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Abstract The objective of this paper is to study and report upon the elaboration of a
selective waste collection program in a Brazilian city through action research; the over-
arching goal is that all knowledge generated may serve as a basis of information and
reference to aid in decision making for similar programs globally. The municipality chosen
was Sao Lourenco in the state of Minas Gerais. The implementation of the selective waste
collection program happened over the course of multiple improvement and learning
cycles, and enabled many environmental, economic and social benefits for all of the
project’s stakeholders. Eighty-nine tons of potentially recycled material were sent to
recycling processes rather than being disposed of in a landfill. No great difficulties were
observed for the use of action research as a method, but some challenges were encountered
and overcome during the whole process, due to the lack of structure and confidence on part
of the population, in relation to the selective collection program. The choice for action
research as the methodology and the use of improvement and learning cycles proved to
increase the project’s overall efficiency, making it possible to make decisions more
quickly, generating better results, and enabling replications of good decisions and correc-
tion of errors from one cycle to the next.

Keywords Urban solid waste - Solid waste management - Selective waste collection -
Action research

< Marcella Bernardo
ber@biba.uni-bremen.de

Renato da Silva Lima
rslima@unifei.edu.br

' Bremer Institut fiir Produktion und Logistik GmbH (BIBA), Universitit Bremen, Hochschulring 20,
28359 Bremen, Germany

Industrial Engineering and Management Institute (IEPG), Federal University of Itajuba (UNIFEI),
Ave. BPS 1303 — Pinheirinho, Itajuba, MG 37500-903, Brazil

Published online: 02 May 2017 €\ Springer


http://orcid.org/0000-0001-8430-1932
http://crossmark.crossref.org/dialog/?doi=10.1007/s11213-017-9416-9&domain=pdf

Syst Pract Action Res

Introduction

The generation of Urban Solid Waste (USW) in Brazil in 2014 was approximately 78.6 million
tons, a 2.9% increase from 2013, and 3.7% higher than the population growth rate of the
country during this period. Furthermore, in spite having reached a recyclable materials
collection coverage of 90.6% throughout the country, almost half (41%) of the USW collected
in 2014 did not receive correct disposal and was sent to dumps or controlled landfills lacking
the necessary mechanisms for environmental protection and population health (ABRELPE
2014). Unusable USW typically ends up in dumps or controlled landfills, which take a heavy
toll on the environment, causing floods, air and soil pollution; as well as having social and
economic impacts. Thus, one of the great concerns about USW is its management, considering
the wide range of consequences which occur in multiple realms.

In 2010, a Brazilian law (number 12.305) was approved, which instituted the National
Policy on Solid Waste (PNRS) (BRASIL 2010). The law defines the principles, objectives,
goals and instruments related to USW Management (USWM). According to Bufoni et al.
(2014), many concepts are incorporated into PNRS for correct USWM, such as:

* sectoral agreements, act of contractual nature entered into between public and private
entities, aiming at implementing shared responsibility for certain products’ life cycle;

» product lifecycle and shared responsibility;

* final environmentally-adequate disposal, minimized final destination in landfills and
dumps (focus is on reutilization, recycling, recuperation);

* energy generation from solid waste;

* reverse logistics, instrument defined by a set of actions, procedures and means intended for
the feasibility of collection and restitution of solid waste to the entrepreneurial sector, or
other final environmentally-adequate destination; and

* Selective waste collection.

The national policy presented new challenges in terms of implementing and improving
selective waste collection in Brazilian municipalities. To meet the standards of the new law,
all cities must have selective waste collection programs; only 927 of 5670 (17%) currently
have satisfactory selective waste collection programs (CEMPRE 2014a). Moreover, accord-
ing to Campos (2014), in municipalities where selective waste collection already exists, it has
been noted that they are not mature and have low efficiency, contributing in a limited fashion
to USWM.

The way in which selective collection is implanted is important for all of the stakeholders,
starting with the responsible public organ and reaching the population. It must be founded in
technical, economic, environmental and legal (Toso and Alem 2014), seeing that the lack of
conformity might interrupt the execution of the selective collection program.

However, there is a lack of examples in the literature to be followed for public organizations
when starting these programs. Thus, it is important for selective waste collection to be studied
and reported on, in order to indicate what the main barriers for implementation are, what
factors can lead to failure, and to improve efficiency as well as stimulate future programs by
showing the associated economic, social and environmental benefits (Lima and Silva 2013;
Carvalho et al. 2011).

To generate and capture greater knowledge about how the implementation can and should
not occur, it is important to accompany and document these collection programs in their initial
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phases as they put actions in place to meet the PNRS requirements. In doing so, it is possible to
identify what hurdles may exist and also best practices. Such factors can be studied using
action research, which is a methodology which seeks to deal with a real social or collective
problem, but which also generates and captures knowledge (Coghlan and Shani 2014). Thus,
accompanying a selective waste collection program in its initial phases using action research
promotes changes in the municipality (action) and also generates knowledge. Thus, the
objective of this present paper is to study and report on the planning and implementation of
a selective waste collection program through action research. The knowledge generated might
serve as a basis of information and references which aid in decision-making for public
authorities who need to start similar programs or improve existing ones.

The article is structured as follows: after this introduction, Selective Waste Collection
Section presents the theoretical background on selective waste collection. Then, Methodology
Section reviews the methodology, followed by details on the implementation of the selective
waste collection in Implementation of the Selective Waste Collection Program Section. Findings
Section deals with discussion of the study, and in Conclusions Section offers final conclusions.

Selective Waste Collection

Selective waste collection is one of the steps in urban solid waste management and involves
sorting out recyclable materials (paper, glass, plastic and metal) from the other material. A
selective waste collection process is seen as an alternative to diminish the environmental
impacts caused by USW because it helps cut the volume of waste which goes into landfills and
consequently should increase the landfill’s life expectancy (Lima and Silva 2013). According
to Rada et al. (2013), one of the objectives of selective waste collection is to improve
environmental conditions through reutilization and recycling, reducing costs associated with
the resources necessary to obtain new material.

During selective waste collection implementation projects, there are two key questions: 1)
who will act as the collection agent; that is, who will perform the collection? and 2) which
selective waste collection model will be used? In relation to the collection agent, there are three
options in Brazil: Municipal Government, Private Businesses, or Recyclable Waste Pickers
Associations/Cooperatives. In 43% of Brazilian cities, the municipal government is responsible
for selective waste collection; 37% depend on private companies; 51% support or maintain
cooperatives or associations for collection of recyclable materials. In respect to the collection
model, there are two options: Door-to-Door and Voluntary Delivery Points (VDP), also known
as Ecopoints. The more common is Door-to-Door, with about 80% of Brazilian municipalities
using this strategy; approximately 45% of all cities use some kind of VDPs/Ecopoints
(CEMPRE 2014a). It is worth highlighting that the collection models are not mutually exclusive
and more than one collecting agent may exist within the same municipality, like a hybrid model.
The choice between models and agents can bring both benefits and challenges which should be
considered during planning and implementation. Another point to examine is efficient collec-
tion route planning, seeing that collections costs are significant (Zsigraiova et al. 2013).

Starting in the decade of 2010, there has been an increased amount of academic research
related to selective waste collection in Brazil. Chaves et al. (2014) evaluated the sustainability
of PNRS with the Global Agenda 21 and the challenges of implementing the PNRS in
municipalities. According to the authors, one weakness in the implementation of USWM
and selective waste collection is the limited attention given to environmental education
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mechanisms. Bringhenti et al. (2011) and Ferri et al. (2015) corroborate this affirmation.
Bringhenti et al. (2011) focuses on the selection and validation of reference indicators to enable
the monitoring of the performance of programs for selective collection, and one indicator
classified as of high importance was the social participation in the selective collection
programs. Ferri et al. (2015) proposed a reverse logistic network for urban solid waste
management to solve the challenge of managing these wastes in an economic manner
considering the PNRS requirements and the inclusion of recyclable waste pickers. The
authors argue that USWM and efficient selective collection programs are dependent on
environmental education. Furthermore, regardless of the organizational structure for coordi-
nating the selective collection programs, all actors involved in the process of value creation
must be considered.

Besen et al. (2014) also highlights this barrier in analysing the impact of PNRS on selective
waste collection in the Metropolitan Region of Sao Paulo. The authors conclude that one of the
main problems is that the services provided by the cooperatives are not compensated finan-
cially in a coherent fashion, and that the cooperatives need to become technically capacitated
and be financially sustainable in order for them to provide the service. Campos (2014)
considers that selective waste collection in Brazil is based on blatant exploitation of the work
force of waste pickers by local governments and by recycling industries. The author investi-
gated the technical, environmental, social, and operating conditions of the materials recovery
facilities deployed in Brazil and describes the challenges related to the management of waste in
accordance with the PNRS.

In these and other studies about selective waste collection (Rutkowski and Rutkowski
2015; Ferri et al. 2015); Besen et al. 2014 and Campos 2014), the causes and consequences of
the difficulties of these implementations are analyzed, but there is no discussion about how
these hurdles were or could be overcome. As the motivation for this study is focused on the
action and generation of knowledge, the most adequate research method is Action Research.

Methodology

Action research was chosen as the methodology for this study, seeing that in selective waste
collection context, two real necessities were identified. First, due to the context created by the
PNRS legislation, all Brazilian municipalities must institute selective waste collection. Second,
because it is a new development, there is a need to generate more knowledge about these
initiatives in order to help future and existing projects become more efficient.

In order to conduct an action research study, Mello et al. (2012) propose a model
adapted from Westbrook (1995) and Coughlan and Coghlan (2002). In this model, there
are five phases to each cycle: Planning Action Research (1), Data Collection (2), Data
Analysis and Action Planning (3), Implementation (4) and Results Analysis (5). The
planning phases is comprised of two stages: selection of the unit to be studied and the
action research team. Furthermore, one of this study’s key assumptions is that each one
of the five phases can occur in improvement and learning cycles, which aim to evaluate
the results obtained and prepare a knowledge base for new (re)planning cycles. In Paes
et al. (2016) and Fagundes et al. (2017), the authors argue that the use of improvement
and learning cycles was one of the main contributors to the success of action research.
The cycle is composed of four stages, Planning (P), Implementation (I), Observation
and Assessment (O&A) and Reflection and Action (R&A).
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Thus, this study was conducted according to the proposal from Mello et al. (2012), being
that in the implementation phase, multiple improvement and learning cycles occurred. The
steps are shown in Fig. 1. It is worth mentioning that during the Reflect and Act (R&A) stage,
analyses of the main challenges found in each cycle were conducted, as well as the identifi-
cation and execution of actions to resolve those difficulties, always using current literature
about selective waste collection as a guideline.

Implementation of the Selective Waste Collection Program

The following sections present the phases of implementation of the selective waste collection
program in the city through action research, detailing each of the distinct steps: Planning
Action Research; Data Collection; Data Analysis and Action Planning; Implementation
through Improvement and Learning Cycles and Results Analysis.

Action Research Planning

As previously stated, the planning portion of action research involves two phases: selec-
tion of the unit under study and definition of the team. The criterion established for
selection of the studied unit was to select a city that did not already have a selective waste
collection program and which had an ongoing project in initial phases. The city of Sao
Lourenco, located in the state of Minas Gerais, was selected. In the city, there is a selective

- Selecting the unit of

analysis
ACtiOIl - Defining the AR team
Research
Planning N
Results Data Collection
Assessment '
Action
Improvement and Research
Learning Cycle CyC le
_ : Data Analysi
Action ata Analysis
I . and Action
mplementation i
Planning

E P: Planning E
i I: Implementation 1
E O & A: Observation and i
! Assessment i
E R & A: Reflection and Action E

Fig. 1 Steps utilized in action research. Source: adapted from Mello et al. (2012)
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waste collection cooperative called Sdo Lourengo Productive Material Recyclers Cooper-
ative (COOPRECI), which is responsible for the selective waste collection in the city. In
December 2014 an agreement was signed with the Autonomous Water and Sewer Service
(SAAE), the NGO “All for Sao Lourengo” (Todos por Sao Lourengo) and COOPRECI.
With the agreement, the SAAE donated financial resource to the NGO with the goal of
installing a new selective waste collection program in the city. After signing the deal, the
NGO sought out the Logistics, Transport and Sustainability Research group (LogTranS)
from the Federal University of Itajuba (UNIFEI) to support the new project, given that
those involved did not possess a substantial level of technical knowledge for implementing
a new selective collection program. The LogTranS representatives presented the idea of
using AR in order to do so, counting on the commitment of the group to support the
project’s implementation. The idea was immediately accepted and it was possible to start
the research planning.

As the NGO was responsible for the financial resources and the project, their director
defined who would make up the AR team. The idea was to have at least one representative
from each organization involved in the project. Thus, the COOPRECI manager, LogTranS
researchers and two NGO members were defined as the action research team. Once this was
defined, the next step was to collect data.

Data Collection

To collect data on COOPRECI and the selective waste collection activity at the city, visits were
conducted at the cooperative’s sorting warehouse, along with document analysis of both the
cooperative and the NGO during, interviews and meetings with the NGO, and a week’s worth
of observation of the truck route. The data collection phase took place over one month.

In this phase, COOPRECI had three collection members, one driver and one manager. The
collectors worked in two shifts, starting in the morning and coming back in the afternoon to
sort, press and weigh the recycled materials; the manager had been selected by All for Sao
Lourenco to provide general support to the cooperative members. The truck was made
available by the city hall and has a 20-ton capacity. The city hall also paid the driver’s salary.

During the week of observation, it was possible to map the two truck routes: the
Monday, Wednesday and Friday route, and the Tuesday-Thursday route. To do this, a
portable GPS device was used, storing data related to: velocity of the truck, time spent on
each route, quantity and locations for stopping on each route, and which neighborhoods
were on each route. In following, these data were transferred to TransCAD® software
(academic version 6.0), using Mapsource® to convert the geographic information. Both
routes started and ended at COOPRECI. After collecting the necessary data, the next phase
was data analysis and action planning.

Data Analysis and Action Planning

During data collection, it was noted that the collectors did not possess Personal Protection
Equipment (PPE) such as uniforms, gloves or boots; there was no sorting table and no
form of control for the material which was collected and sold. With no uniforms, the
collectors could not be identified and associated with the cooperative by the population,
which according with some interviewed residents, made it more difficult for residents to
perceive and collaborate with the project. The lack of gloves and boots brought health
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risks to the collectors, who were occasionally cut or scratched during the collection and
sorting processes. The lack of a sorting table also presented challenges for separating the
material because it had to be spread out on the ground, which was inefficient and presented
ergonomic challenges for the collectors. Finally, the lack of control of the quantity of
material sorted and sold made managing the cooperative’s performance more difficult.
Materials collected during the month were sold at the beginning of the following month,
and always to the same regional recycling company. It was also noted that the number of
collectors involved with the cooperative was not sufficient CEMPRE (2014b), the coop-
erative counted on three members during the data collection phase.

Furthermore, with the observation of the truck and route mapping, the data showed that
the selective waste collection was poorly structured. The truck only passed through a
select number of streets and neighborhoods, on the same days as the conventional trash
collection; there were also no set times for collection, which reduced the amount of
recyclable material collected. Based on the documented sale of material in February
2015, the researchers calculated that approximately 3200 kg of recyclable materials were
collected in January, 2015. According to the Solid Waste Diagnostics (SNIS 2013), this is
a limited quantity in a city the size of S3o Lourenco; for cities within the same population
range, the average amount of recyclable materials collected is almost twice that of the
studied municipality, at 6026 kg per month.

Based on this analysis, the researchers’ conclusion was that there was no structured
selective waste collection program, but rather a mixture of activities related to selective waste
collection. It was also noted that the cooperative operated in a precarious fashion, making it
financially unsustainable; that is, the money earned from collected and pressed recyclable
material was not covering costs.

The next step was action planning. In conjunction with the NGO, the following actions
were planned based on some key questions:

*  Which selective waste collection model would be used? Two models were used; Door-to-
Door in 27 neighborhoods and VDP/Ecopoints in the downtown area. The Nestlé com-
pany Waters donated these collection points;

*  Which days and times would the selective waste collection occur? It was established that
the schedule would alternate (every other day) with conventional trash pick-up, and it
would occurs from 7:00 a.m. to 12:00 p.m. The selective collection activity that existed
before the implementation was done during the morning hours, which is why this time was
maintained. In the afternoon, the cooperative members worked at their headquarters,
pressing recyclable materials.

e Which days would the collection happen in each neighborhood? A schedule was
created for implementation. The 27 neighborhoods would be reached by door-to-
door collection, and would be divided into seven groups, with each neighborhood
having a different implementation date. The first group represented only one neigh-
borhood, which would be the pilot neighborhood. This neighborhood was selected as
the pilot due to its small size, and for having already participated in a selective
collection program that existed prior to this project. The other neighborhood groups
were selected due to the proximity and size. Nearby neighborhoods which belonged to
the same group and each group had five neighborhoods. Each neighbourhood group
would serve as one improvement and learning cycle for action research. The AR team
chose a period of approximately one month between the days of implementation in
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each neighbourhood group in order for there to be sufficient time for the improvement
and learning phases between groups.

*  What types of communication would be used for the new program? The NGO members
chose the door-to-door distribution of pamphlets, Internet alerts, and local radio and
newspaper as the means of communicating the program to each neighborhood.

After the planning phase, next came the action implementation.
Action Implementation

The implementation phase was carried out over seven improvement and learning cycles. As
previously stated, in each cycle, there was an expansion of the selective waste collection
program. Figure 2 shows the scheduled implementation for the seven neighborhoods during
the improvement and learning cycles. In the first cycle, the program was implemented in only
one neighborhood; the other groups each had four or five neighborhoods. The activities from
the first cycle are described below.

Planning (P)

In this phase, the pilot neighborhood implementation was planned considering questions such
as which route would be used, and the location for the VDP/Ecopoints received from Nestlé
Waters. TransCAD® was used to plan the route (Mapa and Lima 2012). To choose the VDP
locations, the criterion established by the action research team was that they be central points in
the city. For monitoring and collection at the VDPs, the team defined that they should be
monitored everyday by the cooperative manager during the first months after installation, and
the cooperative should collect every Monday. After planning these actions for the first cycle,
implementation was the next phase.

Improvement and Learning Cycles

....................................................................................

! Iteyele §@ 2Mcycle |} 3€cycle ! 4thcycle | Stheycle | 6Beycle | ! 7heycle |
4 N\ N N N\ N\ N\ N\
Pilot Second Third Forth Fifth Sixth Seventh
neiehbor group of group of group of group of group of group of
h%)o d neighbor neighbor neighbor neighbor neighbor neighbor

hoods hoods hoods hoods hoods hoods
. VAN / / / / /. J
EI April ! Juno 1 ‘E f August 3 ‘E ;' September i :‘ October f November ! ;' December !
{23 0 @ and2 | i and4 | i 7and8 i 6 | | 2 i 1 |

..............................................................................

Fig. 2 Neighborhood implementation schedule
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Implement (I)

First, a meeting was held with the action research team and collection members in order to
deliver the PPE (gloves, uniforms and boots), present the new plan for the pilot neighborhood
and the monitoring/collection plan for the VDPs. During this meeting, a new day was selected
for the VDP collections because, according to the collection members, Monday was not an
ideal day for this activity. They argued that the ideal weekday was Friday, as the VDPs would
be empty before the weekend, which is a period of more frequent use; in turn, this would
diminish the risk of materials being placed around, but outside of the VDPs.

The implementation of the pilot neighborhood collection and VDP installation were carried
out. The action research team was present for both activities. After this phase was completed,
the next step involved observation and evaluation of the first improvement and learning cycle.

Observe and Assess (O&A)

During this phase, the action research team monitored the selective waste collection execution
by the cooperative throughout its first month. During this time, the following questions were
observed: If the whole neighborhood was being served by the program; if the entire population
was aware of its activities; and if there was any gain or loss in the program’s participation. One
of'the researchers interviewed city residents from different streets in the pilot neighborhood and
noted that some streets were not being reached by the cooperative and some residents still did
not know about the program. These results concluded that there was a diminishing participation
on part of the neighborhood’s population. The cooperative manager communicated during this
timeframe that the VDPs were not being used. He argued that when interviewing certain
individuals in the neighborhood near the VDP, most of them did not know what the VDPs
were used for. When this phase closed, the next steps were reflection and action.

Reflect and Act (R&A)

During this phase the action research team planned and executed actions which could correct
the problems found during the previous stage. In order to improve upon the observations, the
LogTranS found studies in the literature about awareness and population participation in
selective waste collection (Rutkowski and Rutkowski 2015; Ferri et al. 2015; Bringhenti
et al. 2011). Nevertheless only Rutkowski and Rutkowski (2015) propose methods for
mobilizing the population. According to the authors, mobilization mobilisation includes
distribution of educational pamphlets and other advertising materials about waste separation,
and instructional materials telling households and businesses the days, time, and frequency of
recyclables collection. Based on this, more campaigns were elaborated to mobilize population.
New pamphlets with instructions on separating the recyclable material and the schedule for the
collection, were distributed door-to-door by the cooperative members during the pilot deploy-
ment. Furthermore, one of the researchers and one collector from the cooperative were
interviewed on the city’s radio station. In order to reinforce the regularity of collection in the
neighborhood, the action research team held a meeting with the cooperative members to
emphasize the importance of regular service throughout the neighborhood, explaining that
there would be greater participation by the population and, in turn, greater results. Finally, to
try to solve the problem of VDPs, instructive pamphlets on their existence and use were then
distributed in the city’s downtown region.
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After finishing the first cycle, the rest of the cycles were carried out. All knowledge
generated in each cycle served as a basis for making decisions related to the following phases.
The main activities carried out during each cycle appear in Table 1.

The activity “Planning New Routes” was pertinent to all cycles, as each cycle corresponded
to the expansion of the program to new groups of neighborhoods. Thus, the routes needed to
be modified. Figure 3 presents the two final routes for the selective waste collection truck to
serve Sdo Lourenco municipality; the blue route occurs on Monday, Wednesday and Friday,
and the green route on Tuesday and Thursday. Moreover, the stops on each route are presented,
which are places where the truck must wait for the collectors while they work through each of
the adjacent streets.

Results Assessment

After the selective waste collection began to operate, all 27 neighborhoods were integrated into
the collection schedule. Moreover, other environmental, economic and social benefits were
obtained, which appear in Fig. 4 and are discussed below.

Increased Monthly Average Volume per Collector, by Cooperative

Compared to the average values collected per month by the collectors and cooperative as a
whole, after the second cycle these values passed the average established by SNIS (2013) and
CEMPRE (2014b). This result is related to the start of awareness campaigns, which contrib-
uted to an overall participation increase by the population and for having supplied basic
conditions for improving each collector’s work (gloves, boots, sorting table, better truck
regarding adequate capacity, etc.), which ensures greater efficiency from the entire program.

Greater Profits for Each COOPRECI Collector

A monthly average of $185.17 was made per month by each collector. Although this is a slightly
higher monthly average than the national numbers (IPEA 2013), from the fifth cycle forward, all
COOPRECI collectors started to receive a stipend, to make their salaries equivalent to the
Brazilian minimum wage. Thus, the payment received by the collectors was no longer dependent
on population participation, which reinforces the profession as a recyclable material collector.

Reduced Material Sent to Landfill as Final Destination

It was estimated that around 89 tons of material were collected during the execution of the first
cycle of improvement and learning. Thus, this material was collected and sold to a recycling
company, and not destined to a landfill or dump.

Limited the Release of Atmospheric Pollutants

The study done by IPEA (2010) shows the breakdown of atmospheric pollutants which are not
released into the environment, corresponding to each ton of recycled material for the five main
recycled materials. Using this study and the quantity of each of the five materials sold by
COOPRECI, it is estimated that 2.3 tons of pollutants did not reach the atmosphere during the
seven action research cycles.
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Table 1 Main activities during improvement and learning cycles

Cycles Planning (P)

Implement (I)

Observe and assess
(O&A)

Reflect and act (R&A)

2nd cycle - Planning new routes
for the new
neighborhoods
- Meeting with the
collectors for
mapping their
needs

3rd cycle - Planning new routes
for the new
neighborhoods.

- Meeting with the
collectors for
mapping their
needs

4th cycle - Planning new routes
for the new
neighborhoods.

- Meeting with the
collectors for
mapping their
needs

Sth cycle - Planning new routes
for the new
neighborhoods.

- Meeting with the
collectors for
mapping their
needs

- Obtaining financial
resource to improve
the collectors’
income

6th cycle - Planning new routes

for the new
neighborhoods.

- Renting a better truck
regarding adequate
capacity

- Implementation in the
second group of
neighborhood

- Implementation in the
third group of
neighborhood

- Purchasing a
sorting table

- Implementation in the
fourth group of
neighborhood

- Meeting with
collectors of Sdo
Lourengo and one
Tetrapak’s employee
aiming to attract
more collectors to the
COOPRECI and
qualify them

- Implementation in the
fifth group of
neighborhood

- Increasing the
payment received by
the collectors
(stipend)

- Implementation in the
sixth group of
neighborhood

- Meeting with some
cooperatives situated
close to Sao
Lourengo aiming to
promote these
cooperatives and
COOPRECI

- Monitoring the
execution of the
selective waste
collection in the new
neighborhoods

- Monitoring the
utilization of
the VDPs

- Monitoring the
execution of the
selective waste
collection in the new
neighborhoods

- Monitoring the
utilization of
the VDPs

- Monitoring the
execution of the
selective waste
collection in the new
neighborhoods

- Monitoring the
utilization of the
VDPs

- Monitoring the
execution of the
selective waste
collection in the new
neighborhoods

- Monitoring the
utilization of
the VDPs

- Monitoring the
execution of the
selective waste
collection in the new
neighborhoods

- Monitoring the
utilization of
the VDPs

- Literature review

- Raising population’s
awareness about the
program in the
neighborhoods

- Literature review

- Interviewing the
population aiming to
find a new location
for one of the VDP

- Transferring one of the
VDP for a new
location

- Raising population’s
awareness about
VDPs’ utilization

- Literature review

- Meeting with the
collectors aiming to
emphasize the
importance of regular
service throughout
the neighborhoods

- Raising population’s
awareness about the
program in the
neighborhoods

- Raising population’s
awareness about
VDPs’ utilization

- Literature review

- Establishing a more
frequently VDPs
collections

- Raising population’s
awareness about the
program in the
neighborhoods

- Literature review

- Raising population’s
awareness in the
neighborhoods
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Table 1 (continued)

Observe and assess
(O&A)

Cycles Planning (P) Implement (I) Reflect and act (R&A)

- Increasing the
payment received by
the collectors
7th cycle - Planning new routes - Implementation in the - Monitoring the
for the new seventh group of execution of the

- Literature review
- Raising population’s

neighborhoods.

neighborhood

- Meeting with the local

education authority
to create a new
educational
campaign about the
selective waste

selective waste
collection in the new
neighborhoods
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Fig. 3 Final routes for the selective waste collection to serve Sdo Lourenco
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It ond 3 4th 5th 6t 7th
cycle | cycle cycle | cycle | cycle | cycle | cycle
Month Apr. | May | Jun. Jul. Aug. Sep. Out. Nov. Dec.
Number of
neighborhoods served | 2 06 06 06 11 15 19 24 28
A tof | Producti Cost
- Km? - Jos3 [ 316 | 306 [ 306 | 411 | 544 | 730 | 981 oo rl;’m"c‘;s's"" reluted
served (%) - 04 27 27 27 35 47 63 85 pollutants benefits with SWM
5 avoided (kg) ($/ton) ®
Number of collection 03 07 04 06 06 05 07 06 07
members 0,34 61,84 24,67
Average volume
collected per 1382 | 1.358 | 1.573 | 1.746 | 1.822 | 1.909 | 1.738 | 1.919 | 1.724 276,90 939,69 9,38
collection member
e g 20,20 108,92 590,15
Income ($) - o o | 148.66 | 149.89 | 139,74 | 139,74 | 242,46 | 242.46
0,00 37538 288,33
Total amount sold (kg) | 6.911 | 9.510 | 6.295 | 10.480 | 10.933 | 9.549 | 12.166 | 11.516 | 12.070 201600 4030 5839
Total | Steel 0 0 08 12 10 0 07 09 25 71
= (g 231343 532834 970,95
sold per | Alum- () | 71 53 20 25 10 07 21 25 32 270
recycled | 16,978 88 | 120 | 1.572 | 2.661 | 2.463 | 2.025 | 2.953 | 2.564 | 2.532 | 16.978
'"‘;;;’;"I Plastic (kg) | 1.034 | 820 | 894 | 920 | 820 | 806 | 1.029 | 867 | 1.105 | 8.925
(main
Glass 0 0 267 | 250 | 150 | 211 | 274 | 236 | 292 | 1.680
types) e

Fig. 4 Results obtained through action research
Financial Gain Generated

Using again the study from IPEA (2010), it was calculated that an economy of $4357.39 was
generated from the selective waste collection project. This financial gain generated by
recycling is positive and benefits:

* The city government. The IPEA (2010) study shows the benefits associated with final waste
disposal, considering that the material was sent for recycling, and not to a final disposition
in a landfill, avoiding the average cost of the landfill per ton. In doing so, the city
government minimizes financial losses with the disposal of material in landfills/dumps;

*  Private businesses. In IPEA (2010), the economic benefits are calculated by the difference
between the cost of the material for production of goods, from virgin raw material and the
costs of production material from secondary raw material. Then, regarding private busi-
ness, the financial gain calculated it is related to the use of recyclables as raw material to
diminish production costs and reduce the use of pollutants;

* Population. Based on the production coefficient from the virgin raw material and second-
ary raw material, which includes the source and quantity of energy used for production in a
ton of material, (IPEA 2010) the consumption of energy and carbon emissions are
estimated. Thus, it can be inferred that there are fewer impacts on the environment due
to energy consumption and greenhouse gas emission.

Findings

Challenges faced during the implementation of the selective waste collection program were:
level of awareness and participation from the population in the selective waste collection
program; lack of proper structure in the cooperative; and lack of worker benefits and materials
for the cooperative collectors. These barriers were also highlighted in other studies present in
the literature (cited in Selective Waste Collection section). But there is one aspect in which this
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study differs from previous literature: aside from analyzing the motives and consequences,
whether through literature review or meetings with the action research team, many actions
were implemented to improve on previous lessons learned. That is, the objective went beyond
analysis and into action on the hurdles and challenges faced. The ability to act on these
difficulties on implementing the selective waste collection program is due to the methodology
of action research. It can be asserted that not only the agreement of all AR Team members but
also the use of action research were the main factors for success in the entire program.

Firstly, because the action research is a mixture of conceptual and theoretical methods, as
defined by Filippini (1997); that is, it promotes a literature analysis to raise a series of points
for planning and action research. Thus, when the challenges were found in each stage at the
Reflect and Act (R&A) step, researchers took the time to analyze existing literature and seek
out more adequate solutions, as well as making faster decisions which were supported by
academic research. In other studies where action research is used, literature reviews for
possible solution occurring action research are highlighted (Liu 2009; Charoen et al. 2008;
Liu and Pan 2007; Tepe and Haslett 2002). Secondly, the action research deployment in
multiple cycles allowed for knowledge to be generated in each iteration, which served as a
basis for following cycles and enabled that good decisions and bad decisions were replicated
and corrected, respectively, as the program was rolled out in different neighborhoods. That
being stated, the use of improvement and learning (or simply, action research cycles) during
the study is an interesting option not only for new systems (Paes et al. 2016), but also for
expansion and improvement of existing projects.

Conclusions

This study reported on the implementation of a selective waste collection program in a
Brazilian municipality through action research. Through the use of action research, it was
possible to implement the recyclable materials collection program in the city of Sdo Lourengo,
which helped the city conform to the new PNRS statue. Knowledge was generated about how
the implementation could and should occur, and highlighting the main barriers and best
practices for the process. Many benefits were identified by all those involved in the project,
including the reduction of 2.3 tons of atmospheric pollutants from being released into the
environment, and the collection of 89 tons of recyclable material, which didn’t end up in a
landfill. The selective waste collection program is up and running, thus the benefits of the
program are ongoing.

It is worth mentioning that when selective waste collection programs are implemented, the
initiation of the process should be gradual and done in phases so that resources are obtained,
the right decisions are reinforced and the errors are identified, rather than frustrating the
community, the collectors and other parties involved. In this study, improvement and learning
cycles were used to conduct the action research; the research team used a pilot neighborhood
and then continued with the expansion to other neighborhoods, which contributed to the
project’s success.

No great hurdles or challenges were observed in the utilization of action research as a
method. However, some difficulties were encountered and overcome during the process as a
whole, such as: awareness and participation from the population in the selective waste
collection program; lack of proper structure in the cooperative; and lack of worker benefits
and materials for the cooperative collectors.
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Regarding limitations of the study, it is important and worth highlighting that no other
methods were tested, aside from AR. The satisfactory results which were obtained provide us
with a sense that the method is suitable for implementing selective collection programs as was
done in Sao Lourengo. Nonetheless, the objective of this study was not to compare the
performance of alternative methods. We also cannot affirm how the application of the same
method in different cities, with different population sizes and characteristics, would be. However,
the experience gained through this case enables us to affirm that it would be possible to replicate
in other cities, as long as there is an openness and interest in the use of AR from public officials.
Thus, as a suggestion for future studies, the replication of this method in other cities and
comparison to its implementation with other methods, such as Participative Research, would
be beneficial to build the body of knowledge and advance the discourse on these subjects.
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