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1. Introduction
Plastics are materials of high versatility in the industry, with applications in different sectors of the economy and
growth prospects in the production of 4% per year until the year 2030 [1]. However, the plastic industry is facing
several problems, such as the effects of climate change, the growing demands of customers towards the design of ecoefficient products and the use of plastic waste, due to the low degradability of this material, since it takes between 100
to 1000 years, depending on the type of plastic, generating negative environmental impacts on the environment.
Worldwide, less than 10% of plastics are recycled, compared to 90% of metals, according to PlasticsEurope [2]. In
this regard, the waste recycling landscape maintains inequalities worldwide, for example, while in countries such as
the Netherlands and Germany the level of efficiency in recycling reaches 98%, in Colombia waste recycling rates do
not exceed 20% so that the remaining 80% of waste ends up in sanitary landfills, open garbage dumps, rivers and
public roads, generating pollution and negative impacts on the environment [3]. Among the causes that affect this
problem are the absence of processes of recycling processes and deficiencies in the control and stimulus of the
government to promote the use of clean technologies, good practices and integrated management systems focused in
the corporate sustainability [4, 5], where reverse logistics is shown as an approach that helps companies optimize the
use of resources and continuously monitor the negative impacts of their activities on the planet [3].
This work based on the concept of reverse logistics, for the identification and diagnosis of good practices and trends
in waste management in the plastics industry, which allows the generation of added value and the contribution to
sustainable development. The paper presents first, a literature review on reverse logistics. Then, the methodology
framework is detailed. Subsequently, the results and analyses are shown, with the identification of good practices and
trends, the diagnosis of behaviors in the use of good practices in reverse logistics and the design of improvement
strategies. Finally, conclusions and future works were presented. This research project was developed with the
objective of the application of good practices and trends in reverse logistics in the plastic industry ‘companies through
the 3-phase methodology approach.
2. Reverse Logistics: A brief literature review
The management and use of solid waste have been studied and analyzed at an academic and business level, from
the last three decades of the 20th century to the present. The first studies date from the end of the 70s with the
development of distribution channels for recycling [6]. Nevertheless, it was not until the decade of the 90s that the
inverse logistics approach was defined as a planned, implemented and controlled process that manages resources and
information flows focused on the recovery of the value of waste and the reduction of environmental impacts [7].
At the level of state of the art, some studies have been developed to design optimization models, application of
multicriteria decision methods in reverse logistics [8], and identify good practices and trends in the application of
reverse logistics [9] in sectors such as glass [10], automotive, electronics and consumer electronics [11] and recycling
of plastic waste [12]. However, from our point of view, the scientific literature about the use of integrated approaches
for the identification and diagnosis of good practices and trends in waste management in the plastics industry is mostly
limited. Therefore, this work has a contribution to increasing the scientific literature related to trends and business
practices applied in the plastic industry and offers an innovative methodology for the diagnosis and continuous
improvement [19,20,22] in the development of useful methods in reverse logistics in the plastic industry, generating
value for companies and the environment.
3. Methodology
The investigative method used is described as follows. The project is framed within the analytical, descriptive and
prospective study; because data and information of the present were collected and analyzed, with the aim of proposing
improvements strategies based on reverse logistics. The design of the survey for evaluation taking into account the
AHP technique with the contribution of experts that validate the factors and sub-factors based on the literature review
in correspondence with the ISO 14001. This survey was applied in a sample of 35 companies of plastic industry in
Colombia.
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The proposed approach aims to evaluate the performance in adoption of good practices and trends in plastic industry
based on reverse logistics trough the integrated framework between the literature review and the use of an evaluation
instrument designed and validate by experts based on Analytic Hierarchy Process technique (AHP). Regarding
methodology, a 3-phases has been proposed to develop this research (refer to Fig. 1):

Fig. 1. Methodological approach for evaluating performance in adoption of good practices and trends in plastic industry based on reverse logistics

 Phase 1 (Identification of Good Practices and Trends): In this stage, we conducted a search in databases such as
Scopus, of published articles related to the analysis of trends, good practices in the management of plastic waste
and application of reverse logistics. Likewise, a documentary review of websites of plastic companies was carried
out to identify strategies, projects, programs and reverse logistics practices. Different methodologies, such as,
statistical diagrams were used;
 Phase 2 (Diagnosis of behaviors in the use of good practices in reverse logistics): In this stage, an instrument of the
evaluation was designed and applied in companies in the plastic sector, taking into account the good practices and
trends identified in phase one, the standard ISO 14001, and the use of multicriteria decision techniques. The
objective is to identify the companies in Colombia with the best performance standards regarding the
implementation of good practices for the management of their plastic waste;
 Phase 3: (Design of improvement strategies): In this phase, we identified the critical variables [13,14, 21] in the
implementation of good practices in reverse logistics for the plastic industry. For the identification of the critical
variables, we calculated the GAPS, or percentage differences between maximum score and score obtained as a
result of the evaluation in reverse logistics, using Eq. 1.
𝐺𝐺𝐺𝐺𝐺𝐺 (%) =

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 −𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑚𝑚𝑚𝑚𝑚𝑚
𝑆𝑆𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑚𝑚𝑚𝑚𝑚𝑚

× 100

(1)

Finally, we defined improvement strategies to promote the generation of sustainable value in the sector.
4. Results
4.1. Identification of good practices and trends in reverse logistics
In this phase, we conducted a search in database Scopus®, of scientific publications using the keywords "reverse
logistics" OR "green logistics" AND "plastics", from 1992 to the present, for identify trends and good practices in the
management of plastic waste and the application of reverse logistics. The search allowed to identify 78 articles that
complied with the keywords. Also notes that scientific publications have increased since the year 2010, although still
the development of Investigations on the inverse logistic or green logistics is still limited and little studied in the
plastic sector in stage 1, about 78 articles related to the keywords "reverse logistics" OR "green logistics" AND plastics

370
4

Genett Jimenez et al. / Procedia Manufacturing 41 (2019) 367–374
G.Jimenez et al. / Procedia Manufacturing 00 (2020) 000–000

were found, which were analyzed to determine their usefulness against the objectives of the study, that is, to identify
trends and good practices in the handling of plastic waste.
On the other hand, in Fig. 2a, it is observed that 65.8% of the publications on the subject come from scientific
articles and 19.7% are conference papers, the remaining 14.5% correspond to other publications such as book chapters,
articles of revision, among others. As for the documents found by area of knowledge, 22.8% are in the field of
Engineering, and 18.1% correspond to the Business and Administration area (refer to Fig. 2b).

Fig. 2. (a) Documents by type; (b) documents by subject area (Scopus database)

Based on this search and review of websites of plastic companies, we identified good practices and projects related
to the inverse logistics approach. These approaches including analysis and risk prioritization, the use of multicriteria
techniques for the provision of resources, the use of programming models by objectives for the planning of sustainable
inverse logistics operations, the application of recycling, reuse and reprocessing processes and the development of
alliances with groups of interest. Concerning good practices identified and the drivers in reverse logistics [9,12] are
closely related to the elements adopted in an environmental management system under the ISO 14001 standard, as
shown in table 1. All the above helped to elaborate on the diagnostic instrument validated by experts using the Analysis
Hierarchy Process (AHP) technique.
Table 1. Relationship between the elements that make up the high-level structure of the ISO 14001 (2015) standard with
drivers and good practices in the implementation of reverse logistics.
Elements of the High Level Management
Structure ISO 14001: 2015
1. The context of the Organization: Identification
of Stakeholders

2. Institutional Leadership: Environmental
leadership, Environmental Policy, Responsibility,
and authority.

Drivers in the implementation of Reverse
Logistics

Authors

Size of the company, strategic alliances, Extended
responsibility of the producer, customers,
environmental concerns, environmental needs, social
needs, economic needs, social drivers, competition,
political and economic conditions

Janes et al. (2010), Kapetanopoulou y Tagaras
(2011), Lau y Wang (2009), Kannan et al.
(2012b), Jindal y Sangwan (2013), De Brito y
Dekker (2002), Rahman y Subramanian (2012),
Chiou et al. (2012), Mittal y Sangwan (2014)

Awareness of senior management,
citizenship, internal controllers

Janes et al. (2010), De Brito y Dekker (2002),
Ravi et al. (2005), Mittal y Sangwan (2014)

corporate

Fleischmann et al. (1997), Rubio (2003), Ravi et
al. (2005), Lau y Wang (2009), Rahman y
Subramanian (2012), Kapetanopoulou y Tagaras
(2011), Jindal y Sangwan (2013), Janes et al.
(2010), Kannan et al. (2012)
Tyagi et al. (2012), Rahman y Subramanian
(2012), Chiou et al. (2012), Fleischmann et al.
(1997), De Brito y Dekker (2002), Ravi et al.
(2005), Jindal y Sangwan (2013)

3. Planning: Risks and opportunities, aspects and
environmental impacts, environmental objectives
and goals, legal requirements, plans in
environmental management.

Environment and ecological issues, legislation,
compliance with obligations to protect the
environment, Strategic approach to avoid returns,
codes of conduct

4. Support: Competence, awareness, resource
management,
communication,
documented
information.

Economic factors, resources and integration and
coordination, strategic costs, recycling costs,
facilities, information, economic drivers

5. Operation: Operational control, contingency
programs,

Disposition, Retrieve return value

Janes et al. (2010), Dowlatshahi, S. (2000).

6.
Performance Evaluation: Monitoring,
measurement, analysis and evaluation, internal
audits, review by management,

Performance visibility, recycled volumes

Janes et al. (2010), Chiou et al. (2012)

7. Improvement: Non-conformities, corrective
actions, and improvement.

Improvement
satisfaction

in

customer

service,

Customer

Lau y Wang (2009), Autry et al. (2001).
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4.2. Diagnosis of behaviors in the use of good practices in reverse logistics
In this step, it began with the selection of companies belonging to the plastic industry. This allowed, in the first
place, the choice of some representatives of these companies as experts for the validation process of the factors and
sub-factors taking into account the good practices and trends identified in phase one, the standard ISO 14001, and the
use of multicriteria decision techniques (AHP method) through the design of a survey.
In this regard, the survey was applied to a sample of 35 companies of the plastic industry in Colombia using Eq. 1
for the calculation of the sample size when the population is finite, that is when the total population is known.
𝑛𝑛 =

(𝑒𝑒 2

𝑍𝑍 2 ∗ 𝑝𝑝 ∗ 𝑞𝑞 ∗ 𝑁𝑁
∗ (𝑁𝑁 − 1)) + 𝑍𝑍 2 ∗ 𝑝𝑝 ∗ 𝑞𝑞

Where the parameters of the equation are the following:
• N = Total population = 39 companies
• Zα = Statistical value normal distribution, for a confidence level of 95% = 1.96
• p = probability of success = 0.5
• q = probability of non-success = 1 - p (in this case 1-0.5 = 0.5)
• e = study estimate error = 0.05

(1)

On the other hand, a decision-making group was selected to validate the factors and sub-factors through the
application of AHP technique [8,16], for the diagnosis in good practices and trends in the implementation of reverse
logistics in the companies of the plastic industry given they expertise in these topics. Regarding the selection of
decision-making group, three types of experts were found to be meaningful for the decision-making process: Leaders
of production or environmental departments of the selected companies (three experts were chosen, one expert
representing small companies, and one expert from medium-sized companies and one representative from large
companies). The second type of expert is a consultant in environmental management and reverse logistics. Finally,
the third type of expert is one representative of the academic sector linked to environmental management,
sustainability, and the application of multicriteria decision methods.
The multi-criteria hierarchy was then verified and discussed during multiple sessions with the expert decisionmaking team to establish if it was accurate and understandable. The final decision model with which the diagnostic
instrument was designed and applied is presented in Fig. 3.

Fig. 3. Multi-criteria decision-making model to evaluate the application of good practices and trends in reverse logistics in companies of plastic
industry

Subsequently, the experts first validated the factors and sub-factors described in Fig. 3 by paired comparisons
taking into account the importance of one factor / sub-factor concerning the other, as shown in Fig. 4 and taking into
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account the scale of the reduced AHP scale is considered by the decision makers when making comparisons (Refer to
table 2).

Fig. 4. Data-collection instrument implemented for AHP judgments
Table 2. Reduced AHP scale
Reduced AHP scale
1
3
5
1/3
1/5

Definition
Equally important
More important
Much more important
Less important
Much less important

From the Validation of the factors and sub-factors using the AHP technique, the global weights (GW) and the
calculations of the consistency indexes in the judgments were obtained for the evaluation factors, with which the
diagnosis of the good practices in the application of reverse logistics, which are observed in Table 3. The results
obtained evidence that the "leadership" factor (GW = 33.4%) is the most relevant at the time of evaluating good
practices in the implementation of the Reverse logistics, followed by the "planning" factor (GW = 17.8%), the context
factor (GW = 16.3%) and the "improvement" factor (GW = 13%), which can determine the success of the plastic
companies in the implementation of good practices, programs and trends in reverse logistics seen as a cycle of
continuous improvement.
Table 3. GW and consistency values of factors for diagnosis in good practices and trends in reverse logistics (AHP method)
Cluster

GW

Cluster

Consistency ratio (CR)
0.09

Context of the organization (F1)

0.163

0.09

Institutional leadership (F2)

0.334

0.10

Planning (F3)

0.178

0.07

Support (F4)

0.052

0.09

Operation (F5)

0.061

0.01

Performance evaluation and improvement (F6)

0.213

0.05

Fig. 5. Structure of the survey for diagnosis of the application of good practices and trends in reverse logistics
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Subsequently, the survey was applied in the 35 selected companies (71% of the companies considered to belong to
the SME segment and 29% of the large companies.) The survey consists of six components or factors, each with
questions associated with the sub-factors within each element as shown in Fig. 5. Each item is rated by the companies
taking into account the following evaluation scale adapted from [17] (refer to table 4).
Table 4. Rating scales for the application of survey
Rating scale
1
2
3
4
5

Level
Without application
Basic
Advanced
Expert
Mature

Description
Not implemented
There are plans to implement it at the related levels
It is beginning to be implemented at related levels.
It is applied in most of the related levels of the company
It is applied at all levels of the company

4.3. Desing of Improvement Strategies
Finally, with the calculation of the weights of the factor and sub-factors, the scores of the diagnosis in good
practices in reverse logistics of each of the participating companies were calculated, and the ranking of the companies
was obtained as shown in Fig. 6. In the top five, 3 companies are in the large segment, and 2 companies are in the
medium-sized section, these companies have more than 20 years of antiquity, and their operations are developed both
nationally and internationally. On the other hand, small companies were located in the last places of the ranking, so it
is necessary to design and implement plans for improvement in their overall performance. Table 5 shows an example
with the results of one of the companies analyzed and the calculation of the GAP [13,14,18], at a general level and by
the factor, which serves as the basis for the approach to improvement strategies, both at an individual level as per
business segment. For example, for the company analyzed in Table 10, despite the excellent results obtained, it must
design and implement strategies to improve the associated factors of "Planning" (F3), "Support" (F4) and "Operation"
(F5) in order to increase the performance in adoption of good practices and trends in reverse logistics.

Fig. 6. Pareto diagram with ranking of classification companies when assessing the performance in application of goods practices and trends in
reverse logistics
Table 5. Example of results diagnosis in application of good practices and trends in reverse logistics
Company: C1
Score obtained company
Score max
% of compliance
GAP

F1
15
15
100%
0%

F2
15
15
100%
0%

Factor
F3
F4
24
14
25
15
96.0%
93.0%
4.0%
7.0%

F5
17
20
85%
15%

F6
20
20
100%
0%

Total
Score
105
110
95%
5%

4. Conclusions
The results of this study allowed identifying that the Leadership factor is the most important when evaluating the
application of good practices in reverse logistics. This factor depends on the other elements being developed, without
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neglecting other important criteria such as planning, the context and improvement, which affect the support processes
and operations to recover the value of the products. It was identified that the large companies are the ones that present
the best performance in the use of good practices in RL. There is a potential for improvement, not only for these
companies, but also for the medium and small ones, where the improvement plans should be developed to a medium
and long term. It is also necessary to take into account the characteristics, resources and culture of each company.
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