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Abstract: Inadequate infrastructure for the final disposal of solid waste increases the 
vulnerability of coastal areas to environmental impacts. Poor waste management in 
these regions leads to severe marine contamination, as land-based waste reaches the 
oceans through rivers, storm water, and improper land disposal, threatening marine 
life. This study analyzes the integration between the National Sanitation Information 
System and the National Solid Waste Policy in regulating the Municipal Integrated Solid 
Waste Management Plans, focusing on coastal municipalities. A descriptive documentary 
approach was adopted, involving an analytical review of urban sanitation indicators. The 
results reveal significant governance gaps and the need for improved coordination in 
coastal management. In municipalities along the Northern Coast of Rio Grande do Sul, 
weak integration was found between data repositories and legislation, with extensive 
and redundant reporting forms. Strengthening Sanitation Information System through 
alignment with international standards, regulatory mechanisms, social participation, 
and circular economy principles — especially through the inclusion of low-income waste 
pickers — can enhance transparency and accountability. Integration with reports from 
the United Nations Environment Programme would enable the system to become a 
global reference, contributing to sustainable coastal management and climate change 
mitigation.

Key words: Coastal Waste Governance, National Sanitation Information System, National 
Solid Waste Policy, Solid Waste Management, Sustainability Indicators.

INTRODUCTION
Ensuring efficient solid waste management 
at any geographical scale requires adherence 
to the fundamental principles of the 5Rs: 
refuse, reduce, reuse, redesign, and recycle 
(UNEP 2015, Brasil 2010). Integrated solid waste 
management, combined with material recovery, 
reduces environmental impact and improves 
resource efficiency (Gouveia 2012). Within 
this framework, global initiatives have been 
developed to mitigate waste generated by 
human consumption and improve the lifecycle 

quality of products (Löhr et al. 2017). One such 
initiative is the International Environmental 
Technology Centre — IETC of the United Nations 
Environment Programme — UNEP, which 
supports developing countries by providing 
environmental technologies. Among its outputs 
are global reports on solid waste aligned with the 
Agenda 2030 goals (UNEP 2023a). Sustainability 
indicators were developed as part of the 
Sustainable Development Goals  — SDGs (UNEP 
2023b). According to the European Environment 
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Agency (EEA 2005), an indicator is a quantitative 
measure that simplifies and communicates 
complex phenomena. Solid waste management 
must be presented in a clear, accessible manner 
to facilitate effective governance.

Urban solid waste1 management in Brazil 
is a public responsibility and is integrated into 
the national sanitation system. Municipalities 
are responsible for collection, transfer, and final 
disposal. The National Sanitation Information 
System (NSIS) manages the sanitation data 
repository, collecting annual reports from 
municipal administrators through an online, 
publicly accessible platform. As a result, the 
system generates sanitation indicators for the 
country and is linked to the National Secretariat 
of Sanitation under the Ministry of Cities (MCid 
2023). Furthermore, Brazilian Law No. 12.305/2010 
establishes the National Solid Waste Policy 
(NSWP), defining the principles of the Municipal 
Integrated Solid Waste Management Plans 
(MISWP). Plans are integral to the objectives of 
the NSIS and serve as prerequisites for securing 
federal funding. Municipalities that maintain 
an up-to-date MISWP and consistently report 
data to the system are the only ones eligible for 
financial support from the federal government. 
However, one of the main challenges is the lack 
of a comprehensive database that fully meets 
legal requirements and provides complete, 
reliable information. The issue is particularly 
relevant when analyzing MISWP compliance, 
especially in coastal municipalities, which face 
unique challenges. As Jambeck et al. (2015) 
highlight, without improvements in municipal 
waste management, the amount of plastic 
in the oceans could increase significantly by 
2025. Brazil has a coastline of 8,698 km and 
395 coastal municipalities (Scherer et al. 2010). 

1Urban solid waste includes household waste and urban 
cleaning waste.

The interaction between natural processes and 
various human activities is intense in these 
regions (Moura et al. 2015, Pereira & Fernandino 
2019). Coastal zones act as major entry points 
for solid waste into marine environments due 
to their direct land-sea interface. Studies over 
the past three decades indicate that the most 
pressing environmental problem affecting South 
American coastlines is pollution from solid waste 
of land-base origin. Several authors, including 
Garrity & Levings (1993), Araújo & Costa (2007), 
Santos et al. (2005), Silva-Cavalcanti et al. (2013), 
Dias et al. (2013), Moura et al. (2015) and Macedo 
et al. (2023), highlight that solid waste pollution 
is a persistent issue across southern, northern, 
and northeastern Brazil.

Coastal zones provide essential ecosystem 
services, including climate regulation, coastal 
protection, and support for key economic 
activities (Barbier et al. 2011). Addressing the 
challenges of solid waste pollution is particularly 
urgent in frontline coastal municipalities, where 
high population density, industrial activities, and 
tourism exacerbate waste-related issues. The 
vulnerability of these areas to climate change 
is further intensified by the lack of suitable 
disposal sites, as coastal soils are often porous 
and highly permeable (Strohaecker 2006). As a 
result, rising sea levels, extreme weather events, 
and the transport of solid waste into marine 
environments pose significant environmental 
risks (MMA 2017).

Based on Brazilian solid waste management 
policies, this study aims to assess the 
integration between NSIS and NSWP, specifically 
regarding compliance with regulations for 
MISWP implementation. The evaluation focuses 
on the alignment between legal directives 
and sanitation data collected from Brazilian 
municipalities. The approach allows for the 
identification of governance gaps and the 
proposal of improvements aimed at generating 
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specific data on coastal waste management. As 
a key recommendation, the study suggests the 
inclusion of seven new sustainability indicators 
in NSIS to meet MISWP legal requirements and 
enhance solid waste governance. The integration 
of sustainability indicators into database could 
facilitate the sharing of national solid waste 
data with global references from IETC/UNEP. As 
highlighted by Armijo et al. (2011), performance 
indicators quantify the quality of solid waste 
services across different areas and timeframes, 
reflecting the efficiency of the overall system 
and its individual components. Sustainability 
indicators are particularly important for coastal 
municipalities, which represent the most 
vulnerable territories to solid waste pollution. 
Therefore, waste management tools must cater 
to the specific needs of these coastal regions. 

MATERIALS AND METHODS
The research method employed was descriptive 
documentation (Gil 2009). The methodology 
involved the analysis of two official and 
complementary sources: Law No. 12.305/2010, 
which establishes the National Solid Waste 
Policy (Brasil 2010), and data from the National 
Sanitation Information System (MCid 2023). The 
research used the online platform available on 
the NSIS website. Until March 2025, the portal 
remained accessible for public consultation. 
From that date onwards, access to the portal 
began to be redirected to the National Basic 
Sanitation Information System (NBSIS) (MCid 
2024). However, the system for consulting 
data and indicators remains unchanged. The 
database is now integrated into the NBSIS 
platform. The transition from NSIS to NBSIS is 
an ongoing institutional process. In this study, 
the original designation—NSIS—was maintained 
because the municipal records analyzed were 
collected under that system. The year 2021 was 

selected because it represented the most up-to-
date dataset available until February 2025, the 
final period of the research. 

The study analyzed indicators available 
in the solid waste module, where municipal 
managers submit information. These indicators 
were examined in light of the legal framework 
outlined in Chapter II of the National Solid 
Waste Policy. The focus was on Section IV, which 
addresses the Municipal Integrated Solid Waste 
Plan (MISWP). Articles 18 and 19, which define the 
minimum required regulatory content, guided 
the analysis. Figure 1 illustrates the steps and 
filters used to access the platform and obtain 
the research data. The process of accessing the 
database followed seven defined steps. 

The initial three steps focused on classifying 
information based on the desired content. The 
filtering process began in the fourth step, where 
selected elements underwent refinement. The 
selection of information was based on the 
sample reference year 2021, with six options: 
direct public administration, autonomous 
agency, public company, private company, public 
consortium, and mixed-economy company with 
public administration. Completing the fourth 
step in selecting information on the platform. 
The territorial section selected in the next step 
encompassed the southern region, the state of 
Rio Grande do Sul, and municipalities within the 
northern Coastal Urban Agglomeration of Rio 
Grande do Sul. Access to the repository requires 
the selection of at least one municipality from the 
federation to generate the data. Complementary 
Law No. 12.100/2004, establishes the twenty 
municipalities that are part of the Northern 
Coastal Urban Agglomeration in the state of Rio 
Grande do Sul (Rio Grande do Sul 2004). These 
municipalities are: Arroio do Sal, Balneário 
Pinhal, Capão da Canoa, Capivari do Sul, 
Caraá, Cidreira, Dom Pedro de Alcântara, Imbé, 
Itati, Mampituba, Maquiné, Morrinhos do Sul, 
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Osório, Palmares do Sul, Terra de Areia, Torres, 
Tramandaí, Três Cachoeiras, Três Forquilhas, and 
Xangri-Lá. Figure 2 presents the map showing 
the location of these municipalities.

The filter in the sixth step allowed the 
selection of 18 solid waste records for 
free choice. Figure 1 illustrates the process 
corresponding to this stage, called “Family of 
Information and Indicators”. Eleven issues were 
selected, limited to those related to urban solid 
waste, excluding hospital waste and construction 
debris. The system provided 339 questions 
from this selection, all of which were chosen. 
During the sixth step, the following search filters 
were applied to generate the database on the 
platform: general information; information on 
household and public collection; information on 
selective collection and sorting; information on 
street sweeping, pruning, and mowing services; 
information on other services; information on 
waste pickers; indicators of worker expenditure; 
indicators of household and public collection; 
indicators of selective collection and sorting; 
indicators of street sweeping, pruning and 
mowing; information on municipal sanitation 
policy and plan. 

Upon completing the seven steps outlined 
in Figure 1, the system generated an online 

spreadsheet. The fields in the spreadsheet were 
answered by the proposers from the selected 
municipalities city halls. The questions and 
indicators were analyzed based on the quality of 
the questions that comprise the database. The 
focus of this research lies in the investigation 
of the questions and indicators provided in the 
composition of the NSIS database.

RESULTS 
The questions provided by the data platform 
align with the NSWP. However, discrepancies 
and gaps exist between the questions and 
the requirements established by the NSWP. 
The legislation mandates a comprehensive 
diagnosis of solid waste generation in Brazilian 
municipalities. The diagnosis must include 
origin, volume, and adopted disposal methods 
(Art. 19, I). The NSIS is limited to collecting data 
on the amount generated and its collection, with 
the latter being incomplete. Aspects such as 
waste characteristics and reduction processes 
remain absent.

The spreadsheet generated by the online 
platform in 2021 included only 15 of the 19 
selected municipalities. The omission suggests 
that at least four of them did not respond to 

Figure 1. Logical flow of the seven steps required to access and filter technical information on the NSIS online 
platform. This sequence reflects the procedural framework used to extract municipal solid waste data, revealing 
potential barriers in the system’s usability and indicator organization.



MARÍLIA CERCINÁ et al.	 URBAN WASTE GOVERNANCE: DATA & POLICY

An Acad Bras Cienc (2026) 98(3)  e20250407  5 | 16 

the questionnaire for the reference year 2021 – 
Maquiné, Palmares do Sul, Torres, and Tramandaí. 
Additionally, the municipality of Cidreira was not 
included in this urban group during the location 
selection phase, indicating a system failure.

The database prioritizes quantitative data 
collection, especially regarding Article 18, Section 
II, of the NSWP. Access to federal resources 
depends on implementing selective collection 
programs with cooperatives or associations of 
low-income waste pickers. Nevertheless, the 
absence of questions on the solidarity economy 
weakens the MISWP by excluding social policies 
from waste management and neglecting 
mandatory social requirements. Table I outlines 
the regulatory requirements established by 
NSWP under Article 19, Section IV, for the 

MISWP. Among the 19 items analyzed, 6 were 
adequately addressed, 11 were absent from the 
NSIS database, and 2 were only partially covered 
regarding urban solid waste.

An analysis of the questionnaire revealed 
that the NSIS includes forms focused on 
categorization, quantification, and solid waste 
collection, aligning with Article 19, I. However, 
when searching for questions related to Article 
19, II, no inquiries regarding suitable areas for 
final disposal were identified. The questionnaire 
disregards this criterion, compromising the 
assessment of municipal compliance. The 
law mandates the identification of areas 
in accordance with the Master Plan and 
Environmental Zoning regulations.

Figure 2. Geographic distribution of the 20 municipalities analyzed in this study, illustrating the regional 
challenges of waste governance in coastal areas.
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A significant gap was observed in Article 19, 
II. The database contains only three questions 
related to the final disposal of solid waste: 
in aircraft, in vessels, and the outsourcing 
of machinery and equipment for landfill or 
dumpsite operations.

Regarding Article 19, III, the database 
includes on intermunicipal waste management 
consortia. However, questions related to 
preventing environmental risks from solid waste 
management are omitted. The NSWP encourages 
the adoption of consortia as an economically 
viable solution (Art. 19, III). The form includes 
inquiries about delegation contracts but does 
not verify whether municipalities actually adopt 
this cooperative approach. fails to verify whether 
municipalities are adopting this cooperative 

approach. he questionnaire includes inquiries 
about delegation contracts but 

The existence of specific plans for certain 
types of waste and reverse logistics systems is a 
legal requirement under Article 19, IV. The NSIS 
does not verify whether municipalities comply 
with reverse logistics, a fundamental pillar of 
the NSWP. In other words, it excludes monitoring 
mechanisms for these systems, making the 
assessment of returnable waste management 
imprecise. The questionnaire focuses on 
collection but does not assess whether there 
are actions to reduce waste production at the 
source.

An exhaustive number of questions 
related to operational procedures and vehicle 
categories were identified. While these inquiries 

Table I. Rules of law 12,305 covered or not by the NSIS.

Item Regulation of Law 12,305, Chapter III, Section IV, article 19 19 Yes No Partial

I Waste diagnosis. ✓

II Waste disposal/environmental zoning. ✓

III Joint solutions and prevention of environmental waste. ✓

IV Identification of waste, generators and reverse logistics. ✓

V Operational procedures. ✓

VI Operational and environmental performance indicators. ✓

VII Standards for transportation and other stages of solid waste. ✓

VIII Definition of responsibilities. ✓

IX Technical training programs and actions. ✓

X Environmental education programs and actions. ✓

XI Programs and actions for cooperatives and collectors, among others. ✓

XII Promotion, Business and Income through the assessment of solid waste. ✓

XIII System for calculating the costs of providing public services. ✓

XIV Reduction targets. ✓

XV Participation of public authorities in selective and reverse collection. Logistics. ✓

XVI Control and supervision. ✓

XVII Preventive and corrective actions. ✓

XVIII Identification of environmental liabilities. ✓

XIX Frequency of your review. ✓

Source: This work, adapted from Law 12,305/2010 (Brasil 2010).
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may be useful for municipal management, 
they are not explicitly required by Law No. 
12.305/2010. The assessment framework focuses 
on vehicle quantity, creating a gap regarding 
technical criteria for handling and disposing 
of transported waste. Another limitation is the 
absence of specific environmental licensing 
for safe transportation (Art. 19, VII) represents 
another shortcoming.

The NSIS evaluation of solid waste indicators 
is centered around two categories: service 
indicators and worker expense indicators. The 
latter involves financial revenue and human 
resource indicators. Service indicators address 
solid waste collection. In detail, 13 indicators 
were found for household waste collection 
services, 11 for selective collection services, and 
10 for street sweeping, weeding, and clearing 
services. Meanwhile, worker expense indicators 
assess financial sustainability and the continued 
capacity of public agencies to provide these 
services. In this context, 10 worker-related 
expenditure indicators were identified and 
analyzed, including 4 general expenses, 2 related 
to revenue, and 4 concerning human resources. 
Final disposal indicators were absent.

The robustness of the solid waste module 
questionnaire is a notable aspect. This module 
differs from other sanitation categories due to 
its extensive number of forms. However, ten key 
questions necessary to meet legal requirements 
are missing. These include environmental 
licensing for transportation, environmental 
action programs and social participation, 
business creation mechanisms, intermunicipal 
solutions, reduction targets, logistics and 
recycling, monitoring mechanisms, prevention, 
environmental liabilities, and review periodicity. 
Consequently, the database remains incomplete 
in terms of formulating questions directly linked 
to Law No. 12.305/2010 for the MISWP.

The data repository includes regulatory 
frameworks covering aspects such as diagnostics, 
identification, operational procedures, and the 
definition of responsibilities, which are actively 
questioned. This represents a positive aspect, 
as investigating these areas can help structure 
targets for reduction, source separation, 
recycling, and reuse. Additionally, cooperatives 
and associations within the solidarity economy 
could be integrated, involving low-income 
individuals.

A noteworthy aspect of the questionnaire 
is the presence of redundant questions. For 
instance, the section on selective collection 
and collection methods includes 24 nearly 
identical questions, differing only in the method 
of execution (e.g., door-to-door collection, 
collector bin, container, and collection point). 
Similarly, 27 questions about collection trucks 
vary only by the type of vehicle used, such as 
dump trucks, container trucks, and compactors. 
The same issue applies to other motorized 
vehicles, including vessels and aircraft. These 
redundancies negatively impact response quality 
by discouraging respondents due to survey 
fatigue. This issue is evident from the declining 
response rate as the questionnaire progresses, 
reflecting the incomplete information provided 
by municipalities.

The NSIS questions do not clearly 
address the definition of roles among those 
responsible for waste management (Art. 19, 
VIII). Furthermore, the training of municipal 
technicians and managers is also neglected 
(Art. 19, IX). The absence of these inquiries 
weakens professionalization and the efficiency 
of municipal planning.

Environmental education is a key component 
of the NSWP, promoting waste reduction and 
recycling (Art. 19, X). The questionnaire eliminates 
questions related to this topic, undermining the 
evaluation of awareness policies. The legislation 
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also mandates the inclusion of waste pickers 
in selective collection (Art. 19, XI). The form 
questions the existence of cooperatives but 
omits the types of selective collection, such as 
organic waste collection.

The creation of employment and income 
generation opportunities through recycling 
is a goal of the NSWP (Art. 19, XII). The survey 
excludes inquiries about the solidarity economy, 
disregarding social policies within the sector. 
Monitoring waste management costs is essential 
for financial transparency (Art. 19, XIII). Although 
the collected data include some financial 
information, they lack details on service fee 
structures.

Municipal plans must establish clear targets 
for waste reduction and recycling (Art. 19, XIV). The 
NSIS inquires about the existence of selective 
collection but fails to assess specific targets set 
by municipalities. Reverse logistics should be 
detailed in municipal plans, defining the role of 
the public sector (Art. 19, XV). The data collection 
form disregards this aspect, preventing the 
evaluation of system implementation.

Environmental liabilities must be identified 
and remediated by municipalities (Art. 19, XVIII). 
The NSIS disregards questions on this obligation, 
undermining the recovery of degraded areas. 
Finally, municipal plans must be periodically 
reviewed, with a maximum cycle of 10 years 
(Art. 19, XIX). The questionnaire inquires about 
the plan’s existence but does not address its 
revision.

Aligning the NSIS with legal frameworks 
could enhance waste management regulations. 
Including the periodic review of MISWP in the 
questionnaire will ensure compliance with 
Article 19, XIX. Although legislation may evolve 
based on emerging demands, it already provides 
fundamental criteria for sustainable planning.

Improving the solid waste database in Brazil 
is crucial for strengthening sustainability and 

environmental and social resilience across 
the country. Table II presents suggestions for 
indicators based on sustainability dimensions 
and SDG references, emphasizing coastal 
municipalities.

The integration of NSIS with sustainability 
indicators strengthens its link to IETC’s annual 
reports. These reports focus on solid waste 
pollution management, especially ocean 
plastics. Such an approach allows Brazil to 
contribute data on waste generation, collection, 
treatment, and final disposal. Strategies aligned 
with SDG 11.6 and SDG 14.1 also receive support.

Incorporating SDGs into repository 
indicators remains essential. Sanitation 
policies align with global targets. International 
comparisons become more effect ive. 
Transparency improves, and resource allocation 
becomes more efficient.

DISCUSSION
The results highlight structural flaws in NSIS. The 
lack of detailed information on final disposal 
restrains any accurate assessment of municipal 
waste management. Without disaggregated 
data, monitoring compliance with legislation 
becomes unfeasible. Data on waste disposal are 
available, but only two questions address the 
topic, providing an insufficient basis for a robust 
indicator. The distinction between destination 
and final disposal should be a central element 
in the questionnaire. This procedure directly 
influences policies related to the circular 
economy and environmental control (Ellen 
MacArthur Foundation 2019, 2021).

The NSIS fails to ask about degraded areas 
from old dumps or recovery actions. Such 
omissions cause environmental, social, and 
economic impacts. Degraded areas contaminate 
soil and water, affecting public health. 
Municipalities bear the remediation costs. The 
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Table II. Relationship between the gaps in the SNIS, linked to the corresponding articles of law 12,305, with the 
suggested indicators and their relationship with the SDGs.

No.
Suggested 

sustainability 
indicators

Missing items Areas covered by the 
coastal zone Dimension² SDG² Goals²

1¹ Suitable 
arrangement

II Waste disposal/
environmental zoning

Infrastructure for 
waste management, 

beach cleaning 
and tourism; Waste 
disposal practices; 

Natural marine debris; 
Plastic pollution and 

recycling rate

economic 9 9.1

2 Consortium 
solutions

III Joint solutions 
and prevention of 

environmental waste

Collaboration and 
coordination; Public 

awareness and 
involvement

environmental
economic

governance
17 17.7

3¹ Prevention
VI Operational and 

environmental 
performance indicators;

XII Reception.

Quantity and 
composition of waste; 
Source of waste and 

waste generation rates
environmental 11; 12 11.6; 12.5

4
Transport 
licensing

supervision

VII Standards for 
transportation and other 

stages of solid waste.
XVI Control and 

supervision
XVII Preventive and 

corrective actions and 
monitoring

Monitoring and 
inspection environmental 15 15.7

5¹ Education

IX Technical training 
programs and actions;

X Environmental 
education programs and 

actions.
XI Programs and actions 

for cooperatives, 
collectors, among others.

Public awareness and 
involvement

social 
governance 4; 9 4.7; 9.b

6¹
Waste reduction 

and recycling 
goals

XIV Reduction targets. Waste generation rates environmental 12 12.5

7¹
Environmental 

liabilities/
Greenhouse gas 

emissions

XVIII Identification of 
environmental liabilities.

Plastic pollution 
and recycling rate; 
Hazardous waste; 

Ecological impacts, 
illegal dumping and 

open burning

environmental 11; 14 11.6; 14.1

Source: This work. ¹Indicators found in the latest UN report - environmental program, 2024. ²UNEP (2023b).
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lack of proper land recovery harms social well-
being and urban development. Proposals such 
as reforestation, urban parks, renewable energy 
projects, and eco-industrial zones could restore 
these sites and generate economic benefits.

Insufficient information on reverse logistics 
indicates misalignment with the principles 
of shared responsibility. Companies and 
manufacturers have legal obligations in post-
consumer waste management. In contrast, the 
form omits this aspect. Without monitoring 
mechanisms, evaluating compliance with these 
responsibilities becomes imprecise. The lack 
of oversight in recycling and reuse policies 
increases the burden on public administration 
(Silva et al. 2021). The solid waste module 
contains an excessive number of redundant 
questions, compromising its efficiency. Instead 
of improving analysis, unnecessary repetition 
of questions makes completion exhausting. 
The quality of responses is directly affected. 
Borges et al. (2022) highlights that excessively 
long questionnaires negatively impact response 
rates. The questionnaire collects operational 
data on vehicle categorization. Yet, it fails to 
evaluate how the municipality monitors and 
corrects failures in the system. As a result, data 
reliability is compromised. A reformulation 
should prioritize objectivity and precision. 
Multiple-choice questions can reduce the 
burden on respondents.

Excessive dependence on external sources 
agreements NSIS’s autonomy in producing 
reliable statistics. When municipalities fail 
to provide complete data, national analysis 
becomes weaker. Improving the database 
structure would enhance independence in 
generating solid waste information (Nuortio et 
al. 2004).

Coastal municipalities face specific 
challenges. Seasonality, tourism, and high 
environmental sensitivity in these regions 

require different strategies. During peak periods, 
waste generation increases considerably. The 
rise in waste production overloads collection 
and disposal infrastructure. Ecologically 
vulnerable areas such as mangroves and coral 
reefs require strict measures to prevent severe 
environmental impacts (Silva et al. 2021, Ellen 
MacArthur Foundation 2019). Including specific 
indicators would strengthen environmental 
management in these municipalities. Metrics 
such as seasonal per capita waste generation, 
recyclable volume from the tourism sector, and 
impacts on fragile ecosystems would enable 
more effective mitigation policies.

Climate change may also exacerbate 
challenges in solid waste management. Rising 
sea levels may reduce available areas for final 
disposal. Extreme weather events, such as 
storms and floods, may intensify the spread of 
waste into sensitive areas. Introducing indicators 
related to the impacts of climate change may 
contribute to more resilient waste management 
strategies in coastal municipalities.

Although NSIS has advanced in structuring 
the municipal database, opportunities 
for improvement remain. Incorporating 
sustainability indicators may strengthen its 
regulatory function. Updating the system 
may promote social oversight and improve 
environmental planning (da Silva et al. 2019, 
Tischer 2016). Studies in the state of Rio de 
Janeiro demonstrate that environmental 
indicators may be effective tools for managing 
public services (Pequeno et al. 2020). Research 
on solid waste in coastal zones also highlights 
this relevance (Diederichsen et al. 2013, Almeida 
2013, Andrade & Scherer 2014, Pfuetzenreuter et 
al. 2023).

The lack of data on the solidarity 
economy also represents an obstacle to MISWP 
effectiveness. Waste management should 
be approached from a technical-operational 
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perspective. At the same time, it also plays 
a fundamental role in social inclusion and 
economic development. The omission of 
questions about cooperatives and waste picker 
associations weakens policies promoting 
recycling. The restriction of this information 
limits job and income generation in the sector 
(Brasil 2010).

Gaps in monitoring management and 
oversight costs remain. Without detailed 
financial indicators, sector planning becomes 
uncertain. The evaluation of the tariff structure 
should be integrated into NSIS to ensure the 
economic sustainability of services provided. 
However, the current database collects only 
superficial financial information. Expanding 
financing mechanisms is essential.

NSIS should be recognized as a fundamental 
tool for structuring waste management. 
Introducing questions that expand perspectives 
for sustainable actions can encourage best 
practices among managers. Relevant examples 
include selective collection of organic waste 
and quantification and characterization of 
reverse logistics materials. Identifying discarded 
recyclables contributes to more efficient 
actions. A well-structured database provides 
information and serves as a benchmark for 
municipal actions. The development of effective 
public policies also depends on this data.

Periodic review of municipal waste plans is 
legally required. However, this requirement is 
missing from the questionnaire. The instrument 
asks whether the plan exists but neglects to 
verify whether it is updated or revised within 
the legal timeframe. Without such monitoring, 
municipalities risk operating with outdated 
and ineffective guidelines. The absence of this 
control prevents any evolutionary analysis of 
waste management.

The identified weaknesses demonstrate 
the urgent need for a comprehensive NSIS 

reform. Improving the system must go beyond 
increasing the number of questions. The 
qualification of collected information must 
be prioritized. Strengthening autonomy and 
ensuring objectivity in data collection are 
essential. Alignment with legislation must be 
guaranteed. Only with these changes will the 
database fulfill its purpose. Transforming NSIS 
into a reference for developing solid waste 
public policies depends on these adjustments.

Adapting the system to the needs of coastal 
municipalities will contribute to efficient and 
sustainable management. Improving the 
database will help municipalities track progress 
and challenges in waste management more 
precisely across Brazil.

The Solid Waste Management in the World’s 
Cities report (UN-HABITAT 2010) highlights 
three key indicators for sustainable waste 
management. These are: (1) collection, (2) waste 
disposal, and (3) prevention, reuse, recycling, 
and valorization. Among these, NSIS addresses 
only collection. This limitation may hinder the 
assessment of urban waste sustainability. The 
addition of new indicators may be implemented 
without creating new forms. Using existing 
forms as a basis may optimize data collection. 
Changing the response format to multiple-
choice options may increase the accuracy and 
completeness of responses. This may promote 
transparency and public accountability.

Five of the seven proposed indicators are 
included in the UN Program – Environmental 
Report (UNEP 2024). Adding these indicators 
to NSIS can fill existing gaps. Both coastal 
municipalities and national needs will benefit.

Brazil’s participation in IETC reports 
may be essential to strengthening waste 
management. Additionally, it may secure funding 
opportunities to improve sector infrastructure 
(Pereira et al. 2018). The inclusion of indicators 
on environmental liabilities and greenhouse 
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gas emissions may broaden perspectives for 
stakeholders. This advancement may strengthen 
environmental sustainability and assist in 
mitigating climate change. Figure 3 illustrates 
the logical structure of the current proposal.

CONCLUSIONS
NSIS is essential for solid waste management 
in Brazil. Nevertheless, gaps in the database 
compromise considerably its effectiveness and 
limit environmental governance. The failure 
to fully comply with the regulations of Law 
12.305/2010  hinder recycling efforts and the 
proper disposal of waste, including hazardous 
materials (Zaman et al. 2016). Inefficiencies in 
data collection affect compliance with legal 
regulations (Cetrulo et al. 2020). Many existing 
indicators focus on collection and disposal. 
Environmental, social, and governance aspects 
remain overlooked. This limits integrated waste 
management.

The NSIS addresses legal requirements. 
Still, aspects such as infrastructure and services, 
waste destination, waste pickers, planning, 
and management could be monitored more 
deeply. Such improvements will allow municipal 
responses to ensure consistency in creating 
sustainability indicators.

The incorporation of sustainability 
indicators may enhance NSIS’s effectiveness. 

International experiences show that even 
developed countries face difficulties in including 
comprehensive waste management indicators 
(Turcott Cervantes et al. 2018, Olay-Romero et 
al. 2020). Even so, several nations have already 
integrated circular economy principles into 
their strategies. Examples include Spain (2020), 
Argentina (2021), and Uruguay (2024). These 
countries employ metrics aligned with SDGs 11, 
12, and 13 to reduce natural resource extraction 
and optimize waste management.

Modernizing NSIS may establish a model 
for other countries. Prioritizing sustainability 
may strengthen environmental governance 
and expand the positive impacts of waste 
management. Since oceans have increasingly 
become a dumping ground for solid waste, 
discouraging improper disposal in coastal areas 
is urgent. This approach may contribute to local 
sustainable development and mitigate marine 
pollution on a global scale.

Integrating NSIS into the United Nations 
Environment Programme (UNEP) may enhance 
its international relevance. This connection may 
expand knowledge exchange and provide access 
to new waste management methodologies. 
Additionally, it may position Brazil as a global 
reference in waste governance. Incorporating 
NSIS into UNEP may facilitate resource 
mobilization and the development of strategies 
aligned with the Sustainable Development 

Figure 3.  Proposed structure for strengthening the integration between NSIS indicators and the National 
Solid Waste Policy. The model emphasizes the inclusion of sustainability indicators aligned with international 
frameworks and SDGs to enhance regulatory performance and coastal waste governance.
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Goals. As a result, the system may evolve into a 
model of excellence for sustainable solid waste 
management.

NSIS, NSWP, and MISWP may enhance 
global reports, such as those from IETC/UNEP. 
Strengthening this database may improve the 
accuracy of waste management data. Integration 
with international frameworks may facilitate 
data comparison between countries. Such 
alignment may support more effective policies 
and strengthen global cooperation. Additionally, 
it may ensure that Brazil’s waste management 
strategies comply with sustainable development 
goals.
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