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Abstract. Organic waste management in schools remains a persistent environmental challenge that affects hygiene, air quality, 
and the overall learning climate. In many schools, organic waste is still burned or buried, reflecting limited ecological literacy 
and insufficient technical capacity to convert waste into productive resources. At the same time, the integration of 
entrepreneurship education within science learning remains underdeveloped. This community service programme introduced 
a school-based organic waste management innovation through the P4-E approach (Training, Practice Implementation, 
Marketing, and Evaluation) to develop greenpreneurship among science teachers and students. The programme involved 50 
participants from the Science Teachers’ Working Group (MGMP IPA) and SMP Negeri 1 Slawi, Tegal Regency. Activities 
included EM-4 biofermentation compost training, practical compost production and packaging, digital marketing development, 
and financial management mentoring. Findings indicate substantial improvement in ecological awareness, technical 
composting skills, and entrepreneurial capacity. Participants demonstrated the ability to produce market-ready compost 
products and implement digital promotion strategies. The P4-E approach functioned as an integrative empowerment model that 
linked science education, environmental action, and entrepreneurship development. The programme contributes to advancing 
SDGs 4, 8, 12, and 13 by institutionalizing sustainable waste management practices within the school context. 
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INTRODUCTION 

Organic waste management in school 
environments remains a persistent environmental 
challenge that affects hygiene, air quality, and the 
sustainability of the learning ecosystem. In many 
schools, organic waste continues to be burned or 
buried, resulting in avoidable environmental 
pollution and inefficient resource utilisation 
(Taufik & Maulana, 2015; Yudistirani et al., 2015; 
Rosmala et al., 2020). Such practices reflect not 
only limited ecological awareness but also 
insufficient institutional capacity to transform 
organic waste into productive resources. Although 
composting technologies are widely available, 
systematic integration of waste management into 
educational and entrepreneurial learning processes 
remains underdeveloped. 

Biofermentation technology using EM-4 has 

been empirically demonstrated to accelerate 
organic decomposition and improve compost 
quality (Nur et al., 2016; Yuniwati et al., 2012; 
Subali et al., 2024). Within educational contexts, 
such scientific practices offer opportunities for 
contextual science learning that connects 
ecosystem concepts with real-world 
environmental action. However, previous 
implementations have predominantly emphasised 
technical compost production without embedding 
structured entrepreneurial development or 
sustainable empowerment mechanisms. As a 
result, waste management initiatives often remain 
short-term activities rather than institutionalised 
school practices (Armayanti et al., 2021; Matin et 
al., 2022, 2024; Sumardiono et al., 2022; 
Wardoyo, 2016). 

 
The concept of greenpreneurship provides a 

framework for integrating environmental 
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responsibility with entrepreneurial competence. 
Prior studies highlight the importance of 
entrepreneurial motivation, digital literacy, and 
market orientation in developing environmentally 
based enterprises (Purnamawati et al., 2021; 
Ardiyanti, 2019; Komara & Setiawan, 2020). 
Nevertheless, research and community service 
practices rarely combine scientific waste 
management, entrepreneurship training, and 
participatory empowerment into a coherent model. 
The absence of an integrative framework limits the 
sustainability and scalability of school-based 
environmental innovation (Armayanti et al., 2021; 
Danapriatna et al., 2023; Hastuti et al., 2022; 
Suratno et al., 2020; Yudistirani et al., 2015). 

To address this gap, this community service 
programme introduces a school-based organic 
waste management innovation through the P4-E 
approach (Training, Practice Implementation, 
Marketing, and Evaluation) to develop 
greenpreneurship among science teachers and 
students at SMP Negeri 1 Slawi. The programme 
positions schools as living laboratories where 
environmental education, biofermentation 
technology, and entrepreneurial learning 
converge. By integrating ecological literacy, 
technical competence, and digital marketing 
capacity within a structured empowerment cycle, 
the P4-E approach offers a replicable model for 
sustainable school-based innovation. This 
initiative contributes to advancing SDGs 4, 8, 12, 
and 13 by institutionalising environmentally 
responsible and economically productive practices 
within the education sector. 

METHODS 

The community service programme employed 
a participatory empowerment design structured 
through the P4-E approach (Training, Practice 
Implementation, Marketing, and Evaluation). The 
approach was developed as an integrative model 
linking environmental education, biofermentation 
technology, and entrepreneurial capacity building. 
The programme was implemented at SMP Negeri 
1 Slawi, Tegal Regency, involving 50 participants 
consisting of members of the Science Teachers’ 
Working Group (MGMP IPA) and selected 
student representatives. 

The implementation was conducted in four 
sequential stages. The Training stage provided 
conceptual reinforcement on sustainable organic 
waste management and technical instruction on 
EM-4 biofermentation composting. The Practice 
Implementation stage facilitated hands-on 

compost production, including organic material 
preparation, fermentation management, drying, 
and product packaging design. The Marketing 
stage introduced digital promotion strategies, 
basic financial recording techniques, and the 
establishment of school-based entrepreneurial 
networks. The Evaluation stage involved follow-
up mentoring sessions to assess product quality, 
production continuity, and the sustainability of 
entrepreneurial initiatives. 

Programme effectiveness was assessed using a 
mixed descriptive-evaluative approach. 
Ecological attitude changes were measured 
through pre- and post-training questionnaires 
assessing waste management awareness using 
Likert-scale items. Behavioural transformation 
was observed through structured field 
observations focusing on waste segregation 
practices and independent compost production 
activities. Economic capacity development was 
evaluated through documentation of product 
outputs, pricing strategies, and digital marketing 
implementation. 

Data were analysed descriptively by 
comparing pre- and post-intervention responses 
and synthesising observational findings to identify 
patterns of behavioural and entrepreneurial 
change. Qualitative interpretation was conducted 
to examine the emergence of innovation, 
entrepreneurial motivation, and institutional 
commitment to sustainable waste management 
practices. This methodological framework 
enabled the assessment of both technical outcomes 
and empowerment dynamics within the school 
setting. 

RESULTS AND DISCUSSION 

Development of Technical Competence in 
Organic Waste Processing 

The implementation of the P4-E approach 
began with structured technical training in EM-4 
biofermentation composting, positioning organic 
waste processing as both a scientific practice and 
a productive skill. The training phase emphasised 
experiential learning through direct engagement 
with organic materials collected from the school 
environment, including dry leaves and food 
residues. Participants were systematically guided 
through procedures such as waste segregation, 
size reduction through chopping, moisture 
regulation, microbial activation using EM-4 
solution, controlled fermentation, aeration 
monitoring, drying, and final packaging. This 
procedural sequencing ensured that compost 
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production was not treated as a routine activity but 
as a scientific process grounded in microbiological 
principles and environmental management. 

Empirical studies have demonstrated that EM-
4 and other effective microorganism inoculants 
significantly accelerate decomposition and 
improve compost quality (Nur et al., 2016; 
Sutrisno et al., 2020; Mardiyono et al., 2024). 
Similar findings in bioactivation research 
highlight the importance of microbial balance, 
moisture control, and carbon–nitrogen ratio in 
achieving optimal fermentation outcomes (Matin 
et al., 2022; Danapriatna et al., 2023). Within the 
school context, introducing these scientific 
parameters enhanced participants’ conceptual 
understanding of decomposition dynamics. Rather 
than perceiving organic waste as disposable 
residue, teachers and students began to recognise 
it as biodegradable biomass capable of 
transformation into nutrient-rich compost. 

Observational evidence indicated a substantial 
increase in technical confidence among 
participants. Prior to the intervention, composting 
knowledge was largely theoretical and 
fragmented. During the practice implementation 
stage, participants demonstrated the ability to 
identify appropriate moisture levels, monitor 
fermentation temperature, and assess compost 
maturity through colour, texture, and odour 

indicators. These competencies reflect the 
internalisation of environmental biotechnology 
principles similar to those applied in broader 
waste-to-resource systems (Sunarya et al., 2020; 
Nugroho et al., 2020). The active involvement in 
fermentation management also parallels microbial 
utilisation studies in agricultural and livestock 
waste processing, where effective microorganism 
application enhances nutrient stability and 
environmental sustainability (Kamaruddin & 
Laining, 2020; Nurjuwita et al., 2020). 

Figure 1 visually documents collaborative 
compost production between teachers and 
students. The image illustrates shared task 
execution, supervised monitoring, and 
coordinated material handling. Such interaction 
reflects the operationalisation of contextual 
science learning, where ecological concepts such 
as nutrient cycles, microbial metabolism, and 
biomass transformation are translated into 
practical environmental action. Experiential 
engagement strengthens procedural mastery and 
long-term retention of scientific knowledge, 
consistent with applied fermentation and waste 
conversion studies (Hastuti et al., 2022; 
Sumardiono et al., 2022). 

 
The successful production of compost with 

appropriate physical characteristics dark colour, 

 
Figure 1. Process of producing organic compost from school environmental waste by students 

under the supervision of teachers during the community service activity 
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crumbly texture, and stable moisture content 
further validated the effectiveness of the technical 
mentoring process. Comparable optimisation 
studies on EM-based fermentation and organic 
waste processing report similar quality indicators 
as benchmarks of maturity and nutrient stability 
(Yuniwati et al., 2012; Matin et al., 2024). These 
outcomes confirm that school-based composting, 
when guided by structured scientific instruction, 
can meet quality standards aligned with broader 
environmental management practices. 

Beyond technical output, the mastery of 
composting procedures functioned as a 
foundational stage for entrepreneurial 
transformation. The conversion of waste into 
market-ready organic fertiliser introduced 
economic reasoning into environmental practice. 
Previous empowerment initiatives demonstrate 
that waste-based production can increase 
household income and stimulate local micro-
enterprises (Aini et al., 2020). Integrating 
production skills with entrepreneurial motivation 
aligns with research highlighting the importance 
of interest and business motivation in determining 
entrepreneurial success (Ardiyanti, 2019). 
Furthermore, greenpreneurship frameworks 
emphasise the necessity of linking environmental 
innovation with economic viability to ensure 
sustainability (Qa et al., 2015; Jain et al., 2024; 
Azizan et al., 2026). 

Thus, technical competence development in 
this programme extended beyond skill acquisition. 
It established a transformative learning process in 
which scientific understanding, environmental 
responsibility, and entrepreneurial orientation 
converged. The P4-E model facilitated this 
integration by ensuring that technical mastery 
preceded market engagement and sustainability 
evaluation. Within this structured cycle, compost 
production became both an ecological 
intervention and a capacity-building mechanism 
for green entrepreneurship, demonstrating that 
school environments can function as incubators of 
environmentally grounded economic innovation. 

Ecological Attitude Transformation and 
Behavioural Change 

Beyond technical competence, one of the most 
significant outcomes of the P4-E implementation 
was the transformation of ecological awareness 
and behavioural orientation among teachers and 
students. Prior to the intervention, waste 
management practices within the school 
environment primarily involved burning or 
burying organic residues, reflecting disposal-

based habits rather than sustainability-driven 
decision-making. Such practices are widely 
reported in community-based waste systems and 
are associated with air pollution, greenhouse gas 
emissions, and inefficient biomass utilisation 
(Taufik & Maulana, 2015; Yudistirani et al., 
2015). These conventional approaches indicate 
limited integration of environmental literacy into 
institutional routines. 

The P4-E intervention repositioned waste 
management from a reactive disposal mechanism 
into a proactive environmental stewardship 
practice. During the implementation process, 
participants were encouraged to analyse the 
ecological consequences of burning organic waste 
and to compare such practices with circular 
resource management models. This comparative 
reflection process contributed to a cognitive shift 
in understanding waste as a recyclable resource 
rather than as an environmental burden. Studies on 
community empowerment through waste 
utilisation demonstrate that participatory 
environmental engagement significantly enhances 
awareness and responsibility (Aini et al., 2020). In 
this programme, awareness was reinforced 
through direct involvement in compost production 
cycles, enabling participants to witness tangible 
environmental benefits. 

Observational findings during and after 
implementation revealed increased initiative in 
systematic waste segregation. Teachers and 
students independently collected dry leaves, food 
remnants, and biodegradable materials for 
compost input. The emergence of voluntary 
participation indicated that ecological literacy 
extended beyond conceptual comprehension into 
habitual behaviour. Similar empowerment-based 
environmental interventions emphasise that 
sustained behavioural change occurs when 
individuals experience visible outcomes of their 
actions (Rosmala et al., 2020). Through the 
composting process, participants observed the 
transformation of organic waste into usable 
fertiliser, reinforcing environmental 
accountability through experiential feedback. 

The formation of an eco-school team 
represented a structural milestone in 
institutionalising ecological responsibility. This 
initiative signified a transition from individual-
level awareness to collective environmental 
governance. Instead of depending on continuous 
external supervision, teachers and students 
collaboratively established waste collection 
schedules, monitoring procedures, and compost 
management routines. Such institutional 
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integration aligns with greenpreneurship-oriented 
empowerment frameworks, where environmental 
innovation becomes embedded within 
organisational culture (Qa et al., 2015; Jain et al., 
2024). Institutionalisation strengthens 
sustainability because behavioural norms are 
codified into school practices rather than 
remaining informal initiatives. 

The transformation process also resonates with 
research on environmental biotechnology 
adoption, where repeated engagement with 
microbial fermentation processes fosters deeper 
ecological appreciation (Sutrisno et al., 2020; 
Mardiyono et al., 2024). By understanding 
microbial roles in decomposition, participants 
developed a scientific appreciation for ecosystem 
cycles, reinforcing responsible waste handling. 
The integration of biological principles into daily 
routines supports the development of eco-centric 
perspectives that extend beyond compliance 
toward intrinsic motivation. 

Importantly, the cyclical structure of the P4-E 
approach contributed to behavioural 
reinforcement. The evaluation stage facilitated 
reflection sessions in which participants assessed 
compost quality, environmental cleanliness, and 
programme continuity. Reflection and feedback 
mechanisms are critical in sustaining behavioural 
change, as they prevent interventions from 
becoming symbolic or short-term events. 
Research on sustainable entrepreneurial 
ecosystems emphasises the importance of iterative 
evaluation in strengthening long-term 
environmental commitment (Azizan et al., 2026). 
Within the school context, evaluation discussions 
encouraged adaptive improvements and 
reinforced collective ownership of environmental 
practices. 

Furthermore, the behavioural shift 
demonstrated alignment between ecological 
responsibility and economic reasoning. When 
participants recognised that compost production 
could generate potential revenue, environmental 
stewardship gained practical relevance. This 
integration supports findings that entrepreneurial 
motivation enhances the sustainability of 
environmentally oriented initiatives (Ardiyanti, 
2019). By linking ecological action with 
productive opportunity, the programme reduced 
the likelihood of regression to disposal-based 
habits. 

Ecological attitude transformation in this 
programme was not limited to increased 
awareness but manifested in structured 
behavioural adaptation and institutional 

governance. The P4-E model functioned as a 
reinforcement mechanism that connected 
environmental literacy, participatory engagement, 
and entrepreneurial orientation within a 
continuous empowerment cycle. Through 
repeated practice, reflective evaluation, and 
organisational embedding, ecological 
responsibility evolved from an externally 
facilitated initiative into an internally sustained 
school culture. 

Entrepreneurial Capacity and Market 
Orientation Development 

A distinctive contribution of the P4-E 
programme lies in its deliberate integration of 
entrepreneurship within environmental education. 
Compost production was conceptualised not 
merely as an ecological remediation activity but as 
a viable micro-enterprise model embedded within 
the school ecosystem. This repositioning 
transformed environmental action into productive 
economic engagement. Rather than stopping at 
technical mastery of EM-4 biofermentation, the 
programme extended into structured 
entrepreneurial training designed to cultivate 
market awareness, financial literacy, and 
innovation capacity. 

The marketing stage introduced participants to 
digital promotion strategies using widely 
accessible social media platforms such as 
Instagram and Facebook. Approximately seventy 
percent of participants successfully created 
promotional accounts dedicated to compost 
products. The development of digital accounts 
marked a significant transition from production-
oriented activity to market-oriented thinking. 
Research on youth entrepreneurship consistently 
emphasises the importance of digital networking 
and platform utilisation in enhancing small-scale 
enterprise visibility (Purnamawati et al., 2021). 
Through digital engagement, participants were 
exposed to concepts of branding, audience 
targeting, and content strategy, strengthening their 
understanding of consumer behaviour and market 
positioning. 

Packaging design sessions further reinforced 
entrepreneurial creativity. Participants 
collaboratively developed product labels, selected 
brand names, and considered visual identity 
elements to increase product attractiveness. Such 
design-oriented thinking aligns with business 
incubation models that emphasise innovation and 
product differentiation as key determinants of 
entrepreneurial sustainability (Komara & 
Setiawan, 2020). By engaging teachers and 



Subali et al | Journal of Community Empowerment 5 (2) (2025): 130-139 

135 
 

students in branding discussions, the programme 
cultivated ownership and product identity, moving 
beyond generic compost packaging toward value-
added presentation. 

Financial literacy components were also 
embedded within the empowerment cycle. 
Participants were trained to calculate production 
costs, including raw material preparation, 
fermentation inputs, packaging materials, and 
labour estimation. They were introduced to basic 
pricing strategies, including cost-plus calculation 
and competitive price comparison. Exposure to 
cost accounting principles resonates with research 
indicating that entrepreneurial motivation and 
financial management competence significantly 
influence business success (Ardiyanti, 2019). The 
ability to determine selling prices based on cost 
structure enhanced participants’ economic 
reasoning and reduced reliance on arbitrary 
pricing decisions. 

The integration of entrepreneurial capacity into 
environmental education reflects broader 
greenpreneurship frameworks that advocate 
linking ecological innovation with economic 
viability (Qa et al., 2015; Jain et al., 2024). 
Greenpreneurship is not solely about 
environmental concern but about creating 
sustainable business models that address 
ecological challenges. In this programme, 
compost production functioned as an entry point 
for demonstrating how waste conversion can 
generate economic opportunity. By situating 

entrepreneurship within environmental 
stewardship, the initiative fostered a mindset that 
sustainability and profitability are not mutually 
exclusive but mutually reinforcing. 

Figure 2 illustrates interactive mentoring 
sessions involving lecturers, teachers, and 
students. The image captures collaborative 
discussion dynamics that combined scientific 
explanation with business planning dialogue. 
These sessions facilitated knowledge transfer 
across disciplinary domains—environmental 
science and entrepreneurship—within a single 
empowerment framework. The mentoring process 
encouraged participants to critically reflect on 
market potential, customer segments, and 
promotional tactics. Such integrative dialogue 
differentiates the P4-E model from conventional 
composting workshops that focus solely on 
technical production without addressing market 
integration. 

The entrepreneurial orientation cultivated 
through this programme also aligns with 
sustainable tourism and community-based green 
enterprise models that emphasise innovation, 
networking, and adaptive strategy (Azizan et al., 
2026). Although the school context differs from 
commercial tourism settings, the underlying 
principle of environmental value creation remains 
consistent. Participants learned to view compost 
not merely as fertiliser but as a branded, 
marketable eco-product capable of contributing to 
local sustainability initiatives. 

 
Figure 2. Implementation of the community service programme involving science teachers and 

students from SMP Negeri 1 Slawi, Tegal Regency, facilitated by the UNNES LPPM team 
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Importantly, embedding entrepreneurship 
within the P4-E cycle enhanced programme 
sustainability. Economic incentive structures 
increased participants’ commitment to 
maintaining production continuity. When 
environmental action produces tangible economic 
outcomes, behavioural persistence becomes more 
likely. This linkage strengthens institutional 
adoption and reduces the risk of programme 
stagnation. Thus, entrepreneurial capacity 
development did not function as an auxiliary 
component but as a strategic pillar that ensured 
long-term viability of school-based organic waste 
innovation (Danapriatna et al., 2023; Hastuti et al., 
2022; Suratno et al., 2020; Yudistirani et al., 
2015). 

The integration of digital literacy, financial 
calculation, branding strategy, and market 
orientation transformed composting activities into 
a structured greenpreneurship incubation process. 
The P4-E approach facilitated this transformation 
by sequencing technical mastery before economic 
engagement and reinforcing learning through 
reflective evaluation. Within this framework, 
environmental education evolved into economic 
agency, positioning the school as a micro-
laboratory for sustainable enterprise development. 

Integration of Science Learning and 
Entrepreneurial Education 

One of the most significant outcomes of the 
intervention was the integration of scientific 
learning principles with entrepreneurial practice. 
Compost production served as a contextual 
medium for understanding ecological cycles, 
decomposition processes, and nutrient recycling. 
Simultaneously, product packaging and marketing 
fostered economic reasoning and financial 
literacy. 

This dual integration supports the 
conceptualisation of schools as living laboratories. 
Within this framework, environmental education 
transcends textbook instruction and becomes 
embedded in productive activity. Students engage 
with authentic problems, including waste 
accumulation, resource management, and product 
distribution. Such experiential learning 
strengthens cognitive retention and fosters critical 
thinking (Azizan et al., 2026; Jain et al., 2024; 
Komara & Setiawan, 2020; Waseem et al., 2024) 

The P4-E model operationalises this 
integration through sequential empowerment 
stages. Training establishes knowledge 
foundations. Practice ensures experiential 
internalisation. Marketing introduces economic 

orientation. Evaluation consolidates 
sustainability. This structured cycle reduces the 
risk of fragmented intervention and enhances 
long-term adoption. 

Participatory Empowerment Dynamics 
The participatory design of the programme 

significantly influenced its outcomes. Rather than 
positioning teachers and students as passive 
recipients, the intervention encouraged active 
decision-making and collaborative problem-
solving. Participants contributed ideas regarding 
packaging design, pricing strategies, and waste 
collection scheduling. 

This empowerment dynamic aligns with 
community-based development principles that 
prioritise ownership and collective responsibility. 
The emergence of initiative in forming an eco-
school team demonstrates internal motivation 
rather than externally imposed compliance 
(Sutrisno et al., 2020; Yuniwati et al., 2012; 
Zulkarnain et al., 2024; Aini et al., 2020). 

The participatory dimension also strengthened 
social cohesion. Collaboration between teachers 
and students reduced hierarchical barriers and 
promoted cooperative learning environments. 
Such relational strengthening constitutes an 
intangible yet critical outcome of empowerment 
programmes. 

Contribution to Sustainable Development 
Goals 

The programme contributes to SDG 4 by 
enhancing environmental literacy and integrating 
contextual science learning. SDG 8 is addressed 
through entrepreneurial skill development and 
micro-enterprise simulation. SDG 12 is 
operationalised through responsible waste 
management and resource recycling. SDG 13 is 
supported by reducing environmentally harmful 
waste disposal practices (Ardiyanti, 2019; Nur et 
al., 2016; Subali et al., 2025). 

Unlike symbolic alignment with SDGs, the 
intervention translated sustainability objectives 
into actionable school practices. The 
institutionalisation of composting routines and 
digital marketing initiatives demonstrates 
practical implementation rather than rhetorical 
commitment. 

Challenges and Model Refinement 
Despite positive outcomes, several challenges 

emerged. Variations in participants’ 
comprehension levels required adaptive 
mentoring strategies. Limited time for follow-up 
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supervision constrained deeper economic 
evaluation. Infrastructure disparities among 
schools may affect replicability (Nugroho et al., 
2020; Nurjuwita et al., 2020; Rosmala et al., 2020; 
Taufik & Maulana, 2015). 

These limitations indicate areas for model 
refinement. Future implementation should 
incorporate extended mentoring periods, 
structured monitoring instruments, and 
comparative cross-school application. 
Strengthening evaluation metrics will enhance 
empirical robustness. 

Implications of the P4-E Model 
The findings suggest that the P4-E approach 

functions as an integrative empowerment 
framework capable of linking environmental 
education, scientific practice, and entrepreneurial 
development. Its cyclical structure supports 
knowledge acquisition, experiential application, 
economic translation, and sustainability 
assessment (Mardiyono et al., 2024; Qa et al., 
2015; Subali et al., 2024). 

This model extends beyond composting as a 
technical intervention. It proposes a structured 
pathway for transforming ecological awareness 
into productive green entrepreneurship. As such, 
the P4-E approach contributes to the literature on 
participatory environmental education and school-
based innovation models. 

Sustainability and Replicability Potential 
The establishment of internal eco-school 

governance structures enhances sustainability. 
The ability to produce marketable compost 
products creates economic incentives for 
continuity. Digital promotion platforms expand 
outreach potential (Kamaruddin & Laining, 2020; 
Purnamawati et al., 2021; Sunarya et al., 2020). 

The model demonstrates replicability potential 
in schools with similar environmental challenges. 
With contextual adaptation, the P4-E framework 
may serve as a scalable strategy for integrating 
waste management and entrepreneurship 
education across educational institutions. 

CONCLUSION 

The implementation of school-based organic 
waste management through EM-4 biofermentation 
demonstrated that technical composting skills, 
ecological awareness, and entrepreneurial 

capacity can be developed simultaneously within 
a structured empowerment framework. The P4-E 
approach (Training, Practice Implementation, 
Marketing, and Evaluation) functioned as an 
integrative participatory model that systematically 
linked scientific understanding, experiential 
environmental practice, and market-oriented 
competence. The findings indicate that waste 
management activities can operate as contextual 
learning platforms that generate ecological 
responsibility, strengthen collaborative school 
governance, and stimulate greenpreneurship 
among teachers and students. A key strength of the 
programme lies in the integration of technical 
biofermentation processes with digital marketing 
and cost-calculation skills, enabling 
environmental initiatives to acquire economic 
relevance and sustainability potential. However, 
the absence of longitudinal economic 
measurement and extended mentoring limits the 
assessment of long-term entrepreneurial impact. 
For broader scalability, continuous supervision, 
structured impact evaluation instruments, and 
cross-school replication are recommended. Future 
community service and research initiatives should 
focus on developing derivative biofermentation-
based products, strengthening financial 
performance assessment models, and embedding 
greenpreneurship within formal curriculum 
structures aligned with the Sustainable 
Development Goals (SDGs), thereby 
institutionalising environmentally responsible and 
economically productive practices within the 
education sector. 
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