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Abstract

Background: Strengthening renewable energy literacy at the
secondary education level is a strategic step toward fostering
students’ ecological awareness and environmental conservation
skills. Biogas, as an alternative energy source derived from organic
waste, holds great potential for integration into hands-on learning
to enhance students’ conceptual understanding and scientific skills.
Objectives: This community service activity aims to introduce
biogas technology through hands-on, practice-based education and
to analyze students’ responses to the implementation of
environmental learning.

Methods: The implementation followed a comprehensive
pedagogical framework consisting of lectures, interactive
discussions, and demonstrations, complemented by hands-on
biogas production practices. The program involved 50 students
who actively participated in all learning activities and practical
sessions throughout the implementation process. Students utilized
simple teaching aids crafted from fruit waste and microbial
activators (molasses and EM4), with program efficacy evaluated
through pre-tests, post-tests, and student response assessments.
Results: The activity resulted in a measurable increase in students’
knowledge and skills regarding waste categorization and organic
waste management. Participants successfully demonstrated an
understanding of the fermentation process required to convert
organic waste into methane gas using simple teaching aids.
Conclusion: The integration of practical biogas technology into
the secondary curriculum effectively bridges the gap between
theoretical ecological concepts and real-world environmental
skills. Both teachers and students benefited from the hands-on
approach, proving that localized renewable energy innovations are
viable tools for enhancing scientific literacy.
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A. Introduction

Education on the environment, particularly biogas, offers an environmentally friendly renewable energy
solution and plays a role in reducing greenhouse gas emissions through the management of organic waste.
International studies indicate that biogas makes a significant contribution to supporting the clean energy
transition and climate change mitigation, as it converts organic waste into energy while reducing methane
emissions from waste (Mignogna et al., 2023). Education and training in biogas projects not only enhance
technical and economic knowledge but also foster awareness of the importance of environmental
sustainability, thereby optimizing resource use and minimizing negative impacts on ecosystems (Shallo et
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al., 2020). Additionally, the use of biogas helps reduce dependence on fossil fuels and preserves air, water,
and soil quality key reasons why environmental aspects must be taught intensively in the development and
implementation of biogas technology (Ngabala & Emmanuel, 2024). Environmental education is key to
increasing public acceptance of renewable energy and sustainable waste management, including through
the integration of such content into school curricula. Environmental education combined with hands-on
practice has proven to be more effective in fostering positive attitudes and pro-environmental behaviors
among students (Martinez-Borreguero et al., 2020). Furthermore, direct student involvement in renewable
energy projects can enhance energy literacy, scientific skills, and a long-term ecological perspective (Lin
& Lu, 2018). Therefore, introducing biogas technology as early as the school level is a strategic step toward
instilling an understanding of alternative energy, resource conservation, and the importance of sustainable
organic waste management.

Bengkulu State Junior High School No. 3 is a school with strategic potential for developing learning
innovations based on renewable energy. The school has established partnerships and benefits from its
central urban location, as well as an abundant supply of organic waste suitable for processing into
alternative energy. Education on biogas is considered crucial to instill from an early age to enhance
environmental awareness, reduce reliance on fossil fuels, and utilize local resources such as household
organic waste. Previous studies indicate that schools can serve as agents of change in renewable energy
education (Altassan, 2023). This is supported by research by Nasrudin et al. (2024), which found that the
development of biogas-themed learning materials is highly effective in improving renewable energy
literacy within educational settings (Nasrudin et al., 2024). However, SMP Negeri 3 Bengkulu still faces
several challenges, such as suboptimal management of organic waste, limited understanding among
students and teachers regarding biogas technology, the absence of practical learning materials, and the lack
of educators’ competencies in the field of renewable energy. Based on Mayanti’s research, most students
understand the importance of renewable energy, but their understanding of its implementation and long-
term impacts including the use of biogas remains superficial (Mayanti et al., 2025). Similar findings are
also described by Silaen, who emphasizes that the adoption of small-scale biogas in Indonesia is often
hindered by technical, social, and user knowledge factors (Silaen et al., 2020). This phenomenon is
exacerbated by the high volume of waste in Bengkulu City, which reaches approximately 400 tons per day
(Febriani et al., 2022), demanding innovative solutions for the utilization of organic waste, including
through small-scale biogas technology.

These conditions underscore the need for community service programs based on empowerment and hands-
on practice. Education on converting waste into biogas is expected to strengthen students’ understanding
of renewable energy technologies and foster an environmentally conscious culture within the school. This
program is also designed to produce outputs such as educational modules, mini biogas demonstration Kits,
educational videos, and learning materials that can be used sustainably. Given this urgency, the objectives
of this community service initiative are to adopt an educational approach in introducing waste-to-biogas
processing to students and to assess students’ responses to the implementation of biogas education
activities.

The novelty of this community service program its integration of renewable energy education, organic
waste management, and experiential learning through a school-based biogas initiative tailored to local
environmental conditions. This program combines hands-on biogas production practices with educational
modules, mini biogas demonstration kits, and multimedia learning resources within a real school setting.
Conducted at SMP Negeri 3 Bengkulu, the program utilizes locally available organic waste and addresses
actual challenges such as limited biogas literacy, inadequate practical learning tools, and weak technical
competencies students. Integrating practical renewable energy education with community empowerment
and local waste utilization, the program offers a sustainable model for enhancing students’ energy literacy,
scientific skills, and environmental awareness from an early age (Hartati et al., 2024; Tahir et al., 2024).

B. Methods

This community service activity was conducted in the form of strengthening bioenergy-based science and
physics education as an effort to enhance students” knowledge, skills, and conservation attitudes (Sriatun
et al., 2025; Wati et al., 2025). The methods used included lectures, discussions, question-and-answer
sessions, experiments, and demonstrations. The program involved 50 student participants who actively
engaged in all educational activities and practical sessions. The instruments used consisted of observation
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sheets, student response questionnaires, and student worksheets related to biogas-based science and physics
education.

Descriptive analysis of student response data and learning outcomes provides a clear picture of increased
student participation, conceptual understanding, and positive responses to the learning program (Yongken
et al., 2022; Leksono et al., 2021). Environmental education and the environment demonstrate that
conservation-based programs are effective in developing conservation attitudes toward environmental well-
being, thus serving as a relevant indicator of success in this community service program (Helida et al.,
2019). The collected data were analyzed using a descriptive method to evaluate students’ responses and
learning outcomes (Sugiyono, 2023). The indicators of program success were measured through increased
student participation, improved understanding of bioenergy concepts, positive student responses, and the
development of students’ conservation attitudes toward environmental sustainability.

The implementation of the activity was divided into three main phases. The first phase was preparation,
which included coordinating with the school and preparing educational materials and tools, such as biogas
demonstration Kits, organic materials, and posters. Simple biogas systems were constructed using materials
and equipment readily available in the local environment, particularly at the school, such as used plastic
bottles as biogas reactors, and a syringe serves as both a delivery device and a gas pressure gauge. This
design is suitable and beneficial for learning about and introducing renewable energy (Vogel et al., 2023).
Plastic materials (such as used bottles) are effective and easily adaptable for small-scale biogas reactors
(Farid et al., 2025). The primary material used to produce methane gas is organic waste in the form of fruit
peels, which are fermented inside the biogas reactor bottle. The fermentation process is aided by the
addition of an activator solution consisting of a mixture of molasses, EM4, and water in a 1:0.1:5 ratio,
which serves to accelerate the activity of microorganisms that break down organic matter (Andrean, 2024;
Agustin & Wahyu, 2023; Irawan & Suwanto, 2016). This mixture is placed into the bottle along with the
organic material; the container is then tightly sealed and connected to a syringe via a small tube to channel
and monitor the volume of gas produced. After being stored for several days at room temperature, the
fermentation process produces methane gas, which can be observed through changes in air pressure within
the syringe. This methane gas serves as the primary energy source for biogas, which is flammable and
environmentally friendly because it does not produce harmful fumes when used (Sinaga et al., 2022). This
apparatus demonstrates the basic principles of biogas formation simply and can serve as a contextual
learning tool for renewable energy derived from organic waste.

Figure 1. Simple Biogas Digester

The second phase, which involves the implementation of the activities, consists of several sessions, namely:
(1) a pre-test to assess students’ prior knowledge of biogas; (2) an introduction to the concepts of energy
and biogas; (3) a demonstration or simulation of small-scale biogas production; (4) group discussions and
Q&A sessions; (5) hands-on practice in simple biogas production by students; and (6) a post-test to measure
the improvement in students’ understanding after participating in the activities. The third phase, evaluation,
is conducted through questionnaires and reflective discussions to assess the effectiveness of the activities
by comparing post-test results with pre-test results, and is supported by observations regarding student
participation and engagement during the activities. To monitor the progress of the community service
program, a monitoring approach is implemented through direct observation, activity documentation in the
form of videos, and continuous evaluation. This mechanism is used to ensure the implementation of the
program while supporting the achievement of the planned outcomes.
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C. Results and Discussion

This discussion begins with an analysis of students’ knowledge of biogas prior to receiving instruction. The
assessment was conducted to determine the extent of students’ initial understanding of the concept of
renewable energy derived from organic waste, specifically biogas, as a basis for designing appropriate
instructional interventions. The results of the initial survey indicate that students’ knowledge remains
uneven, both in conceptual and procedural aspects, regarding the process of converting organic waste into
alternative energy. This suggests that while some students possess basic knowledge of biogas, they do not
yet fully understand its composition, raw materials, or the steps involved in its production. This is similar
to Mayanti’s research, where most students understand the importance of renewable energy but lack a deep
understanding of its implementation and long-term impacts, including the utilization of biogas (Mayanti et
al., 2025). Therefore, the following analysis is crucial for assessing the need for more comprehensive
education and ensuring the effectiveness of the learning interventions to be implemented.

The results of students’ prior knowledge of biogas before the educational program can be seen in Figure 2.
The diagram shows a comparison of students’ knowledge levels prior to the implementation of the biogas
educational activities. Regarding the statement “I know that organic waste can be processed into biogas,”
it appears that approximately 67% of respondents indicated they were aware of this information. This
finding suggests that the majority of students are already familiar with the basic concept of processing
organic waste as an alternative energy source. However, the proportion of students who were unaware
remained quite significant, at around 33% of respondents. This indicates that while information regarding
bioenergy is generally known, conceptual understanding of it is not yet widespread among students.
Regarding the second statement, “I know that biogas contains methane (CHa4) that can be burned,” student
responses tended to be the opposite. In fact, the majority of respondents (44%) stated that they did not know
that biogas contains methane as an energy source. The low level of understanding regarding the composition
of biogas demonstrates that although students are familiar with the term “biogas,” most do not yet
understand the scientific principles regarding the gas content that plays a role in the combustion process.
This indicates that understanding of renewable energy at the junior high school level remains descriptive
in nature and has not yet delved into deeper scientific aspects.

For the third statement, “I know the materials that can be used to produce biogas,” the proportions of
students who knew and did not know were nearly equal (50%:50%). This finding reinforces the notion that
students are familiar with the concept of biogas but do not yet understand how the technology is practically
implemented. This phenomenon is supported by Martinez’s research, which states that real-world
application-oriented learning plays a crucial role in connecting scientific concepts with their practical
applications in daily life (Martinez-Borreguero et al., 2020). Furthermore, this aligns with the school’s
current lack of practice-based learning materials, resulting in limited hands-on experience related to
bioenergy. The highest percentage of lack of knowledge appeared in the fourth statement, “T understand the
simple steps for making biogas,” showing the highest percentage of lack of knowledge at 67%. This
percentage indicates that the main obstacle is not the concept of biogas, but practical skills in making and
utilizing simple biogas technology. This lack of practical experience is the primary reason for the urgency
of project-based (hands-on) training. Practice-based learning has been proven to significantly enhance
conceptual understanding, scientific attitudes, and science skill competencies (Kolb & Kolb, 2022). These
conditions underscore the importance of practice-based learning methods as a strategy to improve student
competencies.

Students’ Knowledge Level About Biogas Before Education
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Figure 2. Students’ level of knowledge about biogas before the educational session
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The results of the basic knowledge test data analysis show that learning about biogas as an alternative
energy source significantly improved the cognitive and affective aspects of junior high school students. All
students understood that organic waste can be processed into biogas, and 93.33% of them recognized the
benefits of biogas as an environmentally friendly energy source. This indicates that the educational
intervention successfully strengthened renewable energy literacy starting at the junior high school level.
These findings align with research by Norden in 2016, which found that environmental issue-based learning
can simultaneously improve students’ conceptual understanding and ecological awareness (Norden, 2016).

Figure 3. Educational materials on how to produce biogas from organic waste

A total of 80% of students performed well in identifying all the materials used in biogas production, and
86.67% understood that methane is its energy source. This indicates that the learning process was not only
effective in conveying theoretical concepts but also supported the construction of scientific meaning
relevant to everyday life. Students’ procedural understanding of the steps for producing biogas
systematically and correctly reached 66.67%, indicating a need for more intensive reinforcement of
psychomotor skills. This pattern aligns with Krajcik’s (2006) findings, which show that direct engagement
in experiments can enhance procedural retention and problem-solving skills (Krajcik & Blumenfeld, 2018).

Figure 4. Experiment-Based Learning Process.

In terms of attitudes, all students demonstrated a positive response to alternative energy and waste
management, as evidenced by their interest in learning about biogas, their concern for waste issues, and
their motivation to try producing biogas independently in class or at home. This is supported by research
on environmental education, which indicates that integrating real-world action and collaboration leads to
positive changes in attitudes, values, and environmental actions (Ardoin et al., 2019). Furthermore, recent
findings confirm that pro-environmental attitudes are the most consistent and strongest predictors of youth
support for renewable energy systems, including bioenergy (Sardianou & Kougias, 2025). The students’
collaboration skills, which were rated as excellent, reinforce the notion that collaborative learning plays a
crucial role in the development of social skills, as reported in the STEM education literature (Gillies, 2016).
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The learning process is further supported by supplementary materials, namely posters and guidebooks
designed interactively by the author, thereby boosting students’ enthusiasm and helping them better
understand environmental topics related to biogas. The engaging visual design and presentation of
information encourage students to read and discuss more actively, which ultimately enhances their
knowledge of renewable energy. This finding aligns with the cognitive theory of multimedia learning,
which emphasizes that well-designed visual and textual materials improve learner comprehension and
motivation. Research has demonstrated that multimedia materials redesigned following evidence-based
principles significantly increase both student achievement and situational interest (Bland et al., 2024). This
educational media support also aligns with the needs of science teachers in conducting more effective and
contextual learning at the junior high school level. The results of the activity have been disseminated in the
form of an educational video uploaded to a YouTube channel at the link https://youtu.be/xyIL7hrEWvo ,
serving as a learning resource and public outreach to the broader community, thereby reinforcing the
sustainability and tangible contributions of this community service program in the fields of educational
innovation and the environment.
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Figure 5. Learning Media

The sustainability of this community service program can be strengthened through continuous integration
into school-based learning and environmental activities. The implementation of bioenergy-based science
education and biogas practices should not remain a one-time intervention but be embedded into science
subjects, project-based learning, extracurricular activities, and environmental programs within the school
curriculum. The involvement of teachers, school administrators, and student organizations is essential to
maintain continuity and ensure knowledge transfer to future student cohorts. The use of locally available
organic waste as learning materials supports sustainability because the resources are inexpensive,
accessible, and continuously generated within the school and surrounding community. In addition,
educational outputs such as learning modules, mini biogas demonstration kits, worksheets, and instructional
videos can function as long-term teaching resources. Establishing partnerships between schools and
universities can further strengthen mentoring, technical assistance, and future innovation development.
Through this approach, the school can gradually evolve into a sustainable environmental learning center
that promotes renewable energy literacy and environmentally responsible behavior among students.

Biogas education not only enhances students’ scientific understanding but also fosters the positive attitudes
and collaborative skills necessary to support sustainable environmental management practices. These
findings underscore the importance of integrating renewable energy topics into the middle school science
curriculum as a means of building environmental literacy and preparing the younger generation to address
future energy challenges.
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Despite its positive outcomes, this program has several limitations that should be acknowledged.
Furthermore, limitations in infrastructure, laboratory facilities, and technical resources may affect the
consistency and quality of practical biogas activities. Variations in students’ prior knowledge and teachers’
competencies in renewable energy topics could also influence learning effectiveness. Therefore, future
programs should incorporate larger participant groups, longitudinal evaluation designs, more rigorous
assessment methods, and stronger institutional support to enhance both program effectiveness and
sustainability.

D. Conclusion

Education on converting waste into biogas has proven effective in strengthening students’ understanding
of renewable energy technologies while fostering an environmentally conscious culture at school. Through
hands-on activities using simple biogas demonstration tools, students and teachers gained practical
knowledge about waste classification, organic waste management, and the fermentation process that
converts organic waste into methane gas, improving both conceptual understanding and scientific skills.
Students became more enthusiastic and engaged, actively participating in experiments such as testing the
pH of fermented liquid and formulating critical questions during the activity, supported by interactive
posters and guidebooks that linked theory to real-world applications. The program has important
implications, as it strengthens environmental responsibility, scientific literacy, and awareness of clean
energy by showing how waste can be transformed into a valuable alternative energy source. For wider
implementation in other schools, similar activities can be adapted using low-cost tools and locally available
organic waste, combined with teacher training and well-structured learning materials to ensure
effectiveness. To guarantee the sustainability of the program, waste management and renewable energy
topics should be integrated into regular classroom learning and extracurricular activities, supported by
continuous practice, periodic follow-up experiments, and institutional commitment such as maintaining
small biogas units or school-based waste sorting systems so that environmentally conscious education and
clean-energy awareness become a lasting part of school culture.
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