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Solid waste management (SWM) is recognized worldwide as an important issue to
be addressed with the aim of enhancing liveability. The Rocinha favela (slum) depicts
a synthesis of the challenges to be faced in this field: high population density, lack
of space and narrow streets, residents struggling with low incomes. In Rocinha, ser-
vice coverage is lacking and inadequate in numerous sectors, including SWM. The
present study investigates the reasons underlying this inadequacy. As an initial step,
waste streams were analysed and the SWM system and its criticalities delineated.
All accessible information was used, with Geographical Information Systems (GIS)
playing an important role in data processing. In the final discussion, a small-scale
and decentralized waste management network to be implemented in collaboration
with the centralized collection system is suggested. This study was conducted as
part of the Polimipararocinha project focussed on the overall urban re-qualification
of Rocinha.

1. INTRODUCTION

Waste management in low-income countries is fre-
quently called upon to deal with a series of challenges,
as described by UN-HABITAT (2010a). From an econo-
mic point of view, the costs of waste management may
account for up to 20-40% of the total costs sustained by
municipalities, with coverage of these costs through fees
proving difficult, particularly in poor areas. Inequalities in
service provision may ensue as a consequence both of the
above and discrimination.

Although Brazil is not formally considered a low-income
country, but rather as a major emerging national economy
(together with Russia, India, China and South Africa, they
are referred to as the “BRICS” countries), inequality affects
the distribution of wealth, with favelas representing one of
the most evident signs. At the same time, this huge country
has a vast experience in inclusion of the informal sector,
particularly in the field of waste management (the case of
waste-pickers or “catadores do lixo", organized in coopera-
tives) (Dias, 2011).

The settlement studied in this paper, Rocinha, recogni-
sed as a neighbourhood of Rio de Janeiro (RJ), is served
with a series of public services (health, education, waste
management, etc.) (EMOP, 2012). Urban plans and public
policies for Rocinha have been developed, although they
have either not always been adopted, or only partially and
inefficiently adopted (Silva, 2015), and service coverage
appears as lacking and inadequate. Moreover, Rocinha is
characterized by numerous social conflicts, including “cri-
minalization of poverty”, presence of narco-traffickers, and
generalized scarce trust in the institutions (Ceppi, 2017).
Institutional lack of coordination may represent an obsta-
cle to implementation of interventions (Rekow, 2016), po-
tentially to an even greater degree than poor regulation. In
this situation, a distinction should be made between sani-
tation (infrastructural and managerial choices) and hygie-
ne (behavioural change and good practices) rather than
placing the burden of an improper waste management on
individual stakeholders.

The study was conducted as part of the Polimipararocin-
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ha project. A team made up of researchers and technicians
with expertise in different areas (urban studies, architectu-
re, energy efficiency, waste management, ecosystem ser-
vice analysis, water management), worked together using
the Integrated Modification Methodology (IMM) to define a
comprehensive framework of interventions within Rocinha,
aimed at transforming the favela into a more sustainable
environment, whilst pursuing an improved quality of life for
its inhabitants. To this regard, waste management is dee-
med fundamental in view of its acknowledged impacts on
public health and the environment (Wilson et al., 2015).

2. CONTEXT

Rocinha is a neighbourhood of Rio de Janeiro, located
in the southern part of the municipality (Figure 1). Rocin-
ha is a favela or “comunidade” and was considered an in-
formal settlement (slum) until 1993, when it was officially
recognized by the Municipality of Rio de Janeiro. In 2012,
a police pacification unit (UPP - Unidades de Policia Pacifi-
cadora) was established as a strategy to maintain control
of the territory against drug trafficking. Currently, several
public services are located within Rocinha, including health
centres (Centro de Salde) and the national water and sa-
nitation company (CEDAE - Companhia Estadual de Aguas
e Esgotos).

Located between two of the richest neighbourhoods of
Rio de Janeiro, Rocinha is one of the poorest, with a Human
Development Index (HDI) of 0.735 (IPP, 2017) and an eco-
nomy mostly based on the informal sector (EMOPR, 2010b).

(a) 3D view

(a) Satellite image

It has a high population density, which is difficult to eva-
luate due to a series of varying estimates. Considering an
area of 144 ha, the density for the year 2010 was approx.
500 inh./ha (IPR, 2017). The area rises between two grani-
tic mountains with a morphology characterized by steep
slopes, narrow alleys and lack of space.

These characteristics pose serious challenges to the
establishment of an effective solid waste management
(SWM) system. The location of containers is difficult throu-
ghout all areas, with only a few streets accessible to vehi-
cles. The capacity of containers is apparently not sufficient
to collect all the waste conferred, and the frequency of col-
lection is inadequate. On moving away from the main road,
waste is left on sidewalks and empty terrains or thrown
inside drains and sewers. A concerted collection effort is
therefore required for citizens living in poorly connected
areas where waste dumping may derive from a traditional
culture (Carvalho, 2016).

The consequences of improper waste management are
well-known: water contamination; sanitation problems due
to foraging of disease vectors such as rodents and insects;
flooding caused by obstruction of drainage networks; col-
lapse of waste masses onto surrounding buildings. All the-
se issues, at times enhanced by the urban characteristics
of the area, are present in Rocinha (EMOP, 2012).

2.1 Functioning of the SWM system

A description of the SWM system for the whole Mu-
nicipality of Rio de Janeiro should first be provided to set
the scene and clarify the current situation (PMGIRS, 2016;

100 0 100 200 m

Contains map data: © OpenStreetMap contributors (ODbL, www.openstreetmap.org); © 2019 Microsoft (www.bing.com/maps)

FIGURE 1: Geographic location and context for Rocinha.
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EMOP, 2012; UFRJ, 2015). Both the Authorities responsible
for the environment, sanitation and waste management
and the respective legal frameworks are organised across
three different administrative levels (federal, state, munici-
pal) (EMOP 2012). At a municipal level, the main focus is
on legislation regulating Integrated Solid Waste Manage-
ment. Other laws relate to separate collection, the down-
stream market for waste (with measures on the mandatory
use of recycled waste in the works of the municipal public
administration), and the informal sector. Laws related to
other issues (sustainable development and climate chan-
ge, water and sanitation, urban planning) should also be
considered. Finally, several plans capable of impinging on
waste management are present at a national and local le-
vel (e.g. Plano de Desenvolvimento Sustentavel; Programa
Alternativo de Coleta Seletiva; Lixo zero) (PMGIRS, 2016).

In 2011, a new logistic waste management system
was developed for Rio de Janeiro, taking into account th-
ree steps (collection, temporary storage and final dispo-
sal). Comlurb is the public company responsible for waste
collections, which are subsequently transferred to Waste
Transfer Stations (Estagdes de Transferéncia de Residuos
- ETRs). ETRs receive MSW from Rio de Janeiro and other
cities. Out of seven ETRs, the ETR Caju is dedicated to re-
ceiving waste from the AP2 area, which includes Rocinha.
Waste from the ETRs is then forwarded to the Waste Tre-
atment Centre CTR-Rio at Seropédica, opened in 2011.

In 2014, Comlurb managed the collection of 8370 t/d
of waste on average for the city of Rio de Janeiro, corre-
sponding to 91% of an overall 9227 t/d received by Tran-
sfer Stations (ETRs). This waste stream was sent to CTR-
Rio Seropédica (93.2%); separate collection accounted for
0.5% (PMGIRS, 2016).

The collection system in Rocinha has been described
by several authors (Toledo, 2009; Azevedo, 2010; EMOR,
2012). Comlurb operates inside the favela and is responsi-
ble for waste collection, cleaning of public areas and main-
tenance of green spaces and street furniture. Street clea-
ning and waste collection may also be performed by the
“gari comunitario”, a street-sweeper identified by residents’
associations, when streets and alleys are too narrow to al-
low the passage of vehicles. Tractors and small compactor
trucks are used within Rocinha, together with several types
of containers (compactors of about 15 m?, skips of 1-2 m?,
dumpsters of 1.5 m?®) and concrete slabs for street collec-
tion. Approximately one hundred people are purported to
be involved in waste collection within Rocinha.

3. POLIMIPARAROCINHA PROJECT

The project builds on the collaboration with a Non-
Governmental Organization (NGO), “Il sorriso dei miei bim-
bi”, located in Rocinha. The NGO invited the researcher to
implement a scientific approach in an attempt to identify
strategies aimed at improving the overall liveability of the
favela.

The theoretical background of the project is underpin-
ned by the Integrated Modification Methodology (IMM), ali-
gned with the UN Sustainable Development Goals (SDGs)
2030. One of the 17 goals identified within this framework,

SDG 11, relates specifically to cities and human settle-
ments and how to render these inclusive, resilient and su-
stainable. According to the IMM approach, cities are regar-
ded as Complex Adaptive Systems (CAS), with the main
focus being on simulating their operative mechanisms, in-
volving both the internal subsystems and external systems
that the cities are part of. The result is a methodological in-
terpretation of the SDG Number 11 (Sustainable cities and
communities), suggesting locally-based actions.

3.1 The Integrated Modification Methodology (IMM)

IMM methodology is based on a multi-stage process
composed of five integrated phases, respectively: Investi-
gation, Formulation, Modification, Retrofitting and Optimi-
zation. IMM intends to assist city-planners and decision-
makers by providing them with a fully-integrated design
process to transform an existing urban context into a more
sustainable one. Starting out from SDG 11, IMM systema-
tically provides a holistic correlation with all other SDGs
(Tadi and Vahabzadeh Manesh, 2014).

IMM attempts to modify the behaviour of the entire
complex system by means of local intervention scenarios.
Based on morphological and functional arrangements,
IMM devises a local system mapping used both to inve-
stigate the base and predict future scenarios with the aim
of improving an existing system. This process allows the
identification of areas in which the potential of the context
is unexpressed and where major resources exist. Following
application of the IMM, Rocinha was considered a specific
urban CAS and analysed to assess performance. In parti-
cular, the investigation phase highlighted how Rocinha is
affected by a lack of open spaces and an existing street
network unsuited to providing adequate links and ready
access.

Accordingly, the transformation concept is driven by
an aim to provide additional open spaces and boost the
integrity of street networks by relocating a small number
of low-rise buildings where possible and beneficial. The
research project comprised an objective evaluation of the
morphological organization and related environmental per-
formances and qualities, focusing on different sectors of
intervention.

3.2 Waste and other sectors of intervention

As previously explained, one of the pillars of the me-
thodology lies in assessing the link between the different
sectors of intervention and their relationship with urban
morphology, pursuing a multidisciplinary and integrated
approach. In addition to waste management, the main fo-
cus of the present research, other related sectors include
energy, ecosystem services, wastewater, mobility and food.
These will be described briefly in the following paragraphs.

3.2.1 Energy

The energy project aims to fulfil the basic electrical
needs of the low-income households of the favela by ex-
ploiting solar energy through photovoltaic panels installed
on the rooftop of buildings where incident solar radiation is
abundant. By doing so, solar energy exploitation will also
be able to reduce electricity theft and increase grid relia-

F. Villa et al. / DETRITUS / Volume 09 - 2020 / pages 221-231

223



bility inside the favela. Simple access to electricity should
be considered while exploring the waste management sy-
stem, with particular focus on household-level solutions.
Furthermore, the exploitation of waste as a source of ener-
gy may be evaluated.

3.2.2 Ecosystem Services

An Ecosystem Services (ES) based approach was ap-
plied to estimate environmental conditions in view of the
fact that urban liveability is influenced by natural resources
(e.g. soil, air and water). Compromised and environmen-
tally-degraded areas, more subject to potential disaster
events such as landslides or flooding, were identified. The
ES-based approach is pivotal in setting nature-based so-
lutions (NBS) to contrast risks and improve both urban ES
and local quality of life. NBS use natural processes and
ES for functional purposes, addressing ecological, social
and economic challenges. In this case, NBS mitigate flood,
drought, erosion and landslide. Improper waste manage-
ment influences flooding, largely caused by the clogging
of drains.

3.2.3 Mobility

The current mobility system of Rocinha presents a se-
ries of critical issues. Many recent studies carried out to
investigate mobility in the favelas highlighted the need to
improve the general accessibility of these communities
through interventions focused on supporting the non-mo-
torized sector, in particular by implementing bicycle-based
systems. The “Rio Conecta” plan for mobility also enhan-
ces this aspect. The lack of an integrated mobility system
capable of supporting the existing subway station means
that the underground is able to cover only limited areas
alongside the main street of Rocinha. Following analysis
of both the road network and mobility index value, an affor-
dable and integrated electric bike-sharing system has been
identified as a priority. The bikes will be charged using lo-
cally produced energy, and the whole system linked to an
Urban Management System (UMS), which will collect mo-
bility data for further transportation strategies. Limited ac-
cessibility is a major obstacle for waste collection, strongly
influencing waste management. The proposed solution for
Rocinha will consequently take into account conclusions
arising from this analysis.

3.2.4 Water and wastewater

The collection of wastewater and rainwaters is funda-
mental to protect public health and provide for an appro-
priate management of the territory. A “pilot” area has been
identified on which to implement the proposed procedures.
Sewer systems were sized based on a water supply of 150
L/day per capita, envisaging collection of 80% of the sup-
plied water in the sewage. Resulting overall discharges are
very low, which could lead to settling and therefore septic
problems. However, the diameter of network ducts was set
at 150 mm to avoid problems of occlusion. The possibili-
ty of conveying a small percentage of rainwater to “clean”
the pipes when necessary was considered. The designed
pipelines are easy to lay and inspect, and, during construc-
tion, must be protected against possible mechanical and

climate-induced damage. Water should undergo treatment
prior to release into the environment.

Although not strictly related to hydraulic aspects, the
need for direct community involvement should be hi-
ghlighted — both to guarantee a correct use of the network
(for example, no solid waste should be discharged into
the pipes) and provide for improved land management.
Community involvement will allow contribute towards rai-
sing awareness and fostering interest in the work; a skills
workshop will be set up to train the users in correct con-
struction and sewage network management techniques,
which would help to generate an economic activity, albeit
small.

3.2.5 Food

Food quality and nutritional awareness represents a
crucial issue for the majority of the Rocinha children and
their parents, who have scarce access to fresh food and
receive no information on how to eat healthily. Rocinha
is characterized by a high population density and almost
total absence of voids, with the steepness of the territory
rendering any kind of traditional cultivation impossible. The
project therefore envisaged the implementation of a seri-
es of innovative sustainable urban agriculture strategies,
e.g. green roofs, vertical farming and aquaponics. Besides
providing fresh fruit and vegetables, this intervention aims
to boost the local economies. Food concerns are also clo-
sely linked to water issues (gardens increase drainage of
impermeable surfaces that otherwise generate critical ru-
noff) and to the waste sector that promotes the local use
of compost derived from organic waste.

4. MATERIALS AND METHODS

The purpose of the study was to suggest a series of
potential improvements to be applied to the SWM system
in Rocinha. The first step was to create a comprehensive
picture of the situation, identifying existing waste flows
and estimating the amount and composition of the same.
Consequently, efforts were made to collect and analyse all
available data to define a baseline.

Subsequently, a geographical analysis was performed
in view of the fact that organization of a solid waste ma-
nagement system is interlinked to the topology of the tar-
get area, including the distribution of buildings and street
network. Data related to waste generation were used in
this stage to clarify the distribution of solid waste within
Rocinha.

Finally, this framework was used to add consistency to
a new proposal for waste management, scaled on the six
pilot zones identified by the project.

Details on data sources and analytical methods are pro-
vided below.

4.1 Data analysis

All available data from public sources was collected
to evaluate the amount of waste generated in Rocinha
and its composition. Existing data was largely based on
information provided by Comlurb, although other sources
were also consulted. When possible, complete data series
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were used for analysis (IPP, 2017; IBGE, 2017; SNIS, 2017)
and aggregated data were used to correct or validate the
estimate (PMGIRS, 2016; EMOP, 2012; UFRJ, 2015). The
analysis was performed using the open-source software R-
Stat and related packages (R Core Team, 2015; Wickham,
2007; 2009; 2011).

Data on the composition of waste was only available
for Household waste. For the whole Municipality of Rio de
Janeiro, data was first collected in 1981 (Lima and Sorliu-
ga, 2000; Comlurb, 2012), while data for Rocinha were only
available for one single year (Comlurb, 2012). Numerical
data for both Rio de Janeiro and Rocinha is listed in Table
1. Data display a coherent picture, which was taken as the
basis for the assessment.

Finally, the number of inhabitants of Rocinha was esti-
mated. Evaluating the population of an informal settlement
is not an easy task due to the lack of reliable information.
Official data range from approx.70,000 (IBGE, 2010) to
100,000 (EMOP, 2010) inhabitants. The electricity provi-
der Light S.A. estimates 165,000 inhabitants, while citi-
zens' associations suggest a range between 180,000 and
220,000 people. Calculations presented in this paper as-
sume 211,000 inhabitants, based on the Polimipararocinha
project best guess, although further statistical and demo-
graphic analysis is required.

4.2 Geographical analysis

The analysis was performed using the open-source sof-
tware QGIS and related plugins (QGIS, 2017).

The base map for the analysis, a shapefile containing
every single building with an estimate of the number of
floors, was prepared and is being kept updated by the

TABLE 1: Characterization of Households waste in Rio de Janei-
ro (RJ) and Rocinha for the year 2012, weight percentage (GPA,
2012).

Fraction Rio de Janeiro (%) Rocinha (%)
Paper / Cardboard 15.99 11
Plastic 19.14 21.82
Glass 3.28 0.5
Organic matter 53.28 60.67
Metal 1.57 1.69
Inert waste 1.81 1.11
Leaves 1.35 0.52
Wood 0.34 0
Rubber & tyres 0.22 0.44
Tissues 1.76 1.11
Leather 0.21 0
Bones 0.01 0
Coconut 0.82 0
Paraffin 0.05 0
E-waste 0.2 1.04
Total 100 100
Specific weight (kg/m?) 133.02 111.17
Moisture content (%) 36.57 39.46

Universidade Federal do Rio de Janeiro (UFRJ). Other ge-
ographical information, i.e. data relating to administrative
boundaries and Census areas, are available online on the
website of the Municipality of Rio de Janeiro (IPP, 2017).

The first step was to define the number of inhabitants
per building. As a first estimate, all buildings were assu-
med to be residential, and the total floor area calculated
by multiplying the number of floors of each building by its
ground floor area. The population of Rocinha was divided
by the total floor area, yielding a value of 0.17 inh./m?,
which was used to assign a defined number of inhabitants
to each building. The number of inhabitants multiplied by
the daily per capita generation of waste provided a map of
the distribution of waste produced in Rocinha, useful for a
general overview but also in calibrating intervention on the
pilot zones.

A second step was carried out to ascertain the situa-
tion of collection points within the favela. Maps describing
the location of waste containers in Rocinha were found in
previous studies (Azevedo, 2010; EMOP, 2012) and partial-
ly updated by means of a manual inspection using Goo-
gleStreetView. To estimate the amount of waste reaching
each collection point, Voronoi polygons were used. The
Voronoi region for each point represents the set of points
in the plane for which that point is the closest (Fortune,
1987); consequently, the sum of the amount of waste cal-
culated for each building included in the Voronoi region will
represent the amount of waste reaching the related collec-
tion points.

5. RESULTS
5.1 Solid waste flows for Rio de Janeiro and Rocinha

All available quantitative information relating to waste
in Rocinha was gathered. A database was prepared, con-
sidering the following entries: year; numeric value; unit of
measure; location (boundaries of the area); phase (pro-
duction, collection or disposal); source (whether the waste
originated from households, street sweeping, etc.); who
performed the collection; final destination of the waste;
reference for data; material fraction (food waste, metals,
plastic, etc.); type of data (whether estimated, measured,
or derived from a survey). Information relating to each pa-
rameter was not always available.

The database represented the starting point for
analysis; several waste streams (depending on the source
of the waste), collected by Comlurb or by private enterpri-
ses and forwarded to a series of final destinations, were
identified. In the collection phase, the total waste quanti-
ties may be divided into different streams:

+  Public waste, from street cleaning and sweeping;

+ PublicGreen, green public waste from pruning and cut-
ting;
FreeRemoval, bulky waste removed for free by a speci-
fic service provided by Comlurb;

- Household waste, also referred to as “domestic” waste;
RCC, Construction and Demolition waste;
RSS, Healthcare waste;

- Separate collection.
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The role of waste pickers (“catadores”) was not consi-
dered in this calculation as no available data accounted for
their involvement.

Information was available only for Rio de Janeiro, but
not for Rocinha. Consequently, the data available for Ro-
cinha was corrected based on the results obtained from
analysis of solid waste flows in the main city, as described
below.

The only data available for Rocinha related to the col-
lection of Public and Household waste by Comlurb . Moreo-
ver, public waste (Public2) was an aggregated data com-
prehensive of Public, Public Green and FreeRemoval waste,
as previously described.

As a first step, both Public2 and Household waste were
increased to take into account the contribution of the Pri-
vate sector, accounting for 11% of the total amount of col-
lected Public, PublicGreen and FreeRemoval waste, and
16% of the total amount of collected Household waste in
Rio de Janeiro.

Public2 waste was then sub-divided into Public, Pu-
blicGreen and FreeRemoval waste, and percentages rela-
ted to other waste streams (RCC, RSS, Separate collection)
were estimated. These results, representing the collection
phase, are described in Figure 2.

Data presented in Figure 2 represent solely the percen-
tage of waste collected by public or private enterprises;
however, the percentage of waste which is not appropria-
tely collected should also be evaluated in order to estimate
overall waste generation. In Rio de Janeiro, approximately
59% of Household waste is estimated as being appropria-
tely collected, while the remaining 41% is not collected and
is improperly disposed of (burned, buried, dumped, etc.)
(UFRJ, 2015). The amount of collected waste in Rocinha
was consequently increased by calculating the amount of
improperly collected Household waste (18,870 t per year)
to estimate the amount of total produced waste (60,411 t
per year in 2014). The final daily solid waste production of

approx.166 tis in line with the estimate of 152 t/d by EMOP
(2012).

Considering a population of 211,000 inhabitants, the
daily per capita generation of total solid waste is estimated
at 0.78 kg/d/inh., while the daily per capita production of
Household waste is estimated at 0.59 kg/d/inh.

5.2 Distribution of solid waste within Rocinha

The daily per capita production of Household waste
was used to calculate the daily production of Household
waste for each building (Figure 3, (a) Base map). Voro-
noi regions were subsequently calculated for each formal
(“Collection point”) or informal (“Dumping point”) collec-
tion point. Figure 3 (b) Elaboration, illustrates Collection
points and Dumping points using different sizes depen-
ding on the amount of waste conferred to each point, ran-
ging from less than 100 to more than 7000 kg per each
day.

When applied to the real world, the choice of Voronoi re-
gions represents an approximation which fails to take into
account the presence or absence of streets or alleys, or the
differences in altitude that characterise Rocinha. Nonethe-
less, the choice made was based on the lack of a detailed
map of streets and alleys.

The map presented in Figure 3 represents an initial tool
for use in the identification of critical points, yielding a first
estimate of the equipment (such as containers) needed.
Moreover, the amount of waste disposed of at each col-
lection point may be used as a proxy of the impact of the
intervention described in the next paragraph.

5.3 A new proposal

The proposal intended to improve the solid waste ma-
nagement system in Rocinha was based largely on a detai-
led analysis of the current state-of-the-art. Previous studies,
which had identified three major stakeholders (companies,

Collection

1e+05

5e+04 1

0e+00 1

CollectedBy

Private

B Fubic

Source

. FreeRemoval
Households
Public
PublicGreen
RCC

RSS

Separate collection

Solid waste collected within Rocinha (t per year)

2000 2005

Year

2010 2015

FIGURE 2: Rocinha: solid waste streams in the collection phase from 2001 to 2014.
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local communities, public authorities), and detailed ac-
tions or solutions (Azevedo, 2010), such as underground
containers, to be implemented with an aim to tackling the
problem of space (EMOP, 2012), were also considered. It
should however be underlined that none of these propo-
sals has yet been implemented due to conflicts between
the State and the municipal management (Silva, 2014).
The current situation may be summarized as follows:
waste collection is not guaranteed throughout the favela

(a) Base map

Household waste
production (kg/d)

I 00-140
| ] 140-320
| 320-780
[ ] 780-2000
I 200.0-746.0

Solid waste in Rocinha

€ Collection points
A Dumping points

Accessible by

Tractor

(b) Elaboration

Household waste
production (kg/d)

37-1452
1452 - 2866
2866 - 4281
4281 - 5695
[ s695-7110

Daily amount of Household
waste (t/d) reaching:

& Collection points

A Dumping points

due to its morphological characteristics, logistic concerns
and lack of resources. Together with a scarce environmen-
tal awareness, this leads to improper disposal of waste,
exacerbating other issues which may over time result in a
situation of emergency (floods or disease outbreaks). The
need to deal with emergencies drains the already scarce
resources from the overall system. In an attempt to over-
come this vicious circle, a collection system operating
parallel to the existing system managed by Comlurb has

FIGURE 3: Household waste production in Rocinha: (a) Base map - daily production for each building, location of Collection and Dumping
points, collection routes; (b) Elaboration — Household waste production per area (kg/d) and daily amount conferred at each point of dis-

posal (t/d).
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been devised to divert valuable materials from the general
waste collection. This collection system will be organized
in small-scale nodes, each representing the focal point
for the whole collection system in a specific area. In each
node, a group of workers operating either independently or
in cooperatives, will assume responsibility for waste mana-
gement. All nodes will be connected in a network. Separate
collection of Household waste will be implemented, targe-
ting both the organic fraction and recyclables, with sale of
recyclables representing a source of income for people in-
volved in the system.

The reasons for this proposal can be summarized as
follows.

First, the choice to proceed with small scale interven-
tions requires little investment. This will consequently al-
low for a series of different strategies: the establishment
of nodes may be promoted and coordinated by institutions,
although may even arise as a grass-root initiative moving
from local communities and stakeholders with a high envi-
ronmental concern (e.g. community-based organizations)
or an economic interest (e.g. waste pickers).

An important example is provided by the cooperative
Rocinha Recicla, established in 2016 in the context of the
project “De Olho No Lixo” (promoted by the State of Rio de
Janeiro) (INEA, 2016). Rocinha Recicla employed up to 30
workers, all resident in Rocinha, and is currently focused
on the cleaning of roads and water channels, together with
a series of other awareness-raising activities: Ecomoda, a
dressmaking laboratory using recovered waste fabrics, and
FunkVerde, a workshop for the production of musical in-
struments using discarded materials. Until November 2018,
Rocinha Recicla managed a warehouse in which recovered
materials (plastic, metals, paper and cardboard) collected
by its workers or by autonomous waste pickers were prepa-
red for sale, and soap was produced from exhaust kitchen
oil. The warehouse was subsequently demolished by the
Municipality of Rio de Janeiro without notice (INEA, 2018),
and the cooperative is currently awaiting the assignment of
a new location, as promised by the authorities.

When activities resume, Rocinha Recicla, together with
its laboratories Ecomoda and FunkVerde, should be con-
sidered an important node of the entire network. Waste
pickers, many of whom already collaborate with the coo-
perative, should also be involved in this system. Brazil has
a long tradition of self-organization of this informal eco-
nomy sector, with previous experiences maintaining how
waste pickers benefit from a higher level of organization:
the existence of a network will allow scale economies to
be implemented, including shared use of equipment (such
as presses, shredders, etc.) and improved access to the se-
condary raw material market.

Secondly, the promotion of separate collection at a
household level is fundamental to obtain high quality se-
condary raw materials and provide a safer working envi-
ronment for collection workers. Separate collection will
target recyclable waste (plastic, metals and paper/cardbo-
ard) with a high (potential) economic value. Moreover, sin-
ce recyclables from Rocinha are not currently forwarded to
any sorting plant, this diversion will produce no negative
effect on the cooperatives involved in waste separation in

other nodes of the waste collection system of Rio de Ja-
neiro.

The abundant organic fraction present in Rocinha will
also be targeted. An important goal of the project is to
reduce the amount of waste improperly disposed of, with
the aim of improving public health and safety. This fraction
has been estimated as corresponding to approx. 41% of
the Household waste generated, and this value accordingly
adopted as the target amount to be diverted by means of
separate collection. Analysis has revealed how this value is
achievable solely if both recyclables and the organic waste
fraction are targeted. Threshold values for the efficiency of
separate collection to be achieved over the medium term
are in the range of approx. 45% for the organic fraction and
73% for recyclables (plastic, metals and paper/cardboard).

Finally, the strategy is focused especially on collection,
as only a small portion of the waste will be treated inside
Rocinha. This amount will vary depending on land availabi-
lity, considering that the on-site recycling of waste requires
space for storage and treatment, which represents a consi-
derable constraint for Rocinha. Waste not managed within
the proposed intervention will be forwarded to the official
collection point managed by Comlurb and will enter into
the system described in Paragraph 2.1.

5.3.1 Organization of the new system

In the context of the general framework of this strategy,
an organizational proposal has been elaborated. For each
node, a series of actions relating to the individual stages
will be evaluated: separate collection, primary storage, lo-
cal treatment and awareness. These actions may be de-
scribed as follows:

Separate collection is based on the distribution of stre-
et containers for conferment of the organic fraction
and recyclables. However, innovative solutions aimed
at addressing the lack of space within Rocinha should
be identified. Alternative solutions (door-to-door col-
lection, location in schools or other facilities) may be
explored.

“Eco-Centres” are designed for the primary storage of
recyclables. The storage period is linked to space avai-
lability (less space, shorter period) and also on the size
of the vehicles accessing the Eco-Centre (smaller vehi-
cles, a shorter period of storage OR a higher number
of trips).

+ A multi-purpose hexagonal structure, known as the
“Ecoponto Kiosk”, will serve as: information point to
explain the functioning of the SWM system and rai-
se awareness; distribution point for items to enhance
separate collection, recycling and re-use of materials
(paper bags for organic collection, “take-back” glass
bottles, locally produced compost) and Personal Pro-
tective Equipment (PPE) for waste workers; collection
of paper, metals and plastic.

The feasibility of local treatment of the organic fraction
will be assessed for both composting and anaerobic dige-
stion, depending on the local situation (e.g. land availabi-
lity, distance from buildings, demand for compost in the
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surrounding areas...). Composting may indeed be divided
into sub-modules and managed on a community basis,
with little labour cost. The compost can be used in synergy
with other actions proposed within the project: land resto-
ration for the mitigation of hydraulic risk (see 3.1 Ecosy-
stem services) or vertical garden for the local production
of food (see 3.5 Food). The compost may also be used
in the maintenance of green areas, and, if high-quality le-
vels are achieved, eventually sold on a local market. The
anaerobic digester will be designed according to a local
project implemented in Rio de Janeiro (Mattos and Farias,
2011). Both safety issues, such as the need for a buffer
zone around the digester, and environmental issues, will
be taken into consideration: for example, the potential for
local use of the produced biogas should be evaluated to
avoid any leakage (methane poses a high risk of fire and
explosion).

5.3.2 Analysing the impact of the intervention

The study presented in this paper aims to provide
technical support for the establishment of a node. Indeed,
following the initial identification of an area, the study will
allow the amount of waste produced within the specific
area, together with the quantities of organic and valuable
fractions such as paper, plastic and metals, to be calcula-
ted. Subsequently, the space required for street collection,
storage and local treatments can be assessed and appro-
priate locations identified.

An analysis performed on the six zones identified within
the Polimipararocinha project is presented as an example
of the procedure.

Design choices are summarized hereafter:

+  Separate collection. The size of the containers was
calculated considering typical specific bulk weights
for each fraction (organic: 0.3 t/m3; paper: 0.13 t/m3,
plastic: 0.072 t/m3; metals: 0.12 t/m?) and a maximum
weight of 80 kg for the full container. Collection is per-
formed daily.

- “Eco-centres” feature a maximum height of 2 m. Maxi-

mum storage period was set at 7 days as a first choice.
The “Ecoponto Kiosk” has a side of 2.5 m, a total sur-
face area of approx. 16 m?, and can accommodate a
volume of up to 1.83 m? of plastic, 1.1 m3 of paper and
0.3 m? of metal. The “Ecoponto Kiosk” will be located in
areas currently devoid of structures.
Composting slabs will have a maximum height of 1.5
m, and a width of 2 m at the bottom and 1.5 m at the
top; the depth of the smaller module will reach approx.
2 m; a reduction of circa 30% of the volume is hypothe-
sised. The anaerobic digester is circular shaped with 2
m radius and requires a circular buffer zone with 10 m
radius. Retention time is assumed to be 30 days.

The final results are compiled in Table 2. For each
zone, the area required for the implementation of each
strategy is presented, together with the impact on the
available empty spaces existing in each specific area.
The number of containers required for each zone has also
been calculated.

The impact produced on empty spaces is minor, with
the exception of the anaerobic digester, which requires a
safety zone and can only be realized in Zone 2. The inter-

TABLE 2: Design of the new system for waste management in the six pilot zones of the project.

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Total
Number of inhabitants 4058 4166 4774 4404 4227 2234 23863
Amount of diverted waste
Weight (t/d), of which 1.26 1.30 1.49 1.37 132 0.70 7.44
* Organic fraction 0.66 0.67 0.77 0.71 0.68 0.36 3.85
* Plastic 0.38 0.39 0.45 0.42 0.4 0.21 2.25
° Paper 0.19 0.2 0.23 0.21 0.2 0.11 1.14
* Metal 0.03 0.03 0.03 0.03 0.03 0.02 0.16
* Volume (m3/d) 9.24 9.49 10.87 10.03 9.63 5.09 54.4
Total area required (m?): 98 486 115 108 88 62
Primary storage (m?) 4 7 7 7 7 3
Ecoponto Kiosk (m?) 16 No 16 16 No 16
Secondary storage (m?) 25 26 30 28 26 14
Composting (m?) 53 62 57 55 29
Anaerobic digester (m?) 452 -
Impact on empty spaces 5% 36% 6% 6% 7% 14%
Equipment required:
Metals - Bins 0.12 m? 0 2 1 0 2 0
Paper - Bins 0.24 m?® 2 6 4 4 6 0
Organic - Bins 0.24 m? 10 12 12 12 12 6
Plastic - Cages 2 m? 2 4 4 4 4 2
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vention on six zones will affect approx. 24,000 inhabitants
(11% of the population in Rocinha).

Zones are shown in Figure 4, together with collection
or dumping points which will be affected by the implemen-
tation of the project. The reduction of Household waste
disposed of at each point is shown as a percentage: it is
noteworthy to observe the impact on dumping sites sur-
rounding Zone 1 (20% and 22%) and Zone 5 (25%), while
percentages of approx. 50% are perceived in the vicinity of
Zone 4. An approximately 46% reduction in official collec-
tion points will result in an increased collection capacity.

6. CONCLUSIONS AND PERSPECTIVES

The analysis conducted, yielding a preliminary estima-
tion of the distribution of solid waste generation within Ro-
cinha, may prove valuable in the decision-making process
for solid waste management.

The method proposed for use in evaluating impact of
the intervention can be rapidly applied to different areas,
facilitating a preliminary estimation in terms of equipment
and spaces needed; this estimation may then be used in
support of funding applications. The application of a me-
thod based on information gathered and analysed remo-
tely may contribute towards reducing the typically time-
expensive planning stage, saving resources which can be
consequently be assigned to field data collection and fea-
sibility studies.

Should the proposed intervention be implemented, it is
likely to produce a positive impact on the existing situation.
A small investment would foster a general improvement of
the SWM system. Moreover, in terms of space required, the
solution would appear to be compatible with the high popu-
lation density in Rocinha. Finally, this small-scale approach

Impact of the project

Location of the building
|:| external to the zone

- internal to the zone

Reduction (%) in
Household waste reaching:

fg Collection points

A Dumping points

based on involvement of the informal sector is a good fit
with the relative socio-cultural context.

Successful implementation of this proposal would
however need to take into account a series of different
aspects, as briefly listed below.

A comprehensive economic analysis would be needed,
to understand whether the system would prove to be self-
sustainable or may be contingent upon public investments.

The participating stakeholders (public authorities, the
academy, civil society organizations and NGOs, compa-
nies, and waste pickers) should subsequently be identified;
the involvement of these stakeholders if of the utmost
importance, as a high level of community engagement is
mandatory in achieving an effective waste management
system. To this regard, the lively civil society of Rocinha
would undoubtedly play a key role in the successful imple-
mentation of the system and raising of awareness.

The potential integration of the proposal with other in-
stitutional programs should also be evaluated, bearing in
mind the numerous initiatives undertaken in the past. An
agreement should be reached with Comlurb to diversify
management of the collection, cover a larger number of
areas, and to obtain institutional or economic support of
other projects. Every effort should ultimately be taken to
avoid conflicts that might negatively affect the successful
outcome of the project.
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