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Abstract: The reverse logistics process (RLP) has become a key process for the supply chain (SC)
given its importance for treating the increasing quantity of returned or recovered products and its
impact on sustainability. However, the RLP is complex and involves a high degree of uncertainty
and difficult decisions that affect SC efficiency. One of the aspects that can help the most to reduce
this complexity and to improve SC efficiency is to formalize this process. The consulted studies agree
on the numerous benefits of RLP formalization, but no tools, methodologies or specific solutions
were found that help companies to advance in this matter. This work aims to develop a specific
tool for RLP formalization so that its efficiency can be increased, leading to an improvement of SC
sustainability. The main results comprise a reference model for RLP (RM-RLP) and an associated
methodology so that any company can formalize its RLP by modeling its activities. The proposed tool
(RM-RLP and methodology) is applied to a closed loop SC of relaxing chairs as an example of RLP
formalization, proving its usefulness and, additionally, the improvements that can be reached in three
RLP key indicators: total process duration, customer response time and the perceived autonomy and
trust of the workers participating in the process.

Keywords: reverse logistics process; sustainability; supply chain; formalization; reference model

1. Introduction

Many products at the end of their useful life either generate or become toxic harmful
waste for human health and the environment. Not properly handling this waste can
seriously damage the environment and the ecosystem in general [1]. These waste-handling
problems, together with the overexploitation of natural resources and the limited capacity
to sustainably absorb all the generated products, are raising society’s awareness about
respecting environmental conservation [2].

This situation leads public administrations to approve new laws that favor the reuse of
raw materials, minimize environmental impacts and extend products’ useful lives [3]. This
means that companies have to manage recovery reverse flows and product treatment [4]
and define sustainability-based policies [5] to comply with legislation and reduce environ-
mental impacts, as well as maximize the economic value of its products and production
processes to improve their society image [6–8]. In short, supply chains (SCs) feel com-
pelled to adopt reverse logistics (RL) activities for competitive, marketing, economical and
environmental reasons [9].

RL can be defined as “a process whereby firms can become more environmentally
efficient through recycling, reusing and reducing the amount of materials used” [10].
One year later, the Council of Logistics Management proposed a definition that
more explicitly refers to the reverse flow of products: “the process of planning,
implementing, and controlling the efficient, cost effective flow of raw materials, in-process
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inventory, finished goods, and related information from the point of consumption to the
point of origin for the purpose of recapturing or creating value or proper disposal” [11].

Incorporating a reverse logistics process (RLP) and building appropriate SC partner-
ships have become relevant issues given their importance in operations, customer service
and, more particularly, in sustainability [12–15]. In fact, the ability to manage returns has
become a critical success factor for many firms [16].

However, although there are multiple benefits and drivers for a company to implement
RL [17], only a few companies have appropriate strategies for managing product return,
while most tend to ignore it, anchored to the conventional approach of traditional or
forwards SCs [18]. This is due to the introduction of RL into organizations being not trivial
for several reasons.

First, because it involves a strategical decision that requires evaluating a large set of
criteria that includes strategical, operational, tangible and intangible dimensions [13]. Sec-
ond, because there are several important barriers that make RLP implementation extremely
difficult [19]. Finally, because the companies have been operating with direct distribution
systems for many years and they forget that the RL is based on a new concept and that its
design, based exclusively on direct logistics, can make it inefficient and expensive [20].

In this sense, traditional inventory management models and ordering policies, for
example, are unsuitable in RL [21], mainly because order and inventory variance ampli-
fication impact SC dynamics [22]. So the success of RLP implementation requires a new
point of view, as well as the coordination of forward and backward flows of materials and
information [23].

Another important aspect that makes RLP implementation and management difficult
is the lack of formalization. A lack of formal policies may inhibit the effectiveness of
RL [16] and can be detrimental for this process, especially when senior management states
the general objective of the process but no clear consensus has been reached about what
operations are needed and how they must be carried out by the involved personnel [24].

Formalization refers to the level at which rules, procedures, instructions and com-
munications are established and written so that all stakeholders understand what is ex-
pected [25] which is, therefore, a key aspect to guide and control intrafirm or interfirm
(i.e., SC) operations [26]. Thus, drawing up a formal plan can help employees to manage
RL programs/processes in a more effective and controlled manner [27]. For this reason,
the RLP formalization level may be a clear indication of the degree of a company’s control
over its RL operations [28].

Having a formalized RLP allows firms to properly manage customer expectations as
regards returns [16,28] and may also benefit organizations [24,28]. Moreover, formalization,
along with up-skilling the people involved in recovery activities, are important enablers
for developing the RL system [29].

It is widely believed that formalization enhances performance by eliminating ambi-
guity and clarifying priorities while developing rules and procedures [29–31]. This RL
formalization also reduces complexity [32] and can improve a firms’ efficiency because
standardizing repetitive activities does away with the need to treat every event as a new
decision [33]. In an RLP, formalization can mean, for example, decision rules to deter-
mine whether products should be scrapped, discarded, repaired, overhauled or sold on a
secondary market [34,35].

For all these reasons, and given the continuing rise in product returns in today’s
e-commerce environment, many companies attempt to formalize their RLP [36]. Un-
doubtedly, lack of standardized processes has become a key RL challenge in the early
formalization and RL field [37]. Accordingly, Huscroft et al. [24] suggest, for future re-
search, ways to increase RLP formalization to convert these processes into profit centers
within organizations, which is perhaps one of the areas that most requires further schol-
arly research.

Despite the evident relevance of RLP formalization for SC efficiency and effectiveness,
it is not an easy task to identify, structure, define or standardize its operations and, therefore,
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to act in a clear consensual manner against cases of returned or recovered products. This is
not only due to the high uncertainty in the quantity, quality and timing of reverse flows,
but also to the marked casuistry and wide variety of possible states in recovered products,
along with those responsible for this matter lacking confidence and training in this matter.
The consulted studies clearly identify this problem and document and extensively describe
it, but do not offer any tools or specific solutions for company practitioners to move toward
RLP formalization.

In order to bridge this gap, the present work proposes a reference RLP model (RM-
RLP) that includes all the RLP casuistry so that companies can use it as a pattern or an
example to formalize their own RLP and to improve SC sustainability. To supplement
this reference model, a 3-step methodology was developed to guide companies to swiftly
and simply formalize and design their own models. The proposed methodology is based
on the method of selecting or eliminating the generic activities contained in the reference
model in accordance with each company’s case to represent and formalize the RLP of each
specific case. After presenting the RM-RLP and the methodology, an application example
is included to demonstrate the usefulness of the proposal which can serve as a guide for
future applications.

The methodology followed to develop these three results (RM-RLP, methodology and
application example) consists of the following steps: (1) identification of the macro-activities
of the RLP from the analysis of the literature review; (2) validation of the macro-activities
and its detailed description in procedural format, based on our experience and knowledge
of the RLP of several companies with which we have been working in recent years and
the information obtained in the literature review; (3) development of the reference model
based on the BPMN 2.0 language; (4) proposal of a methodology to guide users in the
process of adapting the RM-RLP to each company’s particular case; (5) application of the
RM-RLP and the methodology to a closed loop SC; and (6) validation of the RM-RLP and
methodology through the formulation of three hypotheses based on three performance
indicators related with the efficiency of the RLP.

The remainder of this paper is organized as follows. Section 2 presents the conducted
literature review to describe the relationship among RL, SC and sustainability concepts,
to identify the activities comprising RLP and to justify the importance of RLP formal-
ization. Section 3 describes the proposed RM-RLP and an easy methodology for its use.
Section 4 offers a case study in which the proposed RM-RLP is applied, while in Section 5
a quantitative assessment of the usefulness of that tool is conducted by validating some
hypotheses related to the expected improvements derived from the RLP formalization.
Finally, Section 6 draws some conclusions and future research lines.

2. Theoretical Background

Several studies have evidenced and quantified gains and savings due to sustainability
initiatives in SCs [38]. So in the past two decades, sustainable SC management (SSCM),
which integrates environmental, social and economic goals across a focal firm’s SC pro-
cesses, has emerged as an approach for firms to improve sustainable (i.e., environmental,
economic and social) outcomes in their SCs [39]. Firms are increasingly considered ac-
countable for the sustainable outcomes of their internal operations and their suppliers’
operations [39]. Thus, to a certain extent, SSCM is considered the advent of a new era that
incorporates environmental performance, social performance and economic contribution,
which has been referred to as an intersection of three sustainable development spheres [38].
In fact, sustainable development is presently considered a critical goal for organizations
given its impact on achieving long-term competitiveness, and sustainability has made
firms rethink their strategies and situation in the market [12].

Carter and Rogers [40] defined SSCM as “the strategic, transparent integration and achieve-
ment of an organization’s social, environmental, and economic goals in the systemic coordination
of key inter-organizational business processes for improving the long-term economic performance
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of the individual company and its supply chains”. Other definitions of this concept can be
consulted in the works of Ahi and Ansari [38,41].

According to Ansari and Kant [38], integrating sustainability concepts into SCs’ core
business functions enables organizations’ competitiveness to improve. Hence, transforma-
tion from SCM to SSCM places considerable pressure on organizations that work to modify
their existing SCs to fulfill sustainability requirements. However, establishing SSCM to
manage sustainability in SCs is still a difficult target to reach [39].

Researchers link sustainability concepts with SCM through different perspectives
using various terms [38,41], for example: SSCM and green supply chain management
(GSCM) [42], environmental sustainability [43], sustainable SC quality management (SS-
CQM) [44] and RL/closed loop SC and social sustainability [45].

On the other hand, sustainability theory directs organizations to incorporate various
types of practices [38]. Some are more environmental- or economic-oriented, such as
returning products to producers at their end of life (reverse logistics), the eco-friendly
handling of returns and the diffusion of environmentally friendly strategies at each SC
level, and others are more social-oriented ones, such as providing better working conditions,
fair compensation, equal human rights and cultural diversity.

Of all these practices, that which undoubtedly and most strongly impacts SC sustain-
ability is RLP incorporation [12].

RL has become a key competence of modern SCs [46], mainly for its importance
for recovering the value of products and managing their disposal [11]. Geng et al. [47]
demonstrate that RL shows an overall moderate impact on three performances: economic,
environmental and operational. RLP also helps companies to comply with governmental
regulations, reduce the use of raw materials and waste generation and improve their image
with customers and society in general [7,8,45]. Thus, SCs feel compelled to adopt RL
activities for economic, environmental, marketing and competitive reasons [9].

Therefore, some authors such as Narayana et al. [48] highlight that RL management
is a key element for fulfilling the sustainable development goals of any organization.
According to Winter and Knemeyer [49], a review of the existing sustainable SC literature
determines that RL forms part of sustainability due to recycling aspects and green SC issues.
Moreover, Morgan et al. [50] even merge the terms of sustainability and RL into the concept
of sustainable reverse logistics. Adapting this concept to recent sustainability literature,
they define the concept of sustainable reverse logistics capability as “the organization’s ability
to develop ways of responding to changing partner, customer, and environmental sustainability
requirements by way of RLP management”. In their research, empirical evidence is provided to
address the importance of sustainable reverse logistics as a key component of a successful
SC strategy.

This clearly shows the relationship between RL and sustainability concepts [51], and
is one of the reasons why more attention has been paid to the strategic application of RL to
improve the claim of products at the end of their useful lives [17,45].

This work proposes a reference model to guide companies to formalize their RLP
as a means to improve SC sustainability. Initially, the literature search was focused on
process-based reference models for the RLP formalization, using for that the keywords:
reverse logistic and reference model. No relevant studies were found so this search was
redirected and expanded to other ones, allowing to obtain information about the RLP
composition and its formalization. Therefore, the remainder of this literature review section
contemplates two main issues: (1) works that help to know the RLP in detail, its activities
and its operation and (2) works that address the relevant aspects of RLP formalization.
The following keywords have been used for the search of relevant literature about these
two main issues: (1) reverse logistics and (process, activities, disposition decision), and (2)
reverse logistics and formalization.
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2.1. RLP Activities

The work of Rogers and Tibben-Lembke [19] analyzes several definitions of RL. Their
analysis shows that, from the work of Carter and Ellram [10], the word “process” is included
in the definitions of RL. A process is, in turn, defined as “ . . . a collection of activities that
takes one or more kinds of input and creates an output that is of value to the customer . . . ” [52,53].
Incorporating this word into the RL definition therefore recognizes that RL is a set of
activities. In this section, precisely those activities making up the RLP are identified by
reviewing relevant publications in order to, and based on these activities, propose a generic
model that can be used as a reference for designing RLPs in specific companies. As some of
these activities are repeated or are similar, only the descriptions that are strictly necessary to
provide a minimum understanding of the RLP operation are provided. Having identified
RLP in this first part of the section, a framework for a comparative analysis of the consulted
literature was conducted.

One of the relevant works about RL is that of Fleischmann et al. [54]. These authors
divide the RLP into the following activities: (1) collection, which refers to the action
of collecting the recovered products and physically moving them to some point where
subsequent operations can be performed; (2) selection, consisting of determining each
product’s treatment—from this point onward, flow separation comes into play between
reprocessing and disposal operations; (3) reprocessing, which implies transforming a used
product into a newly usable product; (4) disposal, consisting in deciding which path the
products that cannot be reused for technical or economic reasons must follow; and (5)
redistribution, which refers to the action of marketing reusable products to a potential
market and physically transferring them to potential future users to be reused.

According to De Brito and Dekker, [55], the overall RL activities are confined to
(1) collection, followed by (2) inspection/selection/sorting activity, (3) reprocessing and,
finally, (4) redistribution. Reprocessing can be more or less light and is discriminated into
two groups. The first is direct recovery, where returned products are in an as-good-as-new
condition and anyone can directly reuse, resell and proceed to redistribution. The second
group, process recovery, involves more elaborate reprocessing.

Agrawal et al. [56] present their review of the literature about the RLP and identify
the same four key stages as in Banihashemi et al. [12]: (1) product acquisition, which is the
process of acquiring used products, components or materials from end users for further
processing; (2) collection; (3) inspection/sorting; and (4) disposition, defined as treating
the product for repair, remanufacturing, recycling, reuse or final disposal, depending on
the disposition decision made to either recapture value or dispose of it.

Another interesting study that reviews the literature on key RLP activities is that by
Sangwan [57]. This paper aims to describe the various sub-activities, decision variables
and performance indicators that constitute the following three basic RL SC activities: (1)
collection; (2) inspection and sorting; and (3) product recovery, an important activity to
manage the flow of products or parts destined for remanufacturing, repairing or disposal,
and to effectively use resources.

In the work by Sellitto [58], the RL activities in three companies are analyzed with
the purpose to identify opportunities to recover value from waste in the process industry.
These activities were the following: (1) waste identification, (2) collection, (3) sorting, (4)
compaction, (5) intermediate storage, (6) recollection, (7) transportation, (8) delivery and
(9) value recovery.

Presley et al. [13] propose a management methodological framework based on RL
activities that is used as a vehicle to frame decisions using corporate sustainability. For
these authors, RLP contains the following activities: (1) collection, (2) separation and
inspection, (3) storage, (4) disassembly processing, (5) shredding and grinding, and (6)
outbound logistics.

In slightly more detail than previous works, Genchev et al. [28] identify the following
RLP activities: (1) initiate returns, where the customer seeks a return approval from the
firm or sends the return directly to the returns center; (2) determine routing, that is, the
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mode of transportation and destination of returned products; (3) receive returns, which
includes verifying, inspecting and processing the returned product by selecting disposition;
(4) select disposition, which consists in assigning codes to the processed return and the
accurate determination of disposition options; (5) credit customer/supplier, which involves
charging payment back to the buyer’s account, including credit authorization and potential
claim settlements with customers; and (6) analyze returns and measure performance, which
establish appropriate controls.

Concept of sustainability and logistics is discussed by Rad and Gulmez [59], focusing
on environmental, economic and social dimensions of sustainable logistics. In this study, a
detailed list of RLP activities is also mentioned: (1) planning, (2) collecting, (3) transport,
(4) storage, (5) processing, (6) receiving, (7) recycling, (8) packaging, (9) shipping, (10)
reducing, (11) management, (12) elimination and (13) controlling.

Han and Ponce-Cueto [60] propose a theoretical framework to help companies formal-
ize their reverse logistic programs and divide the whole RLP into: (1) initiating returns,
(2) transporting returns to collection points, (3) receiving returns at collection points, (4)
the inspection/separation procedure and (5) the reprocessing procedure. The last two
operations, which focus on treating facilities for returns, can be carried out by (6) treating
returns in-house or by outsourcing. Finally, related activities also include: (7) feedback to
the customer/supplier, which refers to sending feedback about a buyer’s requirements,
including credit authorization and claim settlements with customers; and (8) measuring
RL formalization performance, which defines the metrics to measure product or process
performance.

An important part of the RLP is formed by the treatment alternatives for recovered
products. Alarcón et al. [51] reviewed the literature on this matter and conclude that
the widely accepted alternative dispositions are: (1) direct reuse and resale, (2) repair, (3)
refurbishing, (4) remanufacturing, (5) cannibalization, (6) recycling, (7) incineration and (8)
landfilling.

Having identified the main activities (macro-activities) making up the RLP after
reviewing previous works, a framework for their comparative analysis was proposed. For
this purpose, one of the most widely accepted RL definitions in the scientific community
was recalled, that of Rogers and Tibben-Lembke [19], which, as previously mentioned
in the Introduction, draws on the proposal of the Council of Logistics Management and
defines RL as “the process of planning, implementing, and controlling the efficient, cost effective
flow of raw materials, in-process inventory, finished goods, and related information from the point
of consumption to the point of origin for the purpose of recapturing or creating value or proper
disposal” (p. 130).

An analysis of this definition allowed us to verify that the same three macro-activities
to describe the RLP are mentioned: planning, implementing and controlling. Besides, these
three macro-activities roughly coincide with the general phases of a business process’ life
cycle [61].

This RLP review also shows that no consensus has been reached about the activities
that make it up. The consulted works differ in not only the number of activities making
up the RLP, but also in the way they are named and even their level of detail (i.e., the
decomposition level of the process). By contemplating this heterogeneity, an initial frame-
work was defined to make a global comparison of all the works which comprised the
three macro-activities mentioned in the previous definitions: planning, implementing and
controlling.

A more in-depth RLP review confirmed that most of the activities mentioned for the
RLP correspond to the implementation or execution phase in the process which, in turn, is
also the most relevant phase for our work. This is because the proposed reference model
aims to guide companies to define and formalize their own RLPs, where operation or
execution activities are particularly relevant. For this reason, in a second iteration, we have
expanded or disaggregated the implementing macro-activity into three activities, regroup-
ing and reorganizing the most mentioned and determining activities in the literature. In
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this way, a somewhat more exhaustive framework has been obtained that can be used to
present, in a global way, the main findings in the consulted literature.

These three activities are:

1. Collection and transport. They consist of collecting and taking the product from
the customer to the company. Regardless of how the process starts, the customer
starts/generates the process while the company ends up treating the product. There-
fore, this first stage connects the customer with the company.

2. Inspection and sorting. In this activity, the company inspects and assesses the product
collected from the customer. This stage is crucial for the RLP because, by means of
the product disposition decision (DD) made, each product is inspected to determine
what to do with it (reuse, intervene in the product to place it back on the market, use
of components or controlled removal).

3. Product disposition. With this activity, the company delivers products to its environ-
ment depending on the different disposal alternatives.

Next, we present the proposed framework for the comparative analysis of the con-
sulted works (Scheme 1). This scheme has as many rows as consulted works. There are also
six columns, of which the first is used to reference each work while the others represent the
main RLP activities. This allows the activities proposed for each work to be allocated to the
right columns corresponding to the main RLP activities.
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As previously mentioned, the framework clearly shows that most of the activities men-
tioned in the consulted works appear in activities collection/transport, inspection/sorting
and disposition, which correspond to the RLP execution or implementation macro-activity.

However, the consulted works do not show a sufficiently detailed and complete vision
to facilitate RLP formalization. To this end, a reference model is presented in the next
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section, in which the activities corresponding to the RLP implementation or execution
macro-activity are defined in more detail.

2.2. RLP Formalization

Increasingly more researchers are attaching importance to formalization in RL, and
research contributions on this topic have increased since 1985 [60]. One of the main rea-
sons for this interest is its positive impact on the sustainable outcomes of SCs. The other
reason is the importance of RL as a response to increasing commercial returns, especially
in e-commerce [36]. This is becoming a real problem in the modern hypercompetitive mar-
ketplace, where firms vigorously compete based on customer service and are consequently
more liberal than ever before in allowing returns [62,63]. Indeed, many firms will accept
almost anything sent back up the channel, regardless of the reason or condition, if they
perceive that doing so can benefit the customer relationship [63,64].

Formalization was initially defined as a concept that “denotes the extent to which rules,
procedures, instructions, and communications are written” [25]. Genchev et al. [28] offer a more
concise definition where formalization refers to the “written rules and procedures agreed on
about a particular business operation”.

Some other researchers highlight that formalization can be implemented with such
tools as articulated and/or written policies, job description and roles, organizational-
responsibility charts, strategical and operational plans, objective-setting systems, stan-
dardization of processes and formalized communication systems, which are intra- and
interfirm [65,66].

According to Ruekert et al. [31], the greater the formalization of a given task, regardless
of being organized internally or externally, the greater the efficiency of its performance,
especially when the following conditions occur: task duration is short, the task is repetitive,
performance outcomes can be easily and accurately assessed and the task environment is
stable and not complex. It is worth noting that, if an organization attempts to increase the
formalization of a task when these conditions are not met, efficiency is likely to decrease.

Formalization can be developed at two levels [31]. In internal organization structures,
formalization is increased by developing and enforcing rules and standard operating
procedures. In external structures, formalization increases as the procedures to be followed
by suppliers are spelled out in more detail, e.g., by means of a legal contract.

Formalization becomes a primary characteristic of the standard process system. How-
ever, it is worth noting that the formalization concept is not exactly the same as standard-
ization despite both terms being used interchangeably in some works. Standardization
consists of unifying the way in which the activities of a certain process are developed so
that process execution is independent of internal variables (i.e., who executes the activities
or when) and external variables (i.e., customer name or due date). Formalization has more
to do with documenting the process, that is, writing the activities making up the process in
the appropriate format as text (procedure), graphically (process model) or both. Obviously,
even though these two concepts are closely related, a process can be standardized in an
extreme case, but not formalized.

The importance of documenting processes for their formalization comes over clearly
on some of the scales used to assess the formalization level of processes. The existence of
“written” procedures is favorably scored on several of these scales (see the examples in
Genchev et al. [28] (p. 248)).

Obviously, the fact that a company is business process management oriented helps
it to make progress with its formalization level and to the extent that its processes are
identified, described, documented or modeled. Likewise, quality certification systems,
which promote the development and use of quality procedures in companies, can act as
catalysts to formalize processes [29].

RL formalization will allow a single document to be obtained for the entire organi-
zation, which can be conveniently updated in successive improved versions. Therefore,
formalization as both procedures and models reduces complexity, favors the global vision
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of the process and allows potential weaknesses and the immediate application of corrective
actions to be identified [32] to, thus, constitute the basis to continuously improve processes.

Likewise, having a single document for each process allows workers’ points of view
to be unified and generates confidence in how things should be performed. This, in turn,
facilitates the identification of the process’ objectives and the definition of the corresponding
key performance indicators (KPIs) to control their compliance. Precisely along these lines,
Huscroft et al. [24] propose the performance metrics in an RLP to be standardized across
the firm and to directly correspond to the firm’s RL goals. Therefore, future research could
focus on developing standards and establishing metrics to control the degree to which
processes meet standards.

Control differs from formalization because it focuses on ensuring standard process
system functioning in an internal firm context, although formalization level is indicative of
how much control a given organization has over its returns management practices. Hence
the control issue is associated with the formal development and implementation of written
RL-related policies, rules and procedures [28]. Bowersox et al. [67] contend that formalized
control mechanisms allow logistics operations to offer advantages in efficiency terms.

Internal operations are formalized and, therefore, made more efficient by establishing
workplace rules or standard operating procedures. As RLP becomes more formalized
and explicitly defined, employees more easily understand and execute these procedures.
Conversely, when processes are informal, and given the excessive amounts of returns
encouraged by liberal policies, the potential for confusion arises and variability in reverse
logistics handling may result. Here formalization can also help incentive systems to develop
and grow. If employees understand how the RLP is supposed to work, and are informed
about how to operate it more efficiently, proper incentives and their performance metrics
can be employed to ensure that the RLP is appropriate [68]. Obviously to accompany such
actions, the importance of education, training and developing the skills of those workers
involved in recovery activities, and as important enablers in developing RL systems, should
not be forgotten [29].

Therefore, RLP formalization can provide a solid structure to both achieve substan-
tially different capabilities and enhance performance [69]. Formalization has been recog-
nized as a key element for developing the ability to exploit a firm’s capabilities [70,71],
and is a key attribute in those firms considered to be leading-edge companies in logistics
practices terms [16]. Furthermore, as the RLP becomes increasingly formalized, firms are
believed to become more efficient in returns handling by standardizing repetitive activities
and transactions [31], and also because formal rules and procedures eliminate the need to
treat every event as a new decision. When handling returned products, improved efficiency
can be translated into reclaimed value, which improves the firm’s bottom [72]. Formal-
ization can even help to find innovative approaches that can be developed to bypass the
standard formats used for the original RLP and to apply special decision rules or policies to
returns [34]. For example, policies can be developed to speed up the returns authorization
process for those customers who return merchandise.

In short, a formalized approach can enhance performance, eliminate ambiguity, clarify
priorities [73] and encourage process innovation [26], but also reduce costs, streamline
operations and enhance the overall efficiency and effectiveness of logistics [67]. Han and
Ponce-Cueto [60] summarize the main benefits for the companies that adopt formaliza-
tion and add the following to the above aspects: better control of operations, reduced
uncertainty and improved service level.

Therefore, if we consider that process formalization is generally believed to be related
to firm performance [30], and given the massive volumes of returns that modern companies
face, lack of formalized RL programs or processes is somewhat surprising [16]. Even though
RL volumes and demands may be difficult to predict, RL system components (involving
bringing back products or arranging an alternate disposition) can be routinized. Actually
the RLP should not be treated as a sporadic process but as a regular process [74]. Thus,
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given the very nature of RL, it would seem the ideal candidate for developing formalized
handling methods [16].

Some potential disadvantages of formalization should also be acknowledged, such
as less operational flexibility (as it is mandatory to follow procedures and rules), stifled
innovativeness, cumbersome knowledge transfer and the possible generation of paperwork
and lots of administrative tasks [67,75]. Notwithstanding, research into formalization in
logistics suggests that the benefits outweigh the potential drawbacks [67].

As a brief summary, it should be noted that the advantages of RLP formalization
seem obvious but, as far as we know, no work in the literature offers an overview of the
generic RLP in sufficient detail that can serve as a reference for companies to formalize
their own RLP. In order to bridge this gap, a reference model that can be used to the RLP
formalization is presented.

3. The Proposed Reference RLP Model and the Adaptation Methodology

A reference process model is a model of day-to-day operations in a given domain such
as SC management or logistics. Reference process models are intended to be configured in a
specific context to lead to individualized process models. One major benefit of configuring
a reference process model for a given project, as opposed to building a new model from
scratch, is the ability to reuse and build on proven practices [76].

The reference RLP model (RM-RLP) proposed in this paper aims to guide companies
to formalize their own RLP from a generic or reference RLP model.

First, the activities composing the RM-RLP are described as a procedure based on
the insights gained from the literature review about which activities make up the RLP,
but they provide more details to facilitate its employment by companies and to increase
its usefulness. This textual description is perfectly supplemented by the reference model
and can also guide companies to prepare their own documents to, thus, reinforce RLP
formalization.

Second, the RM-RLP based on the BPMN 2.0 language is proposed [61].
Finally, to facilitate RM-RLP use, a simple 3-step methodology is proposed to guide

users in the process of adapting the RM-RLP to each company’s particular case.
Two assumptions to formulate the RM-RLP have been used: (a) the users of the

reference model should sufficiently know the BPMN 2.0 modeling language to correctly
interpret it and make the corresponding modifications or adaptations; and (b) the different
activities considered in the reference model must be assigned to a person in the company re-
sponsible for their execution although, due to the great variability existing in the companies
regarding this matter, in the proposed reference no assignment was carried out.

3.1. RLP Activities Description (Procedure)

From the framework used to classify RLP activities, as indicated in the Background
section, three groups of important activities, or macro-activities, must be considered in the
RLP, which are called Step (1) collection and transport, (2) inspection and sorting, and (3)
disposition. Each one is explained below.

Step 1. Collection and transport.
The RLP begins when the customer contacts the company by telephone, in person

or via electronic communication. Once the RLP is underway, the first question that the
company must consider is whether or not to proceed with a return, which is the first
phase in which DD is applied. In this case, the company can make a first assessment of
whether it should or should not treat the product and, therefore, follow the process. If the
company decides to not treat the product, the next question is to know if it is necessary to
compensate the customer so that, if this were the case, it must make compensation before
ending the process.

When the company decides to deal with the return or recovery, it should consider
whether the customer needs a replacement product. If so, the product collection transport
should also be used to deliver the replacement product.
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The next question that the company must ask is whether the customer needs onsite
intervention, which is often the case with, for example, large appliances. If so, the company
should carry out an onsite intervention of the product to determine whether or not the
product can be repaired. Regardless of the product being repaired or not, the company
must consider the possibility of compensating the customer to cover any inconvenience
caused. If the product can be repaired, the process ends. If the product cannot be repaired,
the company should also consider treating the product, or not, in its facilities.

When a decision is made to not treat the product, the company analyzes the customer
compensation issue which ends the process. If instead the company decides to treat the
product, it transports it to its facilities and the process continues.

When it decides to treat a product, but no onsite intervention is required, the company
must consider whether transportation is required to collect the product to bring it to its
facilities. If so, the delivery options (and collection if applicable) are analyzed, such as
marking the route, transport type, date, etc. Finally, the date and delivery conditions (and
collection if applicable) are negotiated with the customer. If no agreement is reached with
the customer and treatment cannot be performed, the process ends after assessing the need
to offer compensation.

When the company has the customer’s consent to collect the product, transport is
reserved, the route is assigned and the corresponding merchandise is received by the
company, which inspects it. This is how the first RLP stage ends.

Step 2. Inspection and sorting.
As soon as the company receives the product, it is inspected and evaluated to deter-

mine the most appropriate disposition. The customer is informed about the disposition
that can be made, lead times and the possible financial compensation in the event of non-
compliance. Thus, with the DD, the company decides if the product is suitable for reuse or
resale, if it must intervene to place it back on the market or if its components can be used.

When the company makes a DD about the product or its components, the second
stage ends and the third and final stage begins.

The DD is considered one of the most important decisions in the RLP [51] for its
impact on the flow of materials and the operations performed throughout the SC [77,78],
and also for its importance for sustainability of operations [79].

Given the criticality of this DD for SC operations and their sustainability, it is worth
completing this section by describing two fundamental aspects that must be contemplated
to succeed with the DD: (a) the time in which these decisions must be made and (b) the
information required for them.

The two key times in which the DD should be made are described below:

1. The customer contacts the company.

When the customer contacts the company in person, or by phone or email, a decision
must be made as to whether the company deals with the return or recovers the product.
DDs are not generally made at this time. The customer may not even be served by the
decision maker, who decides about product treatment. The important point in this stage is
to decide whether to start/continue with the RLP or to leave it.

2. The product arrives at the company’s facilities.

An inspection is made to decide the most suitable final disposal option in each case. To
make the DD, it is necessary to specify not only all the data provided by both the customer
and the company about the product, but also any other related aspect. Based on all the
collected information, the decision maker determines the product’s disposition from among
the following three options: (a) return the product to the market as it is, (b) intervene in
it to place it back on the market or (c) disassemble it to make the most of its components.
These three options are explained in more detail below:

a. Direct product reuse/resale. If it is determined that the product can be placed back
on the market as it is, the company must decide whether to put it up for sale via
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a traditional or secondary channel or an outlet type at a lower price or to even
donate it.

b. Intervening in the product. Having determined that the product needs interven-
ing to place it back on the market, it might have to be transported again to be
intervened. When it arrives, product intervention is made (repair, refurbishing or
remanufacturing).

c. Using components. If the most appropriate disposal option is to use its components,
the product must be disassembled to obtain them. Then the final disposition of
each component can be assessed according to its specific state. First, a decision is
made to see if components are in perfect condition to be used or recycled. If none of
these alternatives are feasible, components are disposed of in a controlled manner by
incineration or landfilling.

The other key DD aspect is the employed decision-making information. The in-
formation type is divided into two blocks, as described below: customer and company
information.

1. Customer information.

a. Current product status. It is essential for the company to obtain as much
accurate information as possible about the current product status to catalog it
for disposition purposes. Based on the information provided by the customer,
the company can classify the product in four ways: in perfect condition, slight
or superficial failure, serious failure or non-specific condition.

b. Purchase date. It is essential to verify the purchase date to corroborate the
corresponding warranty period and to agree about who should pay the possible
treatment or payment costs for product recovery.

c. Product purchase cost. These data might also be essential for determining
product disposition. With very low-cost products, it might not be worth the
company collecting them for treatment. Perhaps the best option is to compen-
sate the customer by giving back the amount paid for the product or sending a
new one.

d. Place where it is collected. The place where the product is located determines
collection costs and, therefore, influences the operation’s economic profitability,
as well as its environmental and social impacts.

2. Company information.

a. Collecting product data. Apart from verifying the accuracy of the data provided
by the customer, the company must collect as much information as possible
about the product to consider its recovery and treatment.

b. Transportation options. Depending on where the product is located and its
characteristics, the company must assess the different options of transport
between the company and the customer to opt for the best disposal alternative.

c. Current demand of product/components. Another important piece of infor-
mation that the company must collect is the current demand for each product
and/or its possible components because it influences the best disposal alterna-
tive choice.

d. Legislation on the product and its components. This legislation is crucial to
avoid possible sanctions or to obtain some type of incentive for its recovery
and/or treatment.

Step 3. Product disposition.
This last step covers all those activities that take place, from the time a decision is

made about the treatment/disposition to be applied, to the time the product is delivered
back to the customer or if its components are to be used or properly disposed of.

If the company decides to reuse or resell the product as it is, the intention is to place it
at the customer’s disposal as quickly as possible by organizing the necessary transport to
do so.
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If the company opts to intervene in the product, this task might need to be performed
in different facilities to those where the product is located, in which case the corresponding
transport to other facilities to intervene in the product is organized.

Intervening in the product is made to the extent agreed on and according to the
appropriateness of each alternative (repair, refurbishment or remanufacturing). After this
treatment, the company may consider further interventions if the expected outcome is not
obtained. Otherwise, the product is sent back to the customer as soon as possible, as in
product reuse cases.

When the alternative to make good use of components, the next activity is to dis-
assemble the product. At this point, each component status is evaluated to decide on
selling it or using it as raw material for other products if it is in good condition. If it is
not in good condition, the next option is to recycle it and organize the corresponding
transport if necessary. If a component is not in good condition and cannot be recycled, the
company disposes of it in a controlled manner by resorting to companies that specialize in
incineration or landfills, and by organizing any corresponding transport.

3.2. The Reference Model Proposal for RLP Formalization (RM-RLP)

After explaining the RM-RLP in detail, we now go on to present its modeling in
the BPMN 2.0. language. To facilitate its understanding, we present a simplified figure
(Figure 1) that highlights colors to denote the three model areas corresponding to the three
macro-activities identified in the background section (1. Collection and transport, 2. Inspection
and sorting, 3. Product Disposition).
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Although the above figure does not depict the RLP activities in detail, its intention is
to show the correspondence between the proposed reference model and the three main
macro-activities employed within the framework in the background section.

The following figure (Figure 2) shows the proposed RM-RLP:
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3.3. Methodology to Adapt the RM-RLP

This section describes the methodology followed to adapt the RM-RLP to a specific
RLP case. This methodology comprises three main steps, which are shown in the Figure 3
below:

Sustainability 2021, 13, x FOR PEER REVIEW 16 of 30 
 

3.3. Methodology to Adapt the RM-RLP. 
This section describes the methodology followed to adapt the RM-RLP to a specific 

RLP case. This methodology comprises three main steps, which are shown in the Figure 3 
below: 

 
Figure 3. Graph of the methodology to adapt the RM-RLP to a particular case. 

These three steps are explained below: 
Step 1. Specify the disposition alternatives.  
The RM-RLP contemplates all the possible product disposition alternatives [51] to 

apply this model to any casuistry that may arise in a company. To this end, the first step 
to adapt the model is to specify the feasible disposition alternatives in each given case in 
which the disposition alternatives are adapted, eliminated or modified as appropriate. 
Using the scheme below (Scheme 2) is proposed to facilitate this step, which shows the 
eight possible disposition alternatives: 

1.- Reuse

2.- Repair

3.- Refurbishing

4.- Remanufacturing

5.- Cannibalization

6.- Recycling

7.- Incineration

8.- Landfilling

Disposition alternatives

 

Scheme 2. List of all the possible disposition alternatives that can be considered in Step 1 of the RM-RLP. 

This scheme indicates the alternatives that can be applied to the particular model, 
and those that cannot, by means of two symbols that can be placed in the first column: 

 Alternative that can be applied. 
 Alternative that cannot be applied. 
Step 2. Revise and adapt the applicable activities to the particular case.  
In order to follow this step, users applying RM reproduction that is either printed or 

comes as a computer support to allow editing is recommended. First, any disposition or 
treatment alternative and associated activities that cannot be applied according to Step 1 

Figure 3. Graph of the methodology to adapt the RM-RLP to a particular case.

These three steps are explained below:
Step 1. Specify the disposition alternatives.
The RM-RLP contemplates all the possible product disposition alternatives [51] to

apply this model to any casuistry that may arise in a company. To this end, the first step
to adapt the model is to specify the feasible disposition alternatives in each given case
in which the disposition alternatives are adapted, eliminated or modified as appropriate.
Using the table below Table 1) is proposed to facilitate this step, which shows the eight
possible disposition alternatives:

Table 1. List of all the possible disposition alternatives that can be considered in Step 1 of the RM-RLP.

Disposition Alternatives

1.- Reuse

2.- Repair

3.- Refurbishing

4.- Remanufacturing

5.- Cannibalization

6.- Recycling

7.- Incineration

8.- Landfilling

This table indicates the alternatives that can be applied to the particular model, and
those that cannot, by means of two symbols that can be placed in the first column:

3 Alternative that can be applied.
8 Alternative that cannot be applied.

Step 2. Revise and adapt the applicable activities to the particular case.
In order to follow this step, users applying RM reproduction that is either printed or

comes as a computer support to allow editing is recommended. First, any disposition or
treatment alternative and associated activities that cannot be applied according to Step 1
should be removed from the model. To facilitate this step, a figure (Figure 4) was created to
identify the activities corresponding to each disposition alternative.

Second, it is necessary to also identify and remove any other possible activities initially
indicated in the RM-RLP that cannot be applied, as well as marking those that are executed
differently to the way proposed in RM. To do so, completely revising MR by following all
the possible flows and ramifications is recommended to not overlook anything and for the
particular model to represent its normal execution as reliably as possible.
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Step 3. Model the RLP adapted to the application example.
After identifying all the activities that need to be removed from RM, the next step is

to build a new model from scratch with the remaining activities by including the corre-
sponding modifications and revising the connections between the resulting activities to
see if they are correct. Evidently, the outcome from the previous step should be taken as a
reference. Creating the new particular model in the BPMN language so that it is coherent
with the RM-RLP is recommended.

4. Example of a Relaxing Chairs Application to a Closed Loop SC

EU State Members throw away around 10 million tons of furniture every year. Despite
having improved tasks to reuse products in the EU with new “green policies”, between 80%
and 90% of furniture waste in the EU ends up being landfilled or incinerated according to
European Furniture Industries Confederation [80]. Circular flow activities are still minimal,
with a recycling rate close to 10% and remanufacturing below 2% [81].

Reuse activity in the sector is also low and mainly takes place in secondhand shops
or charities with social objectives. In this context, Spain is the first European country to
establish a compulsory national reuse objective by setting a target of 50% waste of any
kind to be recycled or prepared to reuse it by means of PEMAR 2016-22 (State Waste
Management Framework Plan). PEMAR specifies that a minimum 2% waste shall be
prepared to be reused and furniture waste is clearly susceptible to be resold.

One of the main barriers for the furniture sector to set up a circular flow is lack of
information on, and standardization of, disposition alternatives [81]. Formalizing RL pro-
cesses according to a systemic approach that allows these problems to be integrally viewed
can facilitate the transformation of firms toward a more efficient and sustainable model.

With the specific case of relaxing chairs, recovery, classification and the subsequent
disposition of returned or recovered products compose a closed-loop SC in which one same-
product manufacturing company is in charge of collecting, inspecting and then disposition.
In this case, recovering the type of product to be worked is complicated because it is
made up of four basic, very different components, and degrees of hazardousness: wood,



Sustainability 2021, 13, 10383 17 of 29

fabrics/leathers/plastics, metals and electric/electronic components. Obviously, all this
makes the recovery task more complex than furniture made only of wood.

The product in this case would be such as that shown in the image below (Figure 5):
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RL products, or recovered products in this particular application example, arrive
mainly due to incidences or claims in sales or when furniture is no longer left on show.
Each RL case that arises with such products corresponds to either one of these categories:

• Product in perfect condition. Here the customer does not want the chair for reasons
other than product status. So, the chair is placed on the market again because it is in
perfect condition.

• Product not in perfect condition. When a product is returned to the company and is
not in perfect condition (damaged during transport, failing mechanism, torn fabric
or some other flaw, spoiled from being left on show, etc.), three different disposition
options apply:

- The chair can be sold directly exactly as it is on a secondary outlet-type market.
- It can be refurbished to place it on the market again as a new product.
- It can be disassembled in an attempt to reuse its valid components in new models

and to recycle its invalid components.

In the company under study, the volume of returns and recoveries is much smaller
than that of its sales and is residual. Thus, not enough attention is paid to the RLP. Some
characteristics of its RLP are:

• It has no suitable or identified location to receive, inspect and store returned or
recovered products.

• Both the RLP and the DD are not documented and are, thus, not formalized. The steps
taken or activities performed vary with each recovered product depending on the
worker in charge of the process.

• No relative information is available about each RL product, or about possible dispo-
sition alternatives, as regards its/their impact on sustainable dimensions (economic,
environmental and social).

For the company under study, today RL is a problem rather than a competitive
advantage or improvement opportunity, and it has the following consequences:

• Not putting material resources to best use to reduce costs and to make more profits.
• The company’s image suffers given its lack of credibility and swiftness to respond to

customers.
• It does not plan sustainable objectives in RL operations, which consequently endangers

complying with environmental legislation.

In this context, formalizing RLP can help to document the activities that must be
performed, establish decision-making criteria, cut customer response times and, in short,
be more efficient. These improvements could be highly appreciated by the company under
study as it is located in the province of Valencia, in a furniture cluster, where the levels of
competitiveness are very high. In order to achieve these improvements, the methodology
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to adapt the RM-RLP is applied to this specific case following the steps set out in the
previous section:

Step 1. Specify the disposal alternatives
RM provides all the possible casuistry of the RLP, and its adaptation to this particular

case consists of selecting from the possible casuistry those alternatives that apply to this
case. We now go on to revise the alternatives to verify which are considered, or not, to treat
relaxing chairs in the company under study.

1. Reuse. Not intervening on the product to place it on the market again.

As little intervention as possible is made on the chair to place it back on the market
again. The idea of this alternative is to incur few maintenance expenses (cleaning, label-
ing, packaging, storing, etc.). In this application example, two different reuse types are
considered depending on the sales channel:

• Reuse/resale directly on the primary market. The aim of this alternative is to once
again place the chair to the public’s disposal as a new product via the usual channel.
This is the most profitable and prioritized option for the company because it implies
fewer interventions (less environmental impact) and more income (more economic
profitability).

• Reuse/resale directly on the secondary “outlet” market. In such cases, chairs are
still suitable for use, but their quality standards are not the same as those of new
products which is why a secondary market is resorted to. So, this product is placed
on the market again via a different channel to the previous case and at a considerably
lower price.

2. Repair. Intervening on the product to place it on the market again.

Relaxing chairs are not repaired by the company under study because the degree of
intervention on recovered products is higher and they are left as new by refurbishing.

3. Refurbishing. Intervening on the product to place it on the market again.

In this case, chairs are not in perfect condition and must be intervened on to refurbish
them and be able to place them on the primary market as new products.

This process may vary according to the intervention that products require. Here the
refurbishing cost (transport, intervention, storage, etc.) and the sale price on the market
must be carefully measured for them to be profitable. This means that refurbishing merges
with repair and remanufacturing. However, perhaps the term refurbishing is more suitable
because, in this particular case, it really revises the whole product, and any component that
is not in perfect condition tends to be replaced with a new one so that the product can be
placed on the market again with at least the same price and quality as at the beginning.

4. Remanufacturing. Intervened on the product to place it on the market again.

The intervention made by the company on the recovered product to place it on the
market again is considered to be refurbishing, and not remanufacturing, because the
components that do not work properly are not remanufactured but are replaced with new
components.

5. Cannibalization. Intervening on the product to reuse its components.

First the product is disassembled to work with its components and to reuse them to be
employed in other products. Their basic structure, motor and upholstery can be employed
to make new relaxing chairs.

6. Recycling. Intervening on the product to reuse its components.

Relaxing chair components can be completely recycled. So, their basic structure, motor
and upholstery are left in a waste facility where specialized outsourced firms are in charge
of collecting and disposing of them. With upholstery, leather is basic for activities such as
leatherwork or falconry and can, therefore, be “easily” sold to be used as raw material for
new components (wristbands, bags, wallets/purses, gloves, etc.)
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7. Incineration. Elimination without recovering value.

All product components are reused by cannibalization or recycling or are incinerated
if there is no option available to previously recover their value.

8. Landfilling. Elimination without recovering value.

As in the previous case, all product components are reused by cannibalization or
recycling or are landfilled if there is no option available to previously recover their value.

After reviewing all the disposition alternatives, the table below (Table 2) shows which
are applicable and which are not:

Table 2. Disposition alternatives that apply to the application example.

Disposition Alternatives

3

1.- Reuse
(a) Primary market
(b) Secondary market

8 2.- Repair

3 3.- Refurbishing

8 4.- Remanufacturing

3 5.- Cannibalization

3 6.- Recycling

8 7.- Incineration

8 8.- Landfilling

Step 2. Review and adapt operations applicable to the particular case.
In this second step of the methodology, RM is revised based on the application example

in such a way that those activities not to be performed can be eliminated, others can be
added or those considered appropriate can be modified to formalize the process more
realistically. So, the main changes made to the RM-RLP to adapt it to the particular model
of the present application example are the following:

1. The reuse alternative is extended by including the decision about what type of reuse
is to be applied: on the primary or the secondary market.

2. Any transport activities before product intervention are eliminated because this is
performed in the same facilities where the DD was made, unlike those set out in the
RM-RLP.

3. The incineration and landfilling alternatives are eliminated.

Step 3. Model the process adapted to the application example.
In the third and last step of the methodology, the particular process is modeled by

including all the modifications in relation to what is indicated in the previous step. The
particular RLP model is shown below (Figure 6) that corresponds to relaxing chairs. The
following main changes were made to the model in relation to the RM-RLP, denoted
by a dashed, red-lined square. Dashed red-lined square number 1 corresponds to the
extended reuse alternative, square number 2 corresponds to adapting previous transport
to the intervention and square number 3 denotes the elimination of the incineration and
landfilling alternatives.
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5. Validation of the Proposed RM-RLP

The proposed RM-RLP is intended to help companies formalize RLP. One way to vali-
date the usefulness of this tool would be to compare it with other similar tools, perhaps by
defining a framework for comparison, probably based on its capabilities. However, as the
literature review revealed, no similar tools have been found to support such a comparison.

Another way of assessing the usefulness of the proposed tool is through the direct
opinion of its users, in this case the company under study. In this regard, it should be
noted that the company managers and operators involved in the RLP say that the tool
is very useful and easy to apply, and that it has saved them a lot of time in the process
of formalizing RLP, even though it was necessary to carry out some training sessions on
the BPMN 2.0 modelling language with all the users involved. This is an opinion that we
obviously find very valuable and gratifying, but it is still an opinion with a corresponding
degree of subjectivity.

A third way to assess the usefulness of the proposed tool, although more indirect
than the previous ones, is through the quality of the result obtained using it. That is, if
the RM-RLP achieves the formalization of RLP, and this formalization works correctly and
provides the expected advantages, then it could be inferred that the proposed tool for the
formalization of the RLP is useful. Given the aforementioned drawbacks of the first two,
this third way will be the one to be explored in this section.

To this end, it is worth briefly recalling the advantages of formalizing RLP that
have been mentioned throughout the paper. Some of these advantages are general, such
as: benefits the organization as a whole, is an important enabler for developing the RL
system, enhances performance or improve firms’ efficiency. Others, however, are more
concrete, such as: allows firms to properly manage customer expectations as regards
returns, eliminates ambiguity and clarify priorities, reduces complexity and speeds up
decision making.

In order to assess the usefulness of the proposal, the focus has been on the more
concrete advantages. Thus, we understand that the proposed RM-RLP will be validated as
a useful tool if it helps the company under study to formalize its RLP and benefit from its
(concrete) advantages. We will now proceed to carry out this verification.

5.1. Hypotheses’ Formulation

Firstly, we have seen that, frequent pauses in the RLP to decide what to do in the face
of ambiguous activities or to define priorities, increase its duration. In the same way, high
complexity and decision making without clear criteria require more effort from workers
and also lengthen the duration of the process. Therefore, a decrease in the duration of the
process will be a symptom that formalization has improved the RLP and, therefore, the
first hypothesis that we want to demonstrate to justify the advantages of formalization is:

Hypothesis 1 (H1). Formalization of the RLP reduces its duration.

Several important decisions are made in the RLP, but there is one that has a direct
impact on the customer: the decision of whether or not to return or recover the product.
This decision, in addition to conditioning the rest of the process, makes it possible to
provide a response to the customer, decisively influencing the company’s image. If the
process is not formalized, this decision may not be well defined and may be difficult to
make, especially when the number of treatment alternatives for this product is high. In
this case, the response time will be long, requiring several interactions with the customer.
Obviously, this time lapse is included in the total duration of the process considered in the
previous hypothesis, but it represents a different aspect of sufficient relevance to formulate
a second hypothesis:

Hypothesis 2 (H2). Formalization of the RLP reduces customer response time.

On the other hand, a high complexity in the process and decision making without clear
criteria will require a greater effort from the workers involved in the RLP and, therefore,
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will generate a feeling of discomfort and uncertainty. This feeling of uncertainty will
often result in consultation with higher-ranking personnel (i.e., section chief) or other
colleagues who may have more experience, leading to interruptions and the consequent
loss of efficiency in the process and in the company as a whole. As the process is not
formalized, the solutions adopted in each case are not recorded and inefficiencies will be
numerous and recurrent. In this sense, the third working hypothesis is:

Hypothesis 3 (H3). Formalization of the RLP increases the level of autonomy and confidence
of workers.

Next, we will try to validate these working hypotheses with real data obtained from
the application example, which will make it possible to demonstrate, and even quantify,
the interest of the formalization of the RLP for the specific case in question. To this end,
three KPIs have been defined that correspond to the three hypotheses as indicated by the
numbering used to designate them. These three KPIs represent all the specific advantages
found in the literature review. These KPIs are explained below:

• (KPI-1) RLP duration: Quantifies the time in minutes that elapses from the time the
customer contacts the company until just before the product is dealt with. As there
may be time differences depending on the treatment the product is to receive, this
KPI has been subdivided into three, one for each type of treatment considered, as
follows: (a) the product is made available to the customer, (b) the product recondi-
tioning intervention is started or (c) the components are deposited in the recycling or
cannibalization container.

• (KPI-2) customer response time: Quantifies the time in minutes that elapses from the
time the customer contacts the company until a definitive answer is given regarding
the treatment of the product. This KPI is really a fraction of the time represented by
KPI-1, so there is a clear correlation between them.

• (KPI-3) level of autonomy and trust of workers in RLP: Quantifies the perception of
workers regarding the autonomy and confidence they have during the execution of
the RLP. It is measured in values from 1 to 5, according to the Likert scale; values
close to 1 indicate a perception of low autonomy and trust, and values close to 5, a
perception of high autonomy and trust.

5.2. Experiments Methodology

The data concerning these three KPIs started to be collected in October 2019, in
the framework of the PhD thesis pursued by one of the authors of this work, and were
finished being collected in May 2021. Work was ongoing to formalize the process for
approximately two weeks, including in this time some training sessions on the BPMN
2.0 modeling language with all users involved, and the results of the formalization were
implemented in July 2020. In this period, from the beginning of the study to the time of
formalization implementation (10 months), named the pre-formalization period, there were
a total of 10 recoveries. In the period from the time of formalization to the end of May 2021
(9 months), referred to as the post-formalization period, there were a total of 10 recoveries.

Much of the data in this study has been generated in a pandemic situation. This
situation has altered the pattern of demand for almost all types of products, although
the demand for recliners has not been one of the most affected; based on the information
available to us, it appears to have increased slightly last year. This may have also led to a
slight increase in returns and recoveries, but we believe that this should not significantly
affect the results of this study.

The data were collected by four operators who were dedicated to the management of
the RL activities for the duration of the study. These four operators have been previously
made aware of the importance of data quality for this study and have been trained and
provided with the necessary tools to obtain the time data (KPI-1 and KPI-2) through
timekeeping. The data related to autonomy and confidence (KPI-3) were collected using a



Sustainability 2021, 13, 10383 23 of 29

six-question form based on a Likert scale and designed for this purpose. This form was
filled in at the end of each iteration of the RLP using the Google forms application.

5.3. Data Collection

The following tables (Tables 3 and 4) show the data obtained for the three KPIs corre-
sponding to the pre-formalization and post-formalization periods of the RLP, respectively.
The numbered columns (1 to 10) show the values obtained for each of the recoveries. For
KPI-1, three rows have been used (KPI-1a, b and c), according to the different final product
arrangements considered in this application example. Two other rows show the results for
KPI-2 and KPI-3.

Table 3. Data obtained during the pre-formalization period for the three KPIs considered.

Returns in Pre-Formalization RLP Period

1ª 2ª 3ª 4ª 5ª 6ª 7ª 8ª 9ª 10ª

KPI-1 Process duration (min.) 155 184 355 420 155 205 165 105 125 123
KPI-1a (a) Product disposition 155 205 165 123
KPI-1b (b) Intervention 184 155 105 125
KPI-1c (c) recycling/cannibalization 355 420

KPI-2 Customer response time (min.) 65 57 149 265 120 149 72 68 77 81

KPI-3 Autonomy and confidence of workers (1–5
points) 2.33 2.5 2 2 2.5 2.5 2.66 2.33 2.5 2.66

Table 4. Data obtained during the post-formalization period for the three KPIs considered.

Returns in Post-Formalization RLP Period

1ª 2ª 3ª 4ª 5ª 6ª 7ª 8ª 9ª 10ª

KPI-1 Process duration (min.) 85 110 93 120 63 190 100 175 84 65
KPI-1a (a) Product disposition 85 110 63 65
KPI-1b (b) Intervention 93 120 100 84
KPI-1c (c) recycling/cannibalization 190 175

KPI-2 Customer response time (min.) 55 65 73 100 35 100 43 95 40 35

KPI-3 Autonomy and confidence of workers (1–5
points) 3.5 3.5 3.5 3.83 4.33 3.83 4.33 4 4.5 4.33

5.4. Results and Hypotheses’ Verification

An ANOVA statistical analysis for the hypotheses’ verification was performed. Some
statistical parameters (mean, standard deviation and 90% confidence levels limits) for
the different KPI’s under two scenarios (pre- and post-RLP formalization) are shown in
Table 5.

Table 5. Some statistical parameters of the different KPI´s under two scenarios: pre- and post-RLP formalization.

Statistical Parameters 90% Confidence Level

KPI Factor Mean Standard
Deviation Lower Level Upper Level

Process duration (min.)
pre-formalization 199.20 104.64 134.34 264.06
post-formalization 108.50 42.98 81.86 135.14

Customer response (min.) pre-formalization 110.30 64.20 70.51 150.09
post-formalization 64.10 26.70 47.55 80.65

Autonomy and Confidence of
workers (1–5 points)

pre-formalization 2.40 0.24 2.25 2.55
post-formalization 3.97 0.39 3.72 4.21
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The one-factor ANOVA statistical analysis was carried out for each dependent variable,
in this case, the three KPI’s. This one factor was regarded to the two different scenarios,
that is, pre- and post-RLP formalization.

ANOVA analysis (90% confidence level) based on F ratio performed for each one of
the KPI’s indicated that there were statistically significant differences between the means
obtained for the two levels of the pre- and post-RLP formalization factor.

More specifically with respect to the initially stated hypotheses (See H1–H3 in Section 5.1):
For this first hypothesis, F(1.18) = 6.31, p = 0.02 and therefore there are statistically

significant differences between the means of the two scenarios, that is, pre-and post-RLP
formalization.

It can be stated that KPI-1 average duration of the RLP has been substantially reduced
since the formalization of the process, which shows that H1 is fulfilled. More precisely,
the difference between means test indicates with a 90% confidence level that the average
duration of the RLP would be reduced between 27.20 and 154.20 minutes.

For this second hypothesis, F(1.18) = 4.41, p = 0.05 and therefore there are statistically
significant differences between the means of the two scenarios.

It can be stated that KPI-2 customer response time has also been reduced since the
formalization of the RLP, which shows that H2 is also fulfilled. More precisely, the difference
between means test indicates with a 90% confidence level that the customer response would
be reduced between 7.19 and 85.21 minutes.

For the third hypothesis, F(1.18) = 117.72, p = 2.51 × 10−9 and therefore there are
statistically significant differences between the means of the two scenarios.

These values show that H3 is also fulfilled and that, therefore, the formalization of the
RLP increases KPI-3 level of autonomy and confidence of the workers. More precisely, the
difference between means test indicates with a 90% confidence level that this KPI-3 would
be increased between 1.32 and 1.82 points.

The results obtained allow us to definitively demonstrate the validity of the three
working hypotheses initially proposed and, therefore, to affirm that: the formalization of
the RLP reduces its duration, reduces the response time to the client and increases the level
of autonomy and confidence of the workers participating in it. This, in turn, allows us
to infer, as explained at the beginning of this section, that the tool proposed in this work,
the RM-RLP, is useful for the formalization of the RLP insofar as it works correctly and
provides the expected advantages. Similarly, given the important relationship between the
RLP and the sustainability of the CS, it can be concluded that the formalization of the RLP
helps to reduce process times, to make better decisions and to improve customer service,
all of which has a positive impact on the sustainability of the CS.

6. Conclusions

The RLP has become a key competence of modern SCs, mainly for its importance in
managing product disposal to recover their value and to enhance sustainability outcomes
by helping firms to comply with government regulations on reducing the use of raw
materials and waste generations, and to improve their image for customers and society
in general.

One aspect that hinders firms achieving the full potential of the RLP and to benefit
from all its advantages is not formalizing this process. Having a formalized RLP allows
firms to eliminate ambiguity and to clarify priorities of activities, reduce complexity,
improve worker satisfaction, properly manage customer expectations of returns and, in
short, enhance their performance.

Despite formalizing the RLP being very important for SC efficiency and effectiveness,
it is no easy task to identify, define, model or document its activities. The consulted works
on this matter clearly identify the problem but, as far as we can see, they do not offer any
specific tools or solutions for firms’ practitioners to make progress in formalizing the RLP.

In order to bridge this gap, the present work proposes RM for the RLP so that firms
can use it as a pattern or an example and to formalize their own RLP. The proposed RM
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includes and represents the three key stages of the process in detail: (1) collection and
transport, when all the activities are performed from the time a customer contacts the
company to the time when the product reaches its facilities; (2) inspection and evaluation,
when each product is physically inspected and a decision is made about its disposition or
the treatment that they, or their components, undergo; and (3) product disposition, when
all the necessary activities are performed, from deciding which treatment to apply to each
product (and its components), to placing it at the customer’s disposal again or it being
re-introduced into the manufacturing process or its elimination in a controlled manner.

During RM, special attention is paid to one of the critical decisions made in the RLP
and the DD, and also to the different product treatment alternatives.

In order to supplement this RM, a 3-step methodology has been developed to help
firms to swiftly and simply formalize and design their own models: step 1, specify the
disposition alternatives applicable to the particular case; step 2, revise and adapt the
reference process operations to the particular case; and step 3, model the RLP adapted to
the particular case after bearing in mind the information collected in previous steps.

The applicability of the proposed RM-RLP covers all types of companies or SCs in
charge of RLP management that aim to benefit from the advantages of its formalization.
To prove its applicability, the proposed RM-RLP and methodology have been applied to
an SC that manufactures relaxing chairs and is located in the province of Valencia (Spain),
in an important furniture manufacturers cluster. This real application case demonstrated
that formalizing the RLP can lead to improvements being made in three key indicators:
total RLP duration, customer response time and the perceived autonomy and trust of the
workers participating in the RLP. Apart from proving the usefulness of the proposal, this
application to a real case can act as a guide for future applications.

The managerial implications of this study are: (a) the proposed RM-RLP aims to be an
aid to industry managers to formalize their own RLP from a generic or reference RLP model,
therefore gaining the formalization advantages such as reducing process times, increasing
level of autonomy and confidence of the workers and improving customer service, all of
them having a positive impact on the sustainability of the SC; (b) the proposed methodology
guides managers and users on the way of adapting this RM-RLP (the application to a real
company has served as an application example); (c) the RM-RLP gives the managers
a holistic and detailed vision of the RLP that it is often difficult to obtain because the
RLP usually is a distributed process executed by several participants along the SC; (d)
the RM-RLP leads the managers to identify the main and most important decisions in
the RLP, not only the DD, but others related with economic customer compensation or
with the transport management; (e) the necessary training in BPMN language and the
development of a new RLP model has increased the knowledge and skills of the workers
and make it possible for the subsequent modelling of other processes in the company,
which is very appreciated by the top management to update the graphical documents and
quality manuals in the quality management system; and (f) the willingness of workers to
collaborate, especially to develop the new RLP model and to collect the data for the KPIs
evaluation has been critical for the proposal application and for the success of the study.

Summarizing, through this study the following main findings have been obtained:
(a) While there is much literature related to RLP formalization and its advantages, and
many works show the main RLP macro-activities, no research has been conducted to offer
a graphical overview of the generic RLP in sufficient detail that can serve as a reference
for companies to formalize their own RLP; (b) in this work, a RM-RLP complemented
with a methodology and an application example to guide companies to formalize their
RLP is presented, and (c) the application results show that the RM-RLP and methodology
proposed are useful to formalize the RLP and allow the benefits related to the process
formalization to be reached, such as reduce process times, make better decisions and
improve customer service, all of them having a positive impact on the sustainability of
the SC.
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Nevertheless, it is important to remark that this work is subjected to some limitations.
One of the limitations of the RM-RLP herein proposed is that its usefulness decreases when
it is used for the formalization of very specific RLPs or with significant differences in respect
to standard processes. For these cases, the differences between the proposed reference
model and the formalized process can be numerous and, obviously, the RM usefulness will
decrease. Another limitation of the RM-RLP is that it does not cover the RLP improvement
phase. The proposed model aims to help to formalize the RLP in its current state. It is true
to state that when firms attempt to formalize their RLP by comparing it to RM, they can
identify possibilities to improve their current process. However, the aim of our proposal is
not to improve this process but to formalize it. Therefore, a future research line would be to
study the possibility of extending the proposed methodology, which currently aims to only
formalize the RLP, so that it can also help to improve the RLP while it is being formalized.
To this end, we believe that it is essential to start by reviewing existing methodologies to
improve business processes.

Another future research line has to do with including systems that measure perfor-
mance for the RLP. Based on our experience, recently formalized processes tend to operate
quite well for the first days or weeks, but workers tend to move away from the formalized
process with time. Thus, we believe that it would be interesting to set up a control system
to ensure that the RLP is run in such a way that its successive iterations barely move away
from the procedure or formalized model. We also consider it interesting for the control
system set up in the RLP to allow the specific impact that formalization has on a firm’s
sustainability levels to be assessed.

Finally, applying the RM-RLP to other SCs in other sectors will allow a repository
of application cases to be obtained which could be used to collect good practices and to
favor the application of new cases, while also producing valuable feedback to continuously
improve the proposal.
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