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Abstract.

Rapid urbanization, population growth, and shifting consumption patterns have significantly increased
municipal solid waste (MSW) generation in Indonesia, exposing structural inefficiencies in material use and
post-consumption management under a predominantly linear economic model. National data indicate that
waste generation has reached approximately 0.833 kg per capita per day, with urban waste volumes
increasing substantially between 2020 and 2024 and concentrated primarily in densely populated regions
such as Java, Sumatra, and Borneo. Waste composition analysis further reveals that organic waste remains
the dominant fraction at nearly 40% of total municipal waste, followed by a rising plastic fraction
approaching 20%, underscoring the need for data-driven circular economy strategies. This study employs a
systematic review methodology, synthesizing peer-reviewed literature, governmental reports, and
institutional documents to examine how waste generation and composition data can inform circular economy
planning in Indonesia. The analysis integrates national waste statistics with evaluations of existing
initiatives—including waste banks, Extended Producer Responsibility (EPR) schemes, refuse-derived fuel
(RDF) production, composting programs, anaerobic digestion, and Black Soldier Fly (BSF) bioconversion—
and compares them with international best practices suited to similar waste profiles. The findings indicate
that although Indonesia has formally adopted circular economy principles and implemented various
recovery-oriented programs, their scale and integration remain insufficient relative to the dominant organic
and plastic fractions. Organic waste presents significant potential for biological treatment pathways such as
composting and anaerobic digestion, while increasing plastic waste necessitates stronger upstream product
redesign and reverse logistics systems. The study concludes that integrating reliable waste generation and
composition data into policy formulation and technology deployment is essential for advancing evidence-
based, scalable, and context-sensitive circular economy strategies capable of reducing landfill dependency
and enhancing resource efficiency in Indonesia.
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I INTRODUCTION

Rapid population growth, urbanization, and shifting consumption patterns have significantly
increased municipal solid waste generation, particularly in developing economies [1]. Recent studies indicate
that municipal solid waste (MSW) generation is rapidly increasing due to urbanization, industrialization, and
population growth, with household waste already approached 1.8 billion tons by 2020 and is expected to
surge further as urban populations near 70% of the global total [2], [3], [4], [5]. As MSW generation is
closely linked to everyday consumption patterns, its continued growth intensifies the difficulty of effective
waste minimization and reinforces the necessity for integrated and sustainable waste management strategies
[6]. The prevailing linear economic model (characterized by the “take—make—dispose” paradigm) has proven
unsustainable, exacerbating environmental degradation and resource depletion [7]. In response to this crisis,
the circular economy has emerged as an alternative paradigm to the conventional linear model, emphasizing
resource efficiency, waste reduction, and the optimization of material value through closed-loop systems [8],
[9], [10]. Circular economy concept also relies on effective waste management systems—including
composting, recycling, and other treatment methods—thereby enabling the integration of economic viability,
social considerations, and ecological preservation within sustainable environmental practices [11], [12].

International organizations such as United Nations Environment Programme and World Bank have
consistently underscored the importance of transforming waste management systems as a core component of
the sustainable development agenda [13], [14]. Indonesia is among the countries that have adopted the
circular economy concept [15], [16]. Waste generation and composition play a pivotal role in enabling the
realization of a circular economy. Data on waste quantities and material distribution allow for accurate
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estimation of fractions suitable for recycling, composting, or other treatment technologies, thereby
facilitating their recovery as secondary resources [1], [17], [18]. Moreover, detailed waste generation and
composition analyses help identify hazardous contaminants, ensuring safer closed-loop recycling processes
[19], [20]. In addition, when producers are aware that their products contribute significantly to non-
recyclable waste streams, it incentivizes the development of more sustainable, repairable, and recyclable
designs [21], [22], [23], [24]. Waste composition data are also essential for Life Cycle Assessments (LCAS),
which evaluate the environmental performance of circular strategies and ensure that proposed interventions
(such as recycling) deliver genuine emission reductions compared to disposal [17], [25], [26].

At the national level, commitment to the circular economy has increasingly been incorporated into
development planning documents by Kementerian Perencanaan Pembangunan Nasional, positioning the
circular economy as a strategic pathway for enhancing resource productivity and promoting green growth.
Nevertheless, its implementation is often not supported by adequate quantitative analyses of local waste
generation and composition characteristics. Many studies remain limited to statistical measurements without
translating their findings into concrete circular system designs. This condition reveals a significant gap
between technical waste data and the formulation of circular economy policies.Based on the foregoing
background, the research questions addressed in this study are: (1) how can waste generation and
composition characteristics serve as a foundation for circular economy planning; and (2) to what extent does
the integration of such data enhance the effectiveness of circular waste management strategies. Accordingly,
this study aims to examine the significance of waste generation and composition data in supporting evidence-
based policy formulation and circular economy business model development.To address these research
questions, it is necessary to situate waste generation and composition analysis within the broader theoretical
and conceptual foundations of the circular economy.

A systematic review of the existing literature is therefore essential to examine how circular economy
principles, waste generation dynamics, and material composition analysis have been conceptualized and
operationalized in prior studies, and to identify the extent to which empirical waste data have been integrated
into circular governance frameworks.The concept of circular economy has evolved from earlier resource
management paradigms such as industrial ecology and cradle-to-cradle design [10], [27]. Industrial ecology
frames economy—environment interaction as a network of material and energy exchanges, promoting the idea
that industrial systems can mimic natural ecosystems where waste from one process becomes input to
another [28], [29], [30]. This ecological metaphor underpins circular economy thinking, reinforcing systemic
feedback loops and emphasizing metabolic flows rather than isolated end-of-pipe solutions. Circular
economy thus extends beyond waste management to include product life-cycle design, remanufacturing, and
resource recovery embedded across supply chains [31], [32], [33]. This aligns with circular economy
principles by prioritizing utility over consumption [34]. Collectively, these frameworks underpin the circular
economy as an integrative governance model that connects production systems, consumption behavior, and
policy mechanisms aimed at closing material loops [27], [35], [36], [37].In the Indonesian context, studies
have begun to operationalize circular principles within urban and industrial sectors [38]. For example,
research on circular economy in Indonesia highlights barriers related to institutional capacity, lack of
standardized metrics, and fragmented waste value chains [39], [40].

Empirical investigations in cities such as Jakarta, Bandung, and Surabaya illustrate how local policy
frameworks incorporate circular strategies in waste-to-resource initiatives, yet implementation remains
uneven due to limited coordination between government, private sector, and communities [41], [42]. These
findings suggest that while the circular economy concept is gaining traction nationally, its translation into
measurable outcomes requires strengthening analytical foundations and governance structures.Waste
generation is not only an indicator of consumption patterns, but also reflects underlying socio-technical
dynamics within urban systems [43]. From an urban metabolism perspective, cities are conceptualized as
organisms that process energy, materials, and waste through interconnected socio-economic and
infrastructural subsystems [43]. In this framework, waste generation can be interpreted as an output of
material throughput, influenced by demographic shifts, economic activities, and urban form [44], [45], [46],
[47]. Socio-economic stratification further affects waste profiles, with affluent areas typically generating
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higher per capita waste volumes, whereas informal settlements may produce more heterogeneous waste with
higher organic content [48].Several studies have explored global and regional determinants of waste
generation, identifying key drivers such as GDP per capita, consumer behavior, and retail expansion [49],
[50], [51].

For instance, research in Southeast Asia indicates that economic modernization correlates with
increased packaging waste and synthetic materials, complicating recycling processes due to mixed polymer
types [52]. In Indonesia, municipal waste generation rates vary substantially among provinces and city
typologies, attributable to differences in urban density, household income, infrastructure accessibility, and
public awareness levels [53].Waste composition analysis serves as a key analytical tool for evaluating
the quality of waste streams and identifying opportunities for material recovery [54]. In material flow
studies, composition data enable the construction of Sankey diagrams, which visually map the flow of major
material fractions through collection, treatment, and disposal systems [55], [56], [57]. This analytical
capability supports decision-making by guantifying not only the mass of recyclable fractions but also the
distribution of contaminants, moisture content, and heterogeneity [58], [59]. Beyond characterization, waste
composition data are increasingly used to inform technology selection models in sustainable waste
management. Waste composition analysis also underpins economic viability assessments by projecting
potential revenue streams from recovered materials, allowing stakeholders to compare cost—benefit trade-offs
among alternative waste treatment pathways [60].

In Indonesian cities, research indicates that organic waste often constitutes the largest fraction of
household waste, while plastic fractions continue to rise with increasing consumption of packaged goods
[48], [61], [62], [63], [64]. These trends have policy implications: effective composting initiatives might
yield significant environmental benefits, whereas escalating plastic fractions necessitate targeted reduction
and redesign strategies at the production level [65], [66]. Thus, waste composition analysis is not merely
descriptive but serves as a foundational input to circular economy modeling, policy evaluation, and
investment prioritization [61].

1. METHODS

Research Design

This study adopts a systematic review approach to critically examine the functional role of waste
generation and waste composition data in informing circular economy strategies in Indonesia. Unlike
empirical research articles that rely on primary data collection, this review synthesizes existing scholarly
literature, policy documents, and governmental reports to construct an analytical framework linking waste
characterization data to strategic circular interventions.The review is designed as a structured narrative
synthesis with analytical categorization. It integrates environmental policy analysis, material flow
perspectives, and circular economy strategy mapping to evaluate how empirical waste data, specifically
waste generation rates and composition profiles, serve as decision-making instruments in determining
appropriate recovery pathways such as recycling, composting, anaerobic digestion, and other resource
recovery mechanisms. The methodological orientation emphasizes interpretative rigor, conceptual
integration, and comparative assessment across documented cases in Indonesia.

Study Area and Sampling Framework

The geographical focus of this review is Indonesia, selected due to its rapidly increasing municipal
solid waste generation and its ongoing transition toward circular economy policies at national and regional
levels. Rather than employing statistical sampling of populations, this review applies purposive sampling of
literature sources to ensure relevance, credibility, and contextual accuracy.The inclusion criteria consist of:
(1) peer-reviewed journal articles addressing waste generation, waste composition, or circular economy
implementation in Indonesia; (2) official government publications, including policy frameworks and national
waste management reports; and (3) institutional reports that provide quantitative waste data or strategic
circular economy evaluations. Exclusion criteria include publications lacking methodological transparency,
non-Indonesian case studies without comparative relevance, and opinion-based commentaries without
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empirical grounding. This purposive selection ensures that the synthesized evidence reflects authoritative and
policy-relevant sources.

Data Collection

Data were collected through a structured literature review conducted across academic databases,
governmental repositories, and international institutional publications. The extracted data were categorized
into three principal domains. First, quantitative data on waste generation rates (e.g., kg/capita/day) and
material composition percentages were compiled to identify dominant waste fractions in Indonesia. Second,
documentation of circular economy initiatives already implemented by the Indonesian government (such as
recycling programs, composting initiatives, waste bank systems, extended producer responsibility schemes,
and organic waste processing facilities) was systematically summarized. Third, international case studies
were collected from countries with comparable waste composition characteristics, particularly those with
high organic content or increasing plastic fractions, in order to identify applicable strategic models.Data
extraction followed a standardized documentation matrix to ensure consistency in recording waste indicators,
policy instruments, technological approaches, and reported outcomes.

Data Analysis

The analytical process was conducted through thematic synthesis and comparative evaluation.
Initially, Indonesian waste generation and composition data were synthesized to establish a national waste
profile, highlighting dominant material fractions and regional variations. This stage aims to clarify the
structural characteristics of Indonesia’s waste stream as a foundation for circular economy considerations.
Subsequently, existing circular economy initiatives in Indonesia were analyzed descriptively to assess their
scope, sectoral focus, and technological orientation. Given that circular economy implementation in
Indonesia remains in a developing phase, the analysis does not attempt to evaluate full systemic integration,
but rather documents current efforts and their alignment with prevailing waste characteristics.Finally,
selected international experiences were examined to identify strategic approaches adopted in jurisdictions
with similar waste composition patterns. By comparing Indonesia’s waste profile with international best
practices, particularly in organic waste valorization, plastic recycling optimization, and decentralized
resource recovery, the study derives context-sensitive policy insights. This comparative synthesis is intended
to provide evidence-based recommendations for advancing circular economy strategies in Indonesia,
grounded in empirical waste data and informed by globally tested models.

1. RESULT AND DISCUSSION

Waste Generation in Indonesia

Global municipal solid waste (MSW) generation continues to rise at an alarming rate, with the
increase predominantly concentrated in major economies such as China and the United States, contributing
approximately 37% and 12%, respectively, of the total global MSW increase during the 2014-2019 period
[67], [68]. This global escalation reflects not only demographic expansion but also structural transformations
in production and consumption systems. Within this broader context, Indonesia emerges as a significant
contributor to the growing waste burden in Southeast Asia. The synthesis of national reports and peer-
reviewed studies indicates that Indonesia exhibits a steadily increasing municipal solid waste generation rate,
driven primarily by urbanization, population growth, and shifting consumption patterns associated with
economic development [69], [70].Quantitatively, national data show that waste generation in Indonesia
reaches approximately 3.25 liters per capita per day, equivalent to 0.833 kg per capita per day [71]. At the
urban scale, the average distribution of waste generation across Indonesian cities amounted to 56,729.76 tons
in 2020 and increased substantially to 70,662 tons in 2024, confirming a persistent upward trend in
municipal waste distribution [72]. Spatially, solid waste generation between 2019 and 2021 was largely
concentrated on the islands of Java, Sumatra, and Borneo, which are characterized by high population
density and industrial activity [73].

This geographical concentration underscores the interplay between demographic clustering,
economic intensity, and waste output, suggesting that regional development patterns significantly shape
national waste profiles. City-level evidence further illustrates the magnitude and heterogeneity of Indonesia’s

https://ijersc.org

60


https://ijersc.org/

International Journal of Educational Research & Social Sciences ISSN: 2774-5406

waste generation. The capital city, Jakarta, is estimated to generate approximately 7,500 tons of waste per
day [74], [75], [76], positioning it among the highest waste-producing metropolitan areas in the region.
Bandung produces around 1,594.18 tons per day [77], while Surabaya generates between 1,450 and 2,000
tons daily, with an average of approximately 1,600 tons per day [78], [79]. In Banten Province, Serang and
Tangerang cities generate 601.38 tons and 1,011.45 tons per day, respectively [80]. Other regions, such as
cities in Riau Province, demonstrate increasing waste volumes partly attributed to limited public awareness
and inadequate waste management practices [81], [82], [83], [84], [85], [86]. These data collectively indicate
that waste generation in Indonesia is not only high in absolute terms but also unevenly distributed, reflecting
varying levels of governance capacity, infrastructure provision, and community engagement.

Conceptually, environmentally sound solutions to escalating waste generation emphasize waste
reduction and recycling as primary interventions. These approaches align directly with circular economy
principles, which seek to decouple economic growth from resource consumption by promoting material
recovery and extending product life cycles. However, the persistent increase in waste generation suggests
that reduction and recycling efforts have not yet offset the growth in material throughput. From a systemic
perspective, the upward trajectory of waste generation highlights structural inefficiencies in material use and
post-consumption management. The expansion of waste volume cannot be attributed solely to demographic
growth; rather, it reflects entrenched linear consumption patterns characterized by short product lifespans,
disposable packaging, and limited recovery infrastructure [87], [88]. Compounding this challenge are
disparities in data consistency and methodological approaches across provinces, which reveal gaps in waste
measurement and reporting systems. Inconsistent data collection practices may hinder accurate forecasting,
infrastructure planning, and policy prioritization. Reliable and standardized waste generation data are
therefore essential to ensure that strategic interventions are proportionate to actual waste characteristics.
Without robust data governance, circular economy planning risks being normative rather than evidence-
based, thereby limiting its operational effectiveness.Given the continuous increase in waste generation across
Indonesia, the circular economy framework represents a strategically appropriate pathway for systemic
reform.

Nevertheless, circular economy implementation in Indonesia remains suboptimal. Several factors
constrain its effectiveness, including limited source segregation, insufficient technological infrastructure,
fragmented regulatory enforcement, financial constraints, and varying levels of stakeholder commitment.
Institutional coordination between central and local governments, private sector actors, and community
organizations remains uneven, reducing the scalability of circular initiatives. Consequently, strengthening
multi-stakeholder collaboration and enhancing regulatory coherence are imperative to overcoming these
structural barriers [89], [90]. A coordinated and data-driven circular economy strategy, grounded in accurate
waste generation metrics, is therefore essential to transforming Indonesia’s waste challenge into an
opportunity for sustainable resource management and long-term environmental resilience.

Waste Composition in Indonesia

Data reported by the National Waste Management Information System (SIPSN) in 2021 indicate that
Indonesia’s waste composition is predominantly characterized by food waste, accounting for 40.5% of total
waste generated nationwide [15]. Subsequent data from SIPSN in 2025 demonstrate that food waste remains
the largest fraction, with a marginal decline to 39.79%. Although this slight reduction may suggest
incremental improvements in waste reduction efforts, the dominance of food waste over a four-year period
confirms that biodegradable materials continue to constitute the principal component of Indonesia’s
municipal waste stream. This persistence underscores the structural nature of organic waste generation,
closely linked to household consumption patterns, traditional market systems, and limited upstream food loss
prevention mechanisms.The global relevance of food waste further amplifies the significance of these
findings. Food waste is widely recognized as a major contributor to greenhouse gas emissions, particularly
methane emissions from landfills, thereby exacerbating global warming and climate change impacts.
Consequently, the sustained dominance of food waste in Indonesia not only represents a domestic waste
management challenge but also situates the country within broader international climate mitigation concerns.
The consistency between the 2021 and 2025 SIPSN datasets reinforces the reliability of national waste
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composition reporting while simultaneously highlighting the urgency of systemic intervention in organic
waste management.
Fig 1. Waste Composition in Indonesia (2025)

Indonesia's Waste Composition in 2025

2.31% 6.59%

2.390__ 2:02%
3% \

\

= Food Waste = Garden Waste = Plastic
= Paper and Cardboard = Metal = Textile
= Rubber and Leather = Glass = Others

Source: SIPSN (2025)

Plastic waste constitutes the second-largest fraction of Indonesia’s waste composition. According to
SIPSN data, plastics accounted for 17.85% of total waste in 2021, increasing to 19.95% in 2025. This
upward trend indicates a structural shift in consumption patterns, particularly the proliferation of single-use
packaging, e-commerce distribution systems, and modern retail expansion. Unlike organic waste, plastics
exhibit extremely low decomposition rates, persisting in terrestrial and marine environments for decades or
even centuries. The environmental implications of rising plastic fractions therefore extend beyond landfill
capacity constraints to include marine pollution, microplastic contamination, and ecosystem degradation.
Beyond food and plastic waste, other fractions—such as paper, textiles, metals, and glass—contribute
smaller yet still significant shares to the overall waste stream. However, the comparative dominance of
organic and plastic fractions defines the structural profile of Indonesia’s municipal solid waste. This
composition pattern is not isolated to national aggregates; rather, it is consistently reflected in city-level
analyses across diverse urban contexts. Such consistency strengthens the credibility of SIPSN data and
indicates that the observed national profile accurately represents prevailing material distributions.

Empirical studies from major Indonesian cities further corroborate this composition pattern. In
Jakarta, organic waste accounts for 53.75% of total waste, followed by paper (14.92%) and plastics (14.02%)
[91]. Similarly, Pandansari Lor Village reports 58.42% organic waste and 26.74% plastic waste [92], while
an urban kampong records 61.62% organic waste and 13.14% plastics [93]. In Bekasi, food waste dominates
at 66%, with plastics contributing 8.81% [94]. Surabaya exhibits a comparable structure, with 54.31%
organic waste and 19.44% plastics [95]. The recurrence of organic dominance across metropolitan, peri-
urban, and community-level settings demonstrates that biodegradable waste is structurally embedded in
Indonesia’s urban metabolism.The convergence between national SIPSN data and localized empirical
findings confirms that organic waste typically exceeds 50% of total waste in many regions. This fraction
primarily consists of food residues and biodegradable materials originating from households and traditional
markets, reflecting dietary patterns and distribution systems. Plastics consistently represent the second-
largest fraction, followed by paper and other recyclables in smaller proportions. The rising plastic share
mirrors retail modernization and increased reliance on packaged goods, suggesting that economic
transformation directly shapes waste composition dynamics.
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From a circular economy perspective, these structural characteristics carry significant strategic
implications. The predominance of organic waste indicates substantial untapped potential for biological
treatment pathways, including composting and anaerobic digestion. Such approaches could simultaneously
reduce landfill dependency, mitigate methane emissions, and generate value-added outputs such as compost
and biogas. However, technological feasibility is frequently constrained by inadequate source segregation
and contamination of organic fractions with mixed materials, which reduce process efficiency and product
guality. At the same time, the increasing plastic fraction presents complex technical challenges due to
heterogeneous polymer types and limited domestic capacity for advanced recycling technologies.
Accordingly, waste composition data function not merely as descriptive statistics but as foundational
determinants of technological selection, investment prioritization, and policy design within Indonesia’s
evolving circular economy framework.

Circular Economy in Indonesia

From waste generation and composition data, organic waste constitutes the largest fraction of
municipal solid waste in Indonesia, presents both a challenge and an opportunity for circular economy
strategies. One promising approach is the implementation of decentralized bioconversion systems using
Black Soldier Fly (BSF) larvae to process organic waste at the community level. A case study in Bandung
demonstrated that BSF-based bioconversion, integrated with composting methods, enabled neighborhoods to
process significant volumes of household organic waste, generate high-value biomass for animal feed, and
produce organic fertilizer, while mitigating methane emissions associated with traditional disposal. This
model exemplifies how community-scale interventions rooted in circular economy principles can effectively
address dominant waste composition fractions, complementing existing waste bank systems focused
primarily on recyclables [96].In rural and peri-urban contexts, circular economy strategies have also been
applied successfully to organic waste management. For example, research conducted in Tegal Tugu Village
highlights the community’s practice of sorting, composting, and fermenting organic waste to produce
compost and biogas, resulting in improved soil quality, reduced dependency on chemical fertilizers, and
enhanced economic opportunities through sales of organic products. Such models illustrate the potential for
circular organic waste processing to contribute to sustainable local economies and strengthen community
resilience, particularly in areas where organic waste accounts for the majority of waste streams [97].

Beyond community and village-level practices, quantitative assessments at the regional scale further
substantiate the economic potential of organic waste valorization. An analysis of the organic fraction of
municipal solid waste in Buleleng Regency estimated resource recovery potential from multiple valorization
technologies, including anaerobic digestion, composting, BSF processing, and production of eco-enzymes.
The study quantified both resource outputs and their potential economic value, demonstrating that circular
organic waste strategies can generate substantial returns and should be considered in municipal planning and
investment decisions. This reinforces the strategic importance of aligning waste composition data with
technology choices to optimize circular outcomes [98].Technological interventions targeting organic waste
also extend into renewable energy generation. Research on the utilization of household organic waste for
biogas production—integrated with Internet-of-Things monitoring systems—illustrates how organic
fractions can be repurposed as renewable energy sources, reducing reliance on fossil fuels and mitigating
greenhouse gas emissions. Although such technological pilots remain nascent, they demonstrate the
feasibility of integrating digital monitoring with organic waste valorization, further expanding the scope of
circular economy applications beyond conventional composting and recycling [99].

Despite these advances, challenges remain in scaling organic waste circular economy strategies
across Indonesia. Limitations in processing capacity, uneven community awareness, and inadequate
infrastructure are frequently cited barriers. Nonetheless, the diversity of demonstrated approaches—from
BSF bioconversion to village composting and regional valorization assessments—indicates a growing body
of evidence supporting the integration of organic waste into circular systems. By leveraging empirical waste
composition data and technology-specific research, policymakers and practitioners can design more
effective, scalable, and context-sensitive circular economy strategies that address the country’s dominant
waste fractions and unlock substantial environmental and socio-economic benefits [9].Indonesia has taken
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meaningful steps toward embedding circular economy principles into its waste management framework, as
evidenced by a growing body of peer-reviewed research and documented initiatives. For example,
community-based waste bank models have been analyzed as platforms that operationalize circular economy
practices by enabling material recovery and reintegration into productive uses, particularly for plastic waste
streams that align with the country’s waste composition profile and national plastic waste patterns [100].
These waste bank systems promote source segregation, material reuse, and community awareness, reflecting
the official endorsement of decentralized waste recovery interventions within broader sustainability agendas.

Academic analysis of specific waste bank implementations, such as Mekar Sari Waste Bank in South
Jakarta and Waste bank in Maros Regency, demonstrates how these institutions function as local hubs for
participatory recycling and reuse practices, fostering partnerships among households, recyclers, and
municipal authorities. The study highlights that waste bank operations not only divert recyclable materials
from landfill but also educate residents about waste sorting and sustainable consumption—an essential
behavioral element for effective circular ecosystem design [101]. In addition to community-based
mechanisms, Indonesia has also explored circular economy strategies within production and industry
contexts. Extended Producer Responsibility (EPR) schemes have been proposed and analyzed for post-
consumer plastic waste management, where producers are encouraged (or required) to participate in the
lifecycle management of packaging materials. Such regulatory frameworks aim to internalize waste
management costs and stimulate eco-design, which is necessary given the increasing proportion of plastics in
the national waste composition [102]. Municipal waste governance studies further indicate that evolving
circular economy implementation includes structured waste management planning with reverse logistics
principles. For instance, optimized reverse logistics network designs have been developed for plastic waste
in Jakarta, acknowledging both the need for integrated collection systems and the utilization of recovered
plastics within value chains—an approach that is reflective of the second largest waste fraction identified in
composition datasets [103].

Moreover, Indonesia’s circular economy practices extend beyond recyclables to include waste
conversion technologies. Case studies of Regional Public Service Agencies illustrate the conversion of
mixed waste into Refuse Derived Fuel (RDF), which is subsequently used as alternative fuel in industrial
applications. This approach signals a strategic alignment with circular economy objectives to reduce landfill
dependency while gaining energy from waste streams [42]. Research also highlights the application of
circular economy principles in rural and agricultural contexts, where organic waste — the dominant fraction
identified in SIPSN data — can be transformed into compost or other useful bioproducts at local levels,
thereby turning waste liabilities into resource flows. Such approaches underscore the potential for
community-based circularity beyond urban settings and demonstrate adaptability in regions where organic
garbage constitutes the majority of waste generation [104]. Despite these advances, studies consistently
observe that circular economy implementation in Indonesia remains uneven and challenged by limited scale,
institutional fragmentation, and insufficient integration with empirical waste data systems. National
regulatory frameworks like the Extended Producer Responsibility guidelines and solid waste roadmaps
underscore intent but require strengthened enforcement and broader infrastructural support to fully leverage
material recovery potential and respond to the country’s evolving waste generation and composition
dynamics [40].

Adaptable International Circular Econemy Technologies Based on Indonesia’s Waste Generation
and Composition Profile

Indonesia’s waste composition profile—dominated by organic waste at roughly 40% of the total
stream—creates both a necessity and an opportunity for targeted circular economy interventions that valorize
biodegradable materials into productive outputs. This structural dominance of organic fractions, combined
with rapidly increasing waste generation, underscores the urgency of deploying technologies that can handle
large volumes of organic biomass effectively. Such interventions not only address environmental impacts but
also align with circular economy objectives by converting organic residues into nutrients, energy, and other
value-added products.A particularly promising technology that has gained international attention is Black
Soldier Fly (BSF) larvae bioconversion, which transforms organic waste into insect biomass, frass (organic
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fertilizer), and potentially feed products. Research has demonstrated that BSF larvae rapidly consume
significant quantities of organic waste, converting it into by-products with economic value, and that such
systems can form the biological backbone of circular waste strategies [105]. In Indonesia, community-level
initiatives in Surabaya have successfully applied BSF bioconversion to neighborhood waste streams,
reducing landfill loads and demonstrating community engagement in resource recovery [106].

Beyond insect-mediated transformation, anaerobic digestion represents another scalable technology
capable of converting organic waste into renewable energy, specifically biogas, while simultaneously
producing digestate that can be used as soil amendment. Literature in circular waste management indicates
that both aerobic and anaerobic digestion technologies contribute to the advancement of bio-economy
models by supplying chemicals, nutrients, and fuels necessary for a resource-efficient society [107]. Pilot
studies in Indonesia, such as biodigester utilization for biogas production from organic feedstocks in PT PLN
Nusantara Power UP Muara Karang, illustrate community interest in generating energy from waste, thereby
reducing dependency on fossil fuels and mitigating greenhouse gas emissions [108].In addition to advanced
bioconversion and digestion systems, straightforward composting technologies remain highly relevant and
adaptable to local contexts. Household and community composting systems have been documented across
Indonesian villages, showing that even low-tech methods can significantly reduce food waste volumes and
produce nutrient-rich soil amendments for agriculture [109]. Such systems are particularly suitable given
Indonesia’s substantial organic waste fraction and strong agrarian linkages, enabling organic residues to
reenter nutrient cycles rather than being relegated to landfill disposal.Comparative international experiences
further inform Indonesia’s circular economy roadmap. In European contexts, waste management strategies
explicitly mandate source separation for organic waste, as seen in municipal ordinances that require
households to divert compostable materials from residual streams for dedicated biological treatment, thereby
enhancing both recycling rates and compost quality; although not from a journal article, this case exemplifies
the type of policy frameworks that can support technology adoption.

International systematic reviews also show that countries like Germany, the Netherlands, and
Sweden implement integrated organic waste valorization strategies—including fermentation,
vermicomposting, and engineered biomass production—that combine policy support with technological
innovation [110].However, the successful deployment of these technologies in Indonesia requires not only
technical adaptation but also enabling policy environments, financial incentives, and participatory
governance structures. Research indicates that community empowerment and capacity building are critical to
ensuring that organic waste technologies do not remain peripheral projects but become integral components
of urban and rural waste systems [111]. These studies underscore the importance of aligning waste
generation and composition data with technology selection to ensure that interventions are both contextually
appropriate and scalable.In synthesizing both national trends and international best practices, it becomes
apparent that circular economy strategies for organic waste must be multi-modal-—combining bioconversion,
anaerobic digestion, composting, and decentralized energy systems—to effectively address Indonesia’s
waste profile. By leveraging empirical waste data and proven technological pathways, policymakers can
design integrative frameworks that reduce landfill pressure, generate economic opportunities, and contribute
to climate mitigation goals. Ultimately, embedding these technologies into a broader circular economy
strategy will require sustained coordination across government, industry, and community stakeholders,
supported by evidence-based planning and robust monitoring systems.

V. CONCLUSION

Indonesia’s municipal solid waste generation continues to show a consistent upward trend, reaching
approximately 0,833 kg per capita per day (equivalent to 3,25 liters per capita per day) at the national level.
In aggregate urban distribution, waste volumes increased from around 56.729,76 tons in 2020 to 70.662 tons
in 2024, reflecting rapid urbanization, population growth, and shifting consumption patterns. Waste
generation is heavily concentrated in densely populated islands such as Java, Sumatra, and Borneo, with
major metropolitan areas like Jakarta generating approximately 7.500 tons per day, followed by Bandung
and Surabaya with daily outputs exceeding 1.500 tons. These figures confirm that Indonesia faces a
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structurally escalating waste burden driven by demographic and economic transformation.In terms of
composition, Indonesia’s waste stream is dominantly characterized by organic (food) waste, accounting for
approximately 40,5% in 2021 and 39,79% in 2025, making it the largest fraction nationwide. The second-
largest component is plastic waste, which increased from 17,85% in 2021 to 19,95% in 2025, indicating a
growing reliance on packaged and single-use products. City-level studies consistently reinforce this pattern,
with organic waste often exceeding 50% of total municipal waste in several urban areas, while plastics
remain the primary non-biodegradable fraction.

This dominance of organic and plastic materials defines Indonesia’s structural waste profile and
directly influences the selection of appropriate circular economy strategies. The findings further indicate that
Indonesia has initiated multiple circular economy practices, including waste banks, Extended Producer
Responsibility (EPR) frameworks, RDF production, community composting, and decentralized
bioconversion systems. However, these initiatives remain fragmented, uneven in scale, and insufficiently
integrated with empirical waste generation and composition datasets. Strengthening institutional
coordination, regulatory enforcement, and standardized data governance is essential to enhance systemic
coherence and scalability.Drawing on international experiences in organic waste valorization and advanced
recycling systems, this study concludes that Indonesia’s circular economy transition should prioritize
technologies aligned with its dominant organic fraction while reinforcing plastic circularity through upstream
design and reverse logistics integration. A data-driven, multi-technology approach—supported by strong
governance and stakeholder collaboration—offers the most viable pathway for transforming Indonesia’s
waste challenge into a resource-efficient and environmentally resilient circular system.
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