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Introduction

The circular economy has emerged as a strategic response to the limitations of the
prevailing linear model of production and consumption, characterized by the continu-
ous flow of “take—make—dispose.” This linear logic neglects the cumulative impacts of
waste generation and the increasing pressure on natural resources, driving unsustainable
consumption and significant environmental degradation (Geissdoerfer et al., 2017; Elia;
Gnoni, & Tornese, 2016). In contrast, the circular economy provides a systemic framework
in which materials and products remain in circulation through reuse, recycling, and re-
covery, thereby reducing the demand for virgin resources and minimizing landfill disposal.

In small municipalities — particularly those with fewer than 20,000 inhabitants,
which represent approximately 70.6% of Brazilian municipalities — the challenges of
municipal solid waste (MSW) management are amplified by limited technical, financial,
and human resources (IBGE, 2022). The lack of adequate infrastructure and specialized

personnel frequently results in systems that fail to meet expected environmental and
public health standards (Eigenheer, 2009).

Growing evidence suggests that performance indicators can play a central role in
strengthening MSW management. At the metropolitan scale, Barros and Silveira (2019)
applied 16 indicators across 34 municipalities in Minas Gerais, identifying logistical
and financial bottlenecks. In the ABC Paulista region, Fratta et al. (2019) confirmed
the relevance of the “landfill diversion index” as a proxy for circularity, while Zon et al.
(2020) demonstrated that combining recovery and rejection rates accurately reflects the
efficiency of selective collection systems. From a life-cycle perspective, Paes et al. (2020)
showed that scenarios with 70% of waste recycling can reduce environmental impacts
by up to 50% and cut costs by one-third. At the scale of small municipalities, Novaes et
al. (2023) systematized 28 indicators aligned with the Sustainable Development Goals
(SDGs), while Guabiroba et al. (2023, 2024) proposed metrics to strengthen selective
collection and waste picker organizations. Besen et al. (2017) emphasized the need to
integrate social inclusion into selective collection systems to ensure both environmental
and socioeconomic benefits.

Despite these advances, existing evaluation models are rarely tailored to the
particularities of small municipalities, leaving a gap in both research and practice. This
shortcoming undermines the effectiveness of waste policies and hinders the transition to
circularity (Ghisellini, Cialani, & Ulgiati, 2016). Addressing this gap requires analytical
frameworks that capture the distinct challenges of small-scale contexts.

Accordingly, this study aims to develop and validate, through the Delphi method,
a set of indicators designed to evaluate MSW policies in small municipalities. By relying
on expert consensus, the proposed model offers a practical tool for guiding municipal
policies across the waste cycle—from generation and final disposal to the integration of
circularity principles in local planning and implementation.

Literature review
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The circular economy is widely recognized as a paradigm shift from the linear
production and consumption model—*“take—make—dispose”—towards a regenerative
system that maximizes material use and minimizes waste. It rests on three core principles:
reduction, reuse, and recycling, which promote the conservation of natural resources and

mitigate adverse environmental impacts (Geissdoerfer et al., 2017; Kirchherr, Reike, &
Hekkert, 2017).

This approach has particular relevance for small municipalities, where financial
and structural limitations often constrain effective MSW management. In towns with
fewer than 20,000 inhabitants, circular strategies not only reduce waste sent to landfills
but also create socio-economic benefits by generating local jobs and fostering community
engagement in sustainable practices (Eigenheer, 2009; Geissdoerfer et al., 2017).

In Brazil, the National Solid Waste Policy (Politica Nacional de Residuos Sélidos
— PNRS), enacted by Law No. 12,305/2010, sets guidelines for waste management and
introduces the principle of shared responsibility across the product life cycle. Although
it does not explicitly reference the circular economy, the PNRS advances its principles
by encouraging material recovery, reverse logistics, and shared accountability among
producers and consumers (Brasil, 2010). Implementation, however, is hindered in small
municipalities by financial constraints, technical deficiencies, and the absence of integrated
management systems (Brasil, 2010; Ghisellini, Cialani, & Ulgiati, 2016).

Successful implementation of circular practices requires collaboration among lo-
cal governments, the private sector, and civil society. Empirical evidence supports this:
Vieira and Fiore (2022) and Marques et al. (2020) show that community participation
and partnerships enhance waste management outcomes in small towns. Similarly, the
productive inclusion of waste pickers in selective collection programs has been identified
as a critical success factor, simultaneously raising recovery rates and improving socio-
economic conditions (Zon et al., 2020; Guabiroba et al., 2023).

Ecological economics provides a complementary framework, emphasizing the in-
terdependence between economic systems and natural ecosystems. Georgescu-Roegen
(1971), Daly and Farley (2004) and Daly (2015) argue that economic activity must respect
biophysical limits to avoid disrupting natural cycles. Integrating ecological economics with
circular economy principles can foster more resilient and sustainable waste management,
particularly in small municipalities that face ecological vulnerabilities alongside financial
constraints (Cavalcanti, 2010; Gouveia, 2012).

The transition to circularity, however, remains fraught with barriers. Reported ob-
stacles include insufficient infrastructure, high costs of appropriate technologies, limited
technical expertise, and low levels of public awareness. Ghisellini, Cialani, and Ulgiati
(2016) stress that overcoming these challenges requires a combination of effective public
policies, economic incentives, and active community engagement.

Within this context, performance indicators have become increasingly relevant
tools for monitoring, evaluating, and improving waste management. Barros and Silveira
(2019) applied 16 indicators in the Metropolitan Region of Belo Horizonte, identifying
structural and operational shortcomings. Fratta et al. (2019) examined selective collection
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systems in SAo Paulo municipalities and reported operational improvements associated
with sustainable practices. Paes et al. (2020) applied a combined Life Cycle Assessment
(LCA) and Life Cycle Costing (LCC) approach, demonstrating gains in eco-efficiency
when recycling and composting rates were increased.

In terms of social inclusion, Zon et al. (2020) and Guabiroba et al. (2024) applied
sustainability indicators to evaluate waste picker organizations and selective collection
systems. Their findings revealed operational bottlenecks—such as low recovery rates,
precarious working conditions, and high costs—but also validated participatory strate-
gies designed to strengthen efficiency and promote inclusion within local waste policies.

Materials and Methods

This study employed a descriptive and exploratory design to develop a set of indica-
tors for evaluating public policies on MSW management in small municipalities, within
the framework of the circular economy. The Delphi method was applied to reach expert
consensus on indicators specifically adapted to small-scale realities.

The research followed the ethical principles established by The Brazilian National
Health Council Resolution No. 510/2016, including respect for participants, beneficence,
non-maleficence, justice, privacy, and confidentiality. Approval was granted by the Re-
search Ethics Committee (REC) of the Universidade Comunitaria da Regifo de Chapecé
(Unochapecd) under Certificate of Presentation for Ethical Consideration (CAAE) No.
74048923.1.0000.0116.

Indicator development followed the Delphi method, an iterative process for refin-
ing expert judgments (Linstone & Turoff, 1976). The procedure was conducted in two
rounds (Figure 1).
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Figure 1 — Delphi method implementation process.

Source: Authors, 2024.

First round

In the first round, a panel of qualified experts was assembled, combining both
theoretical and practical expertise in circular economy, public policy, and sustainability.
Experts were identified through the Brazilian Lattes academic platform, with the selec-
tion criteria including the possession of a doctoral degree, evidence of recent academic
activity, and alignment with the study’s scope

A structured questionnaire, distributed via personalized invitations and adminis-
tered through Microsoft Forms, contained demographic and open-ended questions aimed
at capturing expert perceptions of the main challenges of MSW management under
circular economy principles. All participants signed an informed consent form, ensuring
confidentiality and compliance with ethical standards.

Responses were qualitatively analyzed to identify patterns of convergence and
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divergence, allowing for preliminary refinement of the indicator set for the next round.

Second round

In the second round, participants re-assessed the proposed indicators using a five-
point Likert scale to express their level of agreement. Consensus was defined as at least
two-thirds of responses at levels 4 (“agree”) or 5 (“strongly agree”), consistent with Delphi
best practices (Linstone; Turoff, 1976).

The consensus reached allowed for the consolidation of a robust set of indicators
suitable for guiding MSW management in municipalities with fewer than 20,000 inhabit-
ants, aligned with circular economy principles. Given the high level of agreement, the
process was concluded after the second round to minimize participants fatigue and reduce
the risk of attrition.

Results and Discussion
Challenges and Demands in MSW Management in Small Municipalities

The analysis conducted during the first round of the Delphi method made it pos-
sible to identify specific challenges faced by small municipalities in the management of
municipal solid waste (MSW), considering the perspective of the circular economy. Out
of 371 experts invited, 67 participated, representing a response rate of 18.06%.

The analysis of respondents’ demographic characteristics showed a predominance
of professionals from the academic sector (70.1%), with lower representation from the
public and private sectors. The average professional experience of respondents in MSW
was 16.55 years, with significant variation (standard deviation of 9.55 years), indicating
a diversity of expertise levels among participants, ranging from early-career professionals
to experts with up to 42 years of experience.

The main challenges identified for MSW management in small municipalities
were financial limitations, lack of technical training, inadequate public policies, and
insufficient infrastructure. Financial limitation was considered critical, highlighted by
the need to find alternatives to finance waste management. One respondent stressed
that “small municipalities need to seek alternatives to cope with the high costs required
to ensure good results in providing waste management services...”. In this regard, the
Brazilian National Solid Waste Policy (PNRS), regulated by Decree No. 11.044/2022,
recommends the formation of consortia as a viable strategy, promoting inter-municipal
cooperation to share costs and resources (Brasil, 2022).

The lack of qualified professionals was also identified as an impediment to imple-
menting sustainable and effective MSW practices, with one respondent mentioning the
“lack of technical capacity within the team, caused by the lack of political interest from
public managers in the waste sector.” Inadequate infrastructure was likewise highlighted
as a barrier to efficient treatment and processing of waste, limiting the capacity of small
municipalities to adopt sustainable practices.
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Elements such as efficient selective collection, community training and awareness,
technological availability, and structured public governance were considered essential
for advancing the circular transition. Selective collection, in particular, was identified as
a structuring axis, as it enables source separation and facilitates reuse. Environmental
education and public involvement were also emphasized as decisive factors for system
effectiveness.

Among the main barriers to the circular economy, experts cited the lack of resources,
the prevalence of linear consumption culture, the absence of specific public policies,
and weak coordination among stakeholders. One specialist pointed to “the absence of
projects, public policies, and synergy between stakeholders” as central impediments to
the advancement of sustainable practices.

The prioritization of performance indicators was regarded as essential for evaluating
MSW management within a circular economy framework. The main indicators suggested
included selective collection rate, volume of recycled waste, composting rate, financial
sustainability, and community participation. The variety of proposed indicators reflects the
complexity of effective waste management and the need for a multidimensional approach
to capture the impacts of circular practices. The compilation of proposed indicators was
aligned with the National Solid Waste Management Information System (SINIR) and
the National Basic Sanitation Information System (SNIS), allowing for standardization
and comparability with national data.

Public policies were considered fundamental to promoting the circular economy,
especially through the PNRS and financial incentives conditional on compliance with
sustainability guidelines. However, the implementation of these policies remains chal-
lenging and is often insufficient or discontinuous in small municipalities. Collaboration
between the public sector, private companies, and academia was widely mentioned as a
promising solution, as it facilitates the implementation of innovations and the sharing of
resources to foster sustainable MSW practices. The role of the PNRS in promoting shared
responsibility across the product life cycle and in minimizing waste was also emphasized
by respondents as a central point for advancing circular economy practices.

Finally, respondents mentioned successful experiences in community composting,
partnerships with cooperatives, and the use of tracking technologies—although many of
these practices are still concentrated in larger municipalities. Their replication in smaller
contexts depends mainly on technical support, education, and a minimum operational
structure for continuous implementation.

Consequently, the implementation of circular economy principles in MSW man-
agement in small municipalities requires integrated and multi-sectoral approaches that
combine effective public policies, infrastructure investments, environmental education,
and economic incentives to encourage circular practices. The active participation of
stakeholders and alignment with PNRS guidelines may facilitate the overcoming of exist-
ing challenges, creating a solid foundation for sustainable and regenerative practices. The
data analysis suggests that, through the strategic combination of public policies, technical
training, and community engagement, it is possible to move towards more efficient waste
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management systems aligned with circular economy principles, promoting a regenerative
and inclusive economy in small municipalities.

Proposed evaluation model for MSW public policies

The consensus reached in the second Delphi round enabled the development of
a comprehensive evaluation model structured across ten analytical dimensions. These
dimensions cover the entire waste cycle — from generation to final disposal — while
integrating social, financial, and environmental perspectives. Each dimension was bro-
ken down into specific indicators, accompanied by formulas and measurement units, as
summarized in Table 1.

For the indicators, the following notations were adopted: M = total mass or vol-
ume of municipal solid waste (MSW); P = total population of the municipality; R =
amount of recycled waste; T = total waste collected; S = selectively collected waste; L
= legally/environmentally compliant waste; O = organic waste; C = composted organic
waste; D = waste diverted to recycling or composting; E = total waste collected, treated,
and disposed; V = total waste handled; G = total expenditure on MSW management;
I = total investment in MSW management; () = total amount of waste handled; R, =
revenue from the MSW management fee; C, = total cost of MSW management services;
N = average number of selective collection rounds.
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Table 1 — Sustainability indicators for MSW management in small municipalities.

Dimension Indicator Calculation method / unit
o) Total volume or mass of MSW genera-
g g ted (tons) M
t=lo)
S 2
g5 Per capita MSW generation rate (kg/ M
L T . e
oL inhab./year) P
et
% g Per capita reduction rate of MSW Mprem'aus_McuTrent X 1 00
B volume (%) Mprem'aus

Collection and Processing Efficiency

Selective collection rate (%)

2 % 100

Amount of waste sent to treatment/
final disposal facilities (%)

Recycled waste
Total waste generated

x 100

Waste Recovery Index (WRI) (%) £ x 100
Percentage of organic waste composted C
%) o X 100
Landfill diversion index (%) % x 100
Rejection rate in recycling cooperati- Rejected Material % 100
ves (%) Total Received

Per capita recovered mass of recycla-

bles (excluding organics and rejects)

relative to the urban population (kg/
inhab.)

Recovered Recyclable Materials
P, urban

Incidence of paper and cardboard in
total recovered materials (%)

Mass of paper & cardboard recovered % 100
Total recovered recyclables

Incidence of plastics in total recovered
materials (%)

Mass of plastics recovered
Total recovered recyclables x 100

Incidence of metals in total recovered
materials (%)

Mass of metals recovered
Total recovered recyclables

X 100

Incidence of glass in total recovered
materials (%)

Mass of glass recovered
Total recovered recyclables

x 100

Incidence of other materials (exclu-
ding paper, plastics, metals, and glass)
in total recovered materials (%)

Mass of other materials recovered
Total recovered recyclables

x 100

Infrastructure and Service Access

Coverage rate of direct household
collection service (door-to-door) in
the urban population (%)

Population with Acsess to MISW Collection
P, urban

Coverage rate of selective collection
service (door-to-door) in relation to
the urban population (%)

Population with Acsess to MISW Seletive Collection

P, urban

Frequency of selective collection
(times/week)

N

Presence of drop-off points or volunta-
ry delivery points (number of PEVs

Qualitative assessment of existence and distribu-

tion of PEVs in the municipality

Percentage of bulky waste sent for
recovery, recycling, or reuse (%)

Bulky Waste Sent for Recovery
Total Bulky Waste x 100
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Social Impact and Employment

Employment rate in relation to the
urban population (%)

( Number of Employees ) % 100

P, urban

Jobs created per ton of recycled waste
(jobs/ton)

Jobs Created
M, recycled

Number of sorting associations and
cooperatives (units)

Direct count of operational sorting associations and
cooperatives

Number of formal waste pickers

Count of pickers formally registered or associated
with recognized cooperatives/associations/compa-
nies

Number of informal waste pickers

Estimate of pickers operating independently wi-
thout formal affiliation

Investment and Financial
Sustainability

Total volume handled (t)

Quantification of total MSW managed, including
collection, transport, treatment, and disposal

Per capita expenditure on MSW

. G
management relative to the urban ﬁ
population (R$/inhab.) uroan
Investment per unit of waste managed |

(R$/t)

Q

Municipal financial self-sufficiency in
MSW management (%)

(£) x 100

Total cost of the MSW management
system (R$)

Sum of all costs: collection, transport, treatment,
disposal, administration

Education and Community
Participation

Level of community engagement
(scale)

Qualitative/quantitative assessment of community
participation in MSW initiatives

Existence and effectiveness of environ-
mental education campaigns (number
of campaigns and people reached)

Qualitative assessment of campaigns’ presence and
impact

Proportion of schools with environ-
mental education projects (%)

(Schools with EE projects / Total schools) * 100

Investment in environmental educa-

tion (R$)

Sum of financial resources allocated to EE programs

Waste separation rate (%)

Percentage of households and businesses practicing
waste separation for recycling or composting

Public Policy and Planning

Existence of a municipal department
specialized in MSW (binary: yes/no)

Qualitative assessment of existence of specialized

body

Legal nature of the urban cleaning and
MSW service provider

Identification of provider’s legal status

Compliance level with environmental
legislation (%)

Assessment of degree of alignment with environ-
mental regulations

Municipal Basic Sanitation Plan
(PMSB) (binary)

Verification of existence and validity

Sanitation policy enacted (binary)

Verification of municipal legislation on sanitation

Integrated Solid Waste Management
Plan (PMGIRS) (binary)

Verification of existence and implementation
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Number of public tenders for MSW

services

Count of tenders and financial amounts for MSW
collection, treatment, and disposal

Participation of waste picker coopera-
tives in tenders (number of coopera-
tives)

Identification of cooperatives participating or
awarded contracts

Existence of municipal policies or
programs for selective collection and
reverse logistics (binary)

Verification of legislation, programs, or partnerships

Existence of partnerships with compa-
nies/organizations for reverse logistics
(binary)

Identification of agreements, contracts, or formal
partnerships

Implementation of monitoring and
evaluation systems for selective collec-
tion and reverse logistics (number of
systems)

Procurement and Partnerships

Verification of existence and functionality of moni-
toring/evaluation systems

Preference for sustainable products in
procurement (%)

Procurements pre ferring recycled products s
x 100
Total Procurements

tely landfilled (%)

£ Proportion of waste sent to adequate Waste in Sanitary Landfills % 100

g disposal (sanitary landfill) (%) M

3

o Proportion of waste sent to inade-

< 3 p . .

el 8 quate disposal (controlled landfill or Waste in C’ontrolletjvfandﬁlls or Dumps x 100
S 2 dumpsite) (%)

oA

2 g Percentage of organic waste properly Organic Waste in Sanitary Land fills

g 2 ; x 100
= landfilled (%) 0

g Percentage of organic waste inadequa- | Organic Waste in Controlled Landfills or Dumps 100
i % X

Carbon footprint of MSW

management

Calculation of GHG emissions from collection,
transport, treatment, and final disposal

Landfill Operational Sustainability
Index (LOSI)

Environmental
Impact
Environmental
Impact

Assessment based on sustainability criteria: leacha-
te management, gas capture, slope stability, etc.

Source: Authors, 2024.

The first dimension, Waste Generation and Reduction, includes indicators such
as the total mass of MSW generated, the per capita generation rate, and the per capita
reduction rate of waste volume. These indicators establish the baseline for continuous
monitoring of waste production, allowing policymakers to evaluate the effectiveness of
waste reduction strategies and identify temporal trends.

The second dimension, Collection and Processing Efficiency, is designed to assess
the operational performance of collection and sorting systems. It encompasses indicators
such as the selective collection rate, the proportion of waste sent for appropriate treatment
or disposal, the waste recovery index (IRR), the percentage of organic waste composted,
landfill diversion rates, and the rejection rate in recycling cooperatives. It also measures
the per capita recovery of recyclable materials and the relative incidence of different
materials (paper, plastics, metals, glass, and others) within the recovered stream. These
Ambiente Soc «
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indicators enable both a technical assessment of operational efficiency and an evaluation
of adherence to circular economy principles.

The third dimension, Infrastructure and Service Access, evaluates whether the
available infrastructure meets local waste management needs. Indicators include coverage
of household collection services, coverage of door-to-door selective collection, frequency
of selective collection, the presence of ecopoints or voluntary drop-off centers (PEVs),
and the proportion of bulky waste directed to reuse or recycling. These indicators reflect
the adequacy of local infrastructure for implementing integrated and circular waste
management practices.

The fourth dimension, Social Impact and Employment, focuses on the social di-
mension of waste management by assessing job creation, inclusion of waste pickers, and
the strengthening of local cooperatives. Indicators include the proportion of employees
in the sector relative to the urban population, the number of jobs generated per ton of
recycled waste, the number of sorting cooperatives, and the number of formal and informal
waste pickers. This dimension highlights the role of MSW management not only as an
environmental service but also as a driver of social development and income generation.

The fifth dimension, Investment and Financial Sustainability, addresses the eco-
nomic viability of MSW systems. It includes indicators such as total volume managed,
per capita expenditure, investment per ton of waste, municipal financial self-sufficiency
in MSW management, and the total cost of the system. Together, these indicators allow
policymakers to evaluate both the efficiency of resource allocation and the sustainability
of financing mechanisms.

The sixth dimension, Education and Community Participation, reflects the extent
of community involvement in waste management and circular practices. Indicators include
the level of community engagement in waste initiatives, the existence and effectiveness
of environmental education campaigns, the proportion of schools with environmental
education projects, municipal investments in environmental education, and the rate of
source separation among households and businesses. As noted by Jacobi and Besen (2011),
public participation and educational processes are crucial to consolidating sustainable
practices at the community level.

The seventh dimension, Public Policy and Planning, considers the institutional
and legal framework supporting waste management. Indicators include the existence of
a municipal department specialized in MSW, the legal nature of service providers, the
degree of compliance with environmental legislation, and the presence of planning instru-
ments such as the Municipal Basic Sanitation Plan (PMSB), the Integrated Solid Waste
Management Plan (PMGIRS), and a municipal sanitation policy. These indicators provide
insights into the level of institutionalization and governance capacity of municipalities.

The eighth dimension, Procurement and Partnerships, evaluates how municipalities
interact with other stakeholders in waste management. Indicators include the volume
of public tenders for waste management services, the participation of waste picker co-
operatives in such tenders, the existence of reverse logistics programs, partnerships with
companies and organizations, monitoring and evaluation systems for selective collection
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and reverse logistics, and sustainable procurement practices (e.g., preference for recycled
products in tenders). This dimension reflects the degree of innovation, decentralization,
and inter-sectoral collaboration.

The ninth dimension, Final Waste Management and Disposal, focuses on the
adequacy of final treatment and disposal practices. Indicators include the proportion of
waste sent to sanitary landfills, the proportion sent to inadequate solutions (controlled
landfills or dumps), and the percentages of organic waste deposited in each type of facility.
These indicators are essential for assessing alignment with PNRS guidelines and identify-
ing urgent needs for restructuring disposal practices.

Finally, the tenth dimension, Environmental Impact, addresses the broader envi-
ronmental consequences of waste management. Two key indicators were proposed: the
carbon footprint of MSW management (considering collection, transport, treatment, and
disposal processes) and the Landfill Operational Sustainability Index (ISOAS), which
assesses leachate management, gas capture, slope stability, and other sustainability criteria.

Taken together, the ten dimensions and their respective indicators provide a
systematic and technically grounded framework for evaluating public policies on MSW
management in small municipalities. By enabling detailed monitoring across operational,
institutional, social, financial, and environmental domains, the model helps policymak-
ers identify priority areas for intervention and promotes the gradual alignment of local
systems with circular economy principles. Its implementation across different urban
contexts can facilitate the development of tailored strategies, foster convergence with
national frameworks such as the PNRS, and strengthen the overall sustainability of
municipal waste policies.

Conclusion

This study proposed and validated a comprehensive model of 53 indicators for
assessing municipal solid waste (MSW) management in municipalities with fewer than
20,000 inhabitants, framed within the principles of the circular economy. Drawing on
two rounds of the Delphi method, the model integrates expert consensus to ensure that
the indicators reflect the operational, institutional, and social specificities of small mu-
nicipalities.

Organized into ten analytical dimensions, the indicators cover the full waste cycle
from generation, collection, and processing to governance, financial sustainability, social
inclusion, and environmental impacts. The model therefore offers a robust tool for con-
tinuous monitoring, enabling municipalities to diagnose deficiencies, measure progress,
and adapt policies to their specific realities.

The results highlight that advancing circularity in small municipalities requires
overcoming persistent financial, technical, and cultural barriers. Strategic combinations
of effective public policies, inter-municipal cooperation, investments in infrastructure,
and community participation are key to establishing regenerative and inclusive waste
management systems.
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The practical application of this model can guide local governments in aligning
waste management practices with national frameworks such as the PNRS, while also
advancing global commitments to sustainable development. By providing a systematic
and comparable framework, the model helps transform waste management from a cost-
intensive challenge into a driver of circular economy practices and local development.

Future research could refine the model by incorporating weighting methodologies,
multi-criteria decision analysis, or longitudinal applications across different municipalities.
Such advances would enhance the precision of prioritization and further consolidate the
role of circular economy as a structuring axis of public policies in small municipalities.
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Resumo: A economia circular emerge como uma alternativa estratégica ~ Sao Paulo. Vol. 29, 2026
para a gesto de residuos sélidos urbanos (RSU) em municipios com po-  Artigo Original
pulagio inferior a 20 mil habitantes, incorporando praticas de reduco,

reutilizagio e reciclagem de residuos. Este estudo propde um modelo de

avaliagio de politicas ptblicas de RSU, composto por 53 indicadores

desenvolvidos e validados pelo método Delphi, adaptados as especifici-

dades de pequenos municipios brasileiros. Os indicadores foram organi-

zados em dimensdes analiticas que cobrem desde a geragfo e destinagio

dos residuos até a integracio de praticas circulares no planejamento

municipal. A aplicagio do modelo permitiu avaliar a aderéncia das pra-

ticas locais aos principios da economia circular, identificando iniciativas

em execugio e lacunas que requerem aprimoramento. O modelo de in-

dicadores resultante constitui uma ferramenta para subsidiar gestores

publicos na formulagio e aprimoramento de politicas de RSU, ajustadas

aos contextos e limitagdes das pequenas localidades.
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para la gestién de residuos sélidos urbanos (RSU) en municipios con
menos de 20,000 habitantes, incorporando practicas de reduccién, reu-
tilizacién y reciclaje de residuos. Este estudio propone un modelo de
evaluacién de politicas publicas de RSU, compuesto por 53 indicadores
desarrollados y validados mediante el método Delphi, adaptados a las es-
pecificidades de pequefios municipios brasilefios. Los indicadores estdn
organizados en dimensiones analiticas que abarcan desde la generacién
y disposicién de residuos hasta la integracién de practicas circulares en
la planificacién municipal. La aplicacién del modelo permitié evaluar
la adherencia de las practicas locales a los principios de la economfa
circular, identificando tanto iniciativas en ejecucién como lagunas que
requieren mejoras. El modelo de indicadores resultante constituye una
herramienta para apoyar a los gestores publicos en la formulacién y me-
jora de politicas de RSU, ajustadas a los contextos y limitaciones de las
pequenas localidades.
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