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 Nusa Dua, a prominent tourist destination, grapples with the 

multifaceted challenge of seaweed waste accumulation. Through a 

qualitative approach anchored in extensive literature review and 

observational data, this study delves into the environmental implications 

and the latent opportunities that seaweed waste presents. The research 

reveals significant potential repercussions ranging from ecological 

disturbances to potential economic downturns linked to reduced tourist 

appeal. However, it also uncovers various recycling possibilities, 

including biofuel production and sustainable packaging, offering viable 

solutions to the problem. This paper underscores the necessity of 

collaborative action, innovative policies, and community engagement to 

transform Nusa Dua's seaweed waste challenge from an environmental 

concern into an opportunity for sustainable development. 

 

1.  Introduction 

Coastal regions bolster economies through tourism, fisheries, and marine commerce [1]–[3]. With its 

expansive archipelago, Indonesia is no exception [4], [5]. The Nusa Dua area, renowned for its scenic 

beauty and cultural significance, represents one coveted coastal destination [6]. However, as with many 

similar locales, it grapples with the perennial issue of waste management. The surge of seaweed waste, 

deposited recurrently on its shores due to seasonal winds, has accentuated this challenge. Seaweeds, 

primarily regarded as marine macroalgae, are a pivotal component of marine ecosystems, providing a 

habitat and food source for numerous marine species [7], [8]. When these seaweeds get detached and 

accumulate on the shores, they transform from being a boon to a bane. Such accumulation not only mars 

the aesthetic appeal of coastal regions but also poses substantial ecological threats, impacting marine 

biodiversity and potentially disrupting local fisheries. Moreover, with global tourist paradigms shifting 

towards eco-tourism, a destination's environmental cleanliness and sustainability significantly influence 

its attractiveness [9]. Consequently, places like Nusa Dua, which have an intertwined economic 

dependency on tourism, find themselves at an intersection of ecological responsibility and economic 

distress. 

 

While conventional clean-up initiatives, such as beach cleaning drives, offer reprieve, they aren't holistic 

solutions. They address the symptom rather than the root cause. The hour needs to transition from 

reactive measures to proactive solutions. Recycling emerges as one such potential solution. Recycling 

not only aids in managing seaweed waste but also in converting it into valuable resources, be it biofuels, 

fertilizers, or even food additives. In light of these considerations, this study was conceptualized with a 

twofold objective: to understand the magnitude of the seaweed waste challenge in Nusa Dua and to 

explore the viability of recycling as a sustainable solution. By weaving together field observations, 

stakeholder inputs, and scientific analyses, the study endeavors to provide a comprehensive overview 

of the current scenario and pave the way for informed policy decisions. 
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While seaweed is recognized globally for its ecological importance and economic potential, the rapid 

accumulation of seaweed waste in coastal areas [10], especially in regions like Nusa Dua, is a 

burgeoning concern that has not been adequately addressed. Past studies have extensively documented 

the ecological roles of seaweeds, their uses in various industries, and the challenges posed by seaweed 

blooms in certain areas [11], [12]. However, a conspicuous gap exists in understanding how to manage 

and harness the potential of seaweed waste that is seasonally washed ashore. Most extant literature offers 

a fragmented understanding. While some studies underscore the detrimental effects of unchecked 

seaweed waste on tourism and marine ecology, others discuss potential recycling and processing 

methods in isolation without considering their local feasibility or socio-economic implications. The 

challenge is ecological and socio-economic, as regions like Nusa Dua rely heavily on tourism. 

Moreover, there's a noticeable absence of comprehensive studies that consider both the problem and its 

potential solutions, particularly in the context of Indonesian coastal regions. 

 

In light of the identified gaps, this study aims to provide a holistic understanding of the seaweed waste 

challenge in Nusa Dua, integrating its ecological and socio-economic dimensions. Based on the findings, 

to propose actionable policy recommendations that can guide sustainable and proactive management of 

seaweed waste, ensuring that Nusa Dua's ecological integrity and economic vitality coexist 

harmoniously. 

 

2.  Methodology 

In the pursuit of deciphering the challenges and opportunities linked to seaweed waste in Nusa Dua, a 

qualitative research strategy was chosen, rooted deeply in an expansive literature review and the 

acquisition of observational data. This strategic blend allowed us to dive deep into the existing body of 

knowledge on seaweed waste and juxtaposed it with ground realities, presenting a comprehensive image 

of the situation. 

 

Central to this methodology was the literature review. A meticulous scan of diverse sources was 

conducted, ranging from peer-reviewed scientific journals to government documentation and industry-

centric publications to other pertinent materials that shed light on seaweed waste, its environmental and 

socio-economic ramifications, and the potential avenues for recycling and repurposing it. Before any 

new insights could be extracted, it was essential to understand the landscape of existing research. This 

meant exploring the methodologies employed by previous researchers, absorbing their findings, and 

gauging the conclusions they reached. With the literature as our compass, the next phase was analyzing 

it. Every piece of literature was dissected systematically to uncover recurrent patterns, divergent 

methodologies, consistent conclusions, and noticeable research gaps. This rigorous analysis clearly 

showed where the current understanding stood and how our observational data could contribute and fit 

within this pre-established framework. 

 

Subsequently, the collated themes and insights, derived from the literature and the observational data, 

underwent a synthesis process. This integration of insights was pivotal in arriving at concrete 

conclusions, discerning interrelations among various findings, and formulating informed 

recommendations grounded in research and validated by on-ground observations. Through this 

methodology, we aimed to bring forth a robust and multifaceted understanding of Nusa Dua's seaweed 

waste problem, mapping out its complexities and pointing toward viable solutions. 

 

3.  Results and discussions  

3.1.  Rescyling Technology 

Seaweed waste, sometimes termed macroalgal residues, is a significant byproduct of the seaweed 

processing industry. As global seaweed cultivation and consumption rise, managing this waste in an 

environmentally friendly manner becomes increasingly crucial. Fortunately, there are numerous 

recycling options for seaweed waste, harnessing its rich biochemical composition and unique properties, 

as shown in Table 1. 

 

 

 



 

Journal of Earth and Marine Technology (JEMT) / ISSN 2723-8105 | 144  

 

Table 1. Seaweed waste recycling options 

No 
Recycling 

option 
Ref Description 

1 
Biogas 

Production 
[13] 

Seaweed waste can be anaerobically digested to produce methane, 

which can be used as a clean energy source. The anaerobic 

digestion of seaweed waste provides energy and reduces the 

volume of waste and its environmental impact. 

2 

Fertilizer and 

Soil 

Conditioners 

[14] 

The mineral-rich composition of seaweed makes it a prime 

candidate for conversion into organic fertilizers and soil 

conditioners. When incorporated into soil, seaweed waste can 

enhance its structure, water-holding capacity, and microbial 

activity, promoting plant growth. 

3 
Aquaculture 

Feed 

[15], 

[16] 

After extracting valuable compounds, the remaining seaweed 

waste can be converted into feed for aquaculture, including fish 

and crustaceans. It's a sustainable feed option because it recycles 

waste and reduces dependence on fish meal, which has 

environmental concerns. 

4 

Cosmetic and 

Pharmaceutical 

Products 

[17], 

[18] 

Seaweed contains various bioactive compounds, including 

antioxidants, peptides, and essential fatty acids. While these are 

extracted and used in primary processes, the residual seaweed 

waste can also be processed to extract smaller amounts for 

cosmetic and pharmaceutical applications. 

5 
Polysaccharide 

Extraction 
[19] 

Seaweed waste contains valuable polysaccharides like agar, 

carrageenan, and alginate. These can be extracted and used in 

various industries, including the food industry as thickeners and 

stabilizers and the pharmaceutical industry for encapsulation 

purposes. 

6 
Biochar 

Production 

[20], 

[21] 

Seaweed waste can be pyrolyzed to produce biochar, a charcoal 

used in soil to enhance its fertility and lock away carbon. This not 

only aids in carbon sequestration but also improves water retention 

and nutrient supply in soils. 

7 
Hydrocolloid 

Recovery 
[22] 

Seaweeds are known to contain hydrocolloids, which have 

extensive applications in the food industry as gelling and 

thickening agents. Residual seaweed waste can be further 

processed to recover these valuable hydrocolloids. 

8 
Pigments and 

Dyes 
[23] 

Seaweeds, particularly red and brown, contain unique pigments 

that can be extracted and used as natural dyes in the textile and 

food industries. 

9 Composting [24] 

If other recycling methods are not viable, seaweed waste can be 

composted. This process transforms the waste into a nutrient-rich 

material that can be returned to the earth to nourish the soil. 

10 
Bioplastic 

Production 

[21], 

[25] 

Emerging research suggests that seaweed waste can be used to 

produce bioplastics. These plastics are biodegradable and reduce 

our dependency on petroleum-based plastics. 

 

Recycling is not just a response to the burgeoning waste crisis but a forward-thinking approach that 

anticipates and addresses environmental and socio-economic challenges [26]–[28]. As communities 

grapple with increasing volumes of waste, particularly in areas with limited landfill space and where 

incineration may contribute to air pollution, recycling is a pivotal tool for waste reduction [29], [30]. 

Beyond merely repurposing trash, recycling conserves invaluable resources, constantly negating the 

necessity to extract and refine raw materials constantly. This spares ecosystems from the invasive 

processes of mining and logging and significantly reduces the energy and water consumption linked to 

new goods production. Manufacturing from recycled constituents, in many instances, demands a fraction 
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of the energy required when starting from scratch with raw materials. This energy-efficient approach 

invariably leads to diminished greenhouse gas emissions, thus playing a pivotal role in our global fight 

against climate change. 

 

Economically, recycling can catalyze the birth of innovative industries, fostering job creation in both 

the recycling and manufacturing sectors. The economic ripple effect can be profound: municipalities 

might find substantial cost savings by elongating the operational lifespan of existing landfill sites and 

diminishing the need for new ones. Beyond the tangible, recycling carries an educative power, serving 

as a touchstone for community awareness. Participating in recycling initiatives makes individuals more 

attuned to their consumption behaviors, fostering a broader environmental conscientiousness. This 

proactive mindset also drives product design innovations, ushering in the era of "cradle-to-cradle" design 

where items are envisioned for both their primary use and their recyclable afterlife. Such a philosophy 

underpins the principles of a circular economy, shifting us away from the linear and wasteful "take, 

make, dispose" paradigm to a more holistic model emphasizing resource longevity. 

 

3.2.  Community Engagement 

If left unmanaged, seaweed waste can accumulate along coastlines and impact marine ecosystems. 

Engaging the community in adaptation and mitigation measures specific to seaweed waste can 

effectively solve this pressing issue. To begin with, it's essential to make communities aware of the scale 

and implications of the seaweed waste problem [26], [31]. Education and awareness campaigns can be 

initiated to highlight the potential economic, environmental, and aesthetic impacts of accumulated 

seaweed on local coastlines [32]. Showcasing the detrimental effects on tourism, marine life, and coastal 

health can be persuasive. Demonstrating the connection between the local livelihoods, especially for 

communities reliant on tourism and fisheries, and a clean coast can incentivize proactive action. 

 

For mitigation, promote seaweed recycling opportunities. Hosting community workshops on converting 

seaweed into valuable products such as biofuel, fertilizers, or animal feed can highlight its potential. 

Training sessions for households on using seaweed as garden compost or creating organic handicrafts 

can also be fruitful. Encouraging local entrepreneurs to explore seaweed-based ventures can turn the 

waste into a resource, creating a circular economy and job opportunities. 

 

Community-led clean-up drives can be organized on the adaptation front, especially during peak 

seaweed accumulation seasons. These initiatives can foster community spirit and pride in maintaining 

pristine coastlines. Moreover, training community members in early detection and reporting of unusual 

seaweed accumulation can aid in timely interventions. Establishing seaweed collection centers, where 

the community can deposit accumulated seaweed, can streamline the recycling process. These centers 

can also act as information hubs, providing resources, tools, and expertise on seaweed waste 

management. Furthermore, to foster sustained community engagement, recognition mechanisms can be 

introduced. Awards or incentives for the most active community members or innovative seaweed-based 

products can maintain enthusiasm. Schools can also play a vital role by incorporating seaweed waste 

management in their curriculum, molding younger generations into environmentally responsible 

citizens. 

 

3.3.  Seaweed waste management 

Seaweed waste management in coastal regions has emerged as a significant environmental challenge, 

which requires comprehensive policies and proactive recycling initiatives. The government is pivotal in 

framing legislation that mandates a strict regimen for seaweed waste management in susceptible areas. 

Instituting regulations that penalize negligent disposal while incentivizing sustainable recycling can lay 

a robust foundational framework. Furthermore, channeling funds into research can uncover innovative 

methodologies that address waste and repurpose [33]–[36] for biofuel production or pharmaceutical 

applications. Creating dedicated seaweed recycling centers with state-of-the-art machinery can 

streamline waste processing, transforming potential pollutants into valuable commodities. 

 

An informed community can act as the first defense against environmental degradation. The government 

can harness local populations' potential to combat seaweed waste effectively by initiating public 
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awareness campaigns and organizing training sessions. Avenues for economic incentives, like tax breaks 

or subsidies, can spur businesses to enter the seaweed recycling domain, which can dualistically benefit 

the environment and provide commercial returns. The holistic approach would necessitate a 

collaborative spirit, binding governmental agencies, NGOs, the private sector, and research entities into 

a cohesive force aiming at sustainable seaweed waste management [26]. 

 

Public-private partnerships can particularly act as catalysts, merging private entities' efficiencies with 

governmental bodies' broad outreach. Furthermore, instilling the significance of seaweed waste 

management in educational curricula can prepare future generations to be better custodians of their 

environment. Finally, with a robust monitoring system in place, the effectiveness of these initiatives can 

be gauged, and timely refinements can be implemented. Through such an integrated approach, seaweed 

waste, often seen as an environmental challenge, can be transformed into an opportunity for ecological 

conservation and economic growth. 

 

4.  Conclusion 

When analyzed through the lens of extensive literature and corroborated with observational insights, the 

seaweed waste challenge in Nusa Dua paints a multifaceted picture. It is evident that while seaweed 

waste poses a significant environmental and aesthetic concern, especially in a region that thrives on 

tourism, it also presents a latent opportunity. By delving deep into the existing body of knowledge, this 

research has highlighted the critical juncture at which Nusa Dua currently stands. The potential 

repercussions of unmanaged seaweed waste are manifold, ranging from ecological disturbances to 

economic losses due to diminished tourist appeal. The research also sheds light on seaweed waste's 

various recycling possibilities, from biofuel production to sustainable packaging alternatives. By 

harnessing these opportunities, not only can the direct challenges of waste be mitigated, but they can 

also be transformed into economically beneficial ventures. 

 

The initiative and proactive stance of various stakeholders in Nusa Dua, especially ITDC and Dinas 

LHK Kabupaten Badung, reflect a community that is conscious of its challenges and is willing to take 

collaborative steps toward resolution. However, these efforts must be backed by robust policies, 

innovation, and consistent community engagement for sustainable and long-term impact. 

 

References 

[1] R. Hafsaridewi, Sulistiono, A. Fahrudin, D. Sutrisno, and S. Koeshendrajana, “Resource 

management in the Karimunjawa Islands, Central Java of Indonesia, through DPSIR approach,” 

AES Bioflux, vol. 10, no. 1, pp. 7–22, 2018. 

[2] F. Chen et al., “Comparison of social-value cognition based on different groups: The case of 

Pulau Payar in Malaysia and Gili Matra in Indonesia,” Ocean Coast. Manag., vol. 173, no. 

February, pp. 1–9, 2019, doi: 10.1016/j.ocecoaman.2019.02.010. 

[3] C.-H. Lee, Y.-J. Chen, Y.-S. Huang, and C.-W. Chen, “Incorporating Integrative Perspectives 

into Impact Reduction Management in a Reef Recreation Area,” Water, vol. 12, no. 1. 2020. doi: 

10.3390/w12010111. 

[4] M. M. Sari et al., “Comparison of Solid Waste Generation During and Before Pandemic Covid-

19 in Indonesia Border Island (Riau Islands Province, Indonesia),” Ecol. Eng. Environ. Technol., 

vol. 24, no. 2, pp. 251–260, 2023, doi: 10.12912/27197050/157170. 

[5] I. Y. Septiariva and I. W. K. Suryawan, “The Effect of the COVID-19 Pandemic on Waste 

Management in the Eastern Tourism Regions of Java and Bali Islands,” Ecol. Eng. Environ. 

Technol., vol. 24, no. 3, pp. 1–9, 2023, [Online]. Available: http://www.ecoeet.com/The-Effect-

of-the-COVID-19-Pandemic-on-Waste-Management-in-the-Eastern-Tourism-

Regions,159430,0,2.html 

[6] R. D. Nugraheni, B. R. Permana, Y. Darmadi, S. C. Sahputra, and N. Susilawati, “Enhancing the 

geological aspect of aesthetic karst and beaches landscape to promote geotourism in Nusa Dua 

and Nusa Penida South Bali,” AIP Conf. Proc., vol. 2363, no. 1, p. 40005, Nov. 2021, doi: 

10.1063/5.0061105. 

[7] R. Anbuchezhian, V. Karuppiah, and Z. Li, “Prospect of Marine Algae for Production of 

Industrially Important Chemicals BT  - Algal Biorefinery: An Integrated Approach,” D. Das, Ed. 



 

Journal of Earth and Marine Technology (JEMT) / ISSN 2723-8105 | 147  

Cham: Springer International Publishing, 2015, pp. 195–217. doi: 10.1007/978-3-319-22813-

6_9. 

[8] A. B. A. Ahmed, M. Adel, P. Karimi, and M. Peidayesh, “Chapter Ten - Pharmaceutical, 

Cosmeceutical, and Traditional Applications of Marine Carbohydrates,” in Marine 

Carbohydrates: Fundamentals and Applications, Part B, vol. 73, S.-K. B. T.-A. in F. and N. R. 

Kim, Ed. Academic Press, 2014, pp. 197–220. doi: https://doi.org/10.1016/B978-0-12-800268-

1.00010-X. 

[9] T. Mihalič, “Environmental management of a tourist destination: A factor of tourism 

competitiveness,” Tour. Manag., vol. 21, no. 1, pp. 65–78, 2000, doi: 

https://doi.org/10.1016/S0261-5177(99)00096-5. 

[10] Y. Yang, Z. Chai, Q. Wang, W. Chen, Z. He, and S. Jiang, “Cultivation of seaweed Gracilaria in 

Chinese coastal waters and its contribution to environmental improvements,” Algal Res., vol. 9, 

pp. 236–244, 2015, doi: https://doi.org/10.1016/j.algal.2015.03.017. 

[11] L. Ktari, L. Chebil Ajjabi, O. De Clerck, J. L. Gómez Pinchetti, and C. Rebours, “Seaweeds as a 

promising resource for blue economy development in Tunisia: current state, opportunities, and 

challenges,” J. Appl. Phycol., vol. 34, no. 1, pp. 489–505, 2022, doi: 10.1007/s10811-021-02579-

w. 

[12] J. K. Kim, C. Yarish, E. K. Hwang, M. Park, and Y. Kim, “Seaweed aquaculture: cultivation 

technologies, challenges and its ecosystem services,” Algae, vol. 32, no. 1, pp. 1–13, Mar. 2017, 

doi: 10.4490/algae.2017.32.3.3. 

[13] G. P. B. Marquez et al., “Seaweed biomass of the Philippines: Sustainable feedstock for biogas 

production,” Renew. Sustain. Energy Rev., vol. 38, pp. 1056–1068, 2014, doi: 

https://doi.org/10.1016/j.rser.2014.07.056. 

[14] B. L. Raghunandan, R. V Vyas, H. K. Patel, and Y. K. Jhala, “Perspectives of Seaweed as 

Organic Fertilizer in Agriculture BT  - Soil Fertility Management for Sustainable Development,” 

D. G. Panpatte and Y. K. Jhala, Eds. Singapore: Springer Singapore, 2019, pp. 267–289. doi: 

10.1007/978-981-13-5904-0_13. 

[15] H. Van Doan, S. H. Hoseinifar, M. Á. Esteban, M. Dadar, and T. T. N. Thu, “Chapter 2 - 

Mushrooms, Seaweed, and Their Derivatives as Functional Feed Additives for Aquaculture: An 

Updated View,” vol. 62, B. T.-S. in N. P. C. Atta-ur-Rahman, Ed. Elsevier, 2019, pp. 41–90. doi: 

https://doi.org/10.1016/B978-0-444-64185-4.00002-2. 

[16] J. Fleurence et al., “What are the prospects for using seaweed in human nutrition and for marine 

animals raised through aquaculture?,” Trends Food Sci. Technol., vol. 27, no. 1, pp. 57–61, 2012, 

doi: https://doi.org/10.1016/j.tifs.2012.03.004. 

[17] M. Mac Monagail and L. Morrison, “The seaweed resources of Ireland: a twenty-first century 

perspective,” J. Appl. Phycol., vol. 32, no. 2, pp. 1287–1300, 2020, doi: 10.1007/s10811-020-

02067-7. 

[18] T. Morais, J. Cotas, D. Pacheco, and L. Pereira, “Seaweeds Compounds: An Ecosustainable 

Source of Cosmetic Ingredients?,” Cosmetics, vol. 8, no. 1. 2021. doi: 

10.3390/cosmetics8010008. 

[19] S. Lomartire and A. M. M. Gonçalves, “Novel Technologies for Seaweed Polysaccharides 

Extraction and Their Use in Food with Therapeutically Applications&mdash;A Review,” Foods, 

vol. 11, no. 17. 2022. doi: 10.3390/foods11172654. 

[20] D. A. Roberts, N. A. Paul, S. A. Dworjanyn, M. I. Bird, and R. de Nys, “Biochar from 

commercially cultivated seaweed for soil amelioration,” Sci. Rep., vol. 5, no. 1, p. 9665, 2015, 

doi: 10.1038/srep09665. 

[21] M. Farghali, I. M. A. Mohamed, A. I. Osman, and D. W. Rooney, “Seaweed for climate 

mitigation, wastewater treatment, bioenergy, bioplastic, biochar, food, pharmaceuticals, and 

cosmetics: a review,” Environ. Chem. Lett., vol. 21, no. 1, pp. 97–152, 2023, doi: 

10.1007/s10311-022-01520-y. 

[22] A. Bordoloi and N. Goosen, “Chapter Eleven - Green and integrated processing approaches for 

the recovery of high-value compounds from brown seaweeds,” in Seaweeds Around the World: 

State of Art and Perspectives, vol. 95, N. B. T.-A. in B. R. Bourgougnon, Ed. Academic Press, 

2020, pp. 369–413. doi: https://doi.org/10.1016/bs.abr.2019.11.011. 

[23] G. Calogero, I. Citro, G. Di Marco, S. Armeli Minicante, M. Morabito, and G. Genovese, “Brown 



 

Journal of Earth and Marine Technology (JEMT) / ISSN 2723-8105 | 148  

seaweed pigment as a dye source for photoelectrochemical solar cells,” Spectrochim. Acta Part 

A Mol. Biomol. Spectrosc., vol. 117, pp. 702–706, 2014, doi: 

https://doi.org/10.1016/j.saa.2013.09.019. 

[24] A. J. Cole, D. A. Roberts, A. L. Garside, R. de Nys, and N. A. Paul, “Seaweed compost for 

agricultural crop production,” J. Appl. Phycol., vol. 28, no. 1, pp. 629–642, 2016, doi: 

10.1007/s10811-015-0544-2. 

[25] C. Lim, S. Yusoff, C. G. Ng, P. E. Lim, and Y. C. Ching, “Bioplastic made from seaweed 

polysaccharides with green production methods,” J. Environ. Chem. Eng., vol. 9, no. 5, p. 

105895, 2021, doi: https://doi.org/10.1016/j.jece.2021.105895. 

[26] I. W. K. Suryawan and C.-H. Lee, “Citizens’ willingness to pay for adaptive municipal solid 

waste management services in Jakarta, Indonesia,” Sustain. Cities Soc., vol. 97, 2023, doi: 

https://doi.org/10.1016/j.scs.2023.104765. 

[27] M. M. Sari et al., “Identification of Face Mask Waste Generation and Processing in Tourist Areas 

with Thermo-Chemical Process,” Arch. Environ. Prot., vol. 48, no. 2, 2022. 

[28] N. L. Zahra et al., “Substitution Garden and Polyethylene Terephthalate (PET) Plastic Waste as 

Refused Derived Fuel (RDF),” Int. J. Renew. Energy Dev., vol. 11, no. 2, pp. 523–532, 2022, 

doi: 10.14710/ijred.2022.44328. 

[29] I. W. K. Suryawan et al., “Acceptance of Waste to Energy (WtE) Technology by Local Residents 

of Jakarta City, Indonesia to Achieve Sustainable Clean and Environmentally Friendly Energy,” 

J. Sustain. Dev. Energy, Water Environ. Syst., vol. 11, no. 2, p. 1004, 2023. 

[30] M. M. Sari et al., “Transforming Bubble Wrap and Packaging Plastic Waste into Valuable Fuel 

Resources,” J. Ecol. Eng., vol. 24, no. 8, pp. 260–270, 2023, doi: 10.12911/22998993/166554. 

[31] I. M. J. Sianipar, I. W. K. Suryawan, and S. R. Tarigan, “The Challenges and Future of Marine 

Debris Policy in Indonesia and Taiwan Case Studies,” J. Sustain. Infrastruct., vol. 1, no. 2 SE-

Articles, pp. 56–62, Dec. 2022, [Online]. Available: 

file://jsi.universitaspertamina.ac.id/index.php/jsi/article/view/9 

[32] N. Rangel-Buitrago, A. Williams, and G. Anfuso, “Killing the goose with the golden eggs: Litter 

effects on scenic quality of the Caribbean coast of Colombia,” Mar. Pollut. Bull., vol. 127, pp. 

22–38, 2018, doi: https://doi.org/10.1016/j.marpolbul.2017.11.023. 

[33] Z. A. Khan et al., “Analysis of industrial symbiosis case studies and its potential in Saudi 

Arabia,” J. Clean. Prod., vol. 385, p. 135536, 2023, doi: 

https://doi.org/10.1016/j.jclepro.2022.135536. 

[34] R. Kapoor et al., “Valorization of agricultural waste for biogas based circular economy in India: 

A research outlook,” Bioresour. Technol., vol. 304, p. 123036, 2020, doi: 

https://doi.org/10.1016/j.biortech.2020.123036. 

[35] I. W. K. Suryawan et al., “Pelletizing of Various Municipal Solid Waste : Effect of Hardness and 

Density into Caloric Value,” Ecol. Eng. Environ. Technol., vol. 23, no. 2, pp. 122–128, 2022, 

doi: https://doi.org/10.12912/27197050/145825. 

[36] I. Y. Septiariva et al., “Characterization Sludge from Drying Area and Sludge Drying Bed in 

Sludge Treatment Plant Surabaya City for Waste to Energy Approach,” J. Ecol. Eng., vol. 23, 

no. 4, pp. 268–275, 2022. 

 


