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Abstract

The growth of municipal solid waste generation
and low recycling rates in Brazil underscore the
need to strengthen public policies focused on
environmental management and the socio-
productive inclusion of recyclable material
collectors. In this context, this study analyzed the
implementation of the “Programa Coleta
Seletiva Cidadd™™ (Citizen Selective Waste
Collection Program) across Federal Institution of
Universities (IFES), identifying its
implementation stage, regional distribution, and
main challenges. This is an exploratory and
descriptive mixed-methods study based on
document analysis and a survey of institutional
data from 96 IFES selected via simple random
sampling. The results indicated heterogeneous
implementation of the program: 43 institutions
had already implemented it, 18 were in the
implementation phase, and 35 had not yet started.
Higher adoption rates were observed among
universities and in the South and Southeast
regions. Key obstacles included insufficient
human resources, infrastructure and budget
limitations, low awareness within the academic
community, and difficulties in coordinating with
qualified cooperatives. The study concludes that
the program: “Programa Coleta Seletiva
Cidadd™" serves as an important tool for
environmental  management and  socio-
productive inclusion, although its effectiveness
depends on institutional  strengthening,
environmental education, and coordination
between IFES and waste collector organizations.

Keywords: Solid Waste. Waste Picker. Selective
Waste Collection.
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Resumo

O crescimento da geracdo de residuos solidos
urbanos e os baixos indices de reciclagem no
Brasil reforcam a necessidade de fortalecer
politicas publicas voltadas & gestdo ambiental e
a inclusdo socioprodutiva de catadoras e
catadores de materiais reciclaveis. Nesse
contexto, este estudo analisou a implementacéo
do Programa Coleta Seletiva Cidadd@ nas
Instituicdes Federais de Ensino Superior (IFES),
identificando seu estigio de implementacao,
distribuicdo regional e principais desafios.
Trata-se de uma pesquisa quali-quantitativa, de
carater exploratério e descritivo, fundamentada
em analise documental e levantamento de dados
institucionais de 96 IFES selecionadas por
amostragem aleatoria simples. Os resultados
indicaram uma implementacéo heterogénea do
programa, com 43 institui¢bes ja implantadas,
18 em fase de implantacéo e 35 ndo iniciadas.
Observou-se  maior adesdo entre  as
universidades e nas regides Sul e Sudeste. Entre
0s principais obstaculos destacaram-se a
insuficiéncia  de  recursos humanos, as
limitagbes de infraestrutura e orcamento, a
baixa  conscientizacdo da  comunidade
académica e as dificuldades de articulagdo com
cooperativas habilitadas. Conclui-se que o
Programa Coleta Seletiva Cidad& constitui um
importante instrumento de gestdo ambiental e
inclusdo socioprodutiva, embora sua efetividade
dependa do fortalecimento institucional, da
educacdo ambiental e da articulacéo entre as
IFES e as organizagdes de catadores.

Catador.

Palavras-chave: Residuos Soélidos.
Catadora. Coleta Seletiva.
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1 INTRODUCTION

The growth in Municipal Solid Waste (MSW) generation—driven by
urbanization, population growth, and intensified production and consumption patterns—
represents one of the major contemporary socio-environmental challenges. The linear
economic model, based on extraction, production, consumption, and disposal, increases
pressure on natural resources and limits the economic and productive recovery of waste
(Kazaetal., 2018). In contrast, the circular economy proposes reintegrating materials into
production cycles, assigning a strategic role to selective waste collection and recycling in
reducing environmental impacts.

However, rates of selective waste collection remain low globally. It is estimated
that 19% of municipal solid waste is recovered through recycling and composting. In
high-income countries, this figure is approximately 35%—with 29% coming from the
recycling of dry waste—whereas in developing countries, the rates fall below 10% (Kaza
etal., 2018).

In Brazil, it is estimated that only 8.7% of the municipal solid waste (MSW)
generated in 2024 was sent for recycling, even though approximately 33.6% had the
potential for recovery. During the same period, the dry recyclable waste actually
recovered amounted to just 1.57% of the total quantity collected (ABREMA, 2024, 2025).
These data reveal weaknesses in the processes of segregation, collection, sorting,
commercialization, and the reintroduction of materials into the production chain.

Solid waste management also has a social dimension. In Brazil, waste picking has
become a means of survival for individuals excluded from the formal labor market, within
a context characterized by unemployment, poverty, inequality, and precarious working
conditions (Mota, 2023). Although waste pickers perform essential roles in the recovery
and sale of recyclable materials, they continue to face stigmatization, occupational
hazards, economic instability, and inadequate working conditions.

Waste picker organizations are recognized as providers of environmental services
and key agents within waste management systems. Kain et al. (2022) demonstrate that
these organizations contribute to the economic, social, and environmental sustainability
of cities and develop solutions tailored to local conditions. However, their continued

operation depends on infrastructure, training, financial resources, equipment, institutional
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recognition, and coordination with public authorities and other stakeholders in the
recycling chain.

Integrating these organizations into formal waste management systems requires
more than just legal recognition. It necessitates mechanisms for contracting, remuneration
for services rendered, technical assistance, infrastructure, monitoring, and the continuity
of public policies. In their analysis of Brazil and Colombia, Calderén Marquez, Cano, and
Rutkowski (2021) identified progress in the formalization of waste picker organizations,
but also gaps between national regulations and their implementation at the local level. In
Brazil, the decentralization of responsibilities and the lack of sufficiently clear operational
and financial mandates can lead to unequal institutional arrangements.

The systematic review conducted by Castro et al. (2026) reinforces this
assessment. Analyzing 63 documents regarding the integration of waste pickers into
waste management systems across various countries, the authors identified eight
categories of intervention, with a predominance of selective collection and sorting
programs. However, only 39% of the initiatives mentioned some form of payment for
services rendered, and few studies presented quantitative results regarding income,
working conditions, and organizational sustainability. This scenario demonstrates that
many interventions are described without sufficient information to evaluate their
effectiveness.

In Brazil, Law, number: 12.305/2010, which established the National Solid Waste
Policy, instituted shared responsibility for the product life cycle, integrated waste
management, and the socioeconomic inclusion of waste pickers (Brazil, 2010).
Subsequently, Decree, number 10.936/2022 regulated this policy and established the
“"Coleta Seletiva Cidada™" (Citizen Selective Collection) Program, mandating that federal
public administration bodies and entities promote the separation of reusable and
recyclable waste and prioritize its allocation to qualified associations and cooperatives
(Brazil, 2022a). Decree, number 11.043/2022, which approved the National Solid Waste
Plan, reinforced the expansion of material recovery and the socio-productive inclusion of
these workers (Brazil, 2022D).

However, the existence of a national legal framework does not ensure its uniform
implementation. Calderon Marquez, Cano and Rutkowski (2021) observe that

excessively general policies can leave operational and financial responsibilities
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undefined, especially in decentralized systems. The execution of the Citizen Selective
Collection Program therefore depends on the existence of qualified associations or
cooperatives, infrastructure, human resources, internal regulations, technical assistance
and coordination with local waste management systems.

In this context, Federal Institution of Universities (IFES) occupy a strategic
position. In addition to generating different types and volumes of waste, these institutions
have responsibilities related to teaching, research, extension, environmental education
and the development of the communities in which they operate. Costa (2019) highlights
the potential of educational institutions to structure environmental management practices
and raise awareness among the academic community. Tavares (2020) and Santos et al.
(2024), in turn, demonstrates that the implementation of selective collection in university
environments requires institutional planning and use of appropriate technologies, waste
characterization, definition of responsibilities and permanent management structures.

Although there are studies on selective collection in specific institutions,
municipal waste management and organization of cooperatives, the national panorama of
the implementation of the Citizen Selective Collection Program in IFES is still
insufficiently known. The literature predominantly focuses on case studies and local
experiences, with investigations that examine, on a national scale, the membership of
federal educational institutions, their regional distribution, institutional obstacles and
materials destined for associations and cooperatives remaining scarce. This gap became
even more relevant after the publication of Decree, number: 10,936/2022.

According to this, the question that guides this study is: what is the panorama of
the implementation of the Citizen Selective Collection Program in Brazilian Federal
Institution of Universities and what factors hinder its implementation? The objective of
this work is to analyze the implementation of the program in IFES, identifying the
proportion of institutions with actions implemented or being implemented, their
institutional and regional distribution, the main obstacles reported and the quantities of
recyclable materials destined for waste picker associations and cooperatives. The
temporal relationship between the adhesion of institutions and the policy's normative
frameworks is also examined, without attributing a direct causal relationship to Decree,
number: 10,936/2022.
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The academic contribution of the study consists of the production of nationwide
empirical evidence on a public policy that has not yet been much investigated within the
scope of IFES. By integrating environmental management, implementation of public
policies, circular economy and socio-productive inclusion, the research allows us to
understand the distance between the normative obligation and its institutional execution,
in addition to offering subsidies for the improvement of the Citizen Selective Collection

Program.
2 THEORETICAL FRAMEWORK
2.1 Selective waste collection as a solid waste management tool

Selective waste collection is a fundamental tool in municipal solid waste
management, as it consolidates and drives the recycling supply chain. In Brazil, despite
regulatory advances since the enactment of the National Solid Waste Policy (PNRS) in
2010, selective collection remains in its early stages in most municipalities; even where
the service has been implemented, coverage does not extend to all households (Brazil,
2022b) and is most commonly found in middle- and upper-class neighborhoods (Severo;
Guimarées, 2022). It is estimated that 8.7% of the Municipal Solid Waste (MSW)
generated in 2024 was sent for recycling (ABREMA, 2025); however, according to the
National Basic Sanitation Information System (SINISA), only 1.57% of dry recyclable
waste was effectively recovered relative to the total quantity collected in 2024 (Brazil,
2025).

Integrated Solid Waste Management (ISWM) is a key element in the planning and
implementation of selective waste collection, as it involves all parties responsible for the
product life cycle, while also enabling cleaner cities and better working conditions for
recyclable material collectors. According to Franca and Barros (2024), ISWM fosters
collaboration among waste generators, society, waste management entities, and other
municipal bodies, given that all are directly or indirectly involved in the various stages of
the solid waste life cycle, from generation to final disposal.

Selective waste collection is defined as the collection of solid waste that has been

pre-segregated based on its constitution or composition (Brazil, 2010). What
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distinguishes "citizen-based selective collection™ is the channeling of segregated waste to
cooperatives or associations of recyclable material collectors—provided they meet
specific requirements—through formal partnerships with bodies and entities within the
direct and indirect federal public administration, as stipulated by Decree, number
10.936/2022 (Brazil, 2022a).

In Brazil, recyclable material collectors have historically been the primary agents
in the post-consumer waste recycling process—whether working informally or in
organized groups (Lima et al., 2022; Rutkowski et al., 2024)—playing a vital role in this
process (Costa, 2019). Codeco et al. (2025, p. 6) corroborate this, stating that recycling
in Brazil relies crucially on the work of these collectors. According to Motta (2023), the
work performed by this occupational group has gained recognition in recent years, even
though it often remains non-compliant with labor laws.

The National Solid Waste Policy (PNRS) represents a milestone for the
formalization of this occupational group and its integration into shared responsibility
initiatives regarding the product life cycle. However, Decree, number 5,940 of 2006
contributed significantly to the visibility of waste pickers by mandating that the selective
waste collection services for federal public administration bodies and entities—both
direct and indirect—Dbe reserved exclusively for waste pickers organized into associations
or cooperatives, under the “"Coleta Seletiva Solidaria™ (Solidary Selective Collection)
Program. This decree was repealed by Decree, number 10,936 of January 12, 2022.

The following year, Law, number: 11,445 of January 5, 2007 (the Basic Sanitation
Law), among other provisions, amended the Public Procurement Law to enable the
participation of waste picker cooperatives and associations in solid waste selective

collection through a waiver of the competitive bidding process (Brazil 2007).
2.2 The social role of Federal Institution of Universities

The role of Federal Institution of Universities (IFES) extends far beyond academic
activities, as they provide free public education to the Brazilian population. Grounded in
the principle of the inseparability of teaching, research, and extension—mandated by the
1988 Federal Constitution (Brazil, 1988)—they play a significant social role by fostering

interaction with the local communities in which they are embedded.
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According to Costa (2019), IFES play a crucial role in environmental education—
a vital element in this context—aiming to raise awareness within the academic
community about waste segregation, proper disposal, and conscious consumption. They
also seek to drive behavioral changes regarding solid waste and to promote the
recognition and valuing of recyclable material collectors.

Environmental education is, therefore, fundamental to the implementation of any
sustainable practices; within IFES environments, it is essential for broadening social
participation and enhancing the effectiveness of selective waste collection programs
(Freitas et al., 2020).

In justifying the importance of research into the "solidary selective waste
collection™ program, Flamini (2021) highlighted how the initiative empowers workers
within the formal recycling chain and contributes to the social recognition and visibility
of a group historically marginalized by prejudice, precarious working conditions, and a
lack of appreciation. The author argues that by acknowledging the sociopolitical
dimension of these initiatives, it becomes possible to foster a new perception of waste-
collecting work, recognizing these professionals as essential service providers within the
recycling production chain.

The requirements set forth in Decree, number 10.936/2022 may hinder or even
prevent the formalization of partnerships. Codeco et al. (2025) highlight the lack of
formal documentation and financial resources needed to acquire the infrastructure

required to meet the criteria for formal participation in urban solid waste management.
3 METHODOLOGY

This research is characterized as a mixed approach with a quantitative, qualitative
and exploratory-descriptive nature. The research universe comprised all Brazilian Federal
Institution of Universities (IFES) made up of 69 universities, 38 institutes and 2
technological education centers, totaling 109 institutions. In this research, the number of
Campuses linked to each institution was not taken into consideration, adopting each IFES
as the unit of analysis. To define the sample, initially considered a confidence level of
95% and a sampling error of 3%, totaling 100 IFES to be researched. However,
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considering the return from 96 institutions, the margin of error was changed to
approximately 3.5%, maintaining the level of statistical confidence.

The selection of participating institutions occurred through simple random
sampling. To this end, the free online platform Sorteio.com was used, specifically the
nominal draw tool, in which the names of all IFES members of the research universe were
inserted. Next, the number of nine institutions to be drawn for exclusion was defined, so
that the remaining 100 institutions made up the initial sample. In simple random sampling,
each member of the population has the same probability of being selected and this
procedure ensured an equal probability of inclusion for all IFES, as can be seen in figure
1.

Figure 1. Methodological summary of the research

Research Design
Mixed-methods approach

+ Quantitative and qualitative

* Exploratory-descriptive in nature
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Target Population: 109 Brazilian IFES
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It must be noted that decree, number: 5.940/2006—which established the so-
called "Solidary Selective Waste Collection” (""Coleta Seletiva Solidaria™) and
mandated the separation of recyclable waste discarded by bodies and entities of the direct
and indirect Federal Public Administration, directing it to associations and cooperatives
of recyclable material collectors—was repealed by decree, number: 10.936/2022. The
regulation currently in force established the "Citizen Selective Waste Collection
Program” (""Programa Coleta Seletiva Cidada "), stipulating that reusable and recyclable
waste be allocated primarily to associations and cooperatives of recyclable material
collectors. (Brazil, 2022).

For quantitative analysis, absolute and relative frequencies, response rates,
population coverage, margin of error with correction for finite population,
implementation proportions, temporal variation and economic potential of recyclable
materials were calculated. The sample size was estimated using the equation for finite
populations, considering a confidence level of 95%, expected proportion of 50% and
maximum error of 3%. For the sample actually obtained, made up of 96 institutions, the
margin of error was recalculated, which corresponded to approximately 3.47%. The
proportions were calculated as the ratio between the number of occurrences in each
category and the total number of responding institutions. The temporal evolution of the
collected materials was analyzed using the accumulated growth rate and the average
annual growth rate. The economic potential was estimated by multiplying the quantity of
each material, in kilograms, by the respective average commercial price, and then
calculating the physical and economic participation of each category.

The minimum sample size was calculated considering the finite universe of 109
Brazilian IFES, confidence level of 95%, expected proportion of 50% and margin of error

initially established at 3%, according to Equation 1:

N-Z*-p(1-p)
e(N — 1)+ Z2%-p(1 — p)

n =

1)

In which:
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n. minimum sample size;
N = population size;
Z = critical price corresponding to the confidence level;

P = expected proportion of the phenomenon:

l-p- complementary proportion;

€ = accepted sampling margin of error;

Considering the effective return of 96 institutions, the margin of error was

recalculated by applying the correction factor for a finite population, according to

Equation 2:

B:Z‘/p(l p) N-n
n N
(2)

In which:

€ = gstimated margin of error;

Z = critical price corresponding to the confidence level;

P = expected proportion;
T = number of responding institutions;

N-= population size;

To calculate the percentages corresponding to the program implementation
situations, the regional and institutional distribution and the difficulties reported by the

IFES, the relative frequency was used, according to Equation 3:

FR; = /i % 100

n

(3)

In which:
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FRi= relative frequency of the category expressed as a percentage;

f = absolute frequency of the category

n- total number of valid observations.

The evolution of the amount of recyclable materials collected between the first

and last year of the historical series was analyzed using the accumulated growth rate,

according to Equation 4:

TC:%XNO

(4)
In which:
ic = accumulated growth rate, expressed as a percentage;
1c Qi= quantity collected during the initial period,;
Qs = quantity collected during the initial period,;

Additionally, the average annual growth rate was calculated, with the purpose of
representing the average pace of collection expansion during the analyzed period,

according to Equation 5:

TMAC = (%) 1| x 100
‘ ©)

In which:

TM AC= average annual growth rate, expressed as a percentage;
Qi = quantity recorded in the first year of the series;

Qs = quantity recorded in the last year of the series;

t = number of annual intervals between the initial period and the final period.
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The economic potential of each category of recyclable material was estimated by
multiplying the quantity collected, expressed in kilograms, and the respective average

commercial price per kilogram, according to Equation 6:

(6)

In which:

Vi = estimated economic price of the material in reais (Brazilian currency);

Qi: quantity of material collected 2, in kilograms;

P;- average market price per kilogram of the material 1,

The total economic potential of recyclable materials was obtained by adding the

estimated prices for all categories analyzed, according to Equation 7:

i

Vr=> Q:P,
= ™)

In which:

VT: estimated total economic price, in reais;

T1l = number of material categories analyzed;
Qiz quantity of material collected (2

I')i: average market price per kilogram of the material (2

The calculations were performed based on data provided by the 96 responding
institutions, with each Federal Institution of Universities (IFES) treated as a unit of
analysis, regardless of the number of affiliated campuses. The results derived from these
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equations were presented using frequencies, percentages, tables, and graphical

representations.

4 RESULTS AND DISCUSSIONS

Of the 96 IFES surveyed, 43 reported having the Citizen Selective Collection
Program, in accordance with the provisions of Decree, number: 10.936/2022. However,
in three of these institutions, although the separation of dry recyclable materials is carried
out, the disposal of this waste to collector cooperatives is carried out by the municipal
services responsible for managing recyclable solid waste. Therefore, considering that
such waste is destined for collectors organized in associations or cooperatives. These
IFES were considered to have the program implemented. Another 18 institutions are in
the process of implementing the program, while 35 IFES have not yet started the process.

It is observed that the program implementation rate is higher in universities,
reaching 54.84%, whereas in institutes this figure stands at 29.41% (Figure 2).
Conversely, the percentage of institutions that have not yet begun implementing the
program is higher among institutes, at 47.06%, compared to 29.03% for universities.
Regarding institutions currently in the implementation process, the percentage is also
more significant among institutes, totaling 23.5%, while for universities it corresponds to
16.13%. When considering both implemented and initiated programs, the total is 71% for

universities and 53% for institutes.
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Figure 2. Status of the Citizen Selective Waste Collection Program at Federal Institution of Universities
(IFES)
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Source: Prepared by the author (2025)

The results demonstrate that the implementation of the "Citizen Selective Waste
Collection Program" across Federal Institution of Universities (IFES) remains uneven
nationwide. Although 43 of the 96 surveyed institutions reported having the program in
place, some rely on municipal waste management services to ensure that recyclable
materials reach waste picker associations and cooperatives. Nevertheless, given that final
disposal aligns with the principles established by decree, number 10.936/2022, these
institutions can be viewed as participants in policies promoting the socioeconomic
inclusion of waste pickers and environmentally sound solid waste management.

Data analysis reveals that a significant portion of IFES has not yet fully
consolidated this public policy. The 18 institutions currently in the implementation phase
indicate a move toward compliance with recent regulatory requirements, while the 35
IFES that have not yet begun the process highlight persistent institutional, administrative,
and structural barriers to the effective implementation of citizen selective waste
collection. This scenario suggests that, despite advancements driven by the National Solid
Waste Policy (PNRS) and Decree, number 10.936/2022, the institutionalization of
sustainable waste management within IFES remains unequal and dependent on each
institution's organizational and operational capacities.

A comparative analysis between universities and federal institutes reveals
significant differences in the program's implementation status. Universities showed a

higher implementation rate (54.84%) compared to federal institutes (29.41%). This result
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may be linked to the universities' longer history of administrative consolidation, as well
as their greater availability of human and financial resources and infrastructure dedicated
to institutional sustainability policies. Furthermore, universities often have specific
departments dedicated to environmental management, university outreach, and socio-
environmental responsibility—factors that can facilitate the implementation of
community-based selective waste collection programs.

On the other hand, federal institutes showed a higher percentage of institutions
that have not yet begun implementing the program (47.06%) as well as those in the
implementation phase (23.5%). This result may reflect structural characteristics specific
to these institutions—such as multi-campus organization, rapid expansion into the
interior, and administrative diversity among units—factors that can hinder the
standardization and operationalization of solid waste management actions. Nevertheless,
the percentage of institutes with programs implemented or under implementation (53%)
demonstrates a gradual movement toward adopting the policy, albeit at a slower pace than
that observed in universities.

Overall, an analysis of the results reveals progress in the incorporation of the
"Citizen Selective Waste Collection” program by Federal Institution of Universities
(IFES), particularly within universities; however, it also highlights challenges regarding
the effective implementation of environmental public policies within the institutional
context. Implementing the program goes beyond the operational aspect of waste
separation, encompassing issues of socio-environmental responsibility, the productive
inclusion of waste pickers, and the strengthening of the circular economy. Thus,
expanding and consolidating these initiatives within IFES can contribute not only to
compliance with environmental legislation but also to the promotion of sustainable
practices aligned with the principles of the National Solid Waste Policy (PNRS) and the
Sustainable Development Goals (SDGs).

Regarding regional distribution, as shown in Table 1, the highest percentage of
IFES with the "Citizen Selective Waste Collection” program implemented is concentrated
in the Southeast and South regions, at 68% and 64.28%, respectively. These are followed
by the Center-West region (38.46%), the Northeast (35.71%), and the North (only
12.5%). Among the IFES that have not yet started implementing the program, the North
region leads with 43.75%, followed by the Northeast (21.43%), the Center-West
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(15.38%), and the Southeast (12%). It is worth noting that, in the South region, all the
institutions surveyed have already implemented the program or are in the process of doing
so. The South and Southeast regions also account for the highest number of municipalities
with selective waste collection—representing 57.5% and 40.7%, respectively—followed
by the Center-West (24.8%), the Northeast (11.4%), and the North (11.3%) (Brazil,
2023). Furthermore, the majority of recycling industries are located in the Southeast and
South regions (Brazil, 2022b; Institution: ""Instituto Caminhos Sustentaveis ", 2024),

which may contribute to greater commercial viability for recyclable materials.

Table 1. Regional distribution of the Citizen Selective Waste Collection Overview

Quantity IFES with  the IFES with the IFES with the
Region surveyed by Program program under program not
region implemented implementation implemented
North 16 2 7 7
Northeast 28 10 6 11
Central-West 13 5 2 6
South 14 9 0 5
Southeast 25 17 3 5
TOTAL 96 43 18 34

Source: Prepared by the author (2025)

The regional distribution of Federal Institution of Universities (IFES)
implementing the program: “"Programa Coleta Seletiva Cidada™™ (Citizen Selective
Waste Collection Program) highlights significant territorial inequalities in the
consolidation of solid waste management policies in Brazil. The highest implementation
rates, observed in the Southeast (68%) and South (64.28%) regions, demonstrate that the
program is implemented most extensively in regions that are historically more developed
in economic, urban, and institutional terms. Conversely, the lower rates recorded in the
North (12.5%) and Northeast (35.71%) regions reveal persistent regional disparities
regarding waste management infrastructure, the availability of public services, and the
organization of recycling supply chains.

The data obtained for the IFES mirror the national distribution of municipal
selective waste collection services, which are also most concentrated in the South and
Southeast regions (Brazil, 2023). This result suggests that the implementation of citizen
selective waste collection in federal institutions does not occur in isolation but is directly

linked to the structural conditions and organizational capacity of the municipalities where
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these institutions are located. Thus, the existence of more established municipal selective
waste collection systems can facilitate the operationalization of recyclable waste
segregation and disposal by the IFES.

The low number of IFES that adopted the program following the publication of
Decree, number 10.936/2022 may indicate that this legal instrument served more as a
mechanism for regulatory consolidation and updating than as an initial driver for the
policy itself. Nevertheless, its importance remains evident in reinforcing the mandate for
the environmentally sound disposal of recyclable waste and the socio-productive
inclusion of waste pickers organized into associations and cooperatives. It is important to
highlight that, although 55.20% of the surveyed Federal Institution of Universities (IFES)

~N

have not yet implemented the Coleta Seletiva Cidada~ (Citizen Selective Waste
Collection) Program, 18 of those that have not yet started the program—and 8 of those
currently in the implementation process—are already carrying out activities focused on
environmental sustainability regarding solid waste. The main initiatives identified are

described in Table 2.

Table 2. Key environmental sustainability and solid waste disposal actions carried out by Federal
Institution of Universities (IFES) that do not have the Citizen Selective Waste Collection Program.
Kind of action Description
Separation of recyclables and transfer to
cooperatives

Mainly paper/cardboard and plastics

Via public call for proposals in areas where there are
no cooperatives or associations.

Delivery of recyclables to collection points linked Focused on paper and plastic separation; separation
to municipal management at Federal Institution of Universities.

Separation in IFES and collected by municipal
management that allocates it to collectors
Campaigns such as Zero Waste Week and E-Waste
Week; participation in reverse logistics programs.
With binding clauses regarding the separate
collection of recyclable waste

Collection of batteries, composting of food waste
and tree trimmings

Source: Prepared by the author (2025)

Allocation to independent waste pickers

Municipal collection of recyclable items
Campaigns and environmental education
Counter-obligations in real estate usage contracts

Other actions

The figure 3 shows the annual evolution of the amount of recyclable materials
collected between 2021 and 2024, distributed across the categories of paper/cardboard,
plastic, metal and glass. Continuous growth in total volume was observed throughout the
analyzed period, going from approximately 260 units in 2021 to approximately 890 in
2022, 1,110 in 2023 and 1,690 in 2024.
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Paper/cardboard represented the largest portion in all years, with approximate
prices (in tons) of 138 in 2021, 685 in 2022, 868 in 2023 and 1,575 in 2024. This behavior
demonstrates that the increase in total volume was mainly driven by the expansion of
collection in this category. The other materials showed a quantitatively smaller, but
relatively constant, participation. Plastic registered approximately 36, 50, 56 and 38 tons,
respectively; the metal reached around 41, 71, 75 and 82 tons; and glass presented
approximately 21, 31, 50 and 30 units in the same period.

Figure 3. Types and quantities of materials collected and sent for recycling
2000
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1000 A
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B Paper/cardboard ~ W= Plastic EmE Metal = Glass

Source: Prepared by the author (2025)

Between 2021 and 2024, the total volume collected increased by approximately
628.82%, indicating a significant expansion of selective waste collection activities. Of
particular note is the growth observed between 2021 and 2022, when the total more than
tripled. This upward trend continued in subsequent years, culminating in the highest
figure of the series in 2024. Despite this progress, the high concentration of
paper/cardboard highlights an unbalanced composition of collected materials, suggesting
a need for specific strategies to increase the recovery of plastic, metal, and glass.

Table 3 presents the estimated economic gain for cooperatives from the sale of
recyclable materials collected at Federal Institution of Universities (IFES). When
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considering paper/cardboard, plastic, metal, and glass together, the total estimated price
reached R$ 2,644,172.68, underscoring the economic importance of channeling this waste
to waste-picker organizations.

Paper/cardboard accounted for the largest collected quantity, totaling 3,266,193
kg. Although the unit price for this material was relatively low—R$ 0.54 per kilogram—
the high volume sold resulted in estimated revenue of R$ 1,763,744.22. This amount
represents approximately 66.7% of the total economic price, demonstrating that
paper/cardboard is the primary potential source of revenue among the materials analyzed.

Metal provided the second-largest financial contribution, even though the quantity
collected—269,857.68 kg—was significantly lower than that of paper/cardboard. Due to
its higher market price—estimated at R$ 2.05 per kilogram—the material yielded a
potential return of R$ 553,208.24, equivalent to approximately 20.9% of the total price.
This result demonstrates that materials with a higher unit price can generate significant
economic returns, even when collected in smaller quantities.

Plastic totaled 180,539.19 kg, sold at an estimated price of R$ 1.65 per kilogram,
resulting in potential revenue of R$ 297,889.66. This figure represents approximately
11.3% of the total estimated price, making plastic the third-largest contributor in
economic terms.

Glass accounted for an estimated 133,320.69 kg. However, due to its low market
price of R$ 0.22 per kilogram, the financial return was only R$ 29,330.55, corresponding
to approximately 1.1% of the total price. This result demonstrates that, although glass is
environmentally important and can represent a significant volume of collected waste, its

direct financial contribution tends to be low compared to other materials.

Table 3. Estimated potential for economic gain of cooperatives in the sale of materials collected at IFES

Kind of material Quantity in Kg Price of Kg (R$) Total price(RS)
Paper/cardboard 3.266.193 0,54 1.763.744,22
Plastic 180.539,19 1,65 297.889,66
Metal 269.857,68 2,05 553.208,24
Glass 133.320,69 0,22 29.330,55
Estimated total price (R$) 2.644.172,68

Source: Prepared by the author (2025); Instituto Caminhos Sustentaveis (2024)

Overall, the results indicate that the economic potential of selective waste

collection at Federal Institution of Universities is heavily concentrated in paper/cardboard
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and metal, which together account for approximately 87.6% of the estimated revenue.
The table also highlights that financial returns depend not solely on the quantity collected,
but on the combination of available volume and market price per kilogram. Thus,
expanding collection efforts, improving waste segregation, and negotiating more
favorable prices can help increase income generation and strengthen the cooperatives
economically.

The figure 4 presents the main difficulties identified for implementing and
strengthening selective collection in Federal Institution of Universities. The lack of
community awareness was the most frequent obstacle, with 28 records, indicating that the
insufficient participation of students, employees and other members of the institutional
community constitutes one of the main limitations for the proper functioning of waste
separation and disposal initiatives.

Lack of staff appeared as the second most recurring difficulty, with 23 records.
This result suggests a lack of teams responsible for planning, monitoring, supervising and
executing selective collection actions, which can compromise both the continuity and
efficiency of institutional programs.

Next, the lack of adequate infrastructure was indicated in 21 responses,
highlighting limitations related to the availability of collectors, temporary storage
locations, equipment, internal transport and appropriate spaces for the segregation of
materials. The proximity between the prices attributed to the lack of personnel and the
lack of infrastructure demonstrates that operational obstacles represent a significant
portion of the difficulties observed.

Difficulty in finding cooperatives was recorded in 9 cases, while high costs
appeared in 8 records. Although these difficulties were less frequent than the problems of
awareness, personnel and infrastructure, they reveal obstacles related to institutional
coordination, the logistics of waste disposal and the availability of financial resources to
maintain the actions.

The “Others” category presented 3 records, corresponding to the lowest price in
the distribution. This result indicates that most of the difficulties reported are concentrated

in the categories previously established in the survey.
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Figure 4. Difficulties and challenges in implementing Citizen Selective Collection

30-

25-

20-

15 -

10-

HEH

o E
B ST g costs  m ST
g Difficulty findinga ';frﬂéfjrgdequate B Others

cooperative

Source: Prepared by the author (2025)

In total, 92 incidents were recorded. Lack of community awareness accounted for
approximately 30.4% of records, followed by lack of personnel, with 25.0%, and lack of
adequate infrastructure, with 22.8%. Together, these three categories represented around
78.2% of the difficulties mentioned, demonstrating that the main obstacles are associated
with the human, organizational and structural dimensions of selective collection. The
results reinforce the need for integrated actions in environmental education, training,
definition of institutional responsibilities and investment in infrastructure.

The table 4 summarizes the main quantitative indicators used in data analysis. The
survey reached 96 of the 100 selected institutions, corresponding to a response rate of
96% and coverage of 88.07% of the universe of 109 IFES. Considering the sample
actually obtained and the application of the correction factor for a finite population, the
margin of error was estimated at approximately 3.47%, for a confidence level of 95%.
Regarding the situation of the Citizen Selective Collection Program, 44.79% of
institutions had the program implemented, 18.75% were in the implementation process
and 36.46% had not yet started its implementation. Bringing together the first two
categories resulted in an overall adherence rate of 63.54%.
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Table 4. Supplementary data on recyclable materials

Material Quantity collected Price per Economic Phys_ic_al _ Ecoqo_mic_
(kg) kg (R$)  potential (R$) participation  participation

Paper/ 3.266.193,00 0,54 1.763.744,22 84,84% 66,70%

cardboard

Plastic 180.539,19 1,65 297.889,66 4,69% 11,27%

Metal 269.857,68 2,05 553.208,24 7,01% 20,92%

Glass 133.320,69 0,22 29.330,55 3,46% 1,11%

Total 3.849.910,56 2.644.172,68 100,00% 100,00%

Source: Prepared by the author (2025)

The difficulties and challenges faced by IFES that are in the process of
implementing the Citizen Selective Collection Program, as well as by those that have not
yet started this process, are similar to those identified by institutions that have already
implemented the program. Obstacles related to insufficient human resources, budgetary
and financial limitations and infrastructure deficiencies stand out on a recurring basis.
Table5 presents the main problems highlighted and the number of institutions that

identified them as difficulties in the implementation process.

Table 5. Difficulties that impact the implementation of Citizen Selective Collection

Number of
Federal

Related Areas Institution  of Details
Universities
(IFES)

Insufficient number of staff members. Example of a Federal Institution
of Universities (IFES) with only one staff member in the department
responsible for environmental management across the entire
institution; lack of training in the field.
Lack of collective and environmental awareness; lack of understanding
and low participation from the academic community; ongoing effort to
foster behavioral change; lack of engagement. Cultural change. An
example cited involved an agency that stopped working with the
cooperative due to improper waste segregation and resulting
contamination.
Lack of adequate infrastructure, including equipment such as
Infrastructure 17 collection bins and containers. Insufficient space for container storage
and a sorting facility.
Find cooperatives that meet the requirements of Decree, number:

Human Resources 22

Raising Awareness 21

Cooperative 15 10,936/2022. Lack of cooperative in the municipality. Take
information to cooperatives. Lack of interest in collecting waste.

Budget Lack of budgetary resources for purchasing equipment, for

Finance 15 infrastructure adjustments and for the acquisition of technological
solutions.

Development of a Solid Waste Management Plan, including guidelines
and responsibilities for each sector. Formation of an implementation
committee and/or restructuring of the Standing Sustainability
Committee. Absence of a Sustainable Logistics Plan. (PLS)

Internal regulations 8
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Development of educational policies and campaigns. Relocation to a
Others 6 new facility. Absence of municipal selective waste collection and lack
of integration with municipal services.
Source: Prepared by the author (2025)

Environmental education stands as a cornerstone for the success of projects of this
nature—a finding also supported by the results of this study. According to Debran et al.
(2021), formal education at all levels is essential for social development and
sustainability, particularly in developing countries. The authors further highlight a lack
of human resources, inadequate infrastructure, deficient legislation, enforcement failures,
and low public awareness as barriers that hinder effective solid waste management and
the implementation of sustainability in developing nations.

These factors align with the challenges identified by the surveyed Federal
Institution of Universities (IFES), where limited human resources and infrastructure,
along with low awareness among the academic community, rank among the obstacles to

~AN

implementing the ~"Coleta Seletiva Cidada ™ (Citizen Selective Waste Collection)
Program. Regarding legislation—cited by the authors as a limiting factor—while the legal
framework is well-established in Brazil, weaknesses in enforcement undermine its
effectiveness.

In a study on solid waste management at the Federal University of Pernambuco
(UFPE), Tavares (2020) identified that the Solid Waste Management Plan (PGRS)
Drafting Committee and the Management Committee were established to implement
selective waste collection. Subsequently, the waste generated and the parties responsible
for its management were identified. According to the author, characterizing the materials
is essential for planning actions aimed at their proper disposal (Tavares, 2020, p. 89). A
similar scenario was observed at the Federal University of Para (UFPA), where the
process involved four phases: forming a working group; assessing the waste generated at
the University City and surveying the necessary infrastructure; and carrying out
environmental education and inaugurating the infrastructure for the implementation of
the "Solidary Selective Collection™ program (UFPA, 2022).

The phases followed by UFPA are essential and highlight the actions that senior
management must prioritize regarding the allocation of human and budgetary resources

for the implementation of selective waste collection programs. In addition to these four
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phases, a fifth permanent phase may be considered, characterized by execution,
monitoring, and evaluation.

There are numerous difficulties and challenges involved in implementing "Citizen
Selective Waste Collection” in compliance with all requirements of the PNRS and decree,
number: 10.936/2022; overcoming them requires prioritization by the senior management
of Federal Institution of Universities (IFES). To succeed, beyond mere regulatory
compliance, an institutional policy must be developed and implemented to foster the

motivation and engagement of the entire academic community.
5 CONCLUSION

This study sought to determine the status of the implementation of the ~“Coleta
Seletiva Cidada™" (Citizen Selective Waste Collection) Program across Brazilian Federal
Institution of Universities and to identify the factors hindering its effective
implementation. The results showed that the program is still being implemented partially
and unevenly, highlighting a gap between the regulatory mandate and its institutional
execution.

Of the 96 Federal Institution of Universities (IFES) surveyed, 43 reported having
the program implemented, 18 were in the process of implementation, and 35 had not yet
begun this process. Among the institutions already carrying out citizen-oriented selective
waste collection, only four initiated their activities after the publication of decree,
number: 10.936/2022. These data indicate that, during the period analyzed, no significant
increase in institutional adoption was observed following the entry into force of the
aforementioned decree, although it is not possible to establish a causal relationship
between the regulation and the institutions' behavior.

The results also revealed differences between types of institutions and Brazilian
regions, with a greater proportion of programs implemented in universities and in the
South and Southeast regions. Among the main obstacles identified are insufficient human
resources, low awareness among the academic community, infrastructure and budget
limitations, the difficulty of locating cooperatives that meet legal requirements and the
absence of internal regulation. These factors demonstrate that the implementation of the

program depends not only on the existence of standards, but also on administrative
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capacity, planning, financing and coordination with waste picker organizations and
municipal waste management systems.

The allocation of recyclable materials by IFES highlights the environmental,
social and economic potential of the program. By directing dry waste to associations and
cooperatives, institutions contribute to reducing inappropriate disposal, strengthening the
recycling chain and generating work and income. However, this potential can only be
fully achieved when the materials are correctly separated, when there is continuity of
institutional actions and when waste picker organizations have adequate conditions to
carry out collection, sorting and commercialization.

It is concluded, therefore, that the Citizen Selective Waste Collection Program
constitutes an important instrument for environmental management and socio-productive
inclusion, yet its implementation within Federal Institution of Universities (IFES) is not
yet fully consolidated. While a legal framework is necessary, it is insufficient on its own
to ensure the policy's effectiveness. Its institutionalization requires commitment from
senior management, the definition of responsibilities, the allocation of human and
financial resources, the implementation of adequate infrastructure, ongoing
environmental education initiatives, and the formalization of partnerships with
associations and cooperatives of waste pickers.

In locations in which formalized organizations do not exist, Federal Institution of
Universities (IFES) can utilize teaching, research, and outreach projects—as well as
junior enterprises and innovation hubs—to provide technical support for the organization
and formalization of waste pickers. Such initiatives can help foster new partnerships,
facilitate access to funding opportunities, and strengthen the regional recycling supply
chain.

A key limitation is that the data were obtained exclusively from responses
submitted by the institutions themselves via the "Fala.BR" platform, without on-site
verification or triangulation with other sources. Furthermore, the study design allows for
the identification of temporal associations but cannot prove that the observed changes
resulted directly from decree, number: 10.936/2022. Future studies could longitudinally
track the program's implementation, assess the continuity of partnerships, measure the
effects on the income and working conditions of waste pickers, and comparatively

analyze the various institutional and regional arrangements.
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