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Abstract

Electronical waste has become an important issue given the global environmental
impact that represents; this research aims to examinate the main effects of a diversity of
factors bearing the implementation of reverse logistics in electronic companies located
in Mexico. The analysis is carried out using a forgotten effects methodology. Thus, the
research problem is approached from the perspective of the elements that are included
in theory and academic research as factors that should be considered for a successful
implementation. The results showed that not considering formalization has a
significative effect in the reverse logistics implementation process. This article
contributes to the understanding of the way that using expert valuations can represent a
useful approach to identify the factors that affect the implementation of reverse logistics
in electronic companies.
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Resumen

Este articulo examina el impacto de diversos factores que inciden directamente en la
implementacién de logistica inversa en diferentes empresas del sector electrénico en
México. El andlisis se desarrolla desde la perspectiva de la ldgica difusa y de manera mas
especifica utilizando la teoria de objetos olvidados, los cuales muestran de manera
significativa aquellos factores que no han sido considerables. El problema se abarca desde
la perspectiva de los académicos y la teoria los cuales indican cuales son aquellos factores
que suponen éxito a la hora de implementar la logistica inversa. Los resultados muestran
aquellos factores que no fueron considerados desde el principio pero que en efecto afectan
y limitan de manera significativa la implementacion de la logistica inversa en las empresas
del sector electrénico en México.

Palabras clave: Logistica inversa, Economia circular, Desarrollo sustentable, Compafiias
electronicas.

1. Introduction

In the realm of supply chain management, there has been a recent surge of interest in the
recovery processes for products that reach the end of their useful life or are discarded by
consumers. These products, however, still contain value that can be reclaimed through
practices such as reuse, recycling, or remanufacturing. Thus, a line of research has been
developed on these product recovery processes, which can be found within the concept of
reverse logistics or closed supply chain management (Dekker et al., 2004; Flapper et al.,
2005). Historically, companies have shown a tendency to focus on product, economies of
scale were centralized, because profits were mainly a reflection of market share. The
outcome of this heightened focus is evident in the deteriorating environment and the
emergence of new theories, such as the circular economy, along with strategies like reverse
logistics. These approaches aim to not only alleviate existing pollution but also alter the
current trajectory.
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Therefore, the importance of having a different process globalized has emerged. This is
where the circular economy and reverse logistics converge on focusing on creating a new
process or a new way of doing logistics and consequently a new tendency for today’s
economy scenario. Reverse logistics processes have increasingly become more popular due
to several reasons. With growing concerns about environmental sustainability, businesses
are under increasing pressure to minimize their waste and reduce their carbon footprint. By
implementing reverse logistics into the product cycle, this allows for businesses to recover
and recycle materials and products that might otherwise go to waste. In turn, this helps to
reduce costs by optimizing inventory management and streamlining product disposition
(Huang Y., 2012)
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When reverse logistics is managed efficiently in the companies, several positive results are
obtained and competitiveness is maintained in each sector by reducing the use of resources
and redistributing the resources used to maximize their use (Phoosawad P., 2019). Once an
analysis of economic performance has been carried out, it has been competently
demonstrated that the implementation of reverse logistics has had a positive results in the
matter of economic performance, so it is possible to affirm that by implementing reverse
logistics, the impact of the company in society is positive and significant, both, in the
economic and environmental branch (Huang Y., 2012).

This article is organized as follows. After the introductory section, the theoretical
foundations of reverse logistics and circular economy are presented, as well as their
conceptual evolution. In the following section, the selection, analysis criteria and
methodological techniques employed are exposed, followed by an analysis and discussion
of results in the last part and conclusions, highlighting the most significant contributions
of this study.

2. Theoretical and conceptual framework
2.1  Sustainable business practices and reverse logistics

With the rapid growth of the global economy, there is a focus on resources and their
relationship with the environment, which have become the main obstacle to the
development. How to solve the conflicts between economic growth and high energy
consumption, as well as environmental degradation, has become a challenge for the world
(Juan, 2011). The theory based on sustainability focuses on a multidimensional
transformation for the modification of processes to promote sustainable consumption and
production (Markard, Raven, & Truffer, 2012,).
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One of the goals in developing new technologies and innovations applied to logistics is to
contribute positively to the preservation of the environment, (reducing ecological carbon
foot and ecological footprint). Carrion-Flores and Innes, mention that it can reduce waste
and environmental damage on the planet, as well as provide better goods and services at a
better cost, as well as create jobs for people (Garrette, Justin, Long, & Marcel, 2009, 1);
(Carrion-Flores, 2010). The circular economy represents a means of achieving the
implementation of closed supply chain or reverse logistics in material flows in the
economic system.

Continuing with the argument of these authors, Tetiana Ivanova, Robert Rogaczewski, and
Iryna Lutsenko (2019) highlights the importance of reverse logistics in promoting
sustainable business practices and its impact on various stakeholders, including economic,
environmental, and societal benefits. Reverse logistics contributes to environmental
sustainability as it can significantly reduce waste by recovering and recycling materials and
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products that might otherwise be discarded. This contributes to a more sustainable business
model and helps companies meet their environmental commitments (Ivanova, 2019)

Several authors, such as Srivastava (2019), Lai et al (2021), draw attention to the possible
harm that reverse logistics could do to the environment. While it is generally considered to
be a sustainable practice, there is still a lot of potential damage that it could cause to the
environment. In some cases, the remanufacturing or refurbishment of returned products
may require more resources than producing a new product, resulting in inefficient resource
use, and potentially increasing the environmental impact. If reverse logistics processes are
not properly managed, it could result in improper disposal of products, leading to
environmental harm, and pollution. Inefficient or improper reverse logistics practices could
lead to biodiversity loss due to the damage to natural habitats. For this reason, it is of utmost
importance to be able to properly identify all the factors that contribute to the proper
implementation of reverse logistics.

Regarding this, the incorporation of circular economy concepts is particularly important.
The concept of the circular economy has become a trending topic among various interest
groups, including numerous companies, governments, and academics. Its appeal lies in the
potential to contribute to sustainable development (Geissdoerfer, 2017) through a set of
activities known as circular strategies, which have been proven to be efficient and
productive (Ghisellini, 2016). One notable strategy is industrial symbiosis, wherein a
company utilizes waste, fluids, or emissions generated by another, incorporating them into
its own production process.

Lastly, several authors discuss the possible social effects of reverse logistics. In practice
this tool, can have both positive and negative effects on the economy. On the one hand, it
can lead to increased resource efficiency and cost savings, which can benefit businesses
and consumers (Guide and VVan Wassenhove, 2009). On the other hand, it can also result
in the loss of value and revenue for businesses and increased costs for consumers (Rogers
and Tibben-Lembke, 1998). In addition, the implementation of reverse logistics practices
can lead to job creation and economic growth (de Brito et al., 2003). Reverse logistics can
also have social effects, particularly in terms of consumer behavior and customer
satisfaction. By providing hassle-free return processes and reducing waste, reverse logistics
can help improve customer satisfaction and loyalty (Fleischmann et al., 1997). It can also
contribute to more sustainable consumption patterns by promoting the reuse and recycling
of products (Tibben-Lembke, 2002).
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According to the strong sustainable development approach, which states that the structure
and characteristics of the earth's ecological systems, life-supporting functions or the stock
of natural capital should be sustained (Ghisellini, 2016). This ecological sustainability
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should be represented through the concepts of stability and resilience, the former being the
ability of species populations to return to equilibrium after a disturbance, and the latter
being sustainable development and its indicators, which measures the propensity of the
ecosystem to return to its main structure after a disturbance or modification (lvanova,
2019). In this case, what is considered as the main disturbance to ecosystems are the
impacts of human activities and the argument for achieving sustainability is to avoid
impacts that reduce these two properties of ecological systems (Daly, 1989). Clearly, under
this approach, it is essential to integrate impact factors into the equation, so that those
factors that influence ecosystem well-being no longer have a negative impact on the
environment.

In view of this statement, it will be necessary to integrate or create a new corporate
sustainability index based on existing indexes, thus, the most used components and indices
of environmental sustainability are shown in table 1.

Table 1
Components and indicators of the environmental sustainability index
Component Index
Air Quality
Environmental systems BIOdIVGrSIt}_/

Water Quality
Water Quantity
Air pollution ‘

Stress on ecosystems
Environmental stress Waste and consumption pressures
Water stress

Natural resource management

Environmental health

. Basic human sustenance
Human vulnerability . .
Vulnerability to natural disasters
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environmentally related

Institutional capacity Environmental governance
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Eco-efficiency
Private sector responsiveness
Science and Technology

Participation in collaborative environmental efforts
Global Management Greenhouse gas emissions
Reduction of transboundary environmental pressures

Source: Yale Center for Environmental Law and Policy et. al. (2005).

As table 1 suggest, every component represents a construct measured by a set of variables
that includes the quality of the environmental systems that represents essential factors for
human life and well-being, as well as highlights the importance of institutional backup to
provide support to sustainable practices; thus, it is possible to take some of these indicators
as a reference and apply them directly to the companies, as well as part of the rest of the
indexes in order to build a sustainability index allowing the potential for implementation
of sustainable practices, including reverse logistics, to engage these companies into a
circular economy model of competitiveness.

2.2 Forgotten effects theory regarding reverse logistics

The forgotten effects theory is rooted in a mathematical model applied across various
knowledge areas, emphasizing reliable decision-making outcomes through a rational
selection of variables and expert opinions on the subject under investigation. This theory
is centered on the concept of incidence, a subjective notion linked to reasoned action,
explored within a network of links that may omit certain stages and overlook conclusions.
The notion of incidence is associated with processes of a sequential nature, wherein
incidents are transmitted in chains (Vizuete, Gil-Lafuente, Garcia, & Boria-Reverter,
2013).
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In this context, the theory incorporates experts' opinions regarding direct and indirect
relationships of effects on a given variable or construct. It has found application in Social
Sciences fields, with researchers utilizing it over the last 50 years (Gonzalez-Morcillo,
Horrach-Rossello, Valero-Sierra, & Mulet-Forteza, 2023).

Due to its specific characteristics, the forgotten effects theory has been extensively
employed in social contexts to investigate the causes and effects of various economic
phenomena. These include studies on entrepreneurship, tourism, innovation, international
trade networks, the value of exports, economic relationships, trade interdependence
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evolution, policy implications, and other industry-related inquiries (Chavez-Bustamante,
F., Mardones-Arias, E., Rojas-Mora, J., & Tijmes-Ihl, 2023).

Considering the development of the theoretical framework, the following parts of the
present research explain the methodology followed by the researchers, including the
operationalization of the variables explaining dimensions considered in the index of
implementation of reverse logistics for the selected sample of companies identifying those
related to causes based on the ESI model, and those related to effects in terms of
environmental stress reduction, reducing human vulnerability, as well as consumption and
production patterns, as it is included in the methodological development as follows.

3. Methodology

The literature about strategic management decision making is very varied, however one of
the noblest theories in the social sciences is undoubtedly the forgotten effects theory,
proposal by Kauffman and Gil Aluja (1988). The main focus is the function and incidence
in the work process as a chain. The use of this methodology makes it possible to obtain
qualitative information derived from the appreciation of experts group, whose knowledge
comes from experience in the field. The aim of article is to analyze the factors that influence
the implementation of reverse logistics and that are ignored or forgotten in electronic
companies in Mexico. The problem is approached from the perspective of the elements
required by the companies for the implementation of reverse logistics on a daily basis.

According to forgotten effects theory, the events happened around us are part of a system
or subsystem. Therefore, it is only logical that any activity is subject to a cause- effect
relationship. However, even though there are certain activities with a viable control system,
there is always the risk of omitting, either voluntarily or involuntarily, some causal
relationships that are not always evident or visible. Therefore, the forgotten effects theory
is in fact an innovative and effective approach that considers all the relationships of a
phenomenon minimizing errors that can occur in modeling (Gil-Lafuente A. M., 2011).
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3.1 Methodological Development

At the beginning of the methodological approach, an occurrence of Ai over Bj is taken into
account if the value of the membership functions of the pair of features (AiBj) is estimated
between [0,1] (the value of each cell of the matrix cannot be less than 0 nor greater than 1,
as if we had valued from 0 to 10, but in decimals); that is. e. V(aibj) = u(aibj) € [0,1]
(Kauffman & Gil Aluja, 1988).
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The set of evaluated elements defines the "direct relationship matrix"”, which for the
purposes of this paper is called matrix M, which shows the cause-effect relationships that
occur between the joint elements of set A and the joint elements of set B. So, the
representation of the sets is shown like this:

A={aili=1,2,...,n} : Reverse logistics implementation results.
B={bjlj=1,2,...,m}: Sustainability variables

From these data sets it can then be stated that the effects are cumulative, then a third set of
elements is required that differs from the first two (Kauffman & Gil Aluja, 1988). This
third set starts from the effects of set B, which will define the causal relationships on set a.,
thus creating set C.

The mathematical operator that will determine the intensity of the effects of set A on set C
Is the Max-Min composition:

McAxB,NcBxCandPc AxC(C
and the Kaufmann and Henry-Labordére (1977) equation is invoked to:
MoN=P

Therefore, it can be stated that the impact relation P defines the causal relations between
the elements of set A and set C in the intensity or degree of the elements belonging to set
B (Kauffman & Gil Aluja, 1988). To have a clear view of the criteria used for the
evaluation, the table of causes, the table of effects, as well as the semantic evaluation scale
shown to the experts, are shown below in table 2.
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Table 2

Causes of implementation of reverse logistics
Dimensions Index of Implementation of RL
Company C1 Reverse logistics formalization

C2 Certifications
C3 Infrastructure
C4 Costs
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Client C5 Participation
C6 Service
C7 Communication

Supplier C8 Eco-efficiency

C9 Corporate Responsibility
Product C10 Design

C11 Quality

C12 Classification

Source: Own elaboration based on the ESI Model 2022,

In table 2 the dimensions related to the main causes of the implementation of reverse
logistics are included, based on the ESI Model, these dimensions include some relevant
indicators related to the company, such as formalization, certification, infrastructure and
cost; those measurements are not only related to reverse logistics, but also represent
essential factors of competitiveness; also, dimensions related to clients and suppliers, that
are essential stakeholders for every organization and some characteristics of the product as
well, which are related to the main features that a good must present to be considered of
something of value for the market.

Now, in what comes to the dimensions that are related to the effects of sustainable
development that must be considered as part of the value proposition of the companies, the
next table 3 shows the indicators that must be considered to measure dimensions related to
environment, human vulnerability, as well as consumption, as it is included as follows.
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Table 3
Effects of Sustainable Development
Dimensions Indicators
environmental stress reduction E1 Waste reduction and consumption

E2 Natural resource management

Reducing human vulnerability E3 Basic human sustenance

Consumption and production patterns E4 Material consumption
E5 Generation and management of waste

10
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Source: Own elaboration (2023).

As it is possible to see, table 3 shows that every dimension considered in the effects of
sustainable development must be measured with specific and definite indicators, so it is
also clear how this dimensions can be measured to understand the sustainable development
of the companies considered in an objective and unbiased analysis, including
measurements related to waste reduction and natural resource management for
environmental stress reduction, basic human sustenance for human vulnerability and
indicators related to consumption and production patterns.

Having these sets of dimensions clearly identified, the next step is to define the semantic
scale including the levels that will be considered in the measurements of the present
research, as well as the semantic label related to the selected scale, that goes from 0.0 to
1.0 in terms of influence; the table 4 presents such information as follows.

o™

AN

o

[9\}

Table 4 o
] prd
Semantic Scale 2
Level Semantic Label 85:

0.0 No influence %

0.1 Very weak influence <

0.2 Weak influence s

N

0.3 Low influence Z

0.4 Moderated influence %

0.5 Medium influence %

0.6 Considerate influence 8

|

0.7 High influence LIDJ

0.8 Strong influence |<£

0.9 Very strong influence g

1.0 Total influence H:J

-

>

O

Source: Gil-Lafuente & Santoyo (2015).
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Table 4 shows a semantic scale based on the work of Gil-Lafuente & Santoyo (2015),
which proposes a measurement that includes different levels of influence, ranging from
“No influence” (0 in the scale) to “Total influence” (1.0 in the scale); this range of levels
allow to identify a difference in the intensity of influence that help to identify the relevance
of a given variable to understand the problematic situation.

Following that idea, the impact or influence of effect-cause, cause-cause and effect-effect
was estimated by 10 experts in sustainability, competitiveness, reverse logistics,
infrastructure, and supply chain management. By being aware of possible intermediate
impacts or influences, greater internal consistency can be achieved, according to Gento et
al (2001). The results are shown below in table 5.

Table 5
Cause and effects Matrix

Source: Own elaboration (2023).

Q

&

ﬁ El |E2 |E3 |E4 |ES5 %
C1 06 |05 |08 [02 [05 =
C2 06 |05 |08 |03 |06 %
C3 0.5 0.5 0.8 04 |04 Z
C4 0.7 0.6 0.6 03 |04 <
C5 08 |07 |07 |03 |04 =
C6 0.7 0.5 0.5 08 |0.3 <Zf
C7 0.7 0.7 0.8 05 |05 S
Cs 06 |05 |05 |04 |05 %
C9 0.6 0.7 0.7 04 |04 Q
C10 06 |05 |05 |05 [04 a)
C11 0.6 0.6 0.6 04 |04 <
(@p)]

C12 0.8 0.8 0.6 06 |06 E
(e

D)

>

O

Table 5 shows the level of impact of effect-cause in first place, considering that the
estimation was considered with the contribution of expert knowledge, it is possible to
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observe that the table shows most of the consideration of the experts that varies from
“Medium influence” (level of 0.5, with a total of 15 results, that represents a 25% of the
total considerations) to “Considerate influence” (level of 0.6, with a total of 14 results, that
represents a 23% of the total considerations); lesser common results were “Moderated
influence” (level of 0.4, with a total of 10 results, that represents a 17% of the total
considerations), “High influence” and “Strong influence” (level of 0.7 and 0.8 respectively,
with 8 results each, that represents a total of 13% each); the resting results presented a
lower quantity, which can show that the experts were not judging those cause and effects
using any extremes levels of interpreted degree of influence.

In what it comes to the matrix causes-causes, table 6 shows a matrix of 132 combinations,
that are represented as follows.

Table 6
Matrix Causes-Causes

Source: Own elaboration (2023).

As it can be seen in table 6, the table shows most of the consideration of the experts that
varies from “Medium influence” (level of 0.5, with a total of 40 results, that represents a
28% of the total considerations) to “Strong influence” (level of 0.7, with a total of 21
results, that represents a 15% of the total considerations); lesser common results were
“Considered influence” (level of 0.6, with a total of 20 results, that represents a 14% of the

™
AN
o
N
O
ﬁ C1 Cc2 C3 C4 C5 C6 Cc7 C8 C9 C10 C11 C12 zZ
C1 1 0.4 0.4 0.5 0.9 0.3 0.7 0.5 0.2 0.3 0.2 0.5 %
C2 0.8 1 0.6 0.5 0.5 0.3 0.8 0.8 0.4 0.4 0.3 0.5 8
L
C3 0.3 0.5 1 0.6 0.5 0.5 0.6 0.6 0.5 0.4 0.3 0.4 zZ
L
C4 0.2 0.3 0.2 1 0.4 0.4 0.5 0.3 0.6 0.6 0.6 0.5 <
C5 0.7 0.4 0.5 0.4 1 0.5 0.6 0.5 0.5 0.5 0.6 0.8 ;
C6 0.2 0.3 0.5 0.5 0.6 1 0.5 0.5 0.5 0.5 0.5 0.7 D)
Z
C7 0.7 0.6 0.5 0.5 0.7 0.4 1 0.4 0.5 0.5 0.4 0.5 <
Cs8 0.7 0.7 0.6 0.3 0.4 0.4 0.7 1 0.4 0.4 0.4 0.3 \5
C9 0.3 0.3 0.5 0.7 0.7 0.6 0.5 0.5 1 0.8 0.8 0.7 %
C10 0.5 0.3 0.5 0.6 0.7 0.6 0.5 0.3 0.7 1 0.7 0.7 8
C11 0.7 0.8 0.3 0.5 0.7 0.4 0.4 0.3 0.7 0.7 1 0.6 E
C12 0.5 0.5 0.5 0.6 0.7 0.6 0.5 0.3 0.7 0.6 0.6 1 &)
<
|_
LD
>
Ll
o
2
>
O
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total considerations), which is the same case for “Moderated influence” (level of 0.4). Next,
in relation to the effects-effects matrix, the Table 7 shows the following results.

Table 7
Matrix Effects-Effects

rb El E2 E3 E4 E5
El |1 0.9 0.8 0.7 0.6
E2 |08 1 0.9 0.6 0.6
E3 |07 0.6 1 0.5 0.7
E4 |08 0.6 0.6 1 0.5
E5 |06 0.5 0.6 0.5 1

Source: Own elaboration (2023).

These results are produced by subjecting to evaluation the possible direct influence on the
components of the implementation of reverse logistics on the sustainable development of
Mexico. As mentioned above, expressing the development phenomenon with this
evaluation is not enough, so it must be analyzed more deeply in order to explain the effects
on sustainability (not only for its direct causes but also for the cross effects). Thus, it is
necessary to develop two other cross-relationship matrices that present the influence of
indicators on sustainable development and how they are pursued in an interrelated manner.
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According to the explained model, from the max-min composition of the three previous
matrices, we run the matrix convolution according to the matrices observed in tables 5, 6
and 7, obtaining the matrix that collects the forgotten effects (Table 8), that is, the global
incidence that each one of the components of the implementation of reverse logistics has
on its sustainable development.

Table 8

Accumulation of forgotten effects

rb E1 E2 E3 E4 [E5

C1 0.1 0.2 0.0 0.7 (0.2
C2 0.1 0.2 0.0 06 |01

14
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C3 0.2 0.1 0.0 02 |03
C4 0.0 0.1 0.1 05 |0.2
C5 0.0 0.1 0.1 05 |03
C6 0.1 0.2 0.2 00 |03
Cc7 0.0 0.0 0.0 0.2 0.2
C8 0.1 0.2 0.2 03 [0.2
C9 0.1 0.0 0.0 0.3 0.3
C10 0.1 0.2 0.2 02 |03
C11 0.1 0.1 0.2 03 |03
C12 0.0 0.0 0.2 01 |01

Source: Own elaboration (2023).

Table 8 shows the accumulation of forgotten effects, which are highlighted in the case of
the indicator E4 (Material consumption), which is part of the dimension related to
“consumption and production patterns”; such result is evidently superior compared to the
remaining dimensions and variables, which ranges from 0.3 to 0.0, providing the evidence
that supports the idea of material consumptions having an important effect on sustainable
development.

4, Results and discussion
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The results show those variables that turn out to be not fully considered when implementing
a reverse logistics process; in that sense, they represent the current state of reverse logistics
in electronic enterprises in Mexico. These results can help at the national level—the
departments of spatial planning and the environment in higher territorial units in México
in the formation and creation of tools and strategies of environmental activities.

It is important to mention that the theory of forgotten effects allows the researcher to
analyze the direct and indirect impacts of the results of the implementation of reverse
logistics in companies of the electronic sector in Mexico within the framework of
sustainable development indicators. With this model it is possible to observe the secondary
effects (forgotten effects) that are not directly considered when seeking to implement
reverse logistics, as can be seen in table 9.
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Table 9
Major influence of forgotten effects
Implementation Sustainable M M2 M M-
reverse logistics development 1 C-E 3 M
C- E-
C E
C1Reverse logistic | E4 Material | 0.2 |0.9 0.7 |07
formalization Consumption
C2 Certifications E4 Material |03 |05 0.7 |06
Consumption
C4 Costs E4 Material |03 |05 0.7 |05
Consumption
C5 Participation E4 Material |03 |0.6 0.7 |05
Consumption

Source: Own elaboration (2023).

In relation to these results, in table 9 it can be observed that the estimated value of the
influence of actions for the formalization of reverse logistics and material consumption had
a score of 0.2. However, the formalization of reverse logistics has a strong average
influence on customer participation, and in turn participation has a strong influence on the
reduction of waste and consumption. Therefore, there are two effects that modified the
direct influence value on material consumption, giving rise to a secondary (forgotten) effect
of the mean influence on the formalization of reverse logistics on material consumption.
With these results, it can be observed that if the reverse logistics implementation process
is formalized in companies, a significant improvement of material consumption indicators
can be expected indirectly. This moderate influence can be seen below in Figure 1.

Figure 1
Moderate influence of formalization of reverse logistic in Material consumption
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R.L. Formalization } —{ 02 F———  Material comsuption

N /

Participation — { 08 ‘ Waste reduction

AN

Source: Own elaboration using software MIRO based on the results (2023).

The results of this study show that using expert assessments of sustainable development
policies, it is possible to identify the components of reverse logistics implementation that
affect Mexico's sustainable development. We were only able to identify maximum
neglected effects on the components of formalization, and on certifications, cost and
customer participation assistance that according to this study have impacts on the material
consumption indicators. If this sustainable development indicator is to be positively
impacted, policies aimed at these indicators should be considered to improve the
implementation of reverse logistics and thus promote a circular economy that leads to the
sustainable development of the country, in this particular area.

These results are consistent with Gonzales & Johansson (2021), who conducted a study
regarding reverse logistics in supply chain management, finding that the positive
environmental effects that can be achieved through a circular approach and by an increased
reverse logistics maturity level, and these products designed for circularity will prolong the
product life cycle and reduce the energy consumption.
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Also, there is another study made by Abid & Zahra (2021), that mentions how firms are
adopting sustainability in their activities, reducing the energy and material consumption
during manufacture by using existing components and reducing the level of monetary
expenditure of a given company producing or acquiring new components. Additionally,
Mbekeka (2021) contributes with some findings that revealed that practicing reverse
logistics on a small scale represents an important subject for manufacturers, government
agencies, policy makers, managers and researchers.

Another study that shows convergence in results is Piyathanavong, Garza-Reyes, Kumar,
Maldonado-Guzman, & Mangla (2019), finding that the manufacturing sector has served
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as an engine for the economic and social expansion, where several companies have
implemented operational environmental sustainability approaches including reverse
logistics and circular economy, among others.

For the mentioned studies, the forgotten effects theory allowed to carry out causal
relationships studies that allows to analyze direct relationships, helping to alleviate hidden
or forgotten relationships that may exist indirectly (Anido & Ancizar, 2021), resulting in a
valuable tool to understand complex problems in a comprehensive manner.

5. Conclusions

It is undeniable that the outcomes of diverse sustainable development indexes play a crucial
role in shaping public programs and policies aimed at fostering the sustainable
development of a country, thereby enhancing the well-being of its citizens, and preserving
its resources. Nevertheless, when applying the theory of forgotten effects to the context of
an emerging nation like Mexico, it becomes apparent that certain effects have not been
fully considered. This is evidenced by the identification of indicators within these indexes
that do not align with the observable results in the country's sustainable development.

In that sense, some indicators such as cost, certifications, logistics formalization and
customer participation have not been fully considered, since the cumulative effect of other
indicators are eliminating positive impacts that should be incorporated to consolidate
public policy efforts and programs for sustainable development and circular economy in
the country. This work points out the need to conduct a broader study on the influence on
sustainable development indicators to develop to propose programs and public policies to
promote and improve reverse logistics; thus, it is possible to clearly identify as
formalization area of reverse logistics has been an indicator of "forgotten effects” in this
area of development.

CyU REVISTA DE ECONOMIA, NUM. 46, ENERO-JUNIO 2023

Likewise, for future lines of research, it is recommended to measure the cause-effect of
waste and consumption reduction and design strategies to promote the five “R”, in addition
to reverse logistics.
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