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Sustainable Waste Management Strategies for Multilayer Plastic in 1 

Indonesia 2 

 3 

Abstract 4 

Multilayer plastic waste is currently a significant environmental problem in Indonesia, because 5 

this waste is classified as difficult to degrade naturally and difficult to recycle. Until now, there 6 

has been no effective management strategy for managing this waste. This study utilizes the 7 

Multi-Aspect Sustainability Analysis (MSA) framework to assess the sustainability of 8 

multilayer plastic waste management in Indonesia, addressing environmental, economic, 9 

social, legal, and infrastructure factors. MSA was chosen over other frameworks due to its 10 

adaptability to local contexts and its holistic view, making it well-suited to analyze Indonesia’s 11 

unique waste management challenges. The methodology includes in-depth interviews, scenario 12 

planning, and expert panels, integrating qualitative and quantitative insights from various 13 

stakeholders. Key goals are to identify priority areas for improvement and develop actionable 14 

strategies that enhance recycling effectiveness and align with Extended Producer 15 

Responsibility (EPR) policies. Results indicate that advanced recycling technologies, such as 16 

chemical recycling, and stronger institutional collaboration are essential. The highest leverage 17 

was found in government support, public awareness, and efficient waste infrastructure, which 18 

significantly impact sustainability outcomes. This study concludes that policy reforms, 19 

technology investments, and stakeholder engagement are critical to building a sustainable 20 

waste management system aligned with Indonesia's environmental and economic goals. 21 

Keywords 22 

Sustainability, Multilayer Plastics, Waste Management, Multi-Aspect Sustainability Analysis 23 

 24 

1. Introduction 25 

 26 

The management of multilayer plastic waste in Indonesia presents significant challenges, 27 

primarily due to the absence of a systematic strategy for its handling. This type of waste, 28 

composed of various materials like plastic, metal, and paper, is engineered to extend product 29 

shelf life (Anwar et al., 2023). However, its difficult-to-decompose nature complicates 30 

recycling efforts (Kaiser et al., 2020). Unfortunately, scavengers tend to overlook this waste 31 

due to its low economic value, leading to the majority of it ending up in landfills or being 32 

incinerated, exacerbating environmental pollution (Green Peace, 2019). 33 

These inadequate waste management practices result in severe negative impacts, 34 

accumulating multilayer plastic waste reaching approximately 768,000 tons annually (World 35 

Bank, 2021).   According to United Nations (2022), plastic production soared from 2 million 36 

tonnes in 1950 to 348 million tonnes in 2017, becoming a global industry valued at US$522.6 37 

billion.  It is expected to double in capacity by 2040.  Consequently, it is crucial for 38 

stakeholders, particularly the government as policymakers, to develop effective and sustainable 39 

management strategies.  40 

Various initiatives have been undertaken to tackle this issue, including policies to reduce 41 

single-use plastics and introduce waste banks. However, the effectiveness of these measures 42 

has been limited, especially concerning the implementation of Extended Producer 43 
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Responsibility (EPR). EPR is designed to encourage producers to take responsibility for the 44 

lifecycle of their products, yet it has not been effectively implemented in Indonesia (Tahar, 45 

2019). Moreover, although promising, existing recycling technologies, such as pyrolysis and 46 

solvent-based methods, encounter challenges related to high operational costs and scalability  47 

(Zhao et al., 2021). 48 

The existing literature highlights a critical gap in developing management strategies that 49 

account for the interconnections among various aspects—environmental, economic, social, 50 

technological, and policy, as shown in Fig 1. Many prior studies have concentrated solely on 51 

one aspect without investigating their interactions (Firmansyah, 2022). This study aims to 52 

bridge that gap by applying the Multi-Aspect Sustainability Analysis (MSA) framework. This 53 

framework facilitates a comprehensive evaluation of the sustainability of multilayer plastic 54 

waste management by considering these interrelated aspects. 55 

 56 

 57 
 58 

Fig. 1.  A critical gap of Multilayer Plastic.  Source: (Pitcher & Preikshot, 2001) 59 

 60 

This research employs the Multi-Aspect Sustainability Analysis (MSA) framework to 61 

evaluate multilayer plastic waste management sustainability in Indonesia. It examines five key 62 
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areas: environmental, economic, social, legal, and infrastructure, offering a comprehensive 63 

view of current practices and improvement scenarios. Unlike previous studies, this research 64 

focuses specifically on multilayer plastics, addressing the unique challenges posed by their 65 

complex composition (Anwar et al., 2024). It is among the first to recommend practical 66 

measures, such as strengthening Extended Producer Responsibility (EPR) and enhancing 67 

recycling technologies for multilayer plastics. The study aims to assess the existing state of 68 

plastic waste management especially multilayer plastic in Indonesia, identify weaknesses, and 69 

provide actionable recommendations, including improved recycling processes, policy reforms, 70 

and enhanced institutional cooperation, to foster a more sustainable waste management system 71 

aligned with circular economy principles. 72 

 73 

2. Literature Review 74 

Multi-Aspect Sustainability Analysis (MSA) has been utilized in several studies in 75 

Indonesia based on Multi-Criteria Decision Making (MCDM), exhibiting diverse scopes and 76 

limitations. For instance, Juhandi et al., (2024) compared food and non-food plantation 77 

agricultural systems, employing MSA alongside Multidimensional Scaling (MDS) to analyze 78 

seven sustainability aspects: economic, social, environmental, institutional, technological, 79 

marketing, and cultural. While this analysis is comprehensive, it heavily relies on self-reported 80 

data collected through interviews and questionnaires, potentially introducing response bias. 81 

The findings could be further strengthened by integrating more objective performance 82 

indicators. 83 

Similarly, Paulus et al., (2023) focused on freshwater fish aquaculture in Kupang City, 84 

utilizing MSA but limiting their analysis to five sustainability aspects: ecology, economy, 85 

social, institutional, and infrastructure. While the study provides a detailed examination 86 

specific to the aquaculture sector, it faces limitations due to its reliance on subjective inputs 87 

from stakeholders and the absence of in-depth future scenario planning. This limitation restricts 88 

the analytical capacity to offer long-term insights into aquaculture sustainability. 89 

In contrast, Rizieq et al., (2023) applied MSA to assess the sustainability of adopting new 90 

rice varieties in West Kalimantan, primarily focusing on the economic dimension. Although 91 

the study provides a narrow, in-depth analysis of economic sustainability, it overlooks essential 92 

social and environmental factors that could influence the long-term viability of such 93 

innovations. This limited focus restricts the broader applicability of its findings compared to 94 

other studies. 95 

The contribution of the current research is significant, as it sheds light on the often-96 

overlooked issue of multilayer plastic waste. This type of waste has not received adequate 97 

attention across various waste management aspects—including planning, research and 98 

development (R&D), implementation, monitoring, and evaluation. It is currently is not 99 

explicitly addressed in Indonesian legislation despite its considerable environmental impact. 100 

The MSA approach offers new insights through the holistic integration of five sustainability 101 

dimensions: environmental, economic, social, legal, and infrastructure. This methodology 102 

differs from prior studies, which typically focus on one or two dimensions, such as 103 

environmental impact or economic efficiency in plastic waste management  (Zhao et al., 2021). 104 

By analyzing all dimensions simultaneously, this research provides a deeper understanding of 105 
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the interactions among factors influencing the sustainability of multilayer plastic waste 106 

management, particularly in developing countries like Indonesia (Firmansyah, 2022). This 107 

approach is especially relevant as it considers infrastructure limitations, weaknesses in law 108 

enforcement, and low public awareness (Jambeck et al., 2015). Furthermore, the application of 109 

MSA enables more comprehensive scenario simulations to evaluate the potential impacts of 110 

various interventions, such as Extended Producer Responsibility (EPR) policies, recycling 111 

technologies, and inter-agency collaboration  (Firmansyah, 2022). 112 

Several strategic actions must be taken to enhance recycling technologies and implement 113 

EPR effectively. Strengthening the regulatory framework for EPR should be a primary focus, 114 

requiring producers to assume responsibility for their product's lifecycle. Countries like 115 

Germany and South Korea have successfully reduced plastic waste through stringent 116 

regulations and vigorous enforcement (Plastics Europe, 2022). Economic incentives, such as 117 

tax cuts in Sweden, also encourage producers to transition to more environmentally friendly 118 

materials (Ellen MacArthur Foundation, 2023). Investment in recycling technology 119 

infrastructure, including pyrolysis and enzymatic technologies in Japan, is essential for 120 

processing plastic waste more efficiently (Wagner, 2020). Moreover, public education and 121 

awareness campaigns, exemplified by the national initiative "Recycle Together" in South 122 

Korea, have successfully increased plastic recycling rates (Song & Park, 2024). Collaborative 123 

efforts between the public and private sectors, as seen in the circular economy programs in the 124 

Netherlands, can further accelerate innovations in plastic waste management (Vanapalli et al., 125 

2021). 126 

Implementing advanced recycling technologies and robust EPR policies will positively 127 

impact local communities and economies. Technologies such as pyrolysis and solvent-based 128 

methods can generate new job opportunities in the recycling and technology research sectors  129 

(Wagner, 2020) These advancements could result in substantial economic benefits in Indonesia, 130 

particularly in urban areas. Adopting effective recycling technologies will also mitigate plastic 131 

pollution, which frequently contributes to public health issues, such as air pollution from 132 

burning plastic waste (Song & Park, 2024). Furthermore, well-implemented EPR policies can 133 

stimulate the growth of local industries, especially for small and medium-sized enterprises 134 

(SMEs) involved in recycling and material processing, similar to developments observed in 135 

Germany (Plastics Europe, 2022). In Indonesia, such policies could foster an economic 136 

ecosystem that supports the recycling sector and contributes to local economic sustainability. 137 

The Multi-Aspect Sustainability Analysis (MSA) is a valuable tool for assessing 138 

sustainability across various sectors, but it often relies on subjective data collection methods 139 

like interviews and focus groups. This limitation could be addressed by incorporating objective 140 

measures, such as environmental impact assessments or economic modeling. Additionally, 141 

many studies lack long-term scenario analyses, which diminishes the strength of their 142 

recommendations. Integrating frameworks like Life Cycle Assessment (LCA) or Material Flow 143 

Analysis (MFA) would enhance evaluations, particularly in resource management. At the same 144 

time, including future planning and objective performance metrics would improve the 145 

credibility and applicability of findings. 146 

The novelty of this research specifically tackles the environmental challenges of multilayer 147 

plastic waste, which is prevalent in packaging and poses unique recycling difficulties due to its 148 
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complex composition. A key innovation is the application of the MSA framework to assess 149 

multilayer plastic waste management across environmental, economic, social, legal, and 150 

infrastructure dimensions. This targeted approach provides valuable insights into the 151 

sustainability of waste management practices in Indonesia, enriching discussions on plastic 152 

waste. 153 

 154 

3. Methodology 155 

Indonesia faces significant challenges in managing multilayer plastic waste due to its 156 

extensive use in packaging and the complexities of recycling these materials. Policies like 157 

Presidential Regulation No. 83 of 2018 aim to reduce marine plastic debris by 70% by 2025, 158 

but specific measures for multilayer plastics are still lacking. The Extended Producer 159 

Responsibility (EPR) policy requires producers to manage their products' entire lifecycle, yet 160 

enforcement is weak, leading many companies to neglect sustainable practices (Tahar, 2019). 161 

Initiatives such as the ‘Bali Partnership’ have successfully reduced plastic waste through 162 

community-based programs, but multilayer plastics often evade recycling processes, ending up 163 

in landfills (Ain et al., 2021). The informal sector plays a crucial role in waste collection and 164 

sorting, but its lack of formal integration hinders overall waste management (Aprilia, 2021). 165 

Additionally, Indonesia’s waste infrastructure is ill-equipped to handle the complex separation 166 

required for multilayer plastics, resulting in low recycling rates. 167 

Policy reforms are recommended to address these challenges. Strengthening EPR 168 

compliance with specific recycling targets for multilayer plastics, providing subsidies or tax 169 

incentives for companies investing in advanced recycling technologies, and enhancing public-170 

private partnerships could improve sustainability. Stricter labeling regulations for recyclability 171 

and integrating the informal sector through capacity-building programs would enhance waste 172 

collection and recycling efficiency (Bappenas, 2024; Gunsilius et al., 2011). Furthermore, 173 

comprehensive waste audits and data collection were implemented to identify gaps and ensure 174 

data-driven regulations. 175 

Multi-Aspect Sustainability Analysis (MSA) was selected for this study due to its distinct 176 

advantages over methods like Life Cycle Assessment (LCA) and Material Flow Analysis 177 

(MFA). MSA’s multidimensional approach evaluates sustainability holistically by considering 178 

five key aspects: environment, economy, social, legal, and infrastructure. This comprehensive 179 

perspective is crucial for multilayer plastic waste management, which involves complex 180 

challenges across multiple areas. Unlike LCA and MFA, which focus on specific dimensions, 181 

MSA encompasses the entire waste management system, integrating factors such as legal 182 

frameworks and community involvement, which are vital in Indonesia's context. 183 

Furthermore, MSA is adaptable to local conditions, allowing for adjustments based on 184 

Indonesian government policies, infrastructure capabilities, and community engagement, 185 

making it more relevant than the rigid frameworks of LCA. Additionally, MSA places a strong 186 

emphasis on social and legal aspects, which are often overlooked in LCA or MFA. In Indonesia, 187 

community participation and legal policies significantly influence waste management success, 188 

and MSA facilitates a thorough assessment of these factors, ultimately providing a more 189 

complete understanding of the sustainability of waste management practices. 190 

 191 
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3.1. Research Design and Approach 192 

Our empirical investigation adopted an exploratory approach to examine the perspectives of 193 

academics, businesses, communities, and government regarding barriers to social, economic, 194 

environmental, infrastructure, technology, and legal issues affecting multilayer plastic waste 195 

management. We utilized in-depth interviews, scenario planning, and an online expert poll  196 

(Fig. 2) (Guion, 2006). The semi-structured interviews featured open-ended questions, while 197 

scenario planning integrated insights from expert interviews and a literature review to analyze 198 

factors like social, ecology, economics, technology, and regulations. 199 

In data collection from April to June 2024, we consulted 18 specialists and experts from 200 

various fields that concern multilayer plastic waste management, including academicians, non-201 

government organizations, environmental health, plastic recycling, and the industrial economy, 202 

primarily based in Surabaya. Their identities were kept confidential due to data protection 203 

protocols. The study employed Multi-Aspect Sustainability Analysis (MSA) using the Rapid 204 

Appraisal Process (RAP) design to quickly assess sustainability by evaluating ecological, 205 

economic, social, legal, and technological dimensions. Using expert judgment, this design 206 

assigns scores to various attributes within these domains, which are then analyzed to visualize 207 

sustainability. It offers a rapid, cost-effective approach for regions with limited resources, 208 

providing a holistic view of waste management (Pitcher & Preikshot, 2001) principle for 209 

efficient decision-making (Firmansyah, 2022).  Using archival data, interviews, focus group 210 

discussions, and questionnaires, we combined qualitative and quantitative methods to analyze 211 

barriers and their interrelations (Nurpagi et al., 2022). Workshops and focus group discussions 212 

were also held to triangulate findings and enhance validity. 213 

 214 

 215 

Fig. 2. Structure of the sequence of methods applied 216 

 217 

3.2.Data Collection Methods 218 

Multi-Aspect Sustainability Analysis (MSA) is a powerful tool for assessing sustainability 219 

performance across activities, institutions, and companies. This rapid assessment approach 220 

utilizes an existing database compiled by experts or respondents meeting specific criteria, 221 

allowing for swift evaluations without reanalysis or model redevelopment. The framework 222 

integrates data from desk studies and expert judgments using a structured questionnaire model 223 

with multiple Likert scale response options. The classification of the indicators in each aspect 224 

was based on the concepts of ‘good’ and ‘poor’ (Pitcher & Preikshot, 2001) and the latest with  225 

Focus Group Discussions (FGDs) to enrich the result, as shown in Fig. 3.  226 

FGDs offer professional perspectives on the variables being considered, whereas desk 227 

studies offer scientifically based factors and indicators from academic sources (Schader et al., 228 

2014). Through in-depth interviews or focus group discussions, expert respondents—typically 229 
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important players in the field—contribute. Accurate mode value selection is ensured by an odd 230 

number of experts.  231 

 232 

 233 

Fig 3. Conceptual framework of the Multi-aspect Sustainability Analysis approach  234 

(adapted from (Firmansyah, 2022)) 235 

 236 

Through the use of expert opinion or real-world scenarios, the MSA method assesses 237 

sustainability and produces outputs such as uncertainty error, leverage factors, and status index. 238 

These results help policymakers create scenarios and sustainability plans to develop the 239 

strategies and policies in social, economic, and environmental factors (Naegler et al., 2021). 240 

Numerous studies have been carried out to investigate the different facets of sustainability 241 

and highlight the significance of interdisciplinary research and sustainable practices to support 242 

waste management utilizing Multi-Criteria Decision Making (MCDM) techniques.   The 243 

importance of strategic planning and policy formulation was highlighted by A. Singh & Sushil, 244 

(2017), who used the Total Interpretive Structural Modeling (TISM) technique to discover 245 

hierarchical waste management components.  246 

Rousta et al., (2017) advocated for multidisciplinary and context-specific solutions by 247 

highlighting the need for infrastructure that integrates both technical and social components 248 
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through surveys and modeling methodologies. Hellwig et al., (2019) carried out a systematic 249 

mapping of the literature and discovered a dearth of study on migrant waste sorting habits, 250 

highlighting the crucial role that cultural engagement plays in creating effective policies.  251 

For further insights and a comprehensive breakdown of the methodologies used in 252 

evaluating sustainability across multiple aspects, please refer to the supporting information 253 

page below, which outlines the specific criteria (S.1.), analytical tools (S.2.), and sustainability 254 

aspects applied (S.3.) 255 

 256 

4. Result and Discussion 257 

4.1. Environment Aspect 258 

The sensitivity leverage analysis highlights various environmental factors and their relative 259 

impact on sustainability outcomes. Each factor’s sensitivity is represented by four indicators—260 

Sensitivity Max, Sensitivity Value, Random Iteration, and Uncertainty Error—illustrating the 261 

degree of influence these factors have on the overall environmental aspect.  The 8 factors that 262 

have been analyzed are categorized into 3 levels, as shown in Fig. 4.  Three factors are High-263 

priority factors, such as Potential Solid Waste/Residue (Priority 1) and Ambient Air 264 

Contamination (Priority 2), demonstrating strong sensitivity values, suggesting that effective 265 

management of solid waste and air quality are critical to achieving sustainability goals. These 266 

factors substantially impact environmental outcomes, meaning targeted interventions could 267 

significantly enhance overall sustainability. Accumulated waste can lead to land and water 268 

contamination, greenhouse gas emissions, and difficulties in waste treatment. The high 269 

sensitivity of this variable emphasizes the importance of waste reduction and recycling to 270 

reduce its environmental impact.  Air pollution affects air quality and public health and 271 

contributes to climate change and acid rain, impacting both natural ecosystems and urban areas. 272 

Reducing air pollution, therefore, could significantly improve environmental sustainability.  273 

The Location of Waste Land Treatment (Priority 3) is also a high-impact factor, indicating that 274 

optimizing waste treatment locations could further reduce environmental burdens and support 275 

sustainable practices. According to Soares et al., (2022) and Soemadijo et al., (2022), the 276 

location of waste land treatment for multilayer plastic waste management is crucial because it 277 

directly affects plastic waste disposal's environmental, economic, and social impacts.  278 

The importance of this processing land is also because it will support the effectiveness of 279 

the recycling process (Cook et al., 2022) and the availability of proper land to mitigate 280 

environmental issues and create opportunities for reducing waste (Goyal, 2020), conserving 281 

natural resources, and minimizing the environmental impact of plastic waste through the 282 

circular economy concept.  In addition, there is a need to develop and implement more 283 

advanced recycling technologies, such as chemical recycling (Larrain et al., 2021), to improve 284 

plastic materials' quality and recycling rate from multi-layered packaging waste. Effective 285 

recycling and waste management strategies are essential for decreasing the adverse effects of 286 

plastic waste on the environment and advancing a circular economy (Ragossnig & Schneider, 287 

2019). 288 

Moderate-priority factors include Potential Noise (Priority 4) and Environmental Pollution 289 

(Priority 5), showing moderate sensitivity values. While these factors are influential, their 290 

overall impact on sustainability is less than the top-priority factors. Nonetheless, addressing 291 
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noise and pollution is essential for minimizing local environmental impacts, and these aspects 292 

should still be managed effectively to support broader sustainability objectives. 293 

Lower-priority factors, such as Waste Generation (Priority 6) and Wastewater Potential 294 

(Priority 7), show mixed sensitivity. Though relevant, they exert a lesser influence on 295 

sustainability outcomes compared to the higher-priority issues. Clean or Recycled Water Usage 296 

(Priority 8) has the lowest sensitivity influence, suggesting that, in this analysis, recycled water 297 

usage does not significantly affect overall environmental sustainability. While recycling water 298 

is beneficial, it may not be the most critical resource allocation area in this context. 299 

This analysis emphasizes the importance of prioritizing solid waste management and air 300 

quality control to maximize environmental benefits. Focusing on the highest-impact factors 301 

first allows resources to be allocated more efficiently, ensuring that sustainability efforts 302 

produce substantial results.   This can help create a closed-loop system (El-Halwagy, 2024) 303 

where materials are reused rather than discarded.  Investing in recycling infrastructure and 304 

technologies can create jobs (Gunsilius et al., 2011) and stimulate economic growth (Rozikin 305 

& Sofwani, 2023) while promoting sustainable practices (García-Valiñas et al., 2023).  306 

 307 

 308 

Fig 4.   Environmental aspects and their relative impact on sustainability outcomes 309 

(Sensitivity Leverage Variable) 310 

 311 

This can also help to create a market for recycled plastic products, encouraging more 312 

companies to invest in recycling (Franco-García et al., 2019). Preparing standards for materials 313 

used in producing multilayer plastics such as polyolefins that can have more value in the 314 

recycling process and improving waste management performance through an integrated 315 

planning, implementation, monitoring/evaluation, and reporting system is needed. 316 

The sustainability status for the environmental aspect is calculated by plotting performance 317 

values along the X and Y axes, each ranging from 0 to 100. The X-axis reflects the current 318 

sustainability value, while the Y-axis indicates potential future trends. In this case, the 319 

environmental aspect has a current score of 54.13 on the X-axis, placing it within the moderate 320 
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sustainability category based on the MSA framework, which typically considers scores 321 

between 33 and 66 moderate. This suggests that the current environmental performance is 322 

adequate but leaves room for improvement, as shown in Fig. 5. 323 

The future trend, represented by the Y-axis value of 48.96, indicates a slight decline in 324 

performance if no changes or interventions are made. This decrease suggests that the 325 

environmental aspect will likely encounter challenges in maintaining its status, potentially 326 

slipping below acceptable sustainability levels. If current practices continue unaddressed, there 327 

is a risk that performance will worsen further over time. It is critical to identify the leverage 328 

factors driving the anticipated decline and address them proactively. Implementing moderate 329 

or optimistic scenario-based strategies can help stabilize or improve future performance.  In 330 

addition, monitoring the uncertainty error- the degree of deviation between predicted and actual 331 

outcomes - will ensure that improvement measures remain aligned with real-world conditions. 332 

 333 

Fig 5.   Sustainability Status for Environment Aspect 334 

 335 

Environmental aspects currently have a moderate sustainability status, so improvements are 336 

still needed in each factor. Stakeholders are advised to pay attention to the leverage factors that  337 

affect performance and implement targeted strategies to maintain or improve sustainability. 338 

Without such action, the environment's status may continue to decline and jeopardize long-339 

term sustainability goals. 340 

 341 

4.2.  Economic Aspect 342 

Fig 6.  provides a chart that offers insights into the sensitivity leverage variables for the 343 

economic aspect. It evaluates key economic sustainability factors, focusing on sensitivity max 344 

value, sensitivity value, random iteration, and uncertainty error. These metrics highlight the 345 

most impactful factors and guide the prioritization of interventions to improve economic 346 

performance effectively.  This analysis helps policymakers focus on critical areas needing 347 
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attention or improvement, guiding targeted strategies to enhance economic sustainability 348 

(Abdullah & Abedin, 2024). 349 

Government support is the most critical factor at the top priority list, designated as Priority 350 

1. A high sensitivity leverage value nearing 1 indicates that any change in government 351 

involvement—such as policies, funding, or incentives—will substantially affect economic 352 

sustainability. Governments play a vital role in developing markets (Shah et al., 2019) for 353 

recycled materials by implementing policies that encourage using recycled content in 354 

manufacturing. Investments in waste management (Van de Klundert & Anschutz, 2001) and 355 

infrastructure (Yiğitcanlar & Dur, 2017) ensure that waste is collected, transported, and 356 

processed effectively, reducing improper disposal. International cooperation (Samarasinghe et 357 

al., 2021) facilitated by governments helps set global standards and best practices for managing 358 

plastic waste sustainably. Furthermore, government policies (Roy et al., 2022) aimed at 359 

environmental protection to ensure that recycling processes minimize ecological impact. 360 

 361 

 362 

Fig. 6.  Economic aspects and their relative impact on sustainability outcomes  363 

(Sensitivity Leverage Variable) 364 

 365 

Waste Management Yield Productivity is closely followed in importance and is ranked as 366 

Priority 2. Its sensitivity value of 1 signifies that optimizing the productivity of waste 367 

management efforts is essential to improving the economic aspect. Any fluctuation in these two 368 

factors could significantly impact sustainability outcomes, making them immediate targets for 369 

action.  Market Access, categorized as Priority 3, also plays a significant role, but its impact is 370 

slightly less critical than government support and yield productivity. Enhancing market access 371 

would still be beneficial, especially for sectors linked to waste recycling and green technology. 372 

Technology Investment Cost, ranked as Priority 4, suggests that reducing the financial burden 373 

of technology adoption would moderately enhance sustainability. However, it does not require 374 

as urgent intervention as the top priorities. Similarly, Marketing Access for Recycled Products 375 
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holds Priority 5, indicating the importance of expanding market opportunities for recycled 376 

materials to drive economic performance. 377 

Several other factors share Priority 6, suggesting they are less critical but relevant to overall 378 

sustainability. These include Land Area for Waste Management (TPST3R), Operating and 379 

Maintenance Costs, Waste Collection Fees, and Recycling Business Feasibility. While these 380 

elements contribute to the economic aspect, their relatively low sensitivity values indicate that 381 

changes in these areas may not generate as immediate or significant an impact as higher-priority 382 

factors. Financial support (Qureshi et al., 2020; Soemadijo et al., 2022),  funding and incentives 383 

make it feasible for companies to invest in advanced recycling technologies and infrastructure. 384 

Public awareness campaigns (R. Kumar et al., 2021; Kurniawan et al., 2023), supported by 385 

government resources, educate citizens on the importance of recycling multilayer plastics, 386 

increase participation rates, and reduce contamination.  387 

The chart highlights the need to prioritize efforts on Government Support and Waste 388 

Management Yield Productivity to achieve meaningful improvements in economic 389 

sustainability. Focused interventions in market access and technology investment would further 390 

enhance economic outcomes, albeit with slightly less urgency. Addressing uncertainties and 391 

variability in waste collection fees and operating costs will also ensure long-term economic 392 

stability and efficient resource allocation and refine policy interventions through scenario 393 

planning (S. Kumar et al., 2021), ensuring continuous monitoring and policy adjustments (R. 394 

Kumar et al., 2021; Kurniawan et al., 2023; Potting et al., 2018) to address potential declines 395 

and leverage positive changes.  Government support is crucial for managing multilayer plastic 396 

waste due to several critical factors besides waste management, such as yield productivity and 397 

market access for recycled products. Government regulations create a structured framework 398 

that mandates proper recycling and handling of these plastics, ensuring consistent practices 399 

The Sustainability Status for Economy Aspect shows a detailed analysis of the current 400 

economic performance and its future potential Fig. 7.  The x-axis measures the current 401 

sustainability status, where a higher value signifies better financial performance. At the same 402 

time, the y-axis reflects the potential for future improvement, with values above 50 indicating 403 

a positive trajectory and values below 50 suggesting possible decline. The green marker at 404 

(55.56, 50) represents a key sustainability value, indicating that the current economic condition 405 

is moderately sustainable, slightly above the midpoint on the x-axis. This suggests that while 406 

the economy is stable, it has not reached optimal performance. The y-axis value of 50 implies 407 

a neutral outlook, meaning that without significant intervention, the economic status will likely 408 

remain stable without substantial improvement or deterioration. 409 

The chart also highlights several critical indicators. A blue marker at (50, 100) shows an 410 

area of solid improvement, reflecting positive progress in at least one economic aspect. 411 

However, red markers, such as those at (50, 0), signal areas where performance declines, 412 

demanding immediate policy intervention to prevent further setbacks. Most indicators are 413 

represented by gray markers, indicating that many aspects of the economy are neutral or 414 

stagnant, with minimal change or progress.  415 

From a strategic perspective, the MSA framework recommends prioritizing areas marked in 416 

red, as they pose the most significant risk of decline. Indicators near the green sustainability 417 

value should also be monitored to maintain stability and not regress. The blue marker represents 418 
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a well-performing area that aligns with Group I of the MSA framework, meaning it should 419 

continue to be supported to sustain progress. The chart reflects a moderate economic 420 

performance with stable but unremarkable future potential. Strategic interventions should 421 

address declining indicators and leverage neutral aspects to enhance sustainability. By 422 

following these recommendations using the priority factor, the economy can move toward more 423 

sustainable growth and improved performance over time. 424 

 425 

 426 

Fig. 7. Sustainability Status for Economy Aspect 427 

 428 

4.3. Social Aspect 429 

Sensitivity Leverage Variable for Social Aspect illustrates the sensitivity analysis of various 430 

social sustainability factors, assessing each based on Sensitivity Max, Sensitivity Value, 431 

Random Iteration, and Uncertainty Error. This breakdown helps identify the most influential 432 

factors on social sustainability and guides policy prioritization. 433 

Based on the analysis of the leverage factors that emerged from the 9 factors analyzed, it 434 

only consists of 2 factors: top priority is Scale of  Waste Management, Community Participation 435 

in the treatment of waste for containerization, and Community Empowerment.  These factors 436 

are critical leverage points, meaning their changes would significantly impact social 437 

sustainability, making them ideal candidates for policy intervention. Additionally, factors like 438 

Community Empowerment, Level of Community Knowledge, and Availability of New 439 

Employment Opportunities display high sensitivity values, suggesting they are influential, 440 

though less critical than the top two priorities. 441 

Among these, the Level of Community Knowledge shows a maximum sensitivity value of 442 

1, indicating a strong and direct influence on social outcomes. However, it has been assigned a 443 

lower priority level (4), possibly due to other higher-impact factors or the complexity of 444 

intervening effectively in this area. Similarly, the Availability of New Employment 445 

Opportunities and Community Empowerment also reach a sensitivity max of 1 but exhibit some 446 
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variability in impact, as indicated by random iteration values, suggesting that their precise 447 

effects may vary in different scenarios. 448 

Factors with higher uncertainty, like Health Assurance and Education, have notable 449 

uncertainty errors. These factors might experience variable outcomes under different 450 

conditions, indicating that policy actions should be cautious to account for potential 451 

fluctuations. For instance, Type of Conflict demonstrates moderate sensitivity with 452 

considerable uncertainty, which, while not an immediate priority, suggests it should be 453 

monitored closely. 454 

The scale of Waste Management and Community Participation in Waste Treatment should 455 

be the immediate focus for social sustainability strategies, as they have high sensitivity and low 456 

uncertainty, making them reliable leverage points. Factors like Community Knowledge and 457 

New Employment Opportunities hold the potential for long-term impact but require flexibility 458 

to accommodate their uncertainty. High-uncertainty factors like Health Assurance and 459 

Education should be approached cautiously, potentially through pilot initiatives, to manage the 460 

risk of unpredictable outcomes. This analysis underscores the value of a targeted approach to 461 

social sustainability, concentrating on high-impact areas while carefully managing factors with 462 

variability, as shown in Fig 8. 463 

 464 

 465 

Fig. 8 Social aspects and their relative impact on sustainability outcomes  466 

(Sensitivity Leverage Variable) 467 

 468 

The aspects that greatly influence the sustainability of multilayer plastic waste management 469 

are the scale of waste management (the highest priority), community participation in waste 470 

treatment for containerization, and community empowerment (Laguador et al., 2013).  This is 471 

important because the determination of the scale carried out by the community will determine 472 

the amount and processing available.  The waste treatment from home is expected to be done 473 

because it will reduce waste going to landfills (Hahladakis et al., 2020).   474 

The complex problem is that the waste disposal process (Amin et al., 2023; Leng et al., 475 

2018) is still mixed and directly managed in the final disposal.  The process of sorting and 476 
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processing waste from home is fundamental, so waste can be divided according to its type to 477 

reduce the effect of greenhouse gas emissions and pollution (Tan et al., 2023).  These operations 478 

also create stable markets for recycled materials by providing a consistent supply and 479 

encouraging using recycled content in new products.  Additionally, they can invest in public 480 

education (Aprilia, 2021; Kakadellis et al., 2021; Torres-Pereda et al., 2020) to increase 481 

awareness and participation in recycling programs.  In this social aspect, it is also necessary to 482 

increase community participation in implementing three independent concepts (recycling, 483 

reuse for packaging, and the need for energy recovery), increase capacity building on 484 

multilayer plastic, and expand community participation in the waste management system. 485 

As shown in Fig. 9, that the overall social aspect is seen in the green dot with coordinates 486 

(70.33, 50) representing the overall sustainability score for the social aspect. This value reflects 487 

an aggregate measure of social sustainability, with an X-axis position of approximately 70.33 488 

and a Y-axis position of 50. The relatively high X-value indicates a moderately positive overall 489 

social sustainability score. However, the Y-value being at the midpoint (50) may indicate that 490 

there is still room for improvement to achieve optimal sustainability. 491 

 492 

 493 

Fig. 9 Sustainability Status for Social Aspect 494 

 495 

To improve the sustainability status, efforts should focus on shifting the red (decreased) 496 

indicators back toward a neutral or positive position and continuing to support the blue 497 

(increased) indicators. Additionally, indicators in gray (border status) should be prioritized for 498 

regular monitoring, as they have the potential to tip either positively or negatively with small 499 

changes.  A strategy aimed at stabilizing or enhancing these indicators would likely strengthen 500 

the social aspect’s sustainability status. 501 

 502 

4.4.  Technical and Infrastructure 503 

Based on the analysis of the leverage factors that emerged from the 7 factors analyzed, it 504 

only consists of 2 factors: integrated information on waste management and types of 505 
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technology used, as shown in Fig. 10.  Sensitivity Leverage Variable for Technical and 506 

Infrastructure Aspect chart analyzes the impact of various factors on sustainability within the 507 

technical and infrastructure domains, evaluating each factor based on Sensitivity Max, 508 

Sensitivity Value, Random Iteration, and Uncertainty Error. The factor with the highest priority 509 

is the Materials Required for the Recycling Process (Priority 1), indicating its critical role in 510 

sustainability efforts. Although it has a substantial sensitivity max of 0.5, it also shows high 511 

levels of random iteration and uncertainty, suggesting that its impact on sustainability may 512 

fluctuate in different scenarios. Similarly, Integrated Information on Waste Management 513 

(Priority 2) is crucial due to the importance of data integration in waste management, though it 514 

also exhibits variability that requires careful management. 515 

 516 

 517 

Fig. 10.   Technical and Infrastructure aspects and their relative impact on sustainability 518 

outcomes  519 

(Sensitivity Leverage Variable) 520 

 521 

Integrated information on waste management (Amali et al., 2024; Hestin et al., 2017; 522 

Kurniawan et al., 2023) is crucial for effectively managing multilayer plastic waste for several 523 

reasons besides materials required for the recycling process (Su et al., 2021), types of 524 

technology used (Mwanza & Mbohwa, 2019), and the amount of waste (Takenaka et al., 2017) 525 

that can be processed. It enhances coordination among stakeholders, including waste collectors, 526 

recyclers, and regulatory bodies, ensuring efficient collection, sorting, and processing.  527 

Accurate data and monitoring (Jagath et al., 2019) enable tracking of waste from production to 528 

disposal, identifying areas for improvement (Lopez-Aguilar et al., 2022) and leading to better 529 

waste management strategies (Gala et al., 2020). Policymakers benefit from comprehensive 530 

data, formulating targeted regulations and policies. Resource optimization (Arena et al., 2023) 531 

is achieved by understanding the waste management landscape and ensuring that financial 532 

(Gunsilius et al., 2011), technological, and human resources are used effectively (Asadollahi et 533 

al., 2022). 534 
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Other moderately prioritized factors, like the Number of Waste that can be Processed 535 

(Priority 3) and Types of Technology Used (Priority 4), are also influential in maintaining 536 

sustainability, with sensitivity max values of 0.5 and considerable random iteration and 537 

uncertainty values. Their importance highlights the need for adaptable technology and adequate 538 

processing capacity to ensure efficient waste management. Database of Waste Management 539 

Facilities (Priority 5) plays a supportive role, influencing infrastructure sustainability through 540 

reliable data access. 541 

Lower-priority factors, such as Waste Management Facilities (Priority 6) and The Recycling 542 

Industry (Priority 7), have lower sensitivity max values (0.2 and 0.33, respectively), suggesting 543 

that while they are essential, they have a less direct impact on driving sustainability compared 544 

to higher-priority factors. However, the random and uncertainty values associated with these 545 

factors indicate that stable operational processes are still needed to prevent unexpected impacts 546 

on sustainability. 547 

Prioritizing high-impact factors such as materials for recycling and integrated information 548 

systems, while accounting for their variability, can significantly improve sustainability in 549 

technical and infrastructure domains. Investing in adaptable technology and expanding waste 550 

processing capacity will further enhance resilience. While lower-priority factors may have a 551 

less direct effect, maintaining their stability is essential for supporting overall sustainability 552 

goals in this aspect. 553 

Such as public awareness and engagement (Galluccio, 2021) are also enhanced through 554 

transparent and accessible information, encouraging active participation (Dilkes-Hoffman et 555 

al., 2019) in recycling programs. Integrated information (Amali et al., 2024) fosters innovation 556 

by providing insights into current practices and outcomes, driving the development of new 557 

technologies (Cruz Sanchez et al., 2020) for more efficient recycling of multilayer plastics. 558 

Compliance with regulatory requirements (Maione et al., 2022) is facilitated by detailed 559 

records of waste management activities, ensuring adherence to legal standards (Goodman, 560 

2017). Additionally, integrated information allows for a better assessment (Bianchini & Rossi, 561 

2021; Fan et al., 2023) of the environmental impact of waste management practices (Abdullah 562 

& Abedin, 2024), enabling the development of strategies to minimize ecological footprints (R. 563 

Kumar et al., 2021). 564 

This study also concludes that there is still a need for optimization in the process of 565 

collecting and transporting waste; it is necessary to identify waste management technology, 566 

strengthening extended producer responsibility (EPR) and corporate social responsibility 567 

(CSR) is a priority (Fianda et al., 2021), multilayer plastic management must be appropriate 568 

starting from collection, segregation, redesigning, upcycling, downcycling and chemical 569 

recycling technology, and the need for Indonesian National Standards (SNI) (Fan et al., 2023) 570 

on chemical recycling technology and other technologies to reduce multilayer plastic waste. 571 

The analysis of the technical and infrastructure aspects of sustainability indicates a moderate 572 

overall score of 56.14 as shown in Fig 11., reflecting both areas of strength and opportunities 573 

for improvement. To enhance sustainability in this domain, a comprehensive, multifaceted 574 

strategy is essential. 575 

Investing in sustainable technologies, optimizing processes, and allocating essential 576 

resources—such as budget, skilled personnel, and quality materials—can enhance operational 577 
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performance and effectively tackle key challenges. Continuous improvement programs, 578 

including regular audits, benchmarking, and sustainability training, help sustain progress. 579 

Additionally, real-time analytics systems can identify early problem signs, enabling timely 580 

corrective actions. Approaches like preventive maintenance, scenario planning, and small pilot 581 

projects are valuable for stabilizing performance indicators and mitigating risks. An integrated, 582 

data-driven strategy that fosters collaboration among technical, operations, and sustainability 583 

teams is crucial for establishing measurable targets and monitoring KPIs. Furthermore, seeking 584 

external partnerships and certifications, such as ISO 14001 and ISO 50001, can provide 585 

specialized expertise and validate a commitment to sustainable practices. 586 

 587 

Fig. 11 Sustainability Status for Technical and Infrastructure Aspect 588 

 589 

4.5.  Law and Institutionalization Aspect 590 

This aspect has a sustainability status of 30.5%, which can be said to be low sustainable. 591 

Still, it will be very significant to become even more highly sustainable with an increased value 592 

of up to 50%, with the main priority being cooperation with surrounding areas, as shown in Fig 593 

12.  In the law and institutionalization aspects, of the 6 factors of the sensitivity leverage 594 

variables analyzed, there are 4 main factors based on the priorities determined: cooperation 595 

with surrounding areas (priority 1), it’s priority ranking indicates that strengthening 596 

cooperation with nearby regions is crucial for sustainability, marketing institutions (priority 2), 597 

this factor emphasizes the importance of efficient marketing institutions in supporting law and 598 

institutionalization. Improving marketing processes or increasing resource allocation for 599 

marketing efforts could positively affect sustainability outcomes, extension centers (priority 3), 600 

the Extension Centre plays a significant role in the law and institutionalization aspect, 601 

Monitoring and possibly expanding the center’s functions could yield more consistent 602 

outcomes. and law enforcement/enforcement of waste management regulations as shown in 603 

Fig 13.   604 
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Cooperation (Sztangret, 2020) with neighboring areas is essential for effectively managing 605 

coated plastic waste due to several key factors like marketing institutions, extension centers, 606 

and law enforcement/implementation (Krämer, 2016) of regulations on waste management 607 

(Debnath et al., 2023). It enables the pooling of resources and expertise, leading to more 608 

efficient waste management practices by sharing facilities, equipment, and personnel, thus 609 

optimizing resource use. This collaboration also allows for economies of scale, making 610 

investments in advanced recycling technologies and infrastructure more cost-effective as larger 611 

volumes of waste can cover the costs incurred. Implementing consistent waste management 612 

standards across the region ensures effective sorting, processing, and recycling of multi-layered 613 

plastics, which often require specialized handling (Tesfaye & Kitaw, 2021). 614 

Coordinated campaigns benefit public engagement and education by reaching a wider 615 

audience and promoting sustainable behavior. Cooperation also improves crisis management, 616 

ensuring a resilient response to natural disasters or contamination events. Finally, regional 617 

collaboration generates economic opportunities (Garcia & Robertson, 2017), such as job 618 

creation and developing markets for recycled materials, encouraging further investment in 619 

waste management infrastructure (Di Foggia & Beccarello, 2022). 620 

 621 

Fig. 12 Sustainability Status for Law and Institutional Aspect 622 

 623 

Synchronize Policies (Priority 4), remains essential for ensuring cohesive institutional 624 

practices, as indicated by its higher priority rank.  Law Enforcement/Implementation of 625 

Regulations on Waste Management (Priority 5), effective enforcement and regulatory 626 

implementation for waste management is necessary for sustained compliance and adherence to 627 

environmental standards. While its sensitivity value is moderate, it’s critical for law and 628 

institutionalization goals.  Management Institution (Priority 6), the management institution’s 629 

effectiveness in coordinating various institutional tasks still affects overall sustainability. 630 

Improvements here could yield incremental benefits. 631 

Jo
urn

al 
Pre-

pro
of



Improved collection and transport networks result from regional cooperation, reducing 632 

carbon footprints and ensuring timely delivery of plastics to recycling facilities. Knowledge 633 

exchange and best practices foster innovation, leading to improved methods and technologies 634 

for waste management. Regulatory alignment across areas creates an efficient environment, 635 

facilitating compliance for businesses and waste management entities. Joint efforts 636 

significantly reduce environmental impacts, reducing landfill utilization, pollution, and 637 

greenhouse gas emissions. 638 

 639 

  640 

Fig. 13.   Law and Institutionalization aspects and their relative impact on sustainability 641 

outcomes  642 

(Sensitivity Leverage Variable) 643 

 644 

This study recommends the alignment of data-based waste management strategies and 645 

policies, the need for inclusive institutions in multilayer plastic management, and the 646 

government can issue policies that regulate the overall process and types for all actors in the 647 

multilayer plastic waste management sector. 648 

 649 

4.6 Sustainability Value of Multilayer Plastic Waste Management Scenarios 650 

The analysis of sustainability across various aspects—Social, Economy, Environment, 651 

Technical and Infrastructure, and Law and Institutionalization—reveals distinct outcomes 652 

under different scenarios. In the existing condition, the sustainability status varies significantly 653 

among aspects, with Social (70.33) and Technical and Infrastructure (56.14) showing relatively 654 

higher scores, indicating moderate sustainability. The Economy and Environment aspects score 655 

around the mid-50s, suggesting that they are also moderately sustainable, though there is room 656 

for improvement. Law and Institutionalization is notably low at 30.5, highlighting a substantial 657 

gap in this area that could be crucial for broader sustainability. Overall, the total average 658 

sustainability score is 53.33, which classifies the existing condition as Sustainable but with a 659 

clear need for improvements, particularly in legal and institutional support. 660 
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In the first scenario, which focuses specifically on improving the legal and institutional 661 

framework, there are notable gains, especially in Law and Institutionalization, which rises from 662 

30.5 to 63.83. This improvement raises the total average sustainability score to 69.21. Although 663 

other aspects experience slight improvements due to the supportive role of stronger institutional 664 

frameworks, the Environmental aspect remains stagnant at 54.13. This outcome suggests that 665 

while legal and institutional improvements can positively impact sustainability, they may not 666 

address ecological issues directly. Nonetheless, the system still remains categorized as 667 

Sustainable but now closer to the higher sustainability range. 668 

The second scenario, which involves improvements across all aspects, results in the highest 669 

sustainability gains. Here, Social reaches an ideal score of 100, and significant improvements 670 

are observed in Economy (80.56), Technical and Infrastructure (70.43), and Law and 671 

Institutionalization (80.5). The Environment also sees an increase to 60.38, reflecting that a 672 

comprehensive approach to enhancing sustainability can positively impact all aspects, 673 

including ecological factors. With a total average sustainability score of 78.37, this scenario 674 

achieves a Very Sustainable classification, indicating that a holistic improvement strategy 675 

yields the most balanced and sustainable outcomes across all domains are presented in Table 676 

1. 677 

According to the results from the table, second scenario is the best scenario to make 678 

improvement in all aspect.  Trough this scenario, all aspect will improve sustainable value into 679 

very sustainable conditions. 680 

 681 

Table 1. Status and sustainability value of existing conditions and scenarios 682 

No. Aspect Existing 

1st Scenario: Law and 

Institutionalization 

Improvement 

2nd Scenario: All 

aspect 

improvement 

1 Social 70.33 92.56 100 

2 Economy 55.56 72.22 80.56 

3 Environment 54.13 54.13 60.38 

4 
Technical and 

Infrastructure 
56.14 63.29 70.43 

5 
Law and 

Institutionalization 
30.5 63.83 80.5 

Total Average 53.33 69.21 78.37 

Status Sustainability Sustainable Sustainable Very Sustainable 

 683 

The kite diagram in Fig. 14 also illustrates each facet's sustainability index value of plastic 684 

multilayer waste management. The diagram illustrates that several features are classified under 685 

the sustainable status category, as shown by the red line. Enhancements must be implemented 686 

across all areas to elevate the sustainability value through improvement scenarios. The orange 687 

lines represent realistic improvement scenarios (scenario 1) for each element, whereas the blue 688 

lines represent idealistic improvement scenarios (scenario 2) for each aspect. As previously 689 

explained, the two most influential elements were chosen from the given situations for each 690 

component.  691 

 692 
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 693 
 694 

Fig. 14.  The kite diagram of index and sustainability status waste management multilayer 695 

plastic 696 

 697 

The kite diagram visually the framework's emphasis on scenario-based planning. While the 698 

Moderate scenario achieves some gains, primarily through institutional improvements, the 699 

Optimistic scenario demonstrates that comprehensive improvements across all aspects yield 700 

the most balanced and sustainable outcomes. This chart reinforces the idea that addressing all 701 

aspects simultaneously is essential for achieving very high sustainability across the board. 702 

 703 

5. Conclusion 704 

Multilayer plastic waste management in Indonesia faces significant environmental, 705 

economic, social, legal, and infrastructural challenges. The complex composition of these 706 

plastics, coupled with inadequate policies and infrastructure, has limited the effectiveness of 707 

current waste management efforts. Despite adopting Extended Producer Responsibility (EPR) 708 

policies and recycling technologies, the growing crisis demands more comprehensive and 709 

sustainable solutions. 710 

Using the Multi-Aspect Sustainability Analysis (MSA) framework, this study identified 711 

critical strategies for improvement. Advanced recycling technologies, such as chemical 712 

recycling, and stronger institutional collaboration are essential. Public awareness and 713 

community participation also play a pivotal role in fostering sustainable practices. Addressing 714 

environmental pollution, increasing government support for recycling infrastructure, 715 

empowering communities, and integrating advanced waste management technologies are vital 716 

steps. Strengthening legal frameworks and fostering interregional cooperation are necessary to 717 

create a cohesive waste management system. 718 
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Scenario analysis shows that a holistic approach addressing all dimensions yields the most 719 

balanced and impactful results. By adopting advanced technologies, strengthening EPR 720 

policies, improving infrastructure, and enhancing collaboration, Indonesia can align its waste 721 

management practices with circular economy principles. These measures will reduce 722 

environmental impacts, generate economic benefits, and promote social well-being, paving the 723 

way for a more sustainable future. 724 
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