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Summary

Resource recycling systems using biogas plants remain limited in Japan. This
is due to the high cost of liquid fertilizer application systems and the
installation of small-scale demonstration plants, as well as a lack of
knowledge regarding liquid fertilizer utilization. Therefore, this project
focused on developing cost-effective methods for constructing both liquid
fertilizer application systems and biogas plants, while also documenting
practical guides for liquid fertilizer utilization based on soil diagnostics and
working towards open-sourcing these solutions.

Modeling Low-Cost Systems for Liquid Fertilizer Application

We identified six low-cost application models and compiled them into a
document titled “Low-Cost Implementation of Small-Scale Application
System for Biogas Liquid Fertilizer.” Cost reduction was achieved by utilizing
commonly owned equipment like engine pumps and tractors, as well as
rentable machinery.

Basic design principles, processes, and sample drawings necessary for self-
building a biogas plant were compiled into a document titled “Low-Cost Small-
Scale Biogas Plant Construction.” These plants can be built affordably and
easily by local engineers using locally available materials. By utilizing readily
available tanks, the fermentation tank size is customizable from 300L to
30,000L.

For many farmers, liquid fertilizer remains unfamiliar. Its adequate
application rates vary depending on soil and crop conditions. Therefore, we
created a document titled “Getting Started with Biogas Liquid Fertilizer Use
& Soil Diagnostics” explaining how to develop application plans based on soil
analysis.

In creating these open-access documents, we incorporated insights from
experts and case studies, as well as experience gained through regional
demonstrations to further improve the content.



Information Dissemination to Farmers

Recognizing that farmers often gather information via podcasts during their
daily operations, we delivered content on how to plan liquid fertilizer usage
based on soil diagnostics through this medium. This approach allowed us to
effectively reach users during their daily operations.

Information Dissemination to Biogas Plant Proponents (Particularly
Municipalities)

Establishing a resource recycling system using biogas plants requires
engagement from various stakeholders: biomass suppliers, biogas and liquid
fertilizer end-users, and the project proponents themselves. We created
videos highlighting the challenges municipalities face and the benefits of
adopting biogas systems. These videos incorporate insights from experts and
municipal officials.

Exploring Diverse Liquid Fertilizer Application Methods

There is expectation for the potential to apply liquid fertilizer through
irrigation tubes. To verify the addition of centrifugal separation would make
the fertilizer suitable for irrigation tubes, tests were performed. The results
showed that liquid fertilizer from full-scale plants tends to clog irrigation
tubes even after solid-liquid separation. However, fertilizer analysis
confirmed that the process separated the fertilizer into a phosphorus-poor
liquid component and a phosphorus-rich solid component, leading to a new
proposal: optimizing fertilizer use based on intended applications.

Operation of the Demonstration Plant in Muko City

Continuing from the previous fiscal year, a small-scale biogas plant was
operated at the demonstration site “Regional Recycling Lab corecara.” Local
residents were encouraged to bring in their food waste. Visitors received free
liquid fertilizer produced at the plant and tea brewed using the generated
biogas. During the demonstration period, 106 households participated. A total
of 401 kg of food waste was processed, producing an estimated 802 kg of
liquid fertilizer and 28,872 liters of biogas. Additionally, 607 kg of food waste
was composted using bamboo powder. Survey results showed that 93% of
respondents believed the biogas plant would be a valuable system to have in
their community. Two key strategies contributed to the smooth acceptance of



this initiative. First, the plant and greenhouse allowed visitors to experience
firsthand how food waste is transformed into food, fertilizer, and energy.
Second, staff focused on making the facility feel accessible through
interactive communication and hands-on experiences, rather than one-way
lectures. This approach, centered on "creating a community space,” suggests
that such initiatives are highly replicable and foster active public
participation.

Additionally, the adoption of home composting among residents was promoted.
Study sessions and marches (or farmers’ markets) were held, attracting 102
environmentally conscious participants. Furthermore, in collaboration with
farmers, welfare workshops, and schools, seven agricultural and educational
sessions were conducted, using liquid fertilizer to grow flowers and
vegetables.

Consideration of Appropriate Odor Control

A small-scale deodorization unit was installed to ensure effective odor control
when open-source design biogas plants are introduced in various locations.
This unit encloses the inlet, draws air in via a pump, and removes odors using
deodorizing materials.

Regarding the materials used, emphasis was placed not only on deodorizing
performance but also on affordability and the utilization of local biomass.
Evaluations based on odor substance concentration measurements indicated
that bamboo powder and bamboo charcoal were optimal among five candidate
materials.

At the plant equipped with this system, evaluations conducted during the
summer—when odors are most likely to occur—confirmed via odor intensity
assessments and concentration measurements that odors were effectively
removed.

Furthermore, assessments of different food waste storage methods confirmed
that all three methods were effective in reducing odor intensity.



Proposing Fertilization Plans to Farmers Based on Soil Diagnostics

We proposed fertilization plans to farmers cultivating paddy fields, crop fields,
and bamboo groves, integrating information on liquid fertilizer usage with soil
diagnostic results. This method—determining the type and amount of
fertilizer based on current soil conditions—is considered effective in fostering
an environment where farmers can confidently adopt liquid fertilizer.

Exploring Frameworks for Stakeholder Engagement: Identifying Challenges
in Low-Cost Liquid Fertilizer Utilization and Biogas Plant Installation

Study sessions were held involving biogas plant operators and farmers
practicing liquid fertilizer utilization. Through the exchanges of views, it was
suggested that open-source application systems, which allow farmers to
apply fertilizer independently, could be effective even in areas served by full-
scale plants. Furthermore, it was noted that diversifying application sites—
beyond rice paddies to include vegetable fields, tea plantations, and bamboo
groves—and expanding usage as top-dressing or starter fertilizer could
enable year-round utilization. As sharing and accumulating case studies is
essential for promoting adoption, it was considered vital to continue creating
opportunities for information exchange and to strengthen dissemination
efforts.

Study on the Utilization of Local Bamboo Biomass

To verify the suitability of bamboo chips and powder as feedstock, a
fermentation demonstration was conducted using a small-scale plant. Adding
bamboo powder enhanced biogas production; however, it also increased the
solid content in the liquid fertilizer. No significant changes were observed in
the fertilizer’ s nutrient components. While bamboo contributes to gas yields,
the increased residue may pose challenges for both plant management and
fertilizer application.

Additionally, 1,600 liters of liquid fertilizer were applied to a bamboo grove
(718 mi) dedicated to bamboo shoot cultivation. The process took 40 minutes
using an electric submersible pump and hose. The farmer evaluated the labor
as manageable; however, regarding cost, as the farmers did not own the
transport vehicle or application equipment, the system was deemed feasible



if rental costs were lower than the savings achieved by reducing conventional
fertilizer expenses.
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