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ABSTRACT

The reverse logistics of organic solid waste (OSW) aim to return these to
the economy, seeking the recovery of organic matter and reintroduction
into other productive cycles, aiming for an ecologically correct outcome.
However, to achieve such results, barriers between the involved stakeholders
must be overcome. In this context, this study aims to answer the following
research question: What is the relative importance of barriers to the
implementation of OSW reverse logistics for individual waste generators
in a given territory? Therefore, the objective of this research is to verify if
the barriers related to the implementation of reverse logistics of OSW for
the generator stakeholder (individuals), identified in the literature, are
confirmed for the reality of the city of Castanhal, Pard, as well as to rank
them according to their determination for the topic using the TOPSIS tool.
To do so, a survey of seven barriers in the literature was conducted, followed
by a survey to confirm which barriers found in the literature are reinforced
for individual waste generators in Castanhal, Para. The results indicate that
for individual waste generators, only the barrier related to the difficulty in
waste separation was validated in the context of the city of Castanhal, Para.
In contrast, the affirmation regarding this barrier ranked ninth in the ranking
generated from the TOPSIS method. The contributions of this study are
practical and theoretical, as it reinforces the existence and importance of
the tested barriers empirically, adding to the collection of studies in the area
and expanding discussions on the topic. In the practical field, it validates and
ranks the barriers to OSW reverse logistics, assisting in identifying difficulties
and opportunities for improvement, both for public and private managers.

Keywords: reverse logistics; barriers; stakeholders; organic solid
waste; sustainability.
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RESUMO

A logistica reversa dos residuos solidos organicos (RSO) objetiva o
retorno destes para a economia, visando a recuperacdo e a reintroducdo
da matéria organica em outros ciclos produtivos, almejando um resultado
ecologicamente correto. No entanto, para obter tais resultados, devem-
se superar as barreiras entre os atores envolvidos (stakeholders). Assim,
0 objetivo desta pesquisa é comprovar se as barreiras relacionadas a
implantacao da logistica reversa de RSO para o Stakeholder gerador
(pessoa fisica) levantadas na literatura se confirmam para a realidade
da cidade de Castanhal, Para, bem como ranqued-las de acordo com
sua determinancia para o tema utilizando o método TOPSIS. Para tanto,
foram realizados um levantamento na literatura de sete barreiras e na
sequéncia uma survey para confirmar quais barreiras encontradas na
literatura sao reforcadas para os geradores pessoa fisica em Castanhal.
Os resultados apontam que para 0s geradores pessoa fisica apenas a
barreira que trata da dificuldade na separacao dos residuos foi validada
para o contexto da cidade de Castanhal. Em contrapartida, a afirmativa
referente a essa barreira ficou em nono lugar no ranking gerado por
meio do método TOPSIS. As contribuicdes deste estudo sao praticas e
tedricas, pois para a teoria reforca a existéncia e importancia das barreiras
testadas de forma empirica, acrescentando ao acervo de estudos na
drea e ampliando as discussdes sobre o tema. J& no campo pratico,
valida e ranqueia as barreiras a logistica reversa de RSO, auxiliando na
identificacdo de dificuldades e oportunidades de melhoria tanto para
gestores publicos guanto privados.

Palavras-chave: logistica reversa; barreiras; stakeholders; residuos solidos
organicos; sustentabilidade.
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INTRODUCTION

The increasing quantity of products with shorter life cycles and the variety of
models that have intensified in recent decades require logistic planning for the
return of a portion of these products, justified by the interest in their reuse and
end-of-life management (Leite, 2017). Solid waste management (SWM) is the
most challenging environmental issue in developing countries (Mushtag; Dar;
Ahsan, 2020), where the problems faced are greater due to the disproportionate
increase in municipal solid waste (MSW) generation, especially in the context
of increased urbanization, population growth, and economic globalization as in
BRICS countries (Gongalves et al., 2018), posing a challenge for sustainable city
management. Achieving zero greenhouse gas (GHG) emissions by 2050 requires
a shift in resource management, and the use of organic waste is currently an
untapped opportunity in Latin America (Ludlow et al., 2021). SWM is a revolu-
tionary issue that requires more informed decision-making by authorities and
experts from various perspectives (Behrooznia; Sharifi; Hosseinzadeh-Bandbatha,
2020). Perteghella et al. (2020) emphasized that waste management tools are
rarely applied in developing countries due to a lack of data and difficulties in
interpretation. Huang, Liu and Dhar (2022) pointed out that limited research in
a given territory is a barrier to advancing SWM. Additionally, the incorporation
of stakeholders in most decision-making tools and processes and the availability
of reliable data in developing countries are often limited (Perteghella et al., 2020).

It is estimated that MSW generation will increase worldwide, from 2 billion
tons/year in 2016 to 3.4 billion tons in 2050, with the majority of this increase
observed in low-income countries, where generation is expected to triple
(Abrelpe, 2022). Organic solid waste (OSW) in urban areas represents a sig-
nificant environmental challenge due to the volume generated and its improper
disposal, resulting in methane emissions into the atmosphere and the spread of
disease vectors, as well as the generation of odors and leachate (Albuquerque
Neto, 2007). From a sustainable perspective, OSW should be efficiently reused
in the economic and productive cycle (Bhat; Singh; Vig, 2017), serving as an
urban resource that, when combined, can generate revenue for municipalities or
private companies, thus improving social well-being and promoting sustainable
development (Hartmann, 2018). In this way, it can contribute to the circular
economy by allowing waste to be used as resources in other economic activi-
ties in the form of a reverse supply chain of waste, involving all entities in the
flow of discarded products aiming to recover and/or dispose of them properly
(Van Engeland et al., 2020).

Reverse logistics (RL) enables the structuring and functioning of the reverse
channel, as it encompasses a set of actions, procedures, and means capable of
enabling the collection and return of solid waste to the productive sector or envi-
ronmentally sound final disposal (Brasil, 2010). The idea is to build a product
life cycle that does not end after consumption but undergoes reuse or proper
disposal (Silva; Cardoso, 2021). Within a reverse channel, some stakeholders
are individuals or organizations that may have some interest in the organiza-
tion’s actions (Freeman, 2010) and who share responsibilities (Brasil, 2010). This
shared responsibility covers the holders of public services for SWM and waste
generators (Brasil, 2010), who have legal responsibility from the production of
a product to its consumption (Machado, 2012). Therefore, effective manage-
ment of these stakeholders in RL is crucial to ensure the efficiency of the reverse
channel. Urban residents, responsible for waste production and consumption,
are one of the stakeholders in the OSW reverse channel, referred to as individ-

ual generators (Nagata et al., 2022).

In Brazil, for waste such as plastic, metal, glass, and paper, there is mini-
mal awareness of environmental, social, and economic issues (Abrelpe, 2016).
On the contrary, millions of tons of OSW are disposed of daily in landfills,
where it is estimated that 62.5 million tons of MSW are disposed of and only
1.12 million tons are recovered (Brasil, 2022). For the OSW reverse channel,
the process also aims at its recovery, with composting and anaerobic digestion
(with or without energy conversion) being the most recommended technolo-
gies worldwide for recycling these wastes (ESA, 2014). Composting results in
organic fertilizer that can be used to improve soil characteristics without harming
the environment and brings advantages such as reducing solid waste disposed
of in landfills, utilizing produced organic matter, and recycling soil nutrients
(Macédo, 2006). Anaerobic digestion has the advantage of producing biogas
that can be used as a source of renewable energy and in digestate (a nutrient-
rich biofertilizer), which can reduce the volume of organic waste as well as soil
and water pollution (Carvalho; Chaudon, 2018). Despite the existence of ways
to recover OSW, millions of tons are wasted, with no opportunity to return to
the productive cycle in low-income territories like Brazil.

The existence of barriers preventing this reuse and linked to the reverse
logistics of these OSW are identified in the literature. The quality separation of
OSW at the source is a key factor in its management, as it conditions the sub-
sequent stages of collection and recycling (Thi; Kumar; Lin, 2015). The man-
agement of OSW separated at the source is one of the most effective mecha-
nisms to reduce the entry of biodegradable material into landfills (Espanha,
2014; ECN, 2016) and constitutes a barrier for certain territories. Reusing OSW
for energy generation is one way to bring this waste back into the production
cycle, but there are challenges and prospects for bioenergy production from
OSW (Uddin et al., 2021). Therefore, we pose the following research question:
What is the relative importance of barriers to implementing OSW RL for the
individual generator in a given territory? Thus, the objective of this research is
to verify if the barriers related to the implementation of OSW RL for the indi-
vidual generator stakeholder, identified in the literature, are confirmed for the
reality of the city of Castanhal, Par4, as well as to rank them according to their

determinacy, using the TOPSIS multicriteria analysis tool.

METHODOLOGICAL PROCEDURES

The present research followed four main stages:

« literature review;

«  planning and data collection;

o data treatment and analysis, including the ranking of barriers and the use
of TOPSIS;

o discussion of results.

In the first stage, a systematic literature review was developed follow-
ing the PRISMA method recommendations (Galvéao; Pansani; Harrad, 2015).

The research steps are described as follows.

Identification

Searches were carried out in the Scopus and WOS databases up to July 2023.
These databases were chosen as two of the most important existing databases
(Wang; Waltman, 2016). The following search terms were used: “municipal

» » « » « » «

solid waste,” “urban solid waste,” “barrier;” “limitation,” “challenge;” “wet waste,”
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and “organic waste.” The search returned 194 and 180 articles in the WOS and
Scopus databases. The following inclusion and exclusion criteria were applied
in these results: works must be in English or Portuguese and must have been
published until 2023, excluding conference articles and duplicates. As a result,

220 articles were obtained.

Selection

In the second stage, the titles and abstracts of the articles collected in the first
stage were read, classifying them as follows: irrelevant, did not meet the research
criteria (English works on RL for OSW); low relevance, presented points related
to RL but not focused on the OSW research; medium relevance, presented mini-
mal points related to RL of OSW but not related to its implementation barriers;
and high relevance, presented both points highlighted for the research focus.
Articles of low and no relevance were excluded from the base, leaving those of

medium and high relevance, totaling 123 articles.

Eligibility
The 123 articles from the selection stage were read in full. In this step, 55 articles
were excluded because they were not accessible or the article did not address

the theme of this study, resulting in 68 articles for the next stage.

Inclusion

In this stage, full-text reading of the articles was conducted, and the extracted
data were organized in Excel spreadsheets to answer the following questions:
what are the bibliographic data?; what is the research objective(s)?; what is
the research methodology?; what are the research result(s)?; what barrier(s)
were identified in the research?; and what is the method(s) for recovering
organic waste?

Next, the barriers found were identified and classified by stakeholder groups
involved in the OSW RL. However, for this research, the focus is on the indi-
vidual waste generator stakeholder. Finally, a literature review was conducted
for the barriers to OSW RL identified for individual waste generators, encom-
passing 21/68 articles contained in the final database, according to Table 1.

For the second stage, planning and data collection were carried out. Google
Forms was used to create the data collection instrument, containing statements
regarding barriers to OSW RL, specifically applied to the population (waste
generator stakeholders) of Castanhal, Para.

To determine the sample size, the calculation for finite populations
(Maravelakis, 2019) was used based on IBGE data (2022), assuming a desired
confidence interval of 95% and a tolerable sample error margin of 7%.

The survey consisted of two sections: the first section for respondent char-
acterization, seeking information on the neighborhood, frequency of handling
OSW at home, duration of domestic OSW handling, duration of domestic OSW
recovery, age, education, and income. The second section presented statements
regarding the seven barriers identified in the literature. These were assigned a
scale of 0-10, where 1 = not part of my actions in this context and 10 = part
of my actions in this context. The electronic form was disseminated through
local media coverage, social media, and posters placed on university and school
campuses in the municipality.

In the third stage, data treatment and analysis were performed, including
the ranking of these barriers using the TOPSIS tool. Microsoft Excel spread-
sheets were used for data analysis and table generation. The methodological
procedure for using the TOPSIS tool, as described below, was based on the
considerations of Singh et al. (2016).

Step 1: Initially, matrix D was structured with the elements xij, where i rep-
resents an alternative, and j represents a criterion for analysis. In the context of
the application proposed in this study, the alternatives (i) were characterized by
the statements derived from the seven barriers identified in the literature review.
Regarding the criterion, the respondents’ experience time with OSW RL was
considered, as it was deemed relevant for the research results. It was divided
into three analysis groups with the following characteristics and weights: 0-5
years of experience with a weight of 20%; between 5 and 10 years of experi-
ence with a weight of 30%; and above 10 years of experience with a weight of
50%. For this analysis, a matrix was created from the responses obtained in the
questionnaire presented to the respondents, which is the result of the average
data in each of the alternatives according to their group.

Step 2: Next, matrix D is normalized, and the coefficients rij are calculated
using Equation 1.

Step 3: From the calculated coeflicients rij, these were weighted with the
pre-established and aforementioned weights.

Thus, the values of Vij (Equation 2) were calculated, which will compose
the following matrix, called matrix V (Table 2).

Step 4: From matrix V, the positive ideal solution (vj+) and the negative

ideal solution (vj-) were calculated. With such data in hand, the calculation of

Table 1- Barriers to organic solid waste reverse logistics (OSW RL) regarding the individual stakeholder generator.

Barriers References

Bl—Heterogeneous composition (mixture) of waste that hinders reuse/recovery

(Cerda et al, 2018; Gongalves et al, 2018; Behrooznia; Sharifi; Hosseinzadeh-
Bandbafha, 2020; Xiao et al, 2020; DellOrto; Trois, 2022)

B2—Difficulty in separating waste to obtain good quality reuse mass

(Lohri et al, 2017 Wei et al, 2017, Pour; Webley; Cook, 2018; Perteghella et al, 2020;
Xiao et al, 2020; Daskal et al, 2022)

B3—Aversion to the recovery of organic waste

(Pan et al, 2015; Pour; Webley; Cook, 2018; Naz et al, 2020; Daskal et al, 2022;
Carmen-Nifo et al, 2023)

B4—Social acceptance for the recovery of organic waste

(Pan et al, 2015; Uddin et al, 2021

B5—Understanding of biological processes for waste recovery

(Lohri et al, 2017 Naz et al, 2020)

B6—Limited technical knowledge of waste identification and separation

(Laner et al, 2015; Pan et al, 2015; Shen et al, 2015; Gongalves et al, 2018; Kazuva;
Zhang, 2019; Lunag et al, 2021; Carmen-Nifio et al, 2023)

B7—Lack of measures to incentivize waste recovery by stakeholders

(Siqueira; Assad, 2015; Hettiarachchi; Meegoda; Ryu, 2018; Kazuva; Zhang, 2019;
Behrooznia; Sharifi; Hosseinzadeh-Bandbafha, 2020; Khamkeo, 2021)

Source: Developed by the authors based on the literature.
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the positive and negative Euclidean distance for each of the alternatives that
make up the analysis begins. These calculations are made from Equations 3
and 4 (Table 2).

Step 5: With the values of the positive and negative Euclidean distances for
each alternative, the indicator Ci* is calculated. The higher the values of Ci*, the
better the results. These values range from 0 to 1. Equation 5 (Table 2) shows
how this indicator is calculated.

Step 6: Finally, the alternatives of the analysis were ordered according to the
values of Ci* that were calculated, creating a ranking of the alternatives accord-
ing to their degree of importance. Thus, information was obtained on which
barriers are most important regarding the difficulty in implementing OSW RL
in the city of Castanhal, Para.

RESULTS AND DISCUSSION

Descriptive analysis of the data

The object of this research refers to the city of Castanhal, Para, with a ter-
ritorial area of approximately 1,029.300 km” and a population of 192,256
inhabitants (IBGE, 2022), the most populous municipality in the northeast-
ern region of Pard and the third most populous in the Metropolitan Region
of Belém (MRB). In relation to SWM in the municipality, the disposal takes
place at the Pantanal landfill, where the total volume in 2019 was 80,000 tons.
Selective collection of 50 tons is carried out by cooperatives of waste pick-
ers (Brasil, 2020). The Pantanal landfill is considered a 1/11 environmental
liability in the state of Pard, categorized as inadequate final disposal. It has
a potential for waste reuse estimated at 235.96 tons per day (Brasil, 2020).
The municipal department responsible for household waste collection and
public cleaning is the Municipal Works Secretariat (Prefeitura de Castanhal,
2014). This research, as it deals with urban SWM, is related to the Sustainable
Development Goals (SDGs) 11—Sustainable Cities and Communities (target
11.6—municipal waste management) and 12—Responsible Consumption and
Production (targets 12.2, 12.4, and 12.5—environmentally sound management

and waste generation reduction).

Table 2 - Stages of the TOPSIS method.

From the survey conducted among individual waste generators, 196 valid
responses were obtained from October 2-30, 2023. The sample’s heterogene-
ity, when analyzing the neighborhoods where the respondents reside, showed
a 100% participation rate, considering the 28 neighborhoods listed on the
Castanhal City Hall website.

Regarding the age range of the respondents, there was mainly participa-
tion in the age group between 18 and 35 years, with 152 responses. The sample’s
heterogeneity regarding the participating age groups, when compared to the
population data of Castanhal (IBGE, 2022), was very low, only approaching the
data for the age groups between 36 and 60 years with 33 responses (16.84%).
This result reflects the audience of students and young people who volunteered
to participate in the survey, whose chosen locations, for convenience, for appli-
cation were university campuses and sports courts in Castanhal.

Regarding education level, the result reflects a predominant higher educa-
tion level (complete and incomplete) among 55.10% of the respondents, which

could contribute to their knowledge regarding the research topic.

Ranking analysis of barriers to organic waste recycling:
TOPSIS analysis

This section presents the result of the ranking with the application of TOPSIS, the
associated discussions, and their implications for theory and practice. To obtain
the ranking of barriers according to what respondents consider most determi-
nant for the context in which they are inserted, the data processed through the
TOPSIS technique were divided into three groups according to respondents’
experience regarding handling, reuse, and final disposal of OSW.

First, the average of the scores assigned by each respondent was calcu-
lated, as shown in Table 3; this step was executed for each of the statements
presented in this study.

The next step involved calculating and then normalizing using Equation
1, resulting in the matrix represented in Table 4.

Later, weights were assigned to each group of respondents, with the first
group, consisting of respondents with over 10 years of experience having a weight
0f 0.50, the second group consisting of respondents with between 5 and 10 years

of experience having a weight of 0.30, and finally, the third group, composed of

X11 X12 X1n Vi1 V12 - Vin
, X21  X22 Xon Vyy Vyp . Up
Matrix 1 D= Matrix 3 V=
Xm1  Xm2 Xmn Ymi Vm2 - Vmn
5 1/2
Equation 1 Equation 3 Sf — Z(U; _ U;_)Z
J |
1 Ti2 Tin 1Y/,
) 1 T22 Ton ) , , 2
Matrix 2 R= Equation 4 s = (17-- - y._)
L Yy ]
"mi Tmz - Tmn J 4
v = Wit * Si
Equation 2 ij — Wil Equation 5 ¢ = 7. N
(si + sl-)

Source: Singh et al. (2016).
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respondents with up to 5 years of experience having a weight of 0.20. From this,
it was possible to obtain Matrix V, as presented in Table 5.

Table 6 presents the result of the calculation of positive and negative ideal solutions.

From Table 6, the calculation of the values in Table 7 was carried out,
which correspond to the Euclidean distances from the positive and negative
ideal solutions. After this step, and using Equation 5, it is possible to calculate
the coefficient Ci*, which is used to generate the ranking of the statements
considered in this study.

In conclusion, by ordering the values of the coefficient Ci*, a compara-
tive ranking of the statements related to the barriers to the implementation of

reverse logistics for OSW in the city of Castanhal, Par4, is obtained. Table 8

Table 3 - Averages assigned to the statements.

Affirmatives Above Between 5 and Up to
10 years old 10 years old 5 years old
AFO1 4625 3282 3688
AFO2 7313 2538 3785
AFO3 6563 3795 3925
AFO4 6313 3564 4871
AFO5 6688 6.231 6086
AFO6 8438 7641 7194
AFO7 8188 7795 6.871
AFO8 5313 8026 7409
AFO9 4688 7641 7086

Table 4 - Matrix R with normalized values.

rij between 5

Affirmatives rij +10 years and 10 years rij up to5 years
AFO1 023 018 021
AFO2 037 014 022
AFO3 033 021 022
AFO4 032 020 028
AFO5 034 035 035
AFO6 043 042 o4
AFO7 o4 043 039
AFO8 027 045 042
AFO9 024 042 040

Table 5 - Weighted values of matrix V.

presents the results of the ranking of the statements and correlates them with
their respective barriers, with barriers B03, B04, and B05 being the three most
recognized barriers by the respondents.

The result identifies barriers 3 and 4 as the most determinants concerning
the recovery of organic waste (OW). The most significant barrier for respon-
dents refers to barrier 3, which deals with aversion to OW recovery. Therefore,
measures should be created to educate generators on waste management and
to raise awareness among them, ensuring proper waste management until its
final disposal (Hettiarachchi; Meegoda; Ryu, 2018). Considering that the cur-
rent waste collection method in the city of Castanhal does not require prior
waste separation, it is evident that a change in waste treatment culture is crucial
to reverse the current scenario. According to Abrelpe (2022), Brazil produces
approximately 82 million tons of solid waste annually, with the state of Para,
where Castanhal is located, being the largest generator of MSW in the north-
ern region, generating approximately 2.6 million tons/year (Abrelpe, 2022).
The Northern Region has the highest percentage of inadequate disposal, with
63.4% of MSW being sent to controlled landfills or open dumps (Abrelpe, 2022).
Only 0.41% of collected MSW comes from reused organic waste, with compost-
ing facilities representing 1.5% of MSW processing units in operation in Brazil,
while branch and pruning management units represent only 0.9% (Brasil, 2020).

Occupying the second position in the ranking is barrier 4. This barrier deals
with respondents’ acceptance of OW recovery, as public involvement is the key
element for adopting methods of organic waste utilization, increasing compli-
ance efficiency, reducing generation, waste segregation at the source, recycling,
composting, and reducing landfill volume (Gongalves et al., 2018; Lunag et al.,
2021). Waste recovery is a solution that would effectively address the problems
of improper disposal occurring in the city, open dumps, inefficient collection
systems, rodent infestation, and so on. Public acceptance of OW recovery and
conscientious consumption helps reduce food losses and decreases waste,
directly impacting SDG 12.3.1, as well as goals 12.5 and 12.5.1, aiming to reduce

waste generation through prevention, reduction, recycling, and reuse by 2030.

Table 6 - Positive and negative ideal solutions.

Solution criteria Over 10 years SR BEN Up to 5 years
10 years

|deal solution A+ 0213 0134 0084

0042 0042

Negative solution A+ onz

Table 7 - Distance from the positive and negative ideal solutions and Ci coefficient.

. . Fij +10 years rij between 5 rij up to5 years . . I.Dositive ideal Negative ideal - .
Affirmatives 0,50 and 10 years 0,20 Affirmatives distance calcu- | distance calcu- | Coefficients (Ci)
*0.30 lation (Si+) lation (Si-)
AFO1 012 005 004 AFO1 013 001 008593
AFO2 o018 004 004 AFO2 010 007 039488
AFO3 017 006 004 AFO3 009 005 036276
AFO4 016 006 006 AFO4 010 005 033262
AFO5 017 010 007 AFO5 006 009 060536
AFO6 021 013 008 AFO6 001 013 095153
AFO7 021 013 008 AFO7 001 013 093155
AFO8 013 013 008 AFO8 008 010 056382
AFO9 012 013 008 AFO9 010 009 049524

(m, Sanit Ambient v. 29, e20240024, 2024
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Table 8 - Ranking of statements and correspondence with barriers.

I T S Y S

It 0952 AFOG | have a good level of acceptance regarding the idea of
recovering organic waste. BO3 Aversion to organic waste recovery
2nd 0932 AFO7 | am willing to separate organic waste for recovery.
| am interested in using organic waste to produce
3rd 0605 AFO5 nter n using organic w produ BO4 Social acceptance for organic waste recovery
compost through composting.
| know the biological processes that occur in the Understanding of bioloaical processes for
4th 0564 AFO8 recovery of organic waste for compost production BO5 9 gicatp
v waste recovery
through composting.
Some incentives make it possible to separate, collect, Lack of measwres to incentivize waste recover
5th 0495 AFO9 transport, and perform other necessary processes to BO7 v
) by stakeholders
recover organic waste.
Sometimes it can be complicated to separate the Heterogeneous composition (mixture) of wastes
6th 0395 AF02 waste that can be turned into compost from the rest BO1 9 _ P
that hinder reuse/recovery
of the waste.
S 1 it be difficult t th te that
7th 0363 AFO3 OMENMes 1t can be i \cg O reuse thewaste tha BO4 Social acceptance for organic waste recovery
can be turned into compost.
ath 0333 AFO4 Itis necgssary to }have the technical knowledge tg turn BOG Limited technical knowledge Qf waste identification
organic waste into compost through composting. and separation
oth 0086 AFOI | separate the waste that can be turned into compost BO2 Difficulty in separating waste to obtain good quality
from the rest of the garbage. reuse mass

Barrier 5 occupies the third position in terms of determinacy in the ranking,
dealing with respondents’ understanding of the biological processes involved
in OW recovery. Generator involvement in the initial phase is the key element
for adopting segregation methods, increasing waste management efficiency
to ensure proper final disposal (Lunag et al., 2021). However, there are either
insufficient or no measures in Castanhal to encourage learning about practices
and their processes among the population. The portion of the population that
claims to understand and perform the necessary processes for transforming
OW does so based on empirical information about the process. Thus, there is an
urgent need for public policies aimed at generators with educational measures
to encourage the handling, source separation, and correct disposal of organic
waste (Siqueira; Assad, 2015).

Occupying the fourth position is barrier 7, which deals with the lack of
incentives to stimulate OW recovery by involved stakeholders. This governmen-
tal deficiency hinders separation, collection, transportation, and other processes
necessary for organic waste recovery. In addition to creating measures that sup-
port recovery incentives and are seen as extra benefits by stakeholders, such as
recycling programs and tax discounts, it is also necessary to adopt management
that favors OW recovery, avoiding the premature depletion of landfills (Siqueira;
Assad, 2015). The public authority in Castanhal indiscriminately collects waste,
without prior separation. The establishment of these incentives would contrib-
ute to achieving SDGs 11 and 12, specifically targets 12.3 and 11.6, which aim
to halve per capita food waste, reduce food losses throughout production and
supply chains, and reduce the per capita negative environmental impact of cit-
ies, including paying special attention to municipal waste management by 2030.

In the fifth position, barrier 1 is related to difficulties in waste separation.
According to Xiao et al. (2020), this barrier relates to poorly designed OW screen-
ing processes, excessively detailed waste classification standards, and inefficient
waste collection and disposal flows, mixing wet and dry waste. Stakeholders’
level of knowledge directly influences waste separation, leading to the sixth posi-

tion occupied by barrier 6, which deals with the technical knowledge involved

in waste identification and separation. Limited knowledge about OW recovery
or reliance on common sense complicates separation and prevents recovery,
with the greatest obstacle being the lack of information among those involved
(Pan et al., 2015; Lohri et al., 2017; Pour; Webley; Cook, 2018; Perteghella et al.,
2020; Xiao et al., 2020).

The last position in the ranking is barrier 2, which deals with difficulties in
waste separation and reuse. Wei et al. (2017) advocate that this difficulty arises
due to the lack of an efficient and comprehensive selective collection system in
terms of service coverage, so the absence of this system generates a high demand
for waste, and mixed collection of this MSW may contain significant moisture
concentrations in the organic composition, affecting composting processing and
commercialization. The implementation of mixed collection results in improper
waste disposal, and Castanhal lacks a collection system that considers prior
waste separation, using open dumps as the final disposal. This method depletes
capacity prematurely and causes contamination hotspots in the soil and water.

The result of this study indicates a gap in achieving SDGs (11 and 12), which
encompass the scope of this study and address sustainable cities; efficient con-
sumption, management, and production of natural resources, as the city con-
sumes and disposes of waste inadequately and inefficiently. The SDGs and their
targets consider waste management, food waste, recycling, and access to services
that optimize and dispose of this waste effectively. Therefore, Castanhal does not
meet SDG 11.6.1, which aims to measure the proportion of urban solid waste

collected and managed in controlled facilities by the total urban waste generated.

CONCLUSION

This study aimed to identify the barriers related to the implementation of OSW
reverse logistics for the generating stakeholder (individual), as found in the lit-
erature, and to assess the importance of these barriers using the TOPSIS method
based on the perception of individual waste generators in the city of Castanhal.

Additionally, the barriers were linked to SDGs 11 and 12 and their related targets.
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The contribution of this study lies in both the theoretical and practical
realms. Theoretically, it contributes knowledge about barriers in a geographi-
cal space, as there are few studies and research addressing waste management
difficulties in a given territory. By identifying and ranking the barriers to OSW
reverse logistics for the studied municipality, this study broadens the debate on
the subject, providing a basis for future discussions.

It also contributes practically. First, no empirical survey of these barriers
has been conducted for the studied geographical region, thus enabling public
policies and private initiatives to be adopted to overcome these barriers for
individual waste generators in the OSW reverse channel, providing a guide
to the challenges of implementing OSW reverse logistics. Second, because no
studies are addressing the difficulties of the OSW management scenario in the
study region, those difficulties are related to the actions of government agen-
cies to promote OSW reverse logistics in the territory and the motivation of
individual waste generators for the recovery of such waste.

Therefore, government agencies should pay closer attention to the man-
agement of urban solid waste and the problems caused by the poor man-
agement of these wastes, such as GHG emissions and climate change. Thus,
proper waste management and a reverse logistics policy for these materials
are of utmost importance, as they are aligned with the themes and principles
of SDGs 11 and 12.

There are limitations to this research. The first concerns the obtained
results, which cannot be extrapolated to other contexts. The second limitation
concerns the 0-10 scale used in the data collection instrument, which may
have hindered the response process, as it is somewhat confusing, tiresome,
and lengthy for respondents. Additionally, the research sample corresponds
to about 0.10% of the population of IBGE (2022), bringing a 7% error to the
research results at a 95% confidence level. This low adherence indicates that
despite the relevance of the topic and its impact on the daily lives of the pop-
ulation, there is still a lack of engagement with the issue. Lastly, despite the
use of digital means for the survey, where a larger reach of respondents was

expected, it was observed that respondents needed to be stimulated, with more

“face-to-face” contact, to participate in the survey, thus limiting the number
of people for this action/stimulus.

In conclusion, future work should be done to expand surveys with stake-
holders related to OSW reverse logistics in the other six municipalities belong-
ing to the Belém Metropolitan Region and conduct quantitative and statistical
surveys to validate the barriers. Additionally, it is suggested for future research to
improve the data collection instrument and the scale used, so that the obtained

responses directly reflect the reality of the respondent.
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