up the BES/MFC technology poses one of the significant challenges.

Continuing our research, the Unit (Drs Kainuma and Babiak, Ms Hiyane, Mr. Kometani) has
focused on refining the biocathode system to remove organics and reduce nitrogen and
phosphate levels in both raw and aerated swine wastewater. This year, we received two
grants (Okinawa Prefectural Government and Proof of Concept from OIST Innovation) that
helped us optimization of scaled-up biocathode reactors (525L) at the Okinawa Prefecture
Grassland and Livestock Research Center. This effort, in partnership with Nikko Company
and the Okinawa Prefecture Environment Science Center, aims to meet the needs of swine
farmers. Nikko Company will further develop and commercialize this technology. Additionally,
together with Dr. Sorokin conducted microbial analysis to understand the changes within the
different chambers of the system.
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2. Collaborations

= Theme: An advanced wastewater treatment technology development for swine
farms

e Type of collaboration: Joint research and development

=  QOkinawa Prefecture Environment Science Center
=  QOkinawa Prefecture Grassland and Livestock Research Center
»  NIKKO Company

= Theme: Development of low-cost datalogger, potentiostat, and remotely
accessible switch timers
e Type of collaboration: Joint research and development

» Prof. Yasunori Osana, University of the Ryukyus, Faculty of Engineering
(University of Kumamoto)
»  HugKun Company (Okinawa)

= Theme: Technical discussion regarding organofluoride compounds (PFOS,
PFOA) in Okinawa and its removal.
e Type of collaboration: Technical advice

= Okinawa Environmental Engineering
= Kadena Town Office

= Theme: Optimal ethanol concentration to enhance microbial fuel cells
e Type of collaboration: Technical advice (internship)

= Nagaoka University of Technology



3. Activities and Findings

3.1.1. R&D on swine wastewater treatment technology for simultaneous removal of nitrate
and organics using bioelectrochemical systems (BES)

The amount of wastewater generated by intensive pig farming exceeds the available
capacity for treatment and recycling. The global concern regarding the removal of nitrate
from wastewater arises from its harmful impact on human and environmental health.
Currently, the nitrate-nitrogen discharge limit for livestock wastewater is given special
consideration at 400 mg/L in Japan. However, it is expected to be reduced to the general
discharge standard of 100 mg/L shortly, aligning with regulations for other industries.
Consequently, finding a cost-effective solution for nitrate removal in the livestock industry
is an urgent matter.

To address these issues, our Unit has been developing biocathode technology that can
simultaneously treat organics and nitrate in real swine wastewater. In this system, the
raw wastewater, which contains high levels of organic compounds (2,000-6,000 CODcr
mg/L after liquid-solid separation) and volatile fatty acids (~1200 mg/L) responsible for
unpleasant odors, is oxidized by the anaerobic microbial community in the anode chamber.
This reduces the required aeration time and the need for excess sludge removal. At the
same time, nitrate (30-150 NO3-N mg/L) in the aerated wastewater acts as an electron
acceptor and is converted to dinitrogen through denitrification by the cathodic microbial
community. One advantage of this system is its ability to operate denitrification at a low
wastewater COD/N ratio.

Since FY2021, we collaborated with Nikko Company and the Okinawa Prefecture
Environment Science Center to operate and optimize the scale-up reactors of 525L at the
Okinawa Grassland and Livestock Research Center, adjacent to the swine aeration
system. We tested a configuration of two anode chambers (340L) and one cathode
chamber (170L), more cost-effective organic removal from raw wastewater to meet
farmers’ needs. Throughout the year, among the on-site organic range we tested (1500-
4500 CODcr mg/L) we achieved an average of 40% COD removal per day (Fig. 1) and
30-40% nitrate-nitrogen removal in 2 days.
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The anodic communities included electrogenic bacteria and microbes responsible for
Direct Electron Transfer Systems (DIET). The cathodic communities included
electrotrophic denitrifying bacteria and anammox.

The technology will be licensed to NIKKO Company to continue further development
towards commercialization.

To make the new reactors more commercially viable, we worked with Professor Osana at
the University of the Ryukyus to reduce the cost of the commercial data logger. We aimed
to create an loT (Internet of Things) prototype for field testing at a lower cost, serving as
an alternative to the expensive scientific equipment used during development to
demonstrate the potential cost reduction using customized electronics.

A video introduction of the system:

Revolutionizing Swine Farming: Cost-Effective Wastewater Treatment & Nutrient
Recovery Innovation

https://groups.oist.jp/ja/innovation/post/2024/03/07/revolutionizing-swine-farming-cost-
effective-wastewater-treatment

5. Grants
*Proof of Concept (POC)2 FY2022-23. Cost-effective and low-maintenance scale-up advanced
wastewater treatment and nutrient recovery for swine farms.

*Okinawa Innovation Ecosystem Join Research Promotion Grant. FY2022-23 Development of
environmentally concerned scale-up advanced wastewater treatment system.
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8. Invited talks

Mami Kainuma (Nov. 30, 2023) Diversity Symposium and Panel discussion organized by Japan
Society for Bioscience, Biotechnology and Agrochemistry (Gender Equality and Diversity Promotion)
“Rethinking Work: A 10-year future perspective on Career and Life Event”
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