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Abstract

The objective of this study was to conduct Action Research (AR) to create and implement
a WEEE management program that was in line with the BNPSW regulations. The city
chosen for this study was Sdo Jodo del Rei (SJDR) located in the state of Minas Gerais,
Brazil. Using AR it was possible to structure a WEEE management program that
involved stakeholders from the city administration, the Federal University of Sao Jodo
del Rei, and representatives from the private sector. The program ultimately collected
1710 kg of WEEE that received an environmentally appropriate destination. Although no
major difficulties were observed with respect to the AR process itself, some challenges
were encountered. Lack of infrastructure and hesitance on behalf of the public with
respect to implementing WEEE Reverse Logistics were complicating factors. The action
research as methodology proved to be highly efficient in dealing with e-waste reverse
logistics. It resulted in faster decision making, in turn generating better results. Good
decisions were repeated and errors were corrected. The Action Research project
highlighted the need for raising public awareness about WEEE disposal. It also showed
that the public was ultimately interested in participating and contributing to the proposed
WEEE management program. The awareness of the population has led to a significant
increase in the amount of collected waste. The model resulting from this research serve as
a reference for decision makers in implementing similar programs around the world and
to contribute to the existing body of knowledge on the subject.
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Introduction

Waste Electrical and Electronic Equipment (WEEE), also called electronic waste or e-waste, is
the name given to all electrical and electronic equipment that reaches the end of its useful life
cycle (Oteng-Ababio 2012; Paes et al. 2017). This waste may consist of materials that have
economic value such as metals and plastics. By contrast, this waste also contains toxic
substances like heavy metals and brominated flame retardants that can harm the environment
and pose public health risks (Garlapati 2016). Proper WEEE disposal techniques should,
therefore, be a constant societal concern and priority. According to Orlins and Guan (2016),
efficient WEEE management systems must be developed to promote recycling and reduce
negative impacts caused by this waste.

New technologies, the growth of the electronics industry, and increasing product versatility
along with obsolescence of certain electronic products have all contributed to rises in Waste
Electrical and Electronic Equipment (WEEE) worldwide (Babu et al. 2007; Migliano et al.
2014). According to Garlapati (2016), developing countries will produce twice as much WEEE
as developed countries in 6 to 8 years. It is estimated that by 2030 developing countries will
discard between 400 and 700 million obsolete computers, while developed countries will cut
their WEEE by around 200 or 300 million units (Sthiannopkao and Wong 2013; Garlapati 2016).

Developed countries have had to deal with WEEE for quite some time now. The European
Union, for example, has instituted the European Union Directive on WEEE. This holds
manufacturers, governments, and consumers accountable for waste management (Qu et al.
2013). Developing countries, by contrast, have more problems with managing WEEE. These
troubles arise principally from the reluctance to pay for recycling and disposing waste, an over
dependence on outdated electronic equipment, a lack of investment in recycling, the lack of
recycling and waste management infrastructures, inefficiencies in collecting or recycling
programs, a lack of interest in WEEE management on behalf of multinational companies in
developing countries, importing WEEE, and finally the absence of laws specifically addressing
WEEE (Nnorom and Osibanjo 2008).

In Brazil, recovering and recycling WEEE is hampered by the absence of efficient
management systems (Govindan et al. 2013; Silveira 2013; Pereira and Silveira 2014;
Cardoso et al. 2017; Furtado and Rodrigues 2017). According to Souza et al. (2016), Brazil
has one of the highest WEEE generation rates, around 7 kg per capita. The country has very
few waste management programs in place, leading to large amounts of WEEE ending up in
landfills (Araujo et al. 2012; Souza et al. 2016). It is therefore very important to adopt Reverse
Logistics (RL) principles for recycling and reusing WEEE (Ayvaz et al. 2015; Cardoso et al.
2017), applied to a collection system that includes private citizens, private industries, distrib-
utors, and governments (de Oliveira et al. 2012) as required by the Brazilian National Policy
on Solid Waste (BNPSW).

The BNPSW stipulates that Brazilian cities must act directly in managing any waste
generated within their territories (Brazil 2010). Paes et al. (2017) state however that laws do
not guarantee that waste will be disposed of properly. Even since the BNPSW, recycling efforts
are often hampered by incompatibilities between guidelines and disposal procedures. Despite
the legal framework for implementing WEEE RL systems, Brazil still has trouble properly
allocating this waste (Kiddee et al. 2013; Paes et al. 2017). Information gaps and a lack of
WEEE management programs have had detrimental results for collecting and disposing of this
waste. These facts serve to justify studies that evaluate and present solutions to the WEEE
problems in Brazil, especially since information gaps have led to very unfavorable scenarios
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with respect to promoting recycling programs within the country (Silveira 2013; Furtado and
Rodrigues 2017; Dias et al. 2018).

The main studies on the management of WEEE in developing countries involve mainly
data collection. Qu et al. (2013), for example, studied the management of WEEE in China by
means of interviews and secondary sources (government sites and technical publications). It
has also been found review papers and overviews about the state of knowledge of e-waste and
estimation of WEEE generation. (Nnorom and Osibanjo 2008; Babu et al. 2007; Garlapati
2016; Aratjo et al. 2012). Other research proposed a generic model of Reverse Logistics
Network Design (Ayvaz et al. 2015). Although these studies showed the problem and needs of
RL of WEEE, they did not show practical solutions for the management. Paes et al. (2017)
obtained significant results in Action Research for the management of WEEE in a Brazilian
public university. However, it is possible to observe the need for studies that show practical
results and guide the development of future management systems of WEEE. In this way, it is
interesting to use the research for the management of municipal WEEE.

Action Research (AR) has been very useful in the past for structuring and implementing
waste collection and management programs (Bernardo and da Silva 2017; Fagundes et al.
2017; Paes et al. 2017). Additionally, AR can help adapt these programs to the BNPSW norms
since AR promotes faster decision making. Positive actions can be repeated and errors can be
corrected, both during and between cycles (Bernardo and da Silva 2017). Decision markers
can improve processes and direct future actions by promoting integration among those
involved in management, AR and organizational learning processes (Paes et al. 2017).

The objective of this study was to conduct Action Research (AR) to create and implement a
'WEEE management program that was in line with the BNPSW regulations. This was done in the
city of Sao Jodo del Rei (SJIDR), located in the Southeastern region of Brazil. AR is used to acquire
knowledge for constructing management models. Our proposed model encompassed a wide array
of participants in SIDR who were responsible for managing WEEE. These participants included
the city government, the Federal University of Sao Jodo Del Rei, and representatives from the
private sector. Our model also took public awareness into account, and determined that it was one
of the key factors for efficiently implementing WEEE management programs in the city of SJDR.

The Brazilian National Policy on Solid Waste (BNPSW) and Managing
Waste Electrical and Electronic Equipment (WEEE)

The Brazilian National Policy on Solid Waste (BNPSW) regulates waste management in
Brazil. It has been in effect since 2010. The BNPSW brings together a set of principles,
objectives, instruments, guidelines, goals, and actions that seek to manage solid waste in
Brazil. The policy introduces the concept of Shared Responsibility in waste management. In
other words, consumers, producers, distributors, and retailers all have responsibilities with
respect to waste management. Reverse Logistics can be used as an economic and social tool. It
can be defined as a set of actions designed to collect and return waste for reuse, or to make
recycling feasible, resulting in the proper disposal of products. Brazilian cities are also
responsible for drafting and implementing Integrated Solid Waste Management Plans
(ISWMPs), which should contain guidelines for RL systems at the local level. Cities are not
only responsible for collecting, transporting, and disposing of waste, but also for creating
citywide programs that involve entire communities, companies, and cooperatives in order to
promote recycling and proper waste disposal (Brazil 2010).

@ Springer



Systemic Practice and Action Research

The BNPSW makes manufacturers, importers, distributors and merchants responsible for
creating RL systems for WEEE. It also makes it mandatory for them to implement these RL
systems. It does not, however, outline specific guidelines for disposing WEEE (Souza et al.
2015). As a result, consumers (institutions and the public alike) are responsible separating and
delivering WEEE to appropriate predetermined drop-off points that are to be set forth in the
ISWMPs. Retailers and distributors operating in the electronics sector are also responsible for
returning products to producers or importers who should then properly allocate this WEEE
(Souza et al. 2016).

Fully aware of the difficulties highlighted in several studies (Townsend 2011; de Oliveira et al.
2012; Kiddee et al. 2013; Migliano et al. 2014; Garlapati 2016; Cardoso et al. 2017; Furtado and
Rodrigues 2017) we conducted Action Research (AR) to demonstrate how this type of research
can aid in implementing WEEE collection programs. AR aids in better understanding city and
state demographics. Additionally, it aids in making people more aware of these programs and
identifies the key players who might help in making waste management more efficient.

Action Research

Action Research (AR) was used in this study as the basis for developing a collections and
waste management program for WEEE located in the city of Sao Jodo Del Rei, Brazil.
According to Fagundes et al. (2017) positive results have been obtained before when using
AR in RL waste management programs since AR helps solve existing problems by
implementing improvements with the added benefit of acquiring scientific knowledge. Studies
by Paes et al. (2017), Cullen et al. (2013) and Hameri and Paatela (2005), confirm the
efficiency of AR applied to RL.

Westbrook (1995) points out that there is no global standard to follow when developing
AR; rather there are some basic steps that should be followed when using this methodology.
The AR conducted in this study followed steps proposed by Fagundes et al. (2017) which are
as follows: Step (1) Action Research Planning; Step (2) Data Collection Planning; Step (3)
Data Analysis and Action Planning; Step (4) Implementing the Action Plan; Step (5) Assess-
ment of the Results. Figure 1 shows the steps followed in this study.

In the next sections, the study will follow the steps showed below:

* Action Research Planning: the step in which we understand the problem (Sect. 3.1).

* Data Collection Planning: the step where we planned the Action Collect (Sect. 3.2)

* Data Analysis and Action Planning (Sect. 3.3)

* Implementing the Action Plan: in this step, we compile the main information and start the
Action Planning (Sect. 3.4)

* Assessment of the Results: in this step, we analyze the results and evaluate what we have
learned from the Action research (Sect. 4)

Action Research Planning
The first step in AR planning revolves around understanding the context of the problem and
the goal, as well as establishing the Action Research team (AR team). Our AR study initiated

with the university administration and the IT sector of the university. The latter had already
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Fig. 1 Stages used in developing AR. Source: Adapted from Mello et al. (2012) and Fagundes et al. (2017)

realized that WEEE was a problem at UFSJ, and that it extended beyond the campus limits into
the city of Sao Jodo del Rei. The administration gathered a team of four researchers from the
Institute of Industrial Engineering and Management, who were specialists in Reverse Logistics
(RL) and Waste Management, to look for a solution to the problem.

University-generated WEEE had long been stored in a warehouse. The waste had been in
storage for so long because there was a minimum weight requirement (1500 kg) for picking up
and transporting it, due to high transportation costs. After such a long time in storage and given
the lack of a suitable storage place, much of the equipment was destroyed due to weather
exposure, ultimately resulting in economic losses and risks to public servants, students, and/or
anyone who frequented the campus.

The problem was presented to the researchers and the team visited the warehouse where the
WEEE was stored. After the initial inspection of the waste the following question was
elaborated:

*  How might we more adequately dispose of the WEEE generated at the University and in
the city of Sao Jodo del Rei?

After the first inspection the team identified that any immediate solution would imply regularly
meeting the minimum weight requirement of 1500 kg so that waste could be collected more
frequently. One way to collect more WEEE would be to create collection programs in S&o Jodo
del Rei, especially given the fact that the city did not have any structured programs for
managing WEEE in place, despite the BNPSW guidelines. Four researchers formed the AR
team and were given full responsibility for carrying out AR to assess the viability of any
collection program that was to be implemented.

The team plans to develop a WEEE management program that ensures an efficient reverse
logistics system. In this way, it enables the proper disposal of waste, the active participation of
the population, private sector and public administration.
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The researchers began with the WEEE problem in the city Sdo Joao del Rei. SJDR is a
medium-sized city in the state of Minas Gerais, Brazil. It is located 473 km from the city of
Sao Paulo, and 335 km from Rio de Janeiro, the two largest cities in Brazil. The city currently
has a population of 89,832 inhabitants, a total land area of 1,452,002 km2, most of which is
historical (IBGE 2015).

Data Collection Planning

During the data collection phase, the AR team sought out information on opportunities for
improving RL processes for WEEE. Data was collected by observing processes, conducting
individual interviews, and distributing questionnaires.

The team contacted a recycler who was interested in increasing WEEE collection. The
recycler participated in the SJDR collection program and provided information on collection
processes. The partnership between recycler and AR team was important because it made
possible disposal and recycling.

In addition the partnership with the recycler, public participation was a determining factor
in satisfactorily implementing the collection program. The AR team decided that it would be
important to survey public interest in WEEE management programs. A questionnaire led to the
team creating a management program that took city-specific characteristics into account. The
questionnaire sought information on the following items: (i). the profile of the interviewees;
(ii) their knowledge about WEEE; (iii) the problems caused by WEEE; (iv) the current WEEE
disposal facilities in Sdo Jodo del Rei and (v) interest in participating WEEE management
programs. The questionnaire was prepared and applied by the AR team. The sample size that
statistically validates the study was defined based on Gil (2008). We used formula (1):

. (za/Ez.a)z )

Where:

— n=is the sample size

— Z=Normal distribution of probability that establishes a 100 (1-cc) confidence level;
—  E=the desired margin of error

— o =the Standard Deviation of the Population for the variable under studied

A confidence level of 95% (Z = 1.96) was established, as well as a sample E (error) of 10% for
this calculation. The population size was obtained from the Brazilian Institute of Geography
and Statistics (IBGE) database. Given that the selection process for the population was based
on a method of simple random sampling, the sample size was 384 people from different
neighborhoods throughout the city.

Having all the necessary data in hand, the team set up a meeting with the city’s environ-
mental Secretary to present their findings and to establish a partnership with city management.

Data Analysis and Action Planning

In this phase (Data Analysis) of the AR project the main objective of the team was to compile
the most relevant information obtained from meetings with the city’s environmental Secretary,
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the recycler, and from the questionnaires distributed to the public. The profile of the inter-
viewees is presented in Fig. 2.

With respect to public awareness surrounding WEEE (Fig. 3), it was clear that the public
needed to be better informed about WEEE practices. Although 85.7% of those interviewed
claimed that they knew what WEEE is, only 4.7% truly accurately identified WEEE (all items
presented to the public were WEEE items excluding incandescent light bulbs). Most respon-
dents recognized that WEEE could potentially cause various problems (Fig. 3). However, there
were few who could specifically identify these problems since only 19.5% of those surveyed
marked all of the options.

On the questionnaire respondents could select more than one option when asked about
where they thought WEEE should be delivered (Fig. 4a). The results showed that most
respondents incorrectly dispose of their WEEE. With respect to the difficulty of disposing
other types of waste (Fig. 4b), the interviewees were presented with other waste types
included on the BNPSW list, items which need special treatment and must undergo RL
processes. It was clear that, like WEEE, respondents found it difficult to properly dispose of
such materials.

a 0,
4% Scholarity
m Basic Education
= High School
I Higher Education
b 2%

Age Group (Years)

=>20
= From 20 to 59

m<60

Fig. 2 Profile of respondents
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What items are e-waste
94,5%

S S
is?

59,9%

35.2% Battery
= Pendrive

23,7% Floppy Disk, CD, DVD
. Fluorescent lamp
4,7% Incandes cent lamp

u All items (except incandescentlamp)

Problems related to improper disposal of WEEE

86%
40.6% = Contamination of soil and groundwater
20420 = Toxic to the fauna and flora

Toxic to health
= Cancer

Skin diseases

Headaches, vominting, diarrhea = No Yes
u Damage to the nervous and blood system
= All Options

Fig. 3 Degree of knowledge about WEEE

33,6%

Finally, the participants were asked if they knew of any collection points in SJTDR where
they could dispose of their WEEE. Most people questioned (97%) expressed interest in
learning how to properly dispose of WEEE.

After conducting the interviews the AR team had obtained enough information to start
designing the collection plan. They also realized that, even though most of interviewees were
well educated, they still had doubts about WEEE classifications and the environmental risks
WEEE can cause. The interviews showed that the public was interest in learning how to
correctly dispose of WEEE. The AR team then met with officials from the office of the
environmental Secretary in SJDR to present the results of the survey.

Public officials explained that one of the reasons for not having an WEEE recycling program
in place was the lack of a selective collection system. All generated waste was collected by
conventional trucks, and was not subjected to any type of separation process. After collecting the
waste, it was sent to the city landfill without any special treatment. Such practices go against the
guidelines set forth in the BNPSW. They public officials also informed the team that WEEE
programs must include several participants, not only the city administration since the adminis-
tration changes with each election, making it difficult to continue programs. Officials stated that
they believed the program would last longer if it were connected to the University. The process
mentioned by public officials was confirmed by the AR team in a visit to the municipal landfill.

After having considered all the points set forth by the stakeholders, Action Planning then
began. The AR team decided they would collect WEEE from the public via a voluntary
delivery event (collection day). The day chosen for the event was a Saturday by recognizing
that most people do not work Saturdays, and take the day to go downtown to shop etc. The
setting for the event was set at the city plaza located on a busy downtown street near to several
shops with sufficient parking space available. The recycler also agreed to the date and the time.
The recycler did not agree, however, to accept light bulbs, since he did not specifically work
with any company capable of recycling this type of waste. Additionally, there is another
company in SJDR that collects these bulbs.
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2 What destination do you give to your e-waste?

| leave it at home

= Discarding with the common
trash

m Donation and reuse

u | return the company | bought

b Difficulty in Discarding

= Batteries
u Oil

= Light bulbs

= Drugs

= Recyclable waste
m Tires

Fig. 4 Waste disposal and difficulty of disposal

A public awareness campaign was devised to advertise the collection and to maximize
public participation. The campaign was advertised via pamphlets, posters, radio, and through
social media networks.

Action Implementation

After the planning phase the AR team then set out to put the plan into action. Actions were
divided into two stages: actions that preceded the collection day, and actions aimed at
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disseminating information to the public and clarifying their doubts about the planned WEEE
collection day.

Disclosure of WEEE Collection

As observed from the questionnaires, the public was very interested in learning how to
properly dispose of their WEEE. However, they did not have adequate knowledge on the
subject. To clarify these doubts and to promote the event, leaflets and posters were distributed
to establishments in the commercial center of the city with the information about the collection
day (Fig. 5).

When distributing the leaflets the AR team had another opportunity to clarify any doubts
with the public. The team participated in local radio programs and gave interviews to reach a
wider audience. During the interviews the team talked about how the collection process would
work and emphasized the importance of properly disposing WEEE. The team sought to
emphasize the role of the public in the WEEE management process, and to highlight the
social, economic, and environmental advantages of WEEE recovery programs.

The objective of this phase was to make the population of Sdo Jodo del Rei aware of the
importance of correctly disposing WEEE through public awareness campaigns. This was done
in hopes of getting as many people as possible to take their WEEE to the designated location
on collection day.

After receiving positive public reaction towards the program, the environmental Secretary
committed his full support to the AR team. Despite such a positive show of support, in practice
the AR team had problems in dealing with city administration. City hall only allowed the
collection event to take place after the AR team requested and filed for a formal permit,
complicating the feasibility of the event, proving itself to be somewhat of a weak link in the
process.

Collection Day

The WEEE collection took place on Saturday, July 8, 2017 from 8:00 am to 4:00 pm at the
Coreto Plaza located in downtown Sao Jodo del Rei, MG, Brazil. The AR team remained at the
site receiving WEEE delivered from the public. Participation in the event was greater than
expected.

First, the recycler went to the university campus and collected all of the waste stored in the
warehouse. Later, at 5 pm, he drove to Coreto Plazato and collected the WEEE delivered form
the public. All of the collected material then underwent a sorting process and was adequately
allocated according to its material composition.

Results of the Action Research

The action research generated important results for understanding the actual situation of
WEEE management in SIDR. The main result of the action research cycle was understanding
the difficulties and needs to make WEEE management efficient. These difficulties were the
lack of unity and disinterest of the stakeholders in the implementation of the guidelines
established by the BNPSW. Also, it was identified with the action research that the population,
although interested, still does not have enough knowledge to fulfill their role in the
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YOUR WASTE
HAS A RIGHT
PLACE  “svieem

BRING YOUR TRASH

Computer
Screen
Household appliance
Cameras, Stereo
Batteries
Cables
DVD
and others e-waste

Realization

Looneansadade Fandeeal
de S ko col-2ei

Fig. 5 Pamphlets used for advertising

management of this waste. During the Collection Day, it was possible to collect a large amount
of waste that would not have been properly disposed if the AR team had not proposed a
collection day. The acquired knowledge made it possible the proposition of a model for the
management of WEEE. The quantification and classification of collected waste and the
management model are presented in Sects. 4.1 and 4.2, respectively.
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Collection Day

After implementing the action plan the team began to analyze the results. Table 1 shows data
as to the number of items collected.

By analyzing the data in Table 1, one can see that a wide variety of items were collected
in the campaign. Also, the fact that many chargers and cellphones were collected indicates
that these devises are a major cause for increasing levels of generated WEEE. One can
clearly see the effect of planned obsolescence at work. It is interesting to note that many
diskettes and items like VCRs were collected, even though these items have been obsolete
for quite some time. This further validates the argument that many people end up storing
these items at home because they do not have a suitable place to discard them. This was
also observed in the questionnaires. The numbers also show that the public tends to
actively participate in WEEE processes only when campaigns are well advertised and
structured. Structuring a plan and properly advertising it was only possible after having
studied the population’s characteristics, further highlighting the importance of question-
naires in the AR process.

The higher than expected participation rates show that advertising and awareness cam-
paigns using posts in the city, radio advertisements, etc. were successful. Clarifying doubts
about the WEEE campaign and applying questionnaires were determining factors in engaging
the public in the campaign. We determined that public awareness campaigns are more effective
when the parties involved maintain direct contact with the team, resulting in increased public
confidence in the event.

The AR team received positive feedback from the public both during and after the
event. The campaign sparked the interest of managers in the neighboring city Coronel
Xavier Chaves, as well as the Association of Cities in the Micro-Region of Campos das
Vertentes (AMVER). AMVER provides services to 18 cities, including S&o Joao del Rei.

Table 1 Materials collected during the campaign and their quantities

Item Quantity (pieces) Item Quantity (pieces)
Cellphones/Smartphones 46 Video Cassettes 7
Chargers 75 Fax Machines 1
Telephones 11 CD Players 1
Intercoms 4 Sound Devices 1
CPUs 11 Speakers 5
Monitors 7 Cameras 6
Keyboards 20 GPS 2
Mouses 23 Electronic Locks 1
Stabilizers 8 Flashlights 2
Modems 7 Sandwich Makers 1
Recorders 13 Blenders 2
Tablets 3 Ironing Machines 3
Notebooks 2 Drinking Fountains 1
Printers 12 Hairdryers 1
Scanners 1 Hair Straighteners 1
Televisions 12 Batteries 100 kg
Controls 38 Electronic Waste Boxes 130 kg
Receivers 24

DVDs 3
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The association contacted the AR team for details on how collection worked, to learn
where and how the waste was allocated, and to form a partnership. AMVER also discussed
the possibility of extending the program to neighboring cities. A regional television station
became interested in the collection program and offered to cover and publicize future
collection events. This first collection made it clear that there is demand for collecting,
commercializing, and recycling WEEE, and that people are open to new recycling options.
It is therefore necessary to create WEEE recycling programs that conduct regular and
periodic collections, especially because those who participated in this collection actually
requested such periodic collections.

One interesting note is that the public was not sure which materials to deliver at the
collection event despite the awareness campaign. When members of the public arrived at the
collection site to deliver their unused devices and saw the variety of waste being delivered,
many returned home to collect more waste and returned again to the collection site to leave
their waste. Others who could not return asked when the next collection would be. This
highlights the need to invest more in public awareness campaigns.

Model

A model was proposed after the first collection in SJDR to continue the program and guarantee
its operation. This model is presented in Fig. 6. In the model, a Voluntary Delivery Point
(VDP) would be established at the university so the public can deliver their WEEE and store it
at a designated area within university until the minimum weight requirement set by the recycler
can be met. The model called for further collections similar to that conducted first by the AR
team to be carried out periodically.

The program begins by (1) establishing partnerships between the university, City Hall
and recyclers, after which time the AR team (2) formulates the WEEE collection program.
The public must participate in collections if the program is to work correctly. This implies
that (3) the event be promoted via pamphlets, posters, radio, social media networks, or
even informational lectures at schools. After being informed of the campaign, the public
can then (4) separate and deliver their WEEE to the collection point. To increase public
commitment and awareness about programs, periodic collections should be carried out in
the city center (5). If the amount of collected waste is insufficient to pay for transportation
costs, then (6) public awareness campaigns should continue. Otherwise, (7) collection will
be scheduled with the recycler. (8) The recycler will separate and recycle the waste.
Seeking to continually improve the program (9) the entire process should be evaluated
after it is carried out. If necessary, (10) improvement actions should be implemented to
(11) restructure the program.

In the city of Canoas WEEE disposal programs also worked using Voluntary Delivery Posts
(VDPs) managed by cooperatives together with the city government (Furtado and Rodrigues
2017), albeit the quantity collected was smaller. These authors emphasized that, even though
the city had an action plan for dealing with solid waste and had invested in collecting solid
waste, RL for WEEE had not been well defined. Lack of community awareness about
collection points was a determining factor in the low volume of WEEE collected by the
cooperative. This, as we have shown in Step 3, is a crucial step in our model. This step calls for
advertising campaigns, town hall discussions, public awareness campaigns regarding sustain-
ability and WEEE programs, along with steps that call for verifying that the program is
continually improving.
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Fig. 6 Proposed WEEE model

Discussion

The Action Research proved to be efficient to identify the main difficulties in RL for
WEEE. We identified that the main difficulties were related to joint ventures between
municipal administration, recyclers, population and other members of the supply chain.
According to Fagundes et al. (2017), RL operations for products at the end of their useful
life need to integrate all these actors to be efficient. In this way, it was noticed that the
reverse logistics system of WEEE in Sao Jodo del Rei was not efficient because there were
several stakeholders involved that were not dedicated to WEEE management. We ob-
served this in our study as the city administration made certain aspects of the process more
bureaucratic, thus demanding more effort from other participants. This study shows that
developing actions for recycling WEEE in the city of SJDR was only made possible given
the active participation of the University and the researchers there, along with the
collaborative participation of the public.
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Furtado and Rodrigues (2017) emphasize the difficulties in implementing shared management
plans dealing with the end-of-life cycle for products. It is clear that the private sector is not interested
in spending their financial resources to meet the BNPSW demands. According to Migliano et al.
(2014) manufactures and retailers cannot come to an agreement as to who should cover the
transportation costs associated with recycling. Furthermore, the government has not created incen-
tives for collaboration and does not exercise its fiscal and legal powers effectively to implement
these measures. Additionally, city authorities tended to create barriers, as was observed in this study.

Action Research as a methodology for dealing with this particular situation proved to be
efficient. AR was successfully implemented for the case under study, resulting in an increase in
the base of knowledge, bringing about positive changes, which according to Bhatnagar (2017), are
the two main objectives for any AR project. Throughout the development of research, no serious
obstacles were encountered that could have compromised the AR. Simultaneous research with
public institutions, the population, and the private sector do however require special attention.
Garcia-Unanue et al. (2015), Holgersson and Melin (2015) and Paes et al. (2017) mention that
bureaucracy and lack of flexibility make practical research in public organizations very difficult.
This assumption was confirmed in this study. Nevertheless, the study produced satisfactory results
being that it was capable of evaluating the actions implemented so that future projects may also
apply these cycles to obtain even greater results in less time (Fagundes et al. 2017).

This study stands out from those previously conducted (Bernardo and da Silva 2017,
Fagundes et al. 2017; Paes et al. 2017), in that it deals with reverse logistics (RL) for WEEE
for an entire city. Action Research (AR) as a methodology is capable of acting on difficulties
associated with implementing programs that promote a mixture of conceptual methods with
theories and practical methods. When difficulties were identified at each step the researchers
dedicated time to analyze existing literature and search for more adequate solutions. This
academic foundation assisted in taking faster decisions. One can conclude that both the AR
team and AR itself were determining factors in the success of the program.

AR allowed us to propose an independent model for implementing an WEEE recycling
program together with the participation of city management. However, the project would have
been more efficient if the city administration had more actively participated in the process. The
city council could have contributed, for example, by providing a truck to collect the waste. If
this had been the case, WEEE collection would not have been restricted to the availability of a
particular recycling company. Active participation in the program would have allowed public
officials to fulfill their responsibilities under the BNPSW, which holds governments, and
companies in the electronics sector responsible for allocating their waste, along with the
public, resulting in shared responsibility.

The main objective of this study was to propose a model for WEEE collection, and this was
achieved. The Action Research steps were successfully concluded, positively contributing to
the body of knowledge by identifying more efficient ways to manage processes. However,
more AR cycles are necessary to better structure programs and increase public participation
and awareness about WEEE.

In this way, the current study presents some limitations such as the need for the elaboration
of more action research cycles and the participation of the municipal administration. Other
limitations identified are the lack of knowledge of the stakeholders about the management of
WEEE, the unavailability of a recycling company, and the absence of a partnership with a
university or other public agency. These limitations may render the application of the model
impossible. The lessons learned from this AR study and from this project serve as examples for
other cities that need to enact or improve their own reverse logistic processes for WEEE.
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Conclusions

Action Research (AR) made it possible to analyze the feasibility of implementing a reverse-
logistics (RL) program for WEEE, and contributed successfully to generating actions that posi-
tively contributed to the body of knowledge. The lack of public awareness concerning WEEE was
evident. Although most of those interviewed (85.7%) believed that they knew what WEEE is, only
4.7% could actually distinguish WEEE from non-WEEE. Only 5.2% of the respondents answered
that they properly dispose of their WEEE. Among those interviewed, 47.1% of respondents said
they leave their WEEE at home, and 43.5% had either already discarded their WEEE properly or
discarded it along with other common waste. Public awareness campaigns are essential to inform
the public and dispel doubts as to how one should properly dispose of their WEEE. During this
Action Research cycle, public awareness campaigns had a direct positive impact on public
participation in the WEEE collection program implemented in this study.

The collection program had positive results being that it resulted in a significant increase in
collected waste, and increased public interaction with the AR team. The public had also
expressed their dissatisfaction with the WEEE situation in Sao Jodo del Rei in general. In total,
1710 kg of WEEE were collected.

Public officials were not very active throughout the whole process. Lack of city administration
participation can make it difficult to implement programs or make them altogether unfeasible. We
emphasize that proposed models alone do not guarantee improvements in WEEE management in
the city. All parties must assume their responsibilities and participate actively in management, since
collaborative participation is the basis for a sustainable model.

Finally, it is worth mentioning that this Action Research study proved to be very useful in
dealing with this type of problem, and we recommended that Action Research be used again
when structuring Reverse Logistics for different types of waste. The practical focus of this
methodology brings benefits to society directly linked to solid waste management. The unique
characteristics of institutions should not be limiting factors. As observed in this study, it is
possible to obtain results that are satisfactory for both public and private entities. Conditions
must be created so that processes are not only good in theory, but also in practice. This study
outlines how Action Research can help accomplish this.
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