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ABSTRACT

Every human activity in daily life always produces waste that pollutes the environment. This can be minimized by utilizing
it as compost. The purpose of this study was to evaluate community empowerment in introducing appropriate
composting technology using digester effluent from biogas waste and local microorganisms. This study was an action
research study that included planning, acting, observing, and reflecting. Farmers with relevant materials were invited to
participate in the fertilizer production process. The local microorganism solution, in addition to supplying nutrients, also
serves as a component of the bioreactor, which maintains optimal plant growth. The functions of the bioreactor are
complex, including supplying nutrients through exudate mechanisms, controlling microbes according to plant needs,
maintaining soil stability toward ideal conditions for plant growth, and even controlling diseases that can attack plants.
It also contains growth stimulants that play a role in stimulating plant growth. In conclusion, the community can create
and utilize biogas waste into organic fertilizer or compost. It is recommended that the resulting compost's N, P, K, and
C/N levels be checked to ensure standards are maintained.
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INTRODUCTION

Appropriate technology for producing biogas from cow manure is simple and relatively inexpensive, while also
generating renewable energy as a substitute for LPG. The success of biogas technology also produces digester effluent
in the form of thick compost, which was previously unused and often discarded carelessly, contributing to environmental
problems.!"® Processing this effluent into compost; using biogas waste, charcoal, and organic matter has proven
effective. Physical assessments (temperature, pH, moisture, color, odor, and texture) and chemical content
measurements (N, P, K, and C/N ratio) meet the standards of SNI 19-7030-2004. Increasing the use of biogas effluent
results in compost with higher nitrogen, phosphorus, and potassium content, along with a lower C/N ratio. These findings
are being implemented through a PKM-M (Student Creativity Program in Community Service).*

Compost production is carried out using a fermentation method that combines biogas effluent and local
microorganisms. The best results were achieved using a combination of cow intestines and tomatoes, with a compost
maturation time of five weeks. In comparison, fermentation using EM (Effective Microorganisms) from tomatoes and
intestines required six weeks. Based on practical activities in the waste management course and these research
findings, the lecturer formed a Community Service Program team, which also serves as a hands-on training platform for
students.®

The PKM-M activities were conducted in Jabung Village, Panekan District, Magetan Regency. The village is
predominantly inhabited by farmers and livestock breeders and has eight biogas installations. It is a fostered village of
the Diploma Ill Environmental Health Study Program at the Magetan Campus of the Surabaya Health Polytechnic and
serves as a student practice site. The goal of the student creativity program is to produce effective compost from biogas
waste and local microorganisms using fermentation, in order to increase the N, P, and K content and make it suitable
for organic farming, in accordance with the Regulation of the Minister of Agriculture of the Republic of Indonesia No.
70/PERMENTAN/SR.140/10/2011.®

The program is implemented through mentoring, education, training, and field practice for biogas owners and
farmers. The increased knowledge and skills are expected to reduce the use of chemical fertilizers, promote independent
organic fertilizer production, and enable knowledge sharing with other communities, ultimately improving organic farming
yields. The community can meet its compost needs and share composting experiences with others. Environmental
pollution is reduced by utilizing biogas waste as compost material. Students actively participate in PKM-M activities,
enhancing their scientific knowledge and practical skills.
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The benefits of this student-community service initiative include empowering the community in Jabung Village to
produce effective organic fertilizer from biogas waste and local microorganisms using fermentation. Students gain
scientific and technical skills in compost production. The introduction of appropriate composting technology serves as a
learning medium for students of the Diploma 3 Environmental Health Study Program, the local community, and related
institutions, and can be further developed to reduce environmental pollution by transforming biogas digester effluent into
compost.

The purpose of this study was to evaluate community empowerment in introducing appropriate composting
technology using digester effluent from biogas waste and local microorganisms.

METHODS

This appropriate technology implementation activity was carried out by providing materials and mentoring in the
production of organic fertilizer using the fermentation method. The materials used included waste from the biogas reactor
and local microorganisms (MOL).6®) In this activity, the remaining biogas waste was mixed with MOL to produce organic
fertilizer.

Based on the partner problem analysis described above, the student community service implementation through the
PKM-M Program focused on education and training, specifically in organic fertilizer/compost production, and was carried
out with the following details:

1) The implementation team consisted of four students from the Diploma 3 Environmental Health Study Program, who
are actively engaged and creative in campus activities.
2) The PKM-M program partners included livestock breeders, farmers, and biogas owners residing in Jabung Village,

Panekan District, Magetan Regency, selected through deliberation and consensus.

To ensure the success of this initiative, an implementation plan was developed collaboratively by the student team,
PKM-M supervisor, and community partners in Jabung Village. The plan considered key factors such as input, activity
process, and expected output. To address the identified partner issues, training and mentoring were provided through
lectures, group discussions, field practice, and consultation services. Consultations were conducted face-to-face, via
telephone, email, or other accessible means to ensure continuity of support.

Figure 1. Preparing to make compost Figure 2. Mixing biogas residue with compost

This action research was conducted in accordance with scientific ethics, including informed consent, maintaining
confidentiality, acting fairly, providing benefits, and ensuring no harm to participants.

RESULTS

Input

Researchers gathered data on the potential of villages that support the PKM-M Program in producing organic
fertilizer/compost. The implementation team, along with partners, compiled a map of potential livestock and agricultural
areas, facilities and infrastructure, and explored the potential of people who would be involved in PKM-M activities. Next,
the team selected a method to be implemented in Jabung Village, Panekan District, Magetan Regency, and conducted
advocacy through an approach to the regional decision-maker, namely the village head. This activity was intended to
gain support and cooperation in the form of an agreement as a community service partner.

Process
The success of the PKM-M is largely determined by the quality and consistency of its implementation process. To
effectively transfer knowledge and skills related to producing organic compost from biogas and MOL waste using the
fermentation method, the program integrates educational activities, structured training, and direct field practice.
Educational and training activities begin with identifying and collecting data on participants, followed by administering
post-tests to assess their initial understanding. A comprehensive guidebook is developed to support the learning
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process, detailing the tools and materials required, step-by-step procedures, monitoring and evaluation techniques,
potential challenges, and strategies to overcome them. The education and training sessions are then conducted,
combining theoretical instruction with hands-on compost-making at designated training locations. Post-training
assessments are repeated to measure progress and reinforce learning outcomes.

Field practice is carried out at each participant’s home, where they apply the fermentation method to produce organic
compost over a period of 14 to 21 days. These activities are closely monitored by the implementation team to ensure
proper technique and to provide ongoing support. In essence, the PKM-M program emphasizes a participatory and
practical approach to community empowerment, enabling sustainable compost production and environmental
stewardship.

The preparation activities include site setup, fermentation treatment preparation, and the collection of digester
effluent waste. The designated location is prepared with the necessary tools and materials. Digester effluent is collected
and placed into the fermentation treatment container. A bacterial and fermentor solution is added at a ratio of 1:100,
meaning one part bacteria to one hundred parts digester effluent. Glucose (molasses) is also added at the same ratio
of 1:100, while dolomite (lime) is added at a concentration of 5-10% relative to the volume of digester effluent.

Compost is made using a mixture of biogas effluent, household organic waste, and rice husk ash in a ratio of 3:1:1.
For example, 3 kg of biogas effluent requires 1 kg of organic waste and 1 kg of rice husk ash. The mixture is placed into
a fermentation container that is covered but not sealed tightly, allowing gas exchange. The compost mixture is stirred
every two days, in the morning and evening, to ensure proper fermentation. After 14 to 21 days, the organic fertilizer or
compost is ready for use. Fermentors can be made from rotten tomatoes, spoiled rice, or other organic materials
processed into MOL.®

The compost should not emit a strong or unpleasant odor. To test maturity, 500 ml of compost is placed in a sealed
plastic bag for 48 hours. If the bag inflates, becomes warm, or releases a foul smell when opened, the compost is not
yet mature. The texture should be thick yellowish-brown. The ideal pH range is between 6.5 and 7.5, indicating a neutral
condition. The temperature during fermentation typically ranges from 30°C to 50°C, and as the compost matures, the
temperature gradually drops to ambient levels and stabilizes.®

The final compost product should meet the standards outlined in the Regulation of the Minister of Agriculture of the
Republic of Indonesia No. 70/permentan/SR.140/10/2011.%) This process supports the development of self-reliant
communities in producing their own organic compost fertilizer.

The expected output of this activity is that community members who have participated in the educational sessions,
training, and field practice will possess the knowledge and skills needed to independently produce organic compost
fertilizer for their own use, reducing reliance on chemical fertilizers. This empowerment also contributes to mitigating
environmental pollution and preventing the spread of disease. Furthermore, participants are expected to share their
knowledge and skills with others, enabling wider adoption of compost production practices within the community.

DISCUSSION

The implementation of the PKM-M program in Jabung Village, Panekan District, Magetan Regency has demonstrated
tangible outcomes in terms of community empowerment and environmental sustainability. The factual results show that
community members were able to produce organic compost independently using biogas effluent and local
microorganisms (MOL) through a structured fermentation method. The compost produced met the physical and chemical
quality standards set by the Regulation of the Minister of Agriculture of the Republic of Indonesia No.
70/PERMENTAN/SR.140/10/2011, particularly in terms of pH, temperature, odor, texture, and nutrient content (N, P,
K).® This indicates that the training and mentoring process was effective in transferring both knowledge and practical
skills.

From a broader perspective, this initiative aligns with global and national efforts to promote sustainable agriculture
and reduce dependency on chemical fertilizers. According to FAO (2021), integrating organic waste into farming systems
not only improves soil health but also contributes to climate resilience and circular economy practices.!'® The use of
biogas effluent, which is often discarded as waste, as a raw material for composting, reflects a practical application of
waste-to-resource principles. Moreover, the incorporation of MOL derived from locally available organic materials such
as rotten tomatoes and spoiled rice enhances the accessibility and affordability of the composting process for rural
communities.

The strengths of this program lie in its participatory approach, low-cost technology, and integration of education,
training, and field practice. The use of locally available materials and simple fermentation techniques makes the method
replicable and scalable."''® The program also fosters community independence in managing agricultural inputs and
contributes to reducing environmental pollution from unmanaged biogas waste.

However, some limitations were observed. First, the fermentation process requires consistent monitoring and manual
stirring every two days, which may be challenging for participants with limited time or physical capacity.('* Second, while
the program successfully reached a targeted group of farmers and biogas users, broader dissemination to other villages
or districts would require additional resources and institutional support. Furthermore, the long-term sustainability of
compost production depends on continued motivation, access to materials, and technical assistance.('%-2%
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Looking ahead, the program could be strengthened by integrating digital tools for monitoring compost quality,
expanding partnerships with agricultural extension services, and developing a community-based compost marketing
model. Future initiatives may also include comparative studies on crop yields using compost versus chemical fertilizers,
to further validate the economic and agronomic benefits. Additionally, incorporating this model into the curriculum of
environmental health and agricultural education programs can ensure continuity and innovation in community-based
waste management and organic farming practices.

In conclusion, the PKM-M program has laid a strong foundation for sustainable compost production using biogas
waste and MOL. With strategic follow-up and institutional collaboration, this initiative holds significant potential to be
replicated and scaled for broader environmental and agricultural impact.

CONCLUSION

The implementation of the PKM-M program in Jabung Village has successfully demonstrated that appropriate
technology and community-based education can empower local residents to produce effective organic compost from
biogas effluent and local microorganisms. Through a combination of training, mentoring, and field practice, participants
gained practical skills and scientific understanding, enabling them to reduce dependence on chemical fertilizers and
contribute to environmental sustainability. The compost produced met national quality standards, indicating the
feasibility and reliability of the fermentation method introduced. This initiative not only addressed waste management
challenges but also fostered community independence in organic fertilizer production. With continued support and
strategic expansion, the program holds strong potential to be replicated in other rural areas, enhancing agricultural
resilience and promoting eco-friendly practices.
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