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Abstract

Decentralized waste-to-resource systems are increasingly relevant to circular urban development
because they enable organic matter, recyclable materials, reusable products, and other recoverable
resources to be processed closer to the communities in which waste is generated. Technical feasibility
alone, however, does not ensure successful implementation. Neighborhood-scale composting, material-
recovery centers, anaerobic digestion, reuse facilities, and integrated resource-recovery hubs can
encounter resistance when residents perceive odor, traffic, health, safety, visual, governance, or
distributive concerns.

This study develops a simulation-based framework for assessing community acceptance of

decentralized waste-to-resource systems through six dimensions: perceived usefulness, institutional trust
and transparency, user convenience, procedural fairness and participation, confidence regarding
nuisance and safety management, and visibility of community benefits. A Community Acceptance
Potential Index is applied to five hypothetical system configurations.
The simulation produces the highest acceptance potential for an integrated micro-resource center at 82.4,
followed by a repair and reuse hub at 80.8, neighborhood material-recovery and decentralized
composting systems at 75.2 each, and community anaerobic digestion at 68.2. A complementary
scenario analysis indicates that acceptance increases from 49 under a technology-only implementation
strategy to 87 when co-design is combined with transparent community benefit sharing.

The findings indicate that decentralized resource recovery should be treated as a socio-technical
service rather than merely a waste-processing technology. Reliable collection, operational cleanliness,
clear communication, local participation, fair distribution of benefits and burdens, and visible material
outcomes substantially strengthen the conditions for community acceptance. The study offers a
transferable planning framework for municipalities, community organizations, waste enterprises, and
researchers seeking to evaluate decentralized circular-economy interventions before field
implementation.

Keywords: decentralized waste management, waste-to-resource systems, community acceptance,
resource recovery, circular economy, source segregation, community participation, recycling behavior
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1. Introduction

Municipal waste management is undergoing a gradual transition from linear systems centered on
collection and disposal toward circular approaches that emphasize waste prevention, separation,
recovery, recycling, composting, reuse, and productive reintegration of secondary resources.
Decentralized waste-to-resource systems represent one expression of this transition. Instead of
transporting all waste to large centralized facilities, suitable fractions can be separated and processed
within neighborhoods, institutions, residential clusters, markets, or other locally manageable service
areas. Such arrangements may shorten transportation routes, retain resource value closer to the point of
generation, create opportunities for locally adapted services, and improve the visibility of material
recovery. Research on integrated solid-waste management has nevertheless demonstrated that effective
systems depend on both physical infrastructure and governance dimensions such as inclusion,
institutional quality, financial sustainability, and stakeholder participation.

The decentralization of waste treatment does not automatically generate community support. A
facility that is environmentally beneficial at the city scale can still be viewed negatively by residents
living immediately beside it. Communities may associate waste-processing sites with odors, insects,
noise, vehicle movement, fire risk, declining neighborhood quality, poor management, or inequitable
distribution of environmental burdens. Acceptance may deteriorate further when residents believe that
decisions have already been made without consultation or that private operators receive economic gains
while host communities experience the operational impacts. These concerns indicate that
implementation involves questions of trust, fairness, service quality, perceived control, and institutional
credibility alongside engineering performance.

Community behavior also directly determines whether many decentralized systems can function
effectively. Composting and material recovery generally depend on reasonably clean source-separated
inputs. When households mix food waste, contaminated packaging, hazardous materials, and recyclable
fractions, recovery quality declines and operational costs rise. Research on household waste behavior
repeatedly identifies attitudes, subjective norms, perceived behavioral control, convenience, previous
behavior, information quality, and access to appropriate facilities as influential factors. Studies of
recycling programs likewise show that satisfaction with collection facilities and perceived convenience
can affect household participation.

Decentralized waste management therefore differs from conventional end-of-pipe infrastructure
because citizens are not simply passive users. They frequently become active participants whose daily
separation, storage, handover, payment, monitoring, and feedback practices influence the performance of
the entire system. Evidence from decentralized composting initiatives has shown that local schemes can
emerge in response to unreliable centralized collection, while their sustainability can depend on space
availability, municipal support, transparent management, appropriate composting practice, and viable
markets for recovered products. The technological component consequently needs to be embedded
within a service architecture that residents understand and consider credible.

Against this background, the present study examines community acceptance of decentralized
waste-to-resource systems through a simulation-based multicriteria framework. No completed
community survey or field experiment is represented as factual evidence. Instead, the paper integrates
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established findings from waste-behavior, integrated-waste-management, and decentralized-system
literature into a transparent analytical model. The study evaluates several decentralized system
configurations and subsequently examines how acceptance may change as implementation progresses
from technology-centered deployment toward participatory governance and transparent community
benefit sharing. The purpose is to demonstrate that social acceptance is not an external communication
problem to be addressed after facility design; it is a core design variable that should influence system
selection, location, operation, monitoring, and institutional arrangements from the beginning.

2. Objectives of the Study

2.1 To ldentify the Principal Determinants of Community Acceptance

The first objective is to identify the social and operational dimensions most likely to shape community
responses to decentralized waste-to-resource systems. The study focuses particularly on perceived
usefulness, trust, transparency, convenience, participation, fairness, nuisance management, safety
confidence, and visibility of local benefits.

These variables are considered jointly because acceptance cannot be explained through
environmental awareness alone. Residents may support recycling and circular-economy principles while
resisting a poorly maintained facility beside their homes. Conversely, a technically modest system may
receive stronger support when its benefits are visible, participation is convenient, and residents trust the
organization responsible for operation.

2.2 To Compare Alternative Decentralized Resource-Recovery Configurations

The second objective is to compare the simulated acceptance potential of decentralized composting,
neighborhood material recovery, community anaerobic digestion, repair and reuse facilities, and an
integrated micro-resource center.

The comparison is designed to demonstrate the trade-offs inherent in system selection.
Technologies capable of recovering substantial resource value may also introduce greater complexity or
perceived nuisance, whereas simpler reuse-oriented systems may produce strong social acceptance
despite processing a narrower range of materials.

2.3 To Examine the Effect of Implementation Strategy on Acceptance

The third objective is to assess how implementation design may influence community acceptance
independently of the underlying technology. A sequence of hypothetical strategies is considered, ranging
from technology-only deployment to information provision, convenience enhancement, community co-
design, and co-design combined with transparent benefit sharing.

This objective recognizes that a technically identical facility can generate different community
responses depending on how decisions are communicated, how accessible participation is, whether
residents influence operational arrangements, and whether benefits and responsibilities are distributed
transparently.
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3. Review of Literature

3.1 Decentralization, Resource Recovery, and Integrated Waste Management

Integrated sustainable waste management emphasizes that collection, environmentally sound disposal,
and resource recovery must operate alongside inclusive governance, financial sustainability, and capable
institutions. Comparative research covering multiple urban contexts has shown considerable diversity
among successful waste-management models and cautions against assuming that one technological
configuration is universally appropriate. This perspective is directly applicable to decentralization
because local processing units must be tailored to waste composition, available space, community
practices, municipal responsibilities, market conditions, and institutional capacity.

Marshall and Farahbakhsh further characterize waste management in developing contexts as a
complex system affected by interconnected social, cultural, political, economic, environmental, and
technical factors rather than a narrowly engineering problem. Decentralization can therefore be valuable
where it creates manageable service units and allows locally appropriate solutions, but decentralization
does not eliminate governance requirements. Instead, it can distribute governance responsibilities across
municipal agencies, communities, private enterprises, nongovernmental organizations, informal
recyclers, and building or neighborhood associations.

Zurbriigg and colleagues' assessment of decentralized composting initiatives illustrates this
institutional dependence. Their examination of community, institutional, private, and small-enterprise
arrangements found that decentralized composting can reduce the amount of waste requiring centralized
collection and disposal, but the sustainability of such initiatives depends on factors such as land
provision, operational knowledge, transparency, municipal involvement, and markets for compost. The
findings demonstrate that decentralization should not be equated with institutional withdrawal. Local
facilities remain dependent on supportive regulation, technical oversight, collection integration, and
viable resource-recovery chains.

Wilson and colleagues' Wasteaware framework further strengthens this interpretation by placing
inclusivity, financial sustainability, institutional coherence, and proactive policy alongside physical
performance indicators. A decentralized resource center that achieves high material recovery but
excludes residents from decision-making or lacks financial continuity cannot be regarded as a robust
waste-management system. Community acceptance should therefore be understood as one component of
wider system legitimacy and operational resilience.

3.2 Behavioral Foundations of Participation and Acceptance
The Theory of Planned Behavior provides a widely used foundation for understanding environmentally
relevant behavior. Within waste separation, researchers have examined attitudes toward sorting,
perceived social expectations, perceived behavioral control, intentions, convenience, environmental
knowledge, previous behavior, and situational constraints. Empirical work on household waste
separation has shown that subjective norms, behavioral control, previous practices, and situational
conditions can contribute significantly to actual separation behavior.

Convenience is especially important because environmental intention does not automatically
become sustained behavior. Sorkun's analysis of recycling behavior found that perceived convenience
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played an important mediating role in the relationship between social influences and actual recycling
behavior. Stoeva and Alriksson similarly found that satisfaction with local recycling facilities may be
important for household engagement with separation programs. Consequently, a decentralized system
that requires excessive household storage, complex sorting categories, long walking distances, or
irregular collection may weaken participation even when residents conceptually support recycling.

Experimental evidence concerning waste segregation also indicates that information can
influence household behavior, although communication alone is rarely sufficient. Research examining
household segregation interventions has highlighted the importance of information, feedback, collectors,
community-level monitoring, and incentive structures. Other research has shown that facility
accessibility and government support can help translate favorable attitudes into waste-sorting behavior.
These findings suggest that decentralized waste-to-resource programs should minimize participation
effort while providing reliable feedback showing residents what happens to the separated materials they
supply.

Social norms provide another important mechanism. When separation or reuse becomes visible
as a normal community practice, participation may be reinforced through collective expectations.
Conversely, when residents observe persistent contamination, irregular collection, or nonparticipation
without consequence, the perceived norm can work against the system. Community acceptance therefore
operates partly through observable collective behavior rather than individual environmental attitudes
alone.

3.3 Trust, Fairness, and Social Legitimacy

Research concerning decentralized environmental infrastructure indicates that institutional trust can
strongly affect acceptance. Studies of decentralized resource-management technologies have found that
residents evaluate not only technical advantages and disadvantages but also the trustworthiness of
organizations responsible for management, perceptions of fairness, and whether collective agreement
exists around implementation. These findings are transferable to decentralized solid-waste systems
because residents must frequently tolerate a visible facility located near daily living environments.

Trust is particularly important when communities cannot directly verify environmental or health
performance. Residents may not possess the technical means to assess whether composting temperatures
are adequate, emissions are controlled, digesters are safely managed, recovered products meet quality
standards, or leachate is being contained. They consequently rely on operators, regulators, community
representatives, and monitoring arrangements. Transparency concerning operating procedures,
complaints, incidents, financial arrangements, and performance indicators can reduce this informational
imbalance.

Fairness has both procedural and distributive dimensions. Procedural fairness concerns whether
affected residents participate meaningfully before key decisions are finalized. Distributive fairness
concerns whether the neighborhood receiving the facility also receives a reasonable share of its benefits
rather than merely bearing odor, traffic, land-use, or aesthetic impacts. This distinction is central to
decentralized waste-to-resource systems because their environmental rationale often concerns wider
societal benefits while their operational impacts remain geographically concentrated.
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The literature therefore reveals a research gap between studies focusing on household sorting behavior
and studies examining technical waste-processing performance. Fewer frameworks integrate user
convenience, institutional trust, perceived nuisance, participatory governance, and visible resource
benefits into a single acceptance-oriented assessment of decentralized waste-to-resource systems. The
present study addresses this gap through a simulation framework designed explicitly for pre-
implementation evaluation.

4. Research Methodology

4.1 Research Design and Analytical Scope

The study adopts a simulation-based multicriteria research design. It does not claim to represent
responses collected from an actual community. Instead, hypothetical values are assigned to alternative
decentralized waste-to-resource systems using a conceptual model derived from established behavioral
and waste-governance literature.

Five system configurations are assessed: decentralized composting, a neighborhood material-
recovery hub, community anaerobic digestion, a repair and reuse hub, and an integrated micro-resource
center. These systems represent different combinations of biological processing, recyclable-material
recovery, reuse, energy or nutrient recovery, and community-facing services.

The simulation assumes that each system meets minimum technical and environmental
requirements. The purpose is therefore not to determine whether unsafe or noncompliant technologies
should be socially accepted. Rather, it evaluates the relative community acceptance potential of
technically viable alternatives under different operational and governance characteristics.

4.2 Community Acceptance Potential Index

A Community Acceptance Potential Index, abbreviated CAPI, was developed using six dimensions.
Each criterion is rated on a standardized 0-100 scale and multiplied by a predefined weight. Higher
values indicate conditions more conducive to voluntary support, participation, or tolerance.

Table 1: Community Acceptance Potential Index criteria

Acceptance . .
. P . Interpretation Weight
criterion
Perceived Degree to which residents can understand environmental, service, 0.20
usefulness or resource benefits ’
Trust and Confidence in operators, monitoring, communication, and 0.20
transparency institutional accountability '
User Ease of segregation, storage, collection, access, and everyday 0.20
convenience participation '
Procedural Extent of participation, consultation, co-design, and perceived 0.15
fairness decision legitimacy '
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Acceptance

. Interpretation Weight
criterion P g

uisance and Confidence regarding odor, pests, noise, traffic, hygiene, fire, and

safety . 0.15
. operational control
confidence
Benefit visibility Extent to which recovered products, savings, employment, 0.10

services, or environmental gains are locally observable

Equal emphasis is placed on usefulness, trust, and convenience because decentralized systems depend
simultaneously on residents understanding why participation matters, trusting the organizations
managing recovered materials, and being able to participate without unreasonable effort. Procedural
fairness and safety confidence receive substantial but slightly lower weights, while benefit visibility acts
as an additional reinforcing dimension.

4.3 Simulation Procedure and Ethical Position

Scores were assigned comparatively rather than treated as measured probabilities. For example, repair
and reuse hubs were assumed to have relatively high nuisance and safety confidence because they
involve limited biological decomposition, while anaerobic digestion received lower scores for public
familiarity and perceived operational risk despite potentially substantial resource benefits. Integrated
micro-resource centers received high usefulness and benefit-visibility scores because they combine
several recovery services, but they did not receive perfect safety scores because multiple activities may
create additional operational complexity.

A second simulation examines five implementation scenarios: technology-only deployment,
information-led implementation, convenience-centered service design, participatory co-design, and
participatory co-design with transparent benefit sharing. These values illustrate how governance
improvements could influence acceptance independently of technological change.

No human participants, personal information, interviews, or experimental interventions were
used. The numerical findings are therefore explicitly hypothetical. Any future empirical application
should obtain appropriate ethics approval where required, use informed consent for participant research,
protect respondent confidentiality, disclose funding and conflicts of interest, and report sampling and
statistical procedures transparently.

5. Analysis

5.1 Comparative Acceptance Potential of Decentralized Systems

The simulation indicates meaningful differences among the five resource-recovery configurations. The
integrated micro-resource center achieves the highest CAPI value at 82.4. Its principal strength lies in
the visibility of multiple benefits. Residents may observe separated recyclables being recovered,
reusable products being redirected, organic materials being processed appropriately, and community
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services being integrated within one accountable facility. Such visibility can make the circular-economy
concept more tangible than systems in which materials disappear into distant processing chains.

The repair and reuse hub ranks second at 80.8. Its strong result is attributable to relatively high
trust, procedural fairness, convenience, and nuisance-confidence values. Unlike treatment-oriented
infrastructure, repair and reuse centers can be framed as community services rather than waste facilities.
Products retain recognizable value and can potentially return directly to local use. This characteristic
reduces psychological distance between participation and benefit.

Table 2: Simulated Community Acceptance Potential of decentralized waste-to-resource systems
System Usefulness | Trust | Convenience | Fairness Safety Benefit | CA
configuration confidence | visibility | Pl
Decentralized 78 72 76 80 65 82 75.2
composting
Neighborhood 82 74 72 75 70 78 75.2
material-
recovery hub
Community 86 60 65 62 55 84 68.2
anaerobic
digestion
Repair and 74 82 80 85 88 76 80.8
reuse hub
Integrated 90 78 82 84 72 90 82.4
micro-
resource
center

Decentralized composting and neighborhood material recovery obtain identical overall scores despite
having different profiles. Composting has strong visible environmental benefits and can support local
organic-resource recovery, but odor, insects, contamination, and operational cleanliness can affect
confidence. Material-recovery hubs may be easier for residents to understand because recyclable items
retain recognizable material value, although storage, vehicle movement, fire management, and the visual
condition of recovered-material areas require careful control.

Community anaerobic digestion receives the lowest simulated score despite high potential
usefulness. This result should not be interpreted as evidence that anaerobic digestion is socially
undesirable. Rather, it demonstrates that sophisticated technologies may require additional trust-building
when technical processes are unfamiliar to residents. Operational safety, gas management, odor control,
feedstock quality, financial arrangements, and ownership structures must be communicated transparently
before the environmental advantages of the system can translate into public confidence.
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5.2 Influence of Implementation Strategy

The second analysis evaluates acceptance under different implementation approaches. A technology-
only strategy receives a simulated acceptance index of 49. Under this approach, the facility may satisfy
engineering requirements but residents receive limited opportunity to shape operating hours, collection
methods, siting, monitoring, or benefit allocation.

Providing clear information raises the illustrative score to 61. Communication reduces
uncertainty and can explain why source separation and resource recovery are environmentally useful.
Nevertheless, evidence concerning waste behavior indicates that information by itself does not remove
practical barriers. Participation becomes considerably more realistic when appropriate facilities and
convenient collection arrangements are available.

A convenience-centered scenario reaches 68, while genuine community co-design reaches 80. The
highest simulated acceptance value, 87, occurs when co-design is combined with transparent benefit
sharing

. Graph 1: Community Acceptance Across Decentralized Waste-to-Resource Implementation
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The graph suggests that acceptance can be influenced substantially by governance architecture even
without changing the core recovery technology. The 38-point difference between the technology-only
and co-designed benefit-sharing scenarios illustrates the conceptual importance of treating community
acceptance as a design variable rather than a post-installation communication exercise.

5.3 From Waste Facility to Community Resource Service
The comparative results support a shift in terminology and planning logic. A decentralized facility
should not be designed primarily as a location where unwanted materials are deposited. Its operational
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model should visibly demonstrate how materials move from discard to recovery. Residents need credible
feedback showing that separated organic matter becomes compost or another useful product, recyclables
enter legitimate recovery channels, repairable items return to use, and residual fractions are managed
safely.

Transparency is particularly important because residents may reduce participation when they
believe separately collected materials are subsequently mixed. Trust therefore depends partly on
traceability. Basic operational dashboards, periodic community reports, open-site days, contamination
feedback, complaint-response mechanisms, and publicly understandable material-flow information could
reinforce confidence.

Integration with existing waste workers should also be considered. Decentralized resource
recovery may affect informal recyclers, collectors, small scrap traders, community organizations, and
local enterprises whose livelihoods already depend on material recovery. Excluding these actors can
produce institutional conflict and destroy existing recovery capacity. Inclusive models can instead
formalize safer working conditions, improve material quality, and connect established knowledge
networks with improved infrastructure.

6. Discussion

6.1 Acceptance as a Socio-Technical Performance Variable

The principal implication of the analysis is that technical performance and social acceptance cannot be
separated cleanly. A facility with high theoretical recovery efficiency can underperform when
households refuse to segregate materials, contamination remains high, complaints cause operating
restrictions, or local opposition prevents expansion. Conversely, a modest technology embedded in a
trusted and convenient system can achieve strong participation and stable material flows.

This conclusion is consistent with integrated waste-management research emphasizing that
institutional and inclusive governance dimensions are as important as technical service components.
Wilson and colleagues show that successful waste systems need to be evaluated through both physical
performance and governance characteristics. Marshall and Farahbakhsh similarly argue for system-
oriented perspectives capable of addressing social and institutional complexity rather than relying solely
on engineering solutions.

The findings consequently challenge the assumption that community resistance primarily results
from inadequate environmental knowledge. Residents can possess strong pro-environmental attitudes
while raising legitimate concerns about location, hygiene, accountability, traffic, cost, or operational
reliability. Acceptance strategies should therefore respond to specific concerns rather than attempting to
persuade residents that technology is beneficial without changing the conditions generating opposition.

6.2 Convenience, Trust, and Everyday Participation

Convenience emerges as a fundamental bridge between positive attitudes and sustained participation.
Source segregation requires repeated daily decisions. If separation categories are confusing, containers
are unavailable, collection times are unpredictable, or residents must travel substantial distances,
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participation becomes increasingly difficult. Studies of household recycling and separation consistently
demonstrate the importance of perceived behavioral control, facility accessibility, and convenience.

Trust operates differently but is equally important. Residents must trust that collected materials
are actually recovered, operators comply with environmental safeguards, financial arrangements are
legitimate, and complaints will receive meaningful responses. Trust can be strengthened through
verifiable practices rather than promotional communication. Public operating data, visible cleanliness
standards, independent monitoring where appropriate, transparent ownership arrangements, and
documented responses to environmental incidents provide stronger foundations for legitimacy.

Social norms can then reinforce both convenience and trust. When households observe neighbors
sorting consistently and witness reliable separate collection, participation becomes normalized. Research
on recycling behavior shows that social norms influence environmental practices, while the relationship
between norms and behavior can depend on the convenience of participation. Community campaigns
should therefore combine normative communication with infrastructure that makes the desired behavior
realistic.

6.3 Fair Distribution of Benefits and Responsibilities

The simulation gives its highest acceptance level to the scenario combining co-design with transparent
benefit sharing. This reflects the importance of distributive justice. Communities hosting decentralized
resource facilities may reasonably expect locally meaningful benefits, particularly when they experience
traffic, land occupation, operational activity, or environmental uncertainty.

Benefit sharing need not imply direct household payments. Benefits may include reduced waste-
management charges where economically feasible, neighborhood cleanliness improvements, community
compost distribution, employment opportunities, repair services, environmental education, safer working
conditions for waste workers, support for public spaces, or transparent reinvestment of resource
revenues into local services. The specific arrangement should be financially credible and documented
rather than presented as an unrealistic promise.

Responsibilities must also be allocated fairly. Community participation does not mean
transferring municipal waste obligations entirely to unpaid residents. Households may reasonably be
responsible for appropriate segregation, while trained operators remain responsible for treatment safety,
equipment maintenance, environmental monitoring, residual disposal, and regulatory compliance.
Municipal institutions should retain oversight and ensure continuity where individual community
organizations or contractors experience financial or managerial difficulties.

Successful decentralization therefore requires a partnership model. Communities provide local
knowledge, source-separation participation, monitoring, and feedback. Operators provide professional
service delivery and technical control. Municipalities provide regulation, infrastructure integration,
enforcement, and institutional continuity. Markets and recovery enterprises provide legitimate
destinations for outputs. Weakness in any one of these relationships can undermine the acceptance and
effectiveness of the entire system.
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7. Conclusion

Decentralized waste-to-resource systems can contribute meaningfully to circular waste management by
moving suitable recovery activities closer to waste generators and making material flows more visible at
neighborhood scale. Their effectiveness, however, cannot be judged exclusively through processing
capacity, conversion efficiency, or diversion from disposal. Community acceptance constitutes an
operational condition because household segregation, local cooperation, trust, and tolerance directly
influence the quantity and quality of materials entering decentralized recovery systems.

The simulation developed in this study demonstrates that acceptance potential varies both across
technology configurations and across implementation strategies. The integrated micro-resource center
receives the strongest simulated system-level acceptance score, while repair and reuse facilities also
perform favorably because of their visible social purpose and relatively low nuisance profile. Anaerobic
digestion illustrates the opposite challenge: considerable resource-recovery potential can coexist with
lower acceptance when operational complexity and perceived risk are not accompanied by sufficient
trust and transparency. These results are illustrative rather than empirical, but they clarify why
technology selection should include social criteria from the beginning.

The implementation analysis provides an equally important finding. Moving from technology-
only deployment toward information, convenience, co-design, and transparent benefit sharing
progressively strengthens simulated acceptance. The implication is not that every community will
support every facility after consultation. Meaningful participation can also reveal legitimate reasons to
modify, relocate, downsize, or reject a particular proposal. Genuine acceptance frameworks must
therefore allow community input to influence decisions rather than using consultation merely to validate
predetermined plans.

Future empirical research should test the proposed Community Acceptance Potential Index using
household surveys, focus groups, behavioral observation, material-flow monitoring, and longitudinal
evaluation of operational facilities. Comparative studies across different settlement types could
determine how acceptance varies with housing density, socioeconomic conditions, tenure, waste
composition, existing collection quality, institutional trust, and experience with recycling. Such
validation would enable the proposed framework to evolve from a simulation-based planning instrument
into a more robust decision-support model for decentralized circular-economy infrastructure.
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