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Abstract: This article aims to describe the current state of research on plastic waste management as a
circular economy practice at the end of the supply chain. The methodological strategy chosen was
a systematic literature review. The articles selected from the Web of Science and Scopus databases
were screened, and the research corpus consisted of 201 articles published in journals between 2014
and 2021. The results present 13 study categories, showing topics such as pyrolysis, business models,
Industry 4.0, and energy generation. The insertion of Industry 4.0 technologies is still in its initial
stages, comprising mainly the generation of inputs to reuse waste for 3D printers’ materials. Re-
garding energy generation, the insertion of processes such as pyrolysis for fuel generation stands
out. The proposed discussion in this article suggests a circular ecosystem in which wastes follow a
reuse flow according to their properties; incineration can be an option depending on the stage and
benefits generated from the removal of plastic waste from the ecosystem. The highlighted issue is the
scalability of the developed processes in the research, which is only possible if the state, universi-
ties, and civil society integrate efforts in the construction of a circular ecosystem infrastructure for
waste management.

Keywords: plastic waste; circular economy; supply chain; waste management; energy generation

1. Introduction

Concerning generated waste, it is estimated that each person produces an average of
1.3 kg of solid waste per day. Although this situation in itself is alarming the impact may
worsen, because the projection is that after the year 2100 waste generation will reach its
peak, where 11 million tons of waste could be produced per day [1]. Corroborating the
above ideas, ECYCLE [2] indicates that a small town with only ten thousand inhabitants
could produce about ten tons of waste daily. In this context, it is necessary to create
solutions to mitigate the impacts arising from a linear flow of waste that causes new virgin
materials to be inserted for the generation of products [3,4].

This being the case, the opportunity arises to discuss the adoption of a circular economy
perspective [5,6], this one being aimed at processes that link industrial ecology to waste
management [7,8]. Industrial ecology is used to analyze stages of the production processes
of goods and services from the point of view of nature, trying to mimic a natural system
to conserve the reuse of resources [7]. In a circular economy, the search for the well-being
of individuals and the preservation of the planet’s resources become relevant factors,
especially when discussing production and consumption systems based on technical and

Energies 2022, 15, 976. https://doi.org/10.3390/en15030976 https://www.mdpi.com/journal/energies

https://doi.org/10.3390/en15030976
https://doi.org/10.3390/en15030976
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0001-6482-8729
https://orcid.org/0000-0002-7012-0679
https://doi.org/10.3390/en15030976
https://www.mdpi.com/journal/energies
https://www.mdpi.com/article/10.3390/en15030976?type=check_update&version=1


Energies 2022, 15, 976 2 of 15

biological cycles [6,9]. Silva et al. [10] point out that production and consumption routines
in a circular economy should be thought about from the perspective of an economic system
analogous to biological ecosystems.

Therefore, the linear economy model of taking, making, and discarding must be re-
placed by the circular economy model, which is restorative and regenerative. The basic
principles of a circular economy include optimizing resources and minimizing system
risks [11]. A circular economy promotes reuse and encourages industrial symbiosis, trans-
forming the by-products of an industry or waste arising from consumption into raw
material that will be reinserted into the supply chain [4]. Thus, an industry cannot be seen
as a separate system, as the integration between the biological and technical systems causes
decisions about production and consumption to take into account inputs and outputs in
a circular and integrated manner [12,13]. The objective of a circular economy is to ensure
that materials remain for as long as possible in the production and consumption processes,
because even in more efficient supply chain systems there will always be waste genera-
tion, which must be eliminated or mitigated by symbiotic relationships with other chain
actors [10,14].

Waste draws attention to how plastic is perceived as a great villain [15]. Around the
world, barriers are created for the use of plastic, including in bags, straws, etc. The global
production of plastics reached 322 million tons in 2015, and in a report by the European
Commission [16] it was estimated that this number will double in the next 20 years. In
the EU, the plastics sector generated a turnover of EUR 340 billion in 2015. On average,
25.8 million tons of waste are produced in Europe, of which only less than 30% is collected
for recycling [16]. Calero et al. [17] highlight that, in the world, plastic waste represents
an important fraction of municipal solid waste, with 29.1 million tons of plastics being
introduced into the municipal waste stream in the EU annually, of which approximately
25% is still deposited in landfills.

Questions about the reintroduction of plastic into the supply chain are often based on
an economic view related to easy and cheap access to virgin materials [18]. However, we
realize that this perspective is sometimes short-sighted, as it does not take into account
externalities that are contemplated in a circular economy perspective. In the situation of
combating the COVID-19 pandemic, the benefits of plastic properties were made apparent,
as pointed out by De Sousa [19]. We can say that properties such as sealability, ease of
cleaning, and transport are beneficial in daily routines and adverse situations such as
COVID-19. Thus, the discussion cannot be conducted in a Manichean way about the life
span of plastic waste, but instead towards what we can do to responsibly reinsert it into the
same supply chain or other ones. A Manichean discussion is based on a dualistic vision of
good and evil, which does not take into account the inherent complexity of reality in the
management of plastic waste.

Despite this perspective there are actions aimed at banning plastics, as can be seen
in a message from the World Economic Forum [20], which highlights that 170 countries
have committed to significantly reduce the use of plastics by 2030. The problem here is not
reducing plastic but instead dealing with its life cycle. It should be stressed that because
plastic materials are versatile and light, they are widely used in the packaging, construction,
automotive, and food industries, among others. In Europe, according to PlasticsEurope [21],
plastics production reached nearly 62 Mt in 2018, with plastic packaging being by far the
largest plastics end-use market in Europe, with a 40% share. Additionally, according to
PlasticsEurope [21], only a third of post-consumer plastic waste in Europe is collected
for recycling.

As highlighted by Calero et al. [17], plastic waste represents an important fraction
of urban solid waste in most developed countries in the world. The authors indicate that
29.1 million tons of plastics are introduced annually into the EU municipal waste stream.
Lameh et al. [22] highlight that the production of recycled plastic is not economically
competitive yet. This situation is different from other waste, such as aluminum, which
demonstrates a positive accounting based on economic values related to the waste trans-
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action. In this sense, advances in dealing with plastic waste are often not particularly
perceived as beneficial, which is the opposite to actions by public and private actors to ban
it, which are popularly attractive.

Although the above situation is not an essential condition for conducting research, it
ends up influencing in some way the incentives of the private sector and the conduct of
public policies. Calero et al. [17] point out three possible actions to support the recycled
plastics market: (i) set taxes on the use of virgin plastics; (ii) introduce campaigns on
the environmental benefits of using recycled plastics; and (iii) encourage the production
of recycled plastics. Another action we advocate for is to think about the creation of a
symbiotic economic system based on the assumptions of a circular economy. Therefore, it is
necessary to analyze and develop a network of activities that generate inputs and outputs
that are aware of their collaboration with the entire supply chain, in addition to clearly
including public managers, researchers, and consumers [6,23,24].

Based on what has been presented, this research aims to describe how the management
of plastic waste is presented in research that contemplates a circular economy at the end of
the supply chain. The methodological strategy chosen to achieve this goal and answer the
research question was a systematic literature review (SLR). The justification for this choice
is given by the role of an SLR in helping to map and assess a specific intellectual structure
to develop a body of knowledge [25,26]. An SLR is a methodological procedure that uses
the literature as its main data source. This article contributes to the understanding in line
with the knowledge presented by De Sousa [27].

2. Materials and Methods

The research presented here adopted an SLR as the method with which to understand
the convergence of two relevant themes. The first theme is related to the management of
plastic waste and the second one is a circular economy. An SLR differs from traditional
narrative reviews in that it adopts a systematized scientific process that is replicable and
transparent [25]. In this sense, its use is justified by minimizing the bias in the construc-
tion of a theoretical corpus and enabling an audit trail of the decisions and procedures
applied [28]. An SLR also differs from bibliometric studies in its more qualitative bias, as
content analysis procedures are applied to categorize the research corpus based on the
critical and reflective reading [25].

The realization of this SLR followed the phases of the procedure prescribed by Pollock
and Berge [26]: clarify research goals and objectives; seek relevant research; collect data;
assess the quality of studies; synthesize the evidence; and interpret the findings. The phases
and activities presented here are intended to ensure rigor and robustness in this type of
research and guarantee its reliability. The first phase was determined by the question
that guides this research: “How is plastic waste management presented in research that
contemplate the circular economy at the end of the supply chain?” Thus, the Web of Science
and Scopus databases were used as the research sources. The bases adopted are justified
by incorporating the main journals, authors, and contents in the areas of administration,
engineering, computer science, and the environment, among others relevant to the field of
study of this research.

The string used to perform the searches was ((waste) AND (plastic) AND (circular
AND economy)). The survey was carried out on 15 May 2021. The use of the Boolean
operator “AND” allowed for control in the construction of the research base. Boolean
operators were applied whilst taking into account the intersection of the research areas
studied. It is noteworthy that no temporal filter was applied to make it possible to map
the entire production on the themes studied. The application of the aforementioned search
string brought results that underwent analysis and screening, as shown in Figure 1. In this
phase, we also followed the prescriptions of Pollock and Berge [26], which determine a
four-step flow for the construction of the analysis corpus.
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Figure 1. Search results in data sources. Source: adapted from Pollock and Berge [26].

Identification was the first step where the search string was defined. The second step
was the screening of the results, which aims to delimit the base of articles corresponding
to the research proposal. In the third step the eligibility criteria were applied, where the
base was evaluated according to the inclusion and exclusion criteria. Finally, the corpus
of analysis was constituted, thus composing the sample base of articles. The filter that
was applied to both databases defined the inclusion only of articles published in academic
journals, excluding articles presented in conferences or books, among other mediums, from
the database.

The inclusion criteria applied were: (i) dealing with plastic waste management in
the context of a circular economy, which comprises recycling, reusing, remanufacturing,
and reducing; (ii) dealing with the management of plastic waste at the end of the supply
chain; and (iii) dealing with models and techniques that allow the reusing of waste for
reinsertion through recycling, reduction, remanufacturing, and reuse. Following these
criteria, some examples of articles that were removed from the base were articles that dealt
with production processes to eliminate waste in the use of raw materials for production
at the beginning of the chain; articles that dealt with legal aspects or norms only in a
descriptive way; and articles that did not deal with plastic waste as a focus of study, but
with waste in a generic way.

After the constitution of the database, the selected articles were treated with the aid
of electronic spreadsheets in Microsoft Excel software. This software made it possible
to perform data analysis and present the results from the combination of quantitative
information by frequency analysis, as well as qualitative information by categorizing
the content of articles. This phase of the research also allowed us to present a relevant
descriptive analysis of the study carried out.

The last phase of this research was an analysis via the in-depth reading of the corpus,
consisting of 201 articles. A careful reading of the articles allowed for the categorization
of content, which enabled a grouping of findings and the comparison of categories. The
activities applied in this last phase are in line with the prescriptions of Pollock and Berge [26]
in phases to synthesize the evidence and interpret the findings. Although some quantitative
treatments have been applied, in this research we prioritized the qualitative analysis of the
articles to constitute a matrix that could represent the findings of this study.
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3. Results and Discussion

This section presents the results of this SLR after carrying out the collection and
analysis processes. Initially, the mapping of the articles that constituted the research corpus
is presented. Next, the categories highlighted after an in-depth analysis of the contents of
the articles are presented.

3.1. Mapping of Articles

The articles selected in the Web of Science and Scopus databases were screened, and
the research corpus consisted of 201 articles (Table 1). The articles that underwent an
in-depth analysis allowed us to understand how studies on plastic waste management
incorporate issues related to a circular economy at the end of the supply chain.

Table 1. Temporal analysis of journals and articles.

Journal 2014 2016 2017 2018 2019 2020 2021 Total

Waste Management 0 0 1 7 6 5 5 24

Resources,
Conservation and
Recycling

0 0 1 1 3 8 5 18

Journal of Cleaner
Production 0 1 0 0 3 11 2 17

Sustainability 0 0 0 1 1 7 6 15

Science of the Total
Environment 0 0 0 1 0 3 3 7

Waste Management
and Research 0 0 2 1 0 0 3 6

Green Chemistry 0 0 0 1 0 4 0 5

Materials 0 0 0 1 1 2 0 4

Procedia
Environmental
Science

0 0 0 0 2 2 0 4

ACS Sustainable
Chemistry and E 0 0 0 0 2 1 0 3

Environmental
Engineering and M 0 0 0 0 1 2 0 3

Polymers 0 0 0 0 1 0 2 3

Recycling 0 0 0 0 1 0 2 3

Total 1 4 5 20 39 77 55 201

% 0.5 2.0 2.5 9.95 19.40 38.31 27.36 100%

The 201 articles analyzed are temporally located between 2014 and 2021, as shown
in Table 1. We emphasize that the database consisted of 99 journals, and, for presentation
purposes, we included in Table 1 only the journals with three or more articles published on
the subject. For the purpose of counting the articles per year, we inform that the last two
lines represent the sum of taking into account the 99 journals searched. A relevant aspect is
that no time filter was applied, demonstrating that the circular economy theme applied to
plastic waste management is still incipient but has shown significant growth.

Important evidence in the data analysis is that after China officially banned plastic
waste imports in January 2018 [29] the number of articles published increased significantly.
We can say that interest in the subject is directly in line with changes in the global scenario,
including EU policies on waste management and circular economies. Actions to promote
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ecodesign and eliminate landfills are evident in publications on public policies and private
initiative actions in the EU.

Table 1 also demonstrates that the four journals with the most published articles, Waste
Management (24 articles), Resources, Conservation and Recycling (18 articles), Journal of Cleaner
Production (17 articles), and Sustainability (15 articles), together represent 37% of the research
corpus. Furthermore, it is possible to observe that the journals that constituted this corpus
were distributed over several fields of study, such as management, engineering, chemistry,
and technology, among others. This result allows us to infer that the themes studied here
can be considered interdisciplinary, because even after analyzing the intersection of the two
themes in the articles the studies transit through several areas. In this sense, it is possible to
state that the complexity of promoting the circular economy in plastic waste management
requires integrating different knowledge and social actors.

The methodological procedures identified in the analyzed articles are presented in
Table 2. The most evident method was laboratory experiments, followed by case studies,
theoretical articles, and statistical modeling. A relevant aspect in the analysis of the articles
is the delimitation of studies in experiments to understand, for example, the addition of
material in a process or changes in steps in a procedure, among other small-scale controlled
activities. Even when the articles are about case studies, the analysis of a specific situation
predominates, such as the analysis of the product’s life cycle, which is present in 29 of the
48 articles corresponding to this category.

Table 2. Analysis of applied methods.

Methods Number

Laboratory experiment 95

Case study 48

Theoretical 33

Statistical modeling 19

Survey 3

Interview 3

Total 201

The methodological procedures used and the results found in the articles point to a
considerable gap in the scalability of the application of the knowledge generated from the
research. Studies conducted in laboratory environments often had many restrictions on
their practical application to scale. We point out that this is one of the points that should
be strongly explored by companies and governments, as conducting, through fostering
studies, the advancement of the scalability of the solutions generated could contribute to
improving society in general.

The continuity of research is another relevant aspect in the analysis of the selected
articles. Based on the articles, most authors contribute only one or two articles. However,
despite the pattern detected and the limitations of the analyzed database, some names
are highlighted, such as Thomas Fruergaard Astrup (six articles), Joshua M. Pearce (five
articles), Roland Pomberg (five articles), Giorgia Faraca (five articles), and Renato Sarc
(four articles). This leads us to consider that, in the 201 articles analyzed, these authors are
important nodes for plastic waste management studies. Therefore, it can be inferred that
perhaps there is a lack of a greater incentive on the part of public and private agents for
research to continue.

On the other hand, it can also be said that in many cases the authors were involved
conveniently in the research, which the researcher had no intention of continuing from
the beginning. This situation concerning methods and researchers is worrying given the
complexity involved in waste management in general. Regardless of the contributions
that a survey can make to the practical and academic community, a survey is often just a
building block in an ocean of activities and processes. Each advance or revision counts, as
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long as they are treated continuously. As already pointed out, the case here is to think of
an ecosystem that can promote the convergence of knowledge that will contribute to the
scalability of solutions.

After mapping the metadata of the articles that constituted the research corpus, the
researchers proceeded to an in-depth analysis of the content of each article. The reading
and categorization of the contents led to classifying the articles into 13 categories, as shown
in Table 3.

Table 3. Study categories of articles.

Study Category Number

Mechanical processes 37

Assessment and prediction model 32

Pyrolysis/thermal cracking 30

Biodegradable plastics 30

Upcycling/downcycling 24

Addition of materials for depolymerization 21

Extending producer/consumer responsibility 19

Ecodesign 16

Plastic electronic waste 11

Industry 4.0 11

Construction 9

Business models 7

Energy generation 7
Source: survey data, 2021. Note: the metadata of the articles used in this research are available at the following
link: https://docs.google.com/spreadsheets/d/1uoZ-VoWheM4t73hEQCjI7LkyNjtmOF5j/edit?usp=sharing&
ouid=108544789876807678548&rtpof=true&sd=true (accessed on 24 January 2022).

The 13 categories found comprise an abstraction obtained from the reading of the
articles. It is important to clarify here that the process of the initial analysis of the articles
was individual; then, for the selection of the categories, the researchers of this research
were inquired. The categorization process was carried out through the discussion and
establishment of a consensus on which of the constituted categories each of the articles
adhered to the most. In the next section, the categories will be discussed in order to explain
the findings of this research.

3.2. Analysis and Discussion of the Categories Found

Based on the reading of the articles, the researchers sought to understand the focus
that each one of them presented. It should be noted that the same article can be in more
than one category depending on the way the research was presented. The first category,
by the number of articles published, was the one dealing with mechanical processes (37)
with which to recycle, reuse, remanufacture, and reduce plastic waste at the end of the
supply chain.

Articles related to mechanical processes discussed, among other topics: wet me-
chanical processing [30–32]; the identification and classification of waste in mechanical
processes [33,34]; the recirculation of post-consumer and industrial bio-based plastic waste
through mechanical recycling [4]; the technical–economic evaluation of the mechanical
recycling of post-consumer plastic packaging waste [35–37]; and the analysis of material
properties during and after the mechanical recycling process [38,39]. A relevant aspect in
the analysis of the articles is that although we are developing other processes, mechanical
processes are still, in many cases, the most adequate solution or complementary to other
initiatives, such as in “Advancing Plastic Recycling by Wet-Mechanical Processing of Mixed

https://docs.google.com/spreadsheets/d/1uoZ-VoWheM4t73hEQCjI7LkyNjtmOF5j/edit?usp=sharing&ouid=108544789876807678548&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1uoZ-VoWheM4t73hEQCjI7LkyNjtmOF5j/edit?usp=sharing&ouid=108544789876807678548&rtpof=true&sd=true
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Waste Fractions” by Schwabl, Bauer, and Lehner [30]. Here, we can reinforce the need to
gain scale for new opportunities to incorporate waste circularly.

Regarding the category with the second most amount of articles, assessment and pre-
diction models, there is the search for creating statistical models that help in the projection
of landfill capacity [40]; the projection of volumes and waste flows in the future [41–44];
and product life cycle assessments [45,46], among others. Articles in this category present
contributions mainly to the flow, saturation, and quality of materials, as well as their
properties. Additionally, it is worth noting that the articles in this category are based on
case studies, theoretical models, or laboratory experiments.

The third category is pyrolysis/thermal cracking, which comprises 30 articles. These
articles deal with the comparison of pyrolysis with other processes related, among other
aspects, with physicochemical properties [8,47,48]; simulations of the performance of solar
thermal energy for applications in pyrolysis [22]; and the production of fuel, bitumen,
solvents, and polystyrene [49–52]. In this category, technical and cost-related issues still
make scalability unfeasible, which leads to the aforementioned point of the need to encour-
age research to allow for process improvement and applicability due to the wide range
of opportunities.

Additionally, with 30 articles, the biodegradable plastics category features articles that
deal with the separation of bioplastics from other waste [4], processing and composting [53–55],
the benefits of bioplastics [56], and the reuse of bioplastics [57,58]. The main issues related to
bioplastics are still in their separation from other materials, a topic common to other categories,
in addition to their reuse and not simply composting.

The upcycling/downcycling category presented 24 articles, and according to the
researchers’ analysis it is difficult to differentiate between the two types of cycles due to
a simple economic evaluation [59,60]. A relevant aspect in discussions about value is the
scarcity or not of a good, its value and utility, in addition to the ability to mitigate negative
externalities arising not only from the first production cycle but from new cycles using the
same material, which can be evaluated as upcycling. This is a controversial issue, as some
articles treat the use of a certain amount of PET bottles to build houses as upcycling [60,61].
However, the effort and benefits generated can be questioned. Articles dealt with the reuse
of waste in the composition of other materials [38,62,63] and graphene nanosheets [64],
among other applications.

In the addition of materials for depolymerization category 21 articles were found. In this
category, the articles dealt with the mixture of different materials or catalysts for reprocessing
in a new production cycle [65–67]. The articles show studied materials’ properties, recyclability
rates, and post-treatment application opportunities, among other aspects.

In the extending producer/consumer responsibility category, 19 studies were found.
This category discusses the extent of post-production and post-consumption responsibil-
ities, which aim to stimulate a circular economy. A positive aspect in this regard is that
recommendations not only occur through negative reinforcement to take responsibility
through legislation and fees [68], but also with positive reinforcement, such as credibility
gains, emotional rewards, and legitimacy [18,59,69].

The ecodesign category had 16 articles, being treated as a way to reduce and reuse
waste in post-production and post-consumption [36,70], technical issues [71], and learning
about ecodesign [72,73] as well as packaging design [74–76].

In the plastic electronic waste category, 11 articles were found that dealt with the
complexity of separating plastics from other materials and contaminants, such as flame
retardants and catalysts [77,78], using this type of waste for the manufacturing of other
materials, such as plastic wood [79], recycling feasibility studies [80], and the transformation
of waste into energy by incineration [81]. This category draws attention not for the number
of articles but for the research opportunities, given the volume of this type of waste in a
digitized society.

In the Industry 4.0 category 11 articles were found in the research corpus. A rele-
vant aspect is that this category has become a largely researched topic in several areas.
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Researchers try to understand the changes caused by topics such as big data, cloud comput-
ing, artificial intelligence, and the Internet of Things, among others, in societies in constant
transformation. Despite this, nine out of the eleven articles here specifically deal with the
recycling of plastic waste to transform it into an input for 3D printers [53,82,83]. Regarding
the use of plastic waste as an input for 3D printers, these articles were considered as adher-
ing to the Industry 4.0 category because somehow this process of materials reintroduction
influences the equipment and production of these printers. The other two articles deal
with a blockchain system with multi-sensors and artificial intelligence [84] in addition to a
plastic waste processing technique based on a combination of a logarithmic sorting process
and color plus high-resolution near-infrared (NIR) sensors [85]. Van Engelshoven et al. [85]
describe logarithmic sorting as a developed mathematical analysis that is applied to ease
the effort in sorting materials, in principle, to be logarithmic rather than linear.

In the construction category nine articles were found. The articles deal with pro-
cessing plastic waste to transform it into bituminous pavement [86,87] and concrete
composites [88,89]. The articles studied here demonstrate the great potential for gains
by inserting plastic waste to mitigate environmental impacts and the quality of the prod-
ucts generated.

In the business model category, seven articles were found that dealt with recycling
incentives for consumers and producers [90–93], transactions between different public
and private actors [94], and theoretical studies on barriers and opportunities [95]. The
business model category presents several opportunities, but it is still very incipient. An
interesting aspect is a comparison between developed and developing countries, as the
interest in financial incentives in the former cause less impact than business models geared
towards awareness.

In the energy generation category, seven articles were found dealing with how to
transform waste into energy through incineration [17,81], as well as comparing the gains
of reusing waste in a new production cycle or incinerating it [56,96]. The articles also deal
with the insertion of processes such as pyrolysis for fuel generation [97,98].

4. Research Propositions and Opportunities

An important insight from the analyzed articles is that landfills and recycling centers
must be rethought in their concepts. Collection, selection, and processing points should be
understood as “Circular Economy Industrial Units”. Our understanding here is not only of
a new nomenclature but of a concept that symbiotically determines a point of facilitation for
the flow of waste in a circular fashion. In this way, various social actors from the public and
private sectors, or even from the non-governmental sector, could synergistically think of a
circular ecosystem where waste, after leaving the factories of products and their respective
packaging, can be received, sorted, or even processed for a destination in another link of
the chain.

A relevant aspect when thinking about this ecosystem is the evidence of many small
companies participating in a circular waste chain. Institutions that collect and process
waste often have a limited capacity to interact with large producer organizations, or even
participate more actively with public agents or consumers. In this context integrating
agents are needed, which could be public actors, such as local politicians, or consortia of
companies that could organically absorb the responsibility for managing or facilitating this
ecosystem. At this point, we realize that the performance of many agents in this type of
supply chain is often only through the commercial transaction of waste, which is the focus
of business models based on the generation of some financial return [95].

The separation of materials is a great challenge, but it is also urgent to gain scale from
the various ideas presented in these studies. Thus, producers, consumers, and other agents,
such as public managers and recyclers, can better understand their roles and responsibilities
by thinking symbiotically about a circular ecosystem. As Dijkstra, van Beukering, and
Brouwer [95], as well as Ma, Park, and Moultrie [69], pointed out, fragmentation by actions
related to laws and taxes does not bring as many benefits as engagement and awareness.



Energies 2022, 15, 976 10 of 15

In this sense, actions to build a sustainable ecosystem must be thought of taking into
account the externalities arising from the non-reuse of waste. The solutions should not only
be aesthetic, such as using PET bottles to manufacture a house, which often do not consider
scalability. Assessing the value generated from reuse is not a simple task, as can be seen
in predictive and evaluative models [41–44], as not only should the monetary value of the
products created after recycling be considered; the costs of inserting virgin inputs into the
same chain should also be considered [18,45,46].

Regarding bioplastics, the discussion must be deepened so as not to fall into the trap
of superficial assessments. We understand that the contribution of plastics to a circular
economy is precisely in their properties, which can be better explored when considered
within an ecosystem. Some examples are sewage treatment or the reuse of plastic waste
from electronics in power generation systems, as presented in the studies by Calero et al. [17]
and Butturi et al. [81]. Composting is still relevant when changing processes or interrupting
supply flows. The same goes for incineration, as the volume of waste and the diversity of
materials makes any fragmented view generate benefits in a more limited perspective but
much more harm when compared to the environmental macrosystem.

The scalability problem raised can also be understood as a lack of interest by public and
private agents. In this sense, the insertion and awareness of consumers in the ecosystem is
inevitable [18,59,69]. The creation of fees or purposeful legislation is not enough [18,45], as
the institutionalization of behaviors must be understood as something long-term. Although
this reasoning is not new, it is often seen as a demonization of plastic without necessarily
discussing its properties and opportunities. An example of this aspect can be seen when
reading the articles, as a large part of them builds an argumentative line mimicked from
information about plastic waste in the oceans. This is a discussion that needs to be further
developed and consider the specifics of each study. A complex and multifaceted topic
such as plastic waste and a circular economy cannot continue with a mimicked isomorphic
perspective that becomes common sense.

5. Final Remarks

At the end of this research, it is possible to say that the categories raised can contribute
to a better understanding of what is being researched in plastic waste management at the
end of the supply chain. As pointed out, topics such as pyrolysis, business models, and
Industry 4.0 are still incipient, especially the latter two, which apparently depend less on
technical knowledge and more difficult-to-access equipment than the former. It is noted
that the insertion of the theme Industry 4.0 into waste management is an opportunity both
from a research point of view, as well as contributions to society in general. The use of
technologies such as cloud computing, artificial intelligence, and the Internet of things
could bring significant benefits in the operationalization, forecasting, and control of waste
flows. Another option is to use blockchains in new business models to implement a circular
economy in waste management.

We emphasize that the discussion about banning or reducing the use of plastic is often
evident, but it is important to distinguish where only ideological discussions take place
that distance themselves from rationality based on facts. The gains arising from advances
in the circular insertion of plastics and their waste into the economy are many, in addition
to the benefits of their properties, which in the case of food products could be incorporated
into the vision of “packing as a service” [99]. In this sense, it is noted how much plastics
helped in the pandemic situation caused by COVID-19, not only for their ability to seal
and protect but also for their reuse. Another example that can be discussed is the use of
recycled plastic in the mobility industry. We can try to understand better how much energy
efficiency has been gained by inserting plastic into cars, trucks, buses, or even scooters.

A very important aspect evident in this research is the requirement to use interdis-
ciplinarity to seek solutions for constructing of a circular plastic waste ecosystem. The
integration of various areas of knowledge, such as political science, chemistry, and engi-
neering, among others, helps to understand this ecosystem. Studies that deal only with a
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fragment of a complex system, such as this one, bring great contributions but do not allow
its scalability. In this sense, we emphasize the importance of creating interdisciplinary
centers fostered by public and private agents. As highlighted above, a certain lack of
continuity in the surveys was evident, which may be the result of the lack of incentives or
integration strategies.

Regarding the limitations of this study, we can say that the complexity of the theme
makes the analysis of the research corpus a challenge. The knowledge required to un-
derstand the research corpus ranges from sociology and political science to understand
social relations, the right to understand tax and legal aspects, as well as engineering and
chemistry to understand waste processing. Despite this, if on the one hand this complexity
becomes a limitation, on the other hand it presents opportunities for collaborative actions
in an interdisciplinary way. Another limitation is the use of words for the search strategy,
as the inclusion of words that also refer to studies that include plastic, such as PVC, PE,
and PET, among others, could considerably increase the database and make the qualitative
analysis of the articles unfeasible. We therefore suggest that new articles can delimit the
search for one of the cited elements.
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