Community Empowerment in the Management of Inorganic Waste through a Waste Bank Program in Muliawan Hamlet, Tegal Kertha Village, West Denpasar District, Denpasar
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Abstract
Aim: This study aimed to enhance community capacity in inorganic waste management through optimizing the Waste Bank program in Muliawan Hamlet, Tegal Kertha Village, West Denpasar, addressing high volumes of non-biodegradable waste.​
Study Design and Method: Employing a community service approach, the intervention included field observations, Waste Bank coordination, 3R (Reduce, Reuse, Recycle) socialization, technical training on waste-to-product conversion, and focus group discussions (FGDs) for operational planning. Participants comprised Waste Bank members, village officials, and university teams.​
Results and Discussion: Participants gained knowledge of 3R principles and skills to produce marketable prototypes like handicrafts and plant pots, fostering entrepreneurial mindsets. Institutional strengthening via AD/ART, role clarification, and financial systems reduced landfill waste, boosted participation, and initiated income generation, aligning with circular economy models.​
Conclusion: The program demonstrates Waste Banks as effective for sustainable waste management and economic empowerment, recommending ongoing partnerships for scalability.
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INTRODUCTION
Tegal Kertha Village is one of the villages located in West Denpasar District, Denpasar City, Bali Province, Indonesia. As of 2016, the population of Tegal Kertha Village reached 21,663 inhabitants, comprising 10,769 males and 10,894 females, with a corresponding sex ratio. The area of Tegal Kertha Village is predominantly residential in nature. Historically, Tegal Kertha Village was known as the “Perumnas Monang Maning” residential area. This housing complex was formerly part of Pemecutan Subdistrict, West Denpasar District, Denpasar City. (Lailatul Fitria, 2021)
The low productivity of agricultural land, primarily due to frequent seasonal flooding at the time, prompted the government to develop housing facilities for low- and middle-income communities. The Perumnas Monang Maning residential area was established by the Badung Regency Government in 1982, covering approximately 48 hectares. Several types of housing units were constructed, including type D.15, type D.21, and type D.25, distributed across 10 residential blocks. (Hidayat, T. B. W., Punia, I. N., & Kebayantini, 2019)
 The residential area began to be gradually occupied by residents in 1983. At that time, administrative processes under the civil registry office were still managed by Pemecutan Subdistrict, which was slated for territorial expansion. The provisional Tegal Kertha Village initially comprised five blocks, each functioning as a banjar or hamlet.
The rapid population growth in Denpasar City led to territorial expansion, resulting in the incorporation of three new hamlets into Tegal Kertha Village in early 2001: Mertha Gangga Hamlet, Manut Negara Hamlet, and Graha Santi Hamlet. Consequently, Tegal Kertha Village now comprises eight administrative banjar or hamlets: Tegal Wangi, Bhuana Asri, Muliawan, Bhuana Sari, and Panca Kertha, along with the three newly incorporated hamlets. Given the continuing increase in population, the Perumnas Monang Maning residential area was proposed for administrative subdivision by the Pemecutan Subdistrict government. (Sukerti, N. L. G., Sudarma, I. M., & Pujaastawa, 2019) 
Tegal Kertha Village is situated in the heart of Denpasar City and is known for its high level of activity and dense traffic, driven by economic, socio-cultural, and other community engagements. The area offers convenient access to a wide range of goods and services. However, the intensity of community activities inevitably generates certain consequences arising from these activities (Wardiha, M. W., Putri, P. S., Setyawati, L. M., & Muhajirin, 2019)
In Tegal Kertha Village, waste has emerged as both a social and environmental problem, carrying inherent negative impacts. Without prompt and effective management, these adverse effects are likely to intensify and potentially spread. The local authorities have provided a final disposal site and deployed personnel tasked with routinely collecting waste through door-to-door services across the community. (Udayana, I. N. Y. A., Utama, I. M. A., & Suardita, 2019)
In Tegal Kertha Village, particularly in Muliawan Hamlet, inorganic waste poses a significant challenge as it is a type of waste that cannot decompose naturally in the soil. Such waste often requires an extended period—sometimes up to several hundred years—to break down. The persistent nature of inorganic waste decomposition contributes to various environmental problems, especially given that waste generation continues to increase annually.(Darmayana, K. J., & Kartika, 2020)
	Inorganic waste refers to non-biodegradable materials, such as plastic food packaging, paper, plastic toys, beverage bottles and cups, cans, wood, and similar items. As a community, it is essential to cultivate the habit of segregating and selecting waste, followed by repurposing it into more valuable products, thereby contributing to the reduction of non-degradable waste.. (Budha, I. K., Wahyuni, P. I., & Aryastana, 2020)
The prevailing public paradigm regarding waste management has largely been limited to dis posing of waste at designated disposal sites. An alternative practice has been the incineration of waste, while the most detrimental approach involves dumping waste into rivers, which has severe environmental consequences. Therefore, communities must be provided with positive and practical alternatives for managing waste. The government has promoted popular waste management principles, namely reduce, reuse, and recycle. (Agung, I. G. B. N. P., & Haes, 2020)
An alternative approach involves processing inorganic waste into useful items for daily life (Manurung, P., Herdioko, J., & Panjaitan, 2024). In Muliawan Hamlet, located in Tegal Kertha Village, West Denpasar, a Waste Bank group has been established since 2017. However, its effectiveness in converting inorganic waste into economically valuable products remains limited. The Waste Bank group in Muliawan Hamlet faces challenges that necessitate training and mentoring to enhance the empowerment of inorganic waste management.
Given the current situation, a key issue arises: how is inorganic waste being managed by the Waste Bank in Muliawan Hamlet, Tegal Kertha Village, West Denpasar, in its efforts to create a clean and comfortable environment?

METHODOLOGY
The activities began with an initial observation in the Muliawan Hamlet area of Tegal Kertha Village, West Denpasar, to gather relevant information. Subsequently, coordination was carried out with the Muliawan Hamlet Waste Bank group to arrange the outreach program. After coordination, representatives from the Waste Bank group were informed about the objectives and purpose of the outreach activities.
The event was attended by the Perbekel (village head) and village officials, along with the Community Service Team from the Faculty of Law, Warmadewa University, two university students, and five members of the Waste Bank group. The target audience for this community service activity consisted of the administrators and members of the Waste Bank group in Tegal Kertha Village, West Denpasar District, Denpasar City.

RESULTS AND DISCUSION
The Community Service Program conducted in Dusun Muliawan, Tegal Kertha Village, West Denpasar, aimed at strengthening the capacity of Waste Bank management and members in inorganic waste management, produced several notable outcomes. Participants gained comprehensive knowledge concerning the concepts, functions, and operational management of a Waste Bank, including the core principles of the 3R framework (Reduce, Reuse, Recycle) and the environmental implications of inorganic waste accumulation (Sukaris et al., 2023). This educational intervention fostered a heightened collective awareness within the community, encouraging responsible waste management practices and the transformation of waste materials into value-added products.
Waste management poses significant challenges for many countries due to the diversity and hazardous nature of waste types that threaten ecosystems. Beyond plastic waste, other categories such as hazardous medical waste and electronic waste contribute substantially to environmental degradation and ecological harm. (Winarto, 2016)
Hazardous medical waste, notably infectious and chemical-laden hospital refuse, presents distinct environmental threats. When medical waste is not securely disposed of, it introduces harmful chemicals such as mercury, lead, and pharmaceuticals into soil and water systems, disrupting ecosystems and reducing biodiversity. This contamination affects not only flora and fauna but also human populations relying on agriculture or natural resources adjacent to disposal sites, increasing public health risks, notably in residential areas near health facilities(Mugadza, 1996) . 
Electronic waste (e-waste) is another critical contributor to environmental degradation, characterized by the disposal of devices containing toxic heavy metals like lead, mercury, and cadmium. Improper e-waste handling leads to the release of these pollutants into the environment, contaminating soil, water, and air, which adversely impacts human health and biodiversity. Studies emphasize that informal recycling and open dumping of e-waste significantly elevate risks, such as neurological impairments and respiratory problems in affected communities, while also promoting long-term ecosystem damage through bioaccumulation and habitat degradation (Zhou XY, Lei K, 2017).
The diversity of waste types deepens the complexity of effective waste management strategies (Ghasemi Ghodrat, A., Tabatabaei, M., Aghbashlo, M., & Mussatto, 2018). Each type—organic, plastic, hazardous, and electronic—requires tailored approaches due to their unique physical and chemical characteristics, degradation processes, and potential environmental impacts. For example, plastics are persistent pollutants that fragment into microplastics, harming aquatic and terrestrial wildlife, while organic wastes contribute methane emissions if not composted properly. A comprehensive waste management framework must integrate public education, infrastructure development, and regulatory oversight to address these multifaceted issues sustainably (Dhar, H., Kumar, S., & Kumar, 2017).
Addressing the environmental threat posed by plastic waste, specifically within e-waste streams, demands nuanced eco-design and recycling measures. Recent case studies highlight how product disassembly improvements and polymer marking can enhance recycling efficacy, yet challenges remain due to the complexity of plastic additives and the prevalence of informal processing (Erdle, L. M., & Eriksen, 2023). Optimizing recycling processes and tightening regulations can reduce pollutant release and improve resource recovery, helping to mitigate the long-term ecological footprint of electronic and plastic wastes.
Participants received comprehensive technical training focused on converting inorganic waste into economically valuable products, including handicrafts, plant pots, recycled bags, and other innovative items. During the training sessions, several prototypes of these processed products were developed, demonstrating potential for further refinement and market commercialization. This hands-on approach not only enhanced participants’ practical skills but also nurtured creativity and entrepreneurial thinking within the community.
The hands-on approach to training emphasized not only skill acquisition but also entrepreneurial thinking among participants, encouraging them to perceive waste as a resource with economic potential rather than a mere disposal issue. This mindset shift is crucial for fostering sustainable community-based waste management practices and aligns with broader circular economy principles. As reported in similar community training programs, such empowerment can contribute to improved livelihoods while promoting environmental stewardship(Juliana, 2021).
Moreover, the creation of prototypes during the training sessions served as tangible proof of concept that could be refined and tailored to local market preferences. This iterative process of product development is essential for enhancing product quality and functionality, which directly impacts market acceptance and scalability. Studies indicate that participatory product development not only increases technical skills but also boosts community confidence and commitment to sustainable waste reuse initiatives (Syarif & Puspitasari, 2023).
Finally, the comprehensive technical training embedded within a broader waste management framework provides a replicable model for other communities aiming to address inorganic waste challenges through innovation and entrepreneurship. The combination of skill development, creativity nurturing, and market-oriented product refinement contributes to building resilient community economies linked to sustainable environmental management (Agatha et al., 2024)
The drafting of the Articles of Association and Bylaws (AD/ART) established a formal operational framework for the Waste Bank group, providing clear guidelines on governance, roles, and responsibilities. This formalization fostered transparency and accountability, which are critical for sustaining community-based organizations. Strengthening the managerial capacity of the Waste Bank leadership was a priority, with targeted training in administration, financial record-keeping, and distribution management of processed waste products (Agung, I. G. B. N. P., & Haes, 2020). Such capacity building enhances organisational resilience and operational effectiveness.
Inorganic waste management demands not only technical capacity but also robust organisational structures (Ridwan & Wijaya, 2024). Research indicates that groups with formalised governance and financial procedures tend to sustain their initiatives longer and achieve higher socio-environmental impact. The Waste Bank's internal regulations helped clarify operational workflows and delineated member roles in waste collection, segregation, processing, and marketing, reducing inefficiencies and promoting teamwork.
Moreover, the program fostered greater community engagement by demonstrating tangible economic benefits from waste processing activities. The development of marketable products from inorganic waste aligns with principles of the circular economy, turning waste streams into resources and generating income opportunities at the grassroots level (Budha, I. K., Wahyuni, P. I., & Aryastana, 2020). Early commercialisation of product prototypes not only incentivised participation but also contributed to local livelihoods, signalling a promising path toward sustainable social entrepreneurship.
Finally, the Waste Bank’s strengthened institutional capacity has facilitated partnerships with local government bodies and academic institutions, ensuring ongoing mentorship and resource support. Collaborative networks are essential for scaling waste management programs beyond pilot phases and enhancing policy integration (Lailatul Fitria, 2021). Continued institutional engagement is expected to professionalize the Waste Bank operations further, expand market access for recycled products, and amplify environmental benefits
Evaluation results indicate an increase in the active participation of Waste Bank members compared to the pre-program period. The community has begun adopting household-level waste segregation before depositing it at the Waste Bank. The Dusun Muliawan Waste Bank now has a clearer strategic direction to enhance economic benefits while maintaining environmental sustainability.
Beyond these primary achievements, the program has successfully encouraged a shift in community perceptions toward waste, particularly inorganic waste (Adii, A., Lekitoo, M. N., & Lisangan, 2022). Before the program, most residents regarded inorganic waste merely as useless refuse. Following socialization and training activities, many have begun to recognize waste as a resource that can be transformed into useful items, providing economic value.
The program also fostered stronger internal coordination among the Waste Bank’s management team. Through focus group discussions (FGDs) and mentoring sessions, each member’s role in waste collection, segregation, processing, and product marketing has become more clearly defined. This structured workflow is expected to minimise operational challenges that previously arose from ineffective task allocation.
Furthermore, the application of participatory tools like focus group discussions (FGDs) and tailored mentoring sessions created an inclusive environment for knowledge exchange and continuous learning. This engagement mechanism not only consolidated individual competencies but also nurtured a culture of collaborative problem-solving. Such an approach aligns with contemporary organizational behavior theories, which emphasize the importance of communication and social interaction in enhancing team performance (Salas et al., 2015).
The establishment of a structured workflow within the Waste Bank also contributed to the standardization of operational procedures, facilitating scalability and replicability. This systematic process design mitigates risks linked to ad hoc management practices, thereby supporting sustainable waste management operations. Additionally, clearly defined workflows are critical in adapting to evolving market demands for recycled products, enabling strategic alignment between operational tasks and market outreach initiatives(Kumar et al., 2020).
Importantly, the program’s interventions extended beyond process optimization by strengthening strategic capacities in marketing and stakeholder engagement. The enhanced clarity in roles empowered team members to innovate product positioning and customer engagement strategies, which are pivotal in advancing the circular economy objectives embedded within waste bank operations. These improvements underscore the relevance of integrated capacity building as an effective tool for promoting sustainability transitions in community-based environmental initiatives(Geels, 2018).
From an economic perspective, the program has begun to show potential for additional income for Waste Bank members  (Widiana, I. N. W., & N. Marhaeni, n.d.). Processed products such as plant pots made from used bottles, plastic-based handicrafts, and bags from used packaging have started to gain interest among residents. Although current sales remain small in scale, this marks an important initial step toward waste management that incorporates social entrepreneurship, thereby contributing to the improvement of members’ household welfare.
Equally important, the program has brought about positive environmental impacts in Dusun Muliawan. With more residents segregating waste at the household level and delivering it to the Waste Bank, the volume of waste sent to the landfill (TPA) has been reduced. This contributes to a cleaner environment, lowers pollution risks, and fosters a healthier and more pleasant living environment for the community.
         After conducting both theoretical and practical mentoring sessions as well as Focus Group Discussions (FGDs), participants gained additional knowledge, and this training can improve participants' knowledge(Nurika, G., Putra, D. N. G. W. M., Niajeng Novta Dwi Nafisah, 2020). If this knowledge is further developed, it has the potential to enhance and improve the performance of the Dusun Muliawan Waste Bank Group in Tegal Kertha Village.

CONCLUSION
The community service program in Muliawan Hamlet successfully empowered residents through the Waste Bank initiative, transforming inorganic waste management from a persistent environmental challenge into a sustainable economic opportunity. By integrating 3R principles, hands-on technical training, and institutional strengthening via AD/ART development, the intervention enhanced participants' knowledge, skills, and entrepreneurial capacities, leading to prototype production, reduced landfill waste, and nascent income generation from recycled products.​ These outcomes underscore the efficacy of participatory approaches in fostering behavioral shifts, such as household segregation and role clarification within the Waste Bank team, which minimized operational inefficiencies and promoted collaborative governance. The program's replicability is evident in its alignment with broader Waste Bank models across Indonesia, where community engagement yields both ecological benefits and livelihood improvements.​ For sustained impact, ongoing collaborations with local government and academia are recommended to scale market access for recycled goods and refine financial systems. Future initiatives should prioritize longitudinal monitoring to quantify long-term reductions in waste volumes and economic returns, ensuring the model's adaptability to similar urban-rural interfaces. This study affirms Waste Banks as a scalable strategy for circular economy transitions in densely populated areas like Denpasar.
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