Fernanda Giffoni Fernandes Luz, Ladislav Rozensky, Zdenék Vrba, Justin Michael Hansen, Jan Lipa, Josef
Dolista, Martin Vitek, Marcus César Avezum Alves de Castro: Assessment of municipal waste management
systems using performance indicators to analyze recycling capacity. The case study of Corumbatai basin, S&do
Paulo state, Brazil

Assessment of municipal waste management systems
using performance indicators to analyze recycling capacity
The case study of Corumbatai basin, Sao Paulo state, Brazil

Fernanda Giffoni Fernandes LUZ?, Ladislav ROZENSKY®, Zdenék VRBA",
Justin Michael HANSENS, Jan LIPA®, Josef DOLISTAP, Martin VITEK ¢,
Marcus César Avezum ALVES de CASTRO?

% Instituto de Geociéncias e Ciéncias Exatas, Universidade Estadual
Paulista, UNESP, Av. 24A, 1515, Rio Claro, S&o Paulo, Brazil;

® Department of Humanities in Medicine, 1% Faculty of Medicine, Charles
University, Karlovo namesti 40, Praha 2 128 00 Czech Republic;

‘MaA. Justin Michael Hansen — College of Arts and Sciences, Tykesson Hall,
1245 University of Oregon, Eugene, OR 97403-1245, USA;

4 Institute of Technology and Business in Ceské Budéjovice, Okruzni 517/10,
Ceské Budéjovice 370 01, Czech Republic

E-mail: giffoni.f@gmail.com, Rladislav@seznam.cz*, zdenek@vrbovi.eu,
jan.lipa@centrum.czjmhansen30@hotmail.com, Josef.dolista@centrum.cz,
mvitek@email.cz, mccastro@rc.unesp.br

*Corresponding author

Abstract

The analysis of waste management practices is a multidimensional challenge faced by authorities,
especially in developing countries, where actions are needed to reduce, reuse and increase recycling.
Performance indicators are often used to assess the quality of municipal solid waste management
systems. However, some studies suggest that different realities require different indicators to evaluate
the quality of management systems. Moreover, effective data on the reality of municipalities are scarce,
especially on the work carried out by the informal sector within the waste management systems. The
purpose of this study was to investigate a set of indicators in order to examine the recycling modes and
capacity of six municipalities in the interior of SGo Paulo estate in Brazil. Focus was placed on how the
collection of the material for recycling is carried out. The analysis revealed that the municipalities have
selective collection being carried out in urban areas, but in different ways and not always with the
support of the public power. The reality found in this study points to a great participation of the informal
collection in the recycling capacity of the cities surveyed.This study estimates approximately 8% of
refuse are collected by the informal recycling of the total amount estimated for generation every year in
the investigated cities. The average recycling rate in selected cities is 10.8%.

Keywords: Municipal waste management; waste indicators; informal sector; recycling.

1. Introduction

Management of solid waste is one of the most important functions in cities administration, it is a key
service on which public health and the external image of the city depend™?. As a result, waste
management is a challenge for cities around the world, due to several factors such as growing
generation, high management costs and lack of understanding of the diversity of factors affecting
functions and interactions of the stages of waste management systems>*°. It is worldwide recognized
that the integrated approach of waste leads the system to greater sustainability, for which the first step
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consists of knowing all the elements that compose the system®. It has been reported by authors that one
of the factors affecting waste treatment is the lack of access to information on waste management
systems by the authorities”®. Few studies report quantitative information on management systems,
especially in low and middle income countries where informal services can reach high level of
participation in recycling rates®*%***?,

Appropriate waste management actions involve increasing recycling and reducing the amount of
waste landfilled and incinerated®. Recycling occurs in different income countries as an importantwaste
management strategy, also called the circular economy is applied by governments mainly in the
European Union®?*?*_ In low and middle income countries recycling occurs as a form of revenue for
thousands of people®®?’. In these countries, it is a matter of urgency to implement inclusive policies so
that the role of the informal sector in clearing cities and recovering materials is recognized"*>?%%°,

It is remarkable that municipalities with less than 30,000 inhabitants represent 80% of the
municipalities in Brazil®, therefore, solutions for these municipalities are important. These municipalities
also present higher rates than the national averages for recovered mass and percentage of recovery of
dry recyclables®.

The aim of this study was to analyze and suggest indicators for city-level decision-making. The
researchers purpose of this study was to investigate a set of indicators in order to examine the recycling
modes and capacity of six municipalities in the interior of Sdo Paulo estate in Brazil. Focus was placed
on how the collection of the material for recycling is carried out.

In six municipalities (five with less than 30,000 inhabitants and one with 199,000) that make up the
Corumbatai river basin in the state of Sdo Paulo, Brazil. Data were collected with focus on recycling
dynamics performed by formal and informal sectors. These dynamics represent important actions and should
be taken into account when analyzing processes in waste management by the authorities in Brazil.

1.1. Overview of current knowledge

To reach the sustainability in waste management (i.e. treatment of waste in proper way and
production of secondary raw materials and energy resources), following waste hierarchy should be
applied:

1. Prevention,

2. Preparation for re-use,

3. Recycling,

4. Other recovery, e.g. energy recovery; and
5. Disposal®.

Performance indicators are indispensable tools for decision-making processes and, when used
correctly, can lead to innovative policies and new technologies®*"*. The indicators offer an understanding
of the conditions of systems and provide support for the decision making process. The actions related to
waste management can be directed based on appropriate indicators to evaluate the real needs of the
municipalities®.

The most commonly used indicator to measure the environmental effectiveness of waste
management systems is the recycling rate®. This is because it is complicated to measure waste
reduction, so recycling is the option that can be measured®. However, other authors suggest that only
the recycling rate is not sufficient to evaluate the sustainability of management systems, since this
indicator does not assess the impacts caused by non-recyclable materials®3*%,

Therefore, to carry out an analysis that perceives reality effectively, several indicators are needed to
evaluate the different aspects of the waste management system. Recycling fully participates in any
sustainable waste management system and can be a waste recovery activity carried out by the formal or
informal sector®®*"*3° However, this work depends on source segregation, selective collection, sorting,
mechanical processing and marketing?.
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In developing countries, waste recovery activities are often carried out by the informal sector®®*24°,

That is, those activities that are not recognized by municipal waste management, so they are not
accounted for the system. This is because, in developing countries, generators are not always
recognized and often send their waste to recycling for revenue without be counted by the formal
system®'®%?  Studies suggest that informal sector contributes to increasing recycling rates and
decreasing the costs associated with waste management**®*%_ Informal sector is clearly a key ally in
cities, if cities were to deal with such waste quantities the costs would be higher***. It has been reported
by many authors the recycling activities performed by informal sector in China*>#>%,

Studies about waste flows are important to support authorities on how to deal with different
stakeholders in order to recover material and actors activities. Public acceptance and awareness of
waste facilities are important for effective waste strategies. Garnett et al.”* produced an empirical
framework for negotiating the mode and level of public involvement in waste management decision-
making, and suggest a need for greater inclusivity and awareness of stakeholders. Berg et al.®? analyzed
transformations occurred after changes in waste management legislation in Poland and have described
that legal context of selective waste collection as one of the most effective ways to reduce the amount of
waste sent to landfills. Aparcana®® reviewed barriers and success factors for formalization of the informal
waste sector, and concluded that the empowerment of informal workers is confirmed as a further key
success factor for the formalization.

Ibafez-Forés et al.® analyzed the evolution of the municipal solid-waste management system of Jodo
Pessoa (Brazil), which is one of the pioneering Brazilian cities to implement door-to-door selective
collection programs; the authors concluded that the implementation of awareness-raising campaigns
should priority in policies on solid waste. Davis and Garb® describes the informal work in the Israeli-
Palestinian context and show how synergic solutions of partnership between formal and informal sectors
can improve livelihoods of informal recyclers while reducing health risks and environmental impacts.

In this way, the study performed by UNEP®°, Global Waste Management Outlook, declares it is
necessary to integrate the informal sector to work alongside the formal sector and thus incorporate it to
the system. That is a challenge for authorities all over the world.

2. Materials and methods

This study was conducted in six municipalities in order to map waste flows and waste management
practices. The methodology used for the development of this research involved a review of the literature
on performance indicators for residues, definition of objectives, elaboration of research planning and
guestionnaires, implementation of field research and application of questionnaires directly with social
actors, data collected in the field, analysis and evaluation of the data found, and finally, preparation of
the final report. Data collection was carried out from July to December 2017 with the purpose of
understanding the household solid waste streams of the municipalities investigated.

2.1. Study area

The municipalities make up the Corumbatai river basin in the interior of the state of Sdo Paulo
(Figure 1), which are five with less than 30,000 inhabitants (Analandia, Charqueada, Corumbatai, Ipeuna
and Santa Gertrudes) and Rio Claro with 199,000 inhabitants. The total population of these
municipalities is 256,819. Brazilian legislation provides that solutions for waste management must be
taken from river basins, because this way the natural resources can be respected.
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Figure 1: Location of study area. Source: Own creation

2.2. Construction of indicators

With the purpose of reveal the flows of the commercial and public solid waste management system
of the six municipalities a set of performance indicators were selected. These were chosen in order to
analyze all the different stages of the waste management system in the municipalities. With this, the
chosen indicators contemplate quantitative and qualitative values of generation, of regular, selective and
informal collections, as well as financial and administrative aspects of the practices adopted in the cities
studied.

This step consisted in selecting and elaborating the set of indicators based on the survey of the main
aspects related to the management of solid urban waste. For this, a bibliographic survey was carried out
on the subject, followed by consultations with articles from periodicals, theses and dissertations whose
themes involve indicators of solid waste management.

During this phase, a great number of indicators were found, applied in different ways, with several
objectives*®*"*%2_|n this work, we sought to group and select indicators related to the technological and
financial issues of waste management in the studied municipalities. On the definition of solid waste,
Wilson et al.*® state that there are different ways around the world to define municipal solid waste. The
values investigated in this study are on solid waste generated in households and businesses and do not
include health service waste, construction waste or industrial waste.

2.3. Data collection

At the beginning of field work, a survey was carried out to recognize the organizations included in the
household solid waste management system, especially those involved with regular, selective collections
and informal collection routes conducted by private companies that buy and sell recyclable material.
Three different structured questionnaires were developed, tested previously and modified to collect
information with city hall employees, recyclable material cooperatives workers and recyclable trade
establishments where informal collectors sell material. The organizations were visited and whenever
possible, interviews were conducted directly with the actors. Also, data were obtained from public
databases in Brazil. The primary data of this research were collected directly with the institutions that
manage the various materials. At that stage, prefectures, cooperatives and establishments of
commercialization of recyclable material were visited. The data collected refer to the amount of material
accounted for by public bodies and published as values for generation and also declared values of
collection by formal and informal street scavengers.
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Secondary data was investigated to compose the set of performance indicators. Databases provided
by the specialized public agencies were searched. Most of the data surveyed are available from the
National System of Information on Sanitation - SNIS and the National System of Information on the
Management of Solid Waste — SNIR ®, however, also the databases of the Brazilian Institute of
Geography and Statistics - IBGE and the Environmental Sanitation Technology Company of the State of
Sao Paulo. Also, values were consulted in the National Treasury Secretariat (STN) to compose the
expenditure indicators.

Primary and secondary data refer to the years 2015, 2016 and 2017. Whenever possible, data from
the same year were crossed and interviews were conducted directly with the responsible for the
information investigated. Although effort was made to obtain all the information in the six municipalities
investigated, not all prefectures provided all the information, this fact occurred both in the investigation of
primary data and in the investigation of secondary data.

All set of indicators selected were calculated for each of the six municipalities studied, when data
existed. The indicators were grouped by stage of the waste management system and over expenditure.
At the end a process flow diagram was elaborated to map the results.

3. Results

The findings from the research provides a framework of waste flows, which allow for greater
comprehension of waste management practices carried out in the investigated cities. Important
outcomes show information for waste generation, selective collection, informal collection, recycling rate
and expenditure indicators.

3.1. Waste generation

According to Sujauddin et al. ®®, the generation of waste is influenced by the size of the families, the
level of education of people and economic level, the last was also pointed out by other authors as being
a factor that affects the generation of waste*®*?. However, in Brazil, it was reported by the SNIS ¢ in
2015, that the northern and northeastern regions, although they are regions with the lowest GDP per
capita (18,358.59 and 15,002.31 R$ / hab. year) had the highest rates of generation per inhabitant (1.13
and 1.22 kg / inhab. day respectively). The same report points the possible causes such as greater
control in waste landfills in the south and southeast (0.84 and 0.96 kg / hab. day respectively) or the
diversion of recyclables by informal collection and, consequently, non-accounting inside the system.

On average, per capita waste generation was 0.8 kg / inhab. day (Table 1) in the investigated
municipalities. Ipeuna presented higher generationthan the national average (1 kg / hab. day). The other
cities presented generation lower than the national and regional averages (0.96 kg / hab. day), at this
point it should be taken into consideration that there are recycling works being carried out in almost all
the municipalities and the official values of per capita generation are calculated from the values of
regular collection. These results can be due to informal work that collect recyclable material and divert it
from regular collection.
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Table 1: Population, GDP per capita and per capita generation rate

GDP per Generation Regular [Rural collection
Ciity Totql " Urba_n " capita® per capita® | collectionin | in %qn rural)
population™ | population™ | (R$/hab.year) | (Kg/hab.year) % on Inhabitants
Inhabitants®
Corumbatai| 4,054 2,191 24,506.35 0.90 54 20
Analandia | 4,845 3,847 28,983.51 0.70 ad 0
Ipetina 7177 6,177 86,883.95 1,17 86 ND
Charqueada 16,772 15,216 15,988.52 0.70 91 ND
S. Gertrudes| 25,637 25364 | 64,130.83 0.78 95 0
Rio Claro | 202,952 198,012 | 42613.74 0.71 97 100
ND — No data provided on this aspect.
Fonte: (1) IBGE, 2017; (2) IBGE, 2014; (3) SINIS, 2015; (4) Dados de campo.
Source: Research data.
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Graph 1: The relationship between GDP per capita and generation per capita Source: Own creation
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Coverage data of regular collection show that not all the population has access to the regular
collection service, especially the rural population. For example, Corumbatai has large part of its
population living in the rural area and only part of that population has access to the regular collection
service. Regular collection of rural area is a difficult situation faced specially by cities where rural
population is large.

3.2.Selective collection of recyclables

For this study, it was defined selective collection as collection of recyclables offeredfrequently in
urban zones, with or without public support. Table 2 shows field data for selective collection.

Table 2: Selective collection structure

. _ _ Efficiency of | revenue per Average
Selective collection Selective workers worker revenue per
City in relation to regular | collection (kg/person recyclable
llection in % tein % (R$/person.
collection in % waste in % month) month) (R$/kg)
Corumba- tai 14.4 12 1,222.20 738.88 0.60
Analandia 24.3 12 4,250.00 2,080.00 0.49
Ipeuna 9.6 3 2,550.00 1,765.00 0.69
Charquea-da 2.6 ND ND ND ND
S. Gertrudes 1.32 17 890.08 1,397.91 0.80
Rio Claro 1.6 10 1,042.20 733.20 0.70
ND — No data provided on this aspect.
Source: Research data.
30,00

c

.0

o

? 25,00 1o

&

>

&

3 20,00

c

.0

® & 1500

£

[=

)

S 10,00 -

E

2

5 5,00

o

2 .\

> * *

0,00 T T T T 1
0 50000 100000 150000 200000 250000
x - Urban population

Graph 2: The relationship between urban population and selective collection in relation to regular
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Informal collectors in Analandia and in Ipeuna offer urban selective collection. Many studies pointed
informal sector as important part of SWM in low and middle-income countries®®*%. In Analandia,
a family company provides a service that covers the entire urban area and provides packaging for
recyclable waste. This family company reaches the highest worker efficiency and revenue. In Ipeuna,
informal collectors collect in their own vehicles and have a shed of the city hall to carry out the sorting of
the material. In Charqueada, Santa Gertrudes and Rio Claro there are low-income collectors
associations (cooperatives) that offer the service in the urban area with help from city hall. Analandia,
Corumbatai and Ipeuna achieve considerable values of selective collection in relation to regular
collection. Rio Claro, Charqueada and Santa Gertrudes presented selective collection incidence around
the Brazilian average of 2.2% *°.

In Corumbatai, the city hall offers the service through a program started 20 years ago. The incidence
of selective collection on regular collection signals to the success of the selective collection program of
the city council of Corumbatai that obtains 14.42% of recycling on the total collected by the regular
collection. The success of a waste management system depends on the segregation at source, which is
the result of the active participation of the generators. However, in developing countries, generators are
not always known and often refer their waste to recycling without being accounted for by the system®*2.

3.3.Informal collection

This study focused in identify a waste stream that is not accounted for by the formal management
system, in this case the material purchased by recycling depots from generators and from informal
collectors that go through urban area looking for recyclable materials. The recycling depots are
commercial establishments that deal with population in general to buy recyclable material. For this
studied it was investigated the recyclable material bought from people or commercial establishments as
supermarkets, stores, bakeries, restaurants, etc, not from industries. The numbers found in this survey
were investigated directly with people who buy the recyclable material in small private companies. These
companies buy the recyclable material from informal collectors, who run through the surrounding streets
of these companies collecting material left for the regular and selective collections or directly with the
generating households. Depots also buy material from larger generators that market their waste and,
therefore, send waste for recycling in an informal way that is not accounted for by the waste
management system. These entrepreneurs are usually a family small company with few employees. The
work of these business is responsible for divert tons of material from landfill every year in five of the six
studied cities. Table 3 shows the investigated infrastructure of informal recycling.

Table 2: Infrastructure for collecting recyclable material via recyclable deposits

Informal Incidence of informal Recovered material
Ci Recycling|Inhabitants| recyclable through depots in
ity d recyclable recovery X
epots | perdepot recovery (%) relation to regular
(t/hab.) collection (%)
Corumbatai 0 - - - -
Analandia 1 3,847 17.00 100 21.0
Ipelna 1 6,177 20.40 100 10.0
Charqueada 1 15,216 2.10 20 0.66
S. Gertrudes 3 8,455 45.50 83 6.76
Rio Claro 14 14,144 511.40 88 12.27

Source: Research data.

In Rio Claro, the largest municipality investigated, the incidence of recycling through recyclable
deposits corresponds to 88.45, of recycling capacity. High values for the participation of informal sector
in the recycling process of the municipalities studied can be explained by large generators sending their
waste for commercialization via the establishments that were investigated once it represents a recipe for
their business.
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The same was pointed out by Scheinberg et al. *, who investigated informal recycling in cities in

middle- and low-income countries and found that this work is carried out by families and family micro-
enterprises that seek to recycle discarded material, a form of income. Informal recyclers rely entirely on
recycling revenue and do not receive financial or social recognition of their work to recover materials that
would otherwise go to landfill with waste management costs”.

3.4.Recycling rate

The recycling rate indicated in this study take into consideration informal collection. Corumbatai
generate the highest recycling rate per urban inhabitant (Table 4), this city has a large rural population
that doesn’t have selective collection. Rural areas are usually the most difficult for city councils to attend
with regular and selective collection. Analandia generates second high recycling rate, also has a large
rural population that doesn’t have access to selective collection, but where the informal small family
company acts in the urban area numbers for recycling rate show similar results from Corumbatai.
Actually selective collections of both municipalities are similar, in Corumbatai city council distributes
packages for recyclable materials and in Analéndia informal collectors also distribute packages for
recyclable material. Small municipalities in Brazil (up to 30,000 inhabitants) had a higher recycling rate
per inhabitant (23.9 kg/hab. year) than other population groups and the national average (8.0 kg/hab.
year)®. This fact can be explained by the greater participation of the informal collection in larger
municipalities or even greater participation of generators in selective collection programs, which are
common in the Brazilian municipalities.

Table 4: Recycling indicators

City Recycling rate formal + informal Selective collection Total re_covered for
(kg/person year) (kg/hab. year) recycling (t/year)

Corumbatai 60.25 60.25 132.0
Analandia 53.03 53.03 204.0
Ipeuina 39.63 39.63 244.8
Charqueada 6.68 6.55 124.8

S. Gertrudes 26.65 4.21 652.8

Rio Claro 35.56 4.04 6,937.2
Average 42.73 27.95 Total 8,295,6

Source: Research data.

Source segregation is a fundamental step in the operation of an integrated solid waste system®.
Attitudes of population to separate recyclable materials are affected by active support and real
investments of management system, besides the existence of committees of public participation®?, or the
existence of taxes and systems of collection by the waste management system?®.

3.5. Expenditure indicators

Analandia did not present data for the expenditure indicators. The numbers presented were reported
by prefectures about public cleaning expenses. The values account for expenditures on selective waste
collection in municipalities that offer formal selective waste collection, such as Corumbatai, Charqueada,
Santa Gertrudes and Rio Claro. However, municipalities did not provide data on specific expenses with
selective waste collection. Corumbatai presented the highest expenditure per kilogram (Table 4) and per
inhabitant, but the lowest percentage of expenses with regular collection. Ipelna obtained the lowest
values of expenses per kilogram, but Charqueada presented the lowest values for expenses per
inhabitant.
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In low and middle-income countries, data are rare and little is known about informal sector
participation in recycling?®, however, studies by UN-Habitat * suggest that recycling via the sector in
developing countries can reach 15 — 35% of the waste generated in cities. Wilson et al. *2, however,
found informal participation from 20 — 50%. These values can vary greatly from city to city, because in
each place the waste system behaves in a way. Organization of informal sector and promotion of micro-
enterprises is a way to increase recycling rates and also to reduce material sent to landfills**®. Informal
sector, in low and middle-income countries, increases recycling rates at the level of high income
countries. Informal recycling is supported by revenues from trading recyclable materials only, with no aid
from waste managers. This fact strongly differs from high-income countries, where levels of recycling
rate has come at high costs™.

Table 5: Expenditure indicators

Regular MSWM costs in Despesas por Despesas com a
City collection cost | relation to the total habitante coletaregular

(R$/kg) city hall costs (%) (R$/hab year) (%)
Corumbatai 0,84 2,80 241,51 29,21
Analandia ND ND ND ND
Ipeuna 0,31 3,12 134,19 46,40
Charquea- das 0,26 2,45 67,05 ND
Gertrudes 0,55 4,96 180,60 62,60
Rio Claro 0,35 2,55 90,04 41,90
Average 0,46 3,18 133,20 45,01

ND — No data provided on this aspect.
Source: Research data.

3.6. Process flow diagram

Process flow diagram (Figure 2) synthesizes information obtained in investigated municipalities. Data
on waste management systems in municipalities in a country with continental dimensions, such as
Brazil, are scarce and difficult to collect due to the high degree of complexity generated by several
factors that act concomitantly. In Brazil, legislation favors the creation of inter-municipal consortia to
increase efficiency of waste management. Six Investigated municipalities comprise a river basin and
have the potential to unite in order to face the challenge of properly managing their waste. Informal
sector presented itself with anassembled structure able to contribute to increase recycling rates and
consequent decrease of the costs and still increase useful life of landfills.

This study estimates approximately 8% of refuse are collected by the informal recycling of the total
amount estimated for generation every year in the investigated cities. This value represents the amount
of material that are diverged from landfill by waste pickers and generators that sell material to recycling
depots.
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Figure 2: Process flow diagram.

So

urce: Own creation

Patronem tohoto Cisla je Tyden vyzkumu a inovaci pro praxi a zivotni prostredi TVIP 2020/21 (19. - 21. 10. 2021, Hustopece)
WASTE FORUM 2021, éislo 2, strana 71



Fernanda Giffoni Fernandes Luz, Ladislav Rozensky, Zdenék Vrba, Justin Michael Hansen, Jan Lipa, Josef
Dolista, Martin Vitek, Marcus César Avezum Alves de Castro: Assessment of municipal waste management
systems using performance indicators to analyze recycling capacity. The case study of Corumbatai basin, S&do
Paulo state, Brazil

4. Discussion

Chung and Lo ’ highlight that municipal authorities are important actors once they formulate and
implement local rules, decide waste management technologies and approaches. For that reason, they
deserve more attention from researchers. In the studied cities local authorities must know that they have
big infrastructure that supports many workers in different levels, also that these services are responsible
for diverging tons of material from landfill. Greater effort is needed to enhance perceptions of complex
issues and create a stronger foundation for decisions, in that way it is necessary to combine analysis
and deliberation to improve social participation in waste management®®. Source sorting and separation of
waste is a fundamental step and determines the treatment and quality products of further steps>***°°.

Regular and selective collection don’t attend all rural population. Small cities studied with large rural
population cannot attend all its population with simple regular collection. Corumbatai at the same time
presents a successful selective collection program in urban area and part of inhabitants in rural areas do
not have access even to regular collection. That is a challenge for low and middle income countries to
offer regular collection service for all rural areas. Baran °® investigated waste management practices in
rural areas in Poland in the European context and identified some problems, including aversion of
residents to waste sorting, helplessness of municipalities in battling illegal waste landfill sites, lack of
infrastructure and ineffectiveness of educational campaigns. Zeng et al. *’ investigated rural household’s
behaviors and perceptions of rural population in China and verified that most respondents are aware of
the importance of source separation and are willing to participate to separation programs. The
comparison of these studies suggest that different contexts demand different approaches, in one hand
high income countries face more advanced issues, while in the other hand, low and middle income
countries face simple question as to offer regular collection for all the population. In the studied cities, all
urban areas are attended by selective collection. Informal sector offers organized selective collection
service in two of the six investigated cities. The others cities presented high participation of informal
collection through recyclable trading depots (junkshops). Informal sector is responsible for most of
recycling in low and middle income countries, by definition this sector is left out of formal statistics.

Selective collection is efficient where the service is offered systematically with the distribution of
recyclable packages to households and direct contact with generators is real. This fact reflects the action
of the service with people through years of working on improve awareness of population about the
organization of the selective collection. Many authors emphasize the education and optimize
understanding about recycling methods as a form to improve source segregation and population
participation®°0>4°",

The informal sector has large infrastructure and offers regular and reliable service to households end
commercial establishments in at least three of six studied cities. Jaligot et al. # found that in the informal
value chain-enterprises operating down-stream generate more revenue and are less vulnerable to
market fluctuations, than the workers of upstream that deals with less quantities of material. In this
context, authorities together with public and private sectors are frequently confronted with the dilemma of
finding workable situations to encompass all the stake-holders involved™®. Additionally, informal recyclers
are exposed to a wide variety of hazards, due especially to poor working conditions and the lack of
recognition for their profession by the system so the conditions can’'t be improved®®*®. In Brazil, the
legislation already allows the formation of cooperatives for waste workers, that is an important initiative
for integrating informal workers into the formal sector®. Not with standing, not all the scavengers get to
be inside a cooperative and still go through the cities” streets collecting recyclable material and selling it
in recycling depots, this study sought to bring light to the work of informal workers and generators who
sell selective material to recycling.

Specific charge policies can improve the performance of generators separation behavior®®. It is
important to highlight that improving efficiency in waste selective collection may lead to decrease the
access to waste by scavengers®*?’. Thereby municipalities must work on inclusive programs so that
these people can at least be recognized by the system, these programs are related to integrate the
recyclers that are willing to join the formal system, such as professional training, tax deduction,
information, equipment and, about everything recognition®>. Waste workers as scavengers and small
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family companies offer an important service for society and are not seen by formal system. The small
fact of understanding it can provide better conditions for all the stakeholders involved.

The average recycling rate in selected cities is 10.8%. When aligning with recycling rates in European
countries in the group of states favoring landfilling, it reaches 18.9% and achieves on average 44.4% 2,
Waste management strategy is one of the most important environmental policy strategies and it can be
expected that the recycling rate will converge in the future between developing and developed countries.

5. Conclusion

The data collected in this study indicate significant contribution of informal sector in recycling activities
of municipal solid waste. Despite some uncertainties in these assessments, it can be concluded, that
informal paths collect a significant share of recyclables in the studied cities. This fact indicates that
authorities can find a whole system with great infrastructure for recycling enhancement in the studied
cities if take into consideration informal work when stablish waste management.

For this reason, more research is required to describe real participation of informal workers. Studies,
which enable the impact of informal services to be assessed and predict the potential for introducing new
inclusive policies, are necessary. To understand how informal workers really contribute to waste
management in the studied municipalities and other cities in Brazil can reduce costs and support
decision makers.
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Souhrn

Analyza postupl nakladani s odpady je vicerozmérna vyzva, které celi organy, zejména
Vv rozvojovych zemich, kde jsou zapotfebi opatfeni ke snizeni mnoZstvi odpadu, jeho opétovnému vyuZziti
a zvySeni miry recyklace. Ukazatele vykonnosti se cCasto pouZivaji k hodnoceni kvality systémi
nakladani s tuhym komunalnim odpadem. Nékteré studie vSak naznacuji, Ze rizné pripady vyZaduji pro
hodnoceni kvality systémd fizeni rozdilné ukazatele. VyuZitelnych realnych udaju a dat od obci je navic
nedostatek, zejména pokud jde o praci provadénou neformalnim sektorem, v ramci systému nakladani
s odpady.

Ucelem této studie bylo analyzovat soubor indikétor(i pro zkouméani recyklaéni kapacity $esti obci ve
vnitrozemi brazilského statu Sdo Paulo. Duraz byl kladen na to, jak probiha sbér materialu k recyklaci.
Analyza odhalila, Ze obce maji sice selektivni sbér provadény v méstskych oblastech, ktery je provadén
riznymi zpusoby, ale ne vzdy s podporou verejné moci. Provedena reélna studie ukazuje na velkou roli
neformalniho sbéru na recyklacni kapacité zkoumanych mést. Tato studie odhaduje, Ze pfiblizné 8 %
odpadu se shromazduje neformalni recyklaci celkového mnoZstvi odhadovaného na generaci a kazdy
rok ve zkoumanych méstech. Prumérna mira recyklace ve vybranych méstech je 10,8 %.

Kli¢ova slova: Nakladani s komunalnim odpadem; ukazatele odpadu; neformaini sektor; recyklace.
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