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Abstract:

Purpose: The increase in social awareness, politics and environmental regulation, the scarcity of raw
materials and the desired “green” image, are some of the reasons that lead companies to decide for
implement processes of Reverse Logistics (RL). At the time when incorporate new RL processes as key
business processes, new and important decisions need to be made. Identification and knowledge of these
decisions, including the information available and the implications for the company or supply chain, will be
fundamental for decision-makers to achieve the best results. In the present work, the main types of RL
decisions are identified.

Design/methodology/approach: This paper is based on the analysis of mathematical models designed
as tools to aid decision making in the field of RL. Once the types of interest work to be analyzed are
defined, those studies that really deal about the object of study are searched and analyzed. The decision
variables that are taken at work are identified and grouped according to the type of decision and, finally, are
showed the main types of decisions used in mathematical models developed in the field of RL.

Findings: The principal conclusion of the research is that the most commonly addressed decisions with
mathematical models in the field of RL are those related to the network’s configuration, followed by
tactical/operative decisions such as the selections of product’s treatments to realize and the policy of
returns or prices, among other decisions.

Originality/value: The identification of the main decisions types of the reverse logistics will allow the
managers of these processes to know and understand them better, while offer an integrated vision of
them, favoring the achievement of better results.

Keywords: reverse logistic, mathematical model, decision making, decision model

1. Introduction

Nowadays, the globalization, increased environmental regulation and pressure and demands of customer regarding
environmental issues, have become a fundamental concern for companies (Aziziankohan, Jolai, Khalilzadeh, Soltani
& Tavakkoli-Moghaddam, 2017). Most of these companies, have integrated a sustainability focus into their business
activities and strategies. In this regard, new reverse flows of products recovery are defined, with the firms’ intention
of reducing the environmental impact, improving the social presence and maximizing the economic value of
products and production processes.

This new material flow, as opposed to the traditional or forward logistic flow;, is known as reverse logistic flow or
Reverse Logistics (RL) and includes, not only the transport of the product from the user to the producer or
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distributor, but also the classification and treatment of the recovered products and their different components. The
management of the flows of return originated by diverse reasons and fomented by the different forms of
reutilization and use, has received special attention since the beginning of the 21st century (Pokharel & Mutha,
2009).

During the last years, the rise of e-commerce is causing an exponential growth of RL. According to statistics, the
forecast of the e-commerce sales in the USA and Canada are expected to reach $500 billion by 2018 (Batarfi, Jaber
& Aljazzar, 2017). The wotld’s largest e-commerce company (www.alibabagroup.com) sold through its platform

about 9.3 billion dollars in 2014, resulted of 278 million purchase orders. However, the percentage of reverse flow
was about 25% of their total operations, reaching even 40% for some products such as clothing (Pan, Chen &
Zhong, 2015), thus the e-commerce logistics has increased their attention on RL management (Qian, Han & Da,
2011).

Reverse logistics can be a double-edged sword. It can be a source of savings or a source of additional expense
reducing the effectiveness of the company instead of supporting it (Mimouni, Abouabdellah & Abouabdellah,
2016). It is for this reason that there are many companies that work to formalize their RL processes, from the point
of view of stablishing rules, procedures and communications, so that all stakeholders understand how to act in each
moment (Huscroft, Hazen, Hall, Skipper & Hanna, 2013).

In order to manage with greater guarantees the complexity of RL processes, it is fundamental to adapt traditional
management (forward logistics processes) and know the great differences between these two types of logistics
(Tibben-Lembke & Rogers, 1995). This knowledge is necessary to achieve the maximum efficiency and profitability,
as well as the complete control of the product life cycle. Thus, another fundamental aspect for the efficiency and
profitability of RL processes is to facilitate decision making in these processes.

In the present work, based on a review of mathematical models of RL, the main decisions which need to be taken
for RL processes will be identified, facilitating the achievement of the objectives based on costs, sustainability,
customer service and so on. The identification of the main decisions of the RL process will allow the managers of
this process to be able to know and understand them better, while offering an integrated vision of these processes
and lastly, will lead to better results.

The remainder of this paper is organized as follows. In the second section, it exposes an introduction on the use of
mathematic modeling in the field of RL. Subsequently, the main types of decisions that are taken in the field of RL
are identified from the revised mathematical models. Finally, it includes the main conclusions obtained, as well as
the future lines of research to be followed.

2. The Mathematic Models Applied to the Reverse Logistics. A Systematic Literature Review

2.1. Literature Review Method

The intention of the present work is analyze the mathematical models referring to the RL to identify the types of
decision that are being worked in the field of RL. For this, the search for scientific material is focused on
determinates keywords and related to each other, about the field of study.

With this intention, two types of keywords are defined, on the one hand those keywords that refer to “Reverse
logistics” term and on the other hand those that are focused on “Mathematical Model”, as can be appreciate in the
following table:

As the central theme of this study is based on the identification of the main types of RL decisions from
mathematical models, this research will focus on those works which the “decisions” term clearly emerges as key in
the same.

It is proposed a period of analysis from those articles that are published since 2010, an interval between 7 and 8
years. Selecting the main databases of scientific works on the market (Scopus, Emerald, Sciencie Direct and
IEEEXplore) a total of 91 potentially interesting papers are identified for the study object, by combining pairs of
the previously showed keywords, in the content of Abstract, tittle or keywords.
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Reverse Logistic Mathematic Model
Reverse logistic Mathematic model
Reverse supply chain Math programming models
Product recovery Mathematic programming

Product return
Closed-loop supply chain

Table 1. Used keywords for literatute review

After exhaustively analyzing all the articles identified, having discarded repeated and those papers whose subject
matter was unrelated to the study, we have left a total of 41 articles directly related to the decision making of
reverse logistics, through mathematical models.

2.2. The mathematic Models in the Context of RL. A General Overview

Reverse logistics processes help companies to fulfill their social responsibility and improve their reputation by
offering a more respectful treatment for products and components. In general, companies create Reverse Supply
Chain to comply with environmental regulations and reduce their operating cost by reusing products or
components (Gu & Liu, 2013).

Logistics managers have perceived that RL can be a market for efficiency gains and cost reductions, thus they have
begun to pay more attention in this area, using it as a differentiating element of the market (Daugherty, Myers &
Richey, 2002).

Many large companies such as BWM, IBM, Kodak and Fuji Xerox, have established effective end-of-life product
recovering and remanufacturing systems, in addition to their traditional production and distribution activities (Sun,
Jian & Zhang, 2015).

The results of the Sun et al., (2015) study show how increasing the rate of returned products causes an increase in
the benefits of RL network members and the performance of the Closed-Loop Supply Chain (CLSC) system. For
this reason, business organizations have realized the need to update their SC management, moving from a purely
functional role to a strategic role, that allows them to comply with environmental regulations and provides them
with a competitive advantage (Mutingi & Mutingi, 2013).

Because the reverse logistics is more complex than forward or traditional logistics (Poole, 2003), the management
of reverse flow information become essential for the correct management of the SC. In addition, due to the high
uncertainty level in the RL. management, managers take decisions to reduce it, trying to balance the rate of return
with demand rates and better predict material recovery level (Asif, 2011). Therefore, it is vital to take a series of
timely decisions that facilitate this improvement in results.

In traditional Supply Chain Management (SCM), quantitative models have been widely recognized as a powerful
tool for decision support (Tayur, Ganeshan & Magazine, 2012).

The modeling tools developed in the business environment are widely used because they offer a static
representation of the system, although generally these tools offer an image of the company as an entity and not as
an organization of the type business network (Mimouni et al., 2016).

Historically, quantitative models have contributed to improving decisions in two ways, directly and indirectly.
On the one hand, they can be incorporated into software systems to automate and optimize decisions and, on
the other hand, contribute to a better understanding of the interactions between the various processes,
allowing these factors to be taken as determining information in the decisions (Dekker, Fleischmann &
Inderfurth, 2013).

For Reverse Supply Chain Management (RSCM) quantitative models are often applied and are practical,
although most of the models used for RL are more conceptual (Brandenburg & Seuring, 2014). The design of
a RL modeling framework has always been a challenge, especially when there are different alternatives
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available, with some variability in the evaluation of these alternatives according to certain parameters (tangible
and intangible), aggravated by a high quantity and quality uncertainty about product recovered (Gu & Liu,
2013).

In this sense, a flexible and multi-criteria decision-making system that can choose the most suitable alternative
according to a set of indicated criteria is required. Precisely, mathematical models are tools that, while respecting
certain criteria and restrictions, allow decisions to be taken in favor of an optimal solution, making them a key tool
for decision-making in the field of RL as well. For this reason, and considering that in the mathematical models
used in the RL, relevant decision variables have been incorporated in each model, according to the decisions that
were to be optimized, and then it is reviewed mathematical models used in the field of RL, from which the main
types of modeled decisions can be inferred.

3. Main Decisions of RL According to Mathematical Models

Mathematical models have been widely used in the various domains of the RL. According to the reviewed
literature, one of the domains that has been most investigated, through the development and application of
mathematical models, has been the definition of the structure of the RL network.

An important issue in RL management systems is the question about RL channels should be integrated with those
of Forward Logistics (FL) and how they should be dimensioned, from the point of view of identifying which
actors will be shared at each site, what functions will be performed at each point and where and what relationship
would exist between the FL and RL channels (Fleischmann, Bloemhof-Ruwaard, Dekker, van der Laan, van Nunen
& van Wassenhove, 1997). The selection and location of work centers, warehouses and partners are very common
decisions in this type of studies.

In this sense, Prakash and Barua (2016) exposed a decision-making problem for the evaluation and prioritization of
3PL partners (third-party) selection criteria to outsource RL services. Also the work of Ravi, Shankar and Tiwari
(2005) proposed a decision model on RL network structure and how to select RL partners, but in this case
choosing between a Third Party Demanufacturing, Symbiotic Logistics Concept or Virtual Reverse Logistics
Network.

In this same line, Jianghong (2010), proposes a programming model of the SC, where it tries to decide on the styles
of collection and later treatment (collected by retailers, collected by external collectors or without recycling), taking
into account all participants benefit not only the SC benefits.

In the work of Kizilboga, Mandil, Genevois and Zwolinski (2013), a model is shown that determines the optimal
geographical locations and others determinant characteristics (quantity, capacity, services to be rendered and
investment to be made) of remanufacturing centers, taking into account the economic and environmental
impact.

In this same area but from another point of view, Krumwiede and Sheu (2002) proposed a decision-making
model that aimed to guide third-party suppliers through the process of deciding whether to enter the RL
market. Also, Ko and Evans (2007) designed an integrated FL and RL distribution network for a 3PL third-
party service provider. In addition to make the decision on the external partners that will facilitate the
management of the RL, Qian et al. (2011) used a mathematical model to determine the optimal number and
location of factories and retailers in an e-commerce context, providing a broader view of the decision about
the structure of the RL network. Within the e-commerce context, XiaoYan, Yong, Qinli and Stokes (2012),
also propose a configuration model of the RL network based on the proportion of demand that is supplied
and the market returns that are collected by each of components of the RL structure, with the firm intention
of minimizing logistics costs.

In another relevant work, Dhib, Loukil, Addouche and Mhamedi (2013) proposed a mathematical model to
select the best RL network (warehouses, reprocessing centers and recycling centers) under conditions of high
uncertainty, taking into account sustainable indicators (economic, environmental and viability). Jayaraman,
Patterson and Rolland (2003) offered a mathematical model to address the solution of strategic RL problems
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such as deciding whether each remanufacturing facility needs to be open or not, taking into account the return
flow of products.

Also in this line, Ashfari, Sharifi, EIMekkawy and Peng (2014), El-Sayed, Afia and El-Kharbotly (2010), Ene and
Opztiirk (2014), Pedram, Yusoff, Udoncy, Mahat, Pedram and Babalola (2017), Harraz and Galal (2011), John,
Sridharan and Kumar (2017) and Salema., Barbosa-Povoa and Novais (2007) proposed linear programming models
to size and optimize the structure of the RL Network, marking the opening or not, location and size of facilities
and service centers.

Demirel and Gékgen (2008) also addressed the problem of location of dismantling, collection and distribution
facilities, but also provided optimum values of production and transportation of products to maximize the
performance of the RL structure.

Entering into the strategic design of the RL network, Rezapour, Farahani, Fahimnia, Govindan and Mansouri
(2015) presented a design model of a closed-loop RL network in where tried to determine not only the optimal
number, capacity and location of the different RL management components, but also exposed a more
tactical/operational planning in which it makes decisions on the policy of inventory management, transportation
and storage, quantities of articles produced or transported between the different partners of the SC.

Following this last type of decision, Steeneck and Sarin (2013) emphasized two main currents through a revision of
the literature regarding the tactical / operational decisions most common in the field of RL. On the one hand, they
talked about production planning and control of refurbished products and, on the other hand they
investigated the pricing of new and remanufactured products.

In the work of Han, Wu, Yang and Shang (2016), the impact of the price policy on consumer behavior was
analyzed, but decisions were also taken on the types of production to be re-established and the quantities of each
type to achieve the best results. In this area, Zhou, Xie, Gu, Lin and Ieromonachou (2016) and Zerhouni, Gayon
and Frein (2013) showed models of forecasting of product returns, trying to facilitate decision-making with respect
to the quantities to be manufactured, production and inventory levels, as well as the type of production most is
convenient to realize. Other aspects such as the return policy and the quality of the product to be offered are also
frequently treated in mathematical models applied to RL.

For example, the work of Li, Xu and Li (2013), proposed a mathematical model that examines the impact of the
decisions made by the company regarding the policy of returns, the quality of the product and the pricing
strategy, with respect to the buying behavior and customer returns. The impact about consumer behavior on
certain decisions regarding price policy and product quality was also studied through the analytical model of Ulkii
and Hsuan (2017).

In the work of Yang, Hu, Zhao and Hu (2015), a CLSC is raised where costumer can obtain an economic refund
when return the product. In this model, it seeks to optimize the benefits of all parties involved by setting the
pricing policy for sales and refund products.

In this area, Desport, Liret, Lardeux, Di Cairano-Gilfedder, Lesaint and Owusu, (2016), Zerhouni et al. (2013),
Zaarour, Melachrinoudis, Solomon and Min (2013) and Zhou et al. (2016) present forecasting models on product
returns, trying to facilitate decisions making regarding the quantities to be manufactured, production levels and
inventory, as well as the production type most convenient to realize.

Following this same line, Darbari, Agarwal, Chaudhary and Jha (2015), offer an implementation RL model with a
triple development based on sustainability dimensions in a CLSC of computers, where they combine the
manufacture of new products with the return and disassembly of recovered products, which also makes decisions
regarding of the optimal number of products to disassemble and produce according to interest.

In the work of Jonrinaldi and Zhang (2010), we can see a model to coordinate the different cycles of inventory and
production in a Reverse SC for multiple products in a finite horizon.

In relation to the type of production to be made, other interesting decisions that are also reflected in the literature,
are directed towards the selection of components to configure recovered products. In this area, Kuik, Kaihara
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and Fujii (2016) showed a model that determines an optimal recovery plan for the manufacturer, deciding on the
components when producing remanufactured items, from new, reused, rebuilt, or recycled. Kim, Song and Kim
(2000) also focused on the decisions regarding the type of manufacturing, where several alternatives were discussed
on the supply of parts (order new parts to external suppliers or use pieces of the returned products) to decide, in
an optimal way, the quantity of pieces that will be processed of each type.

Also, Ramkumar, Subramanian, Narendran and Ganesh (2011), determine a model to minimize total costs about a
CLSC of batteries, where they plan to take advantage of recycled lead or purchase a virgin lead for elaboration of
new products, focusing on determining the type of component for each type of product.

A new parameter that serves as a central element in several studies is the determination of the logistic routes to
be drawn. In this line, Erbao, Mingyong and Kai (2008), Achillas, Aidonis, Vlachokostas, Moussiopoulos, Banias
and Triantafillou (2012) and Soysal (2016) offered three different models that aim to minimize logistical costs by
deciding on routes to be drawn by the vehicles.

In the paper of Rahimi, Baboli and Rekik (2016), a model of inventory routes is proposed. In this model, the best
route and the quantities of products that are delivered in each station, of petishable objects, are determined.

Another important and widely studied aspect in the literature regarding the type of decisions to be made, through
the mathematical models applied to the RL, is the choice of the best treatment alternative to apply to the
recovered products. On this subject, Saadany and Jaber (2010) presented a mathematical model that determines
the viability of the post-treatment alternative for each recovered product, depending on the purchase price and the
quality level of the product. Previously, Madaan, Wadhwa and Verma (2007) had offered a model for
decision-making assistance on the alternative treatment of recovered products through a functional and logistic
flow analysis. According to different criteria (economic, environmental, market, quality and legislation) Wadhwa,
Madaan and Chan (2009) also determined the most suitable alternatives for each element recovered through a
mathematical model. In addition, this model allows designing the return policy and planning the activities related to
the RL in each alternative, in advance.

Another interesting study is that of Saadany and Jaber (2010), where they determine the viability or suitability of
the post-treatment alternative for the recovered product, depending on the purchase price and the current quality
level of the recovered product.

4. Conclusions

Mathematical models are considered as a powerful tool for decision making support, therefore have been widely
used in research on RL. As indicated in the previous section, one of the main decisions on which these models are
designed is the configuration and structure of the RL network.

In this sense, different decisions are made, from the selection of external partners, to the determination of the
main characteristics of the network component centers. These decisions are based mainly on strategic measures,
through which the company establishes its major objectives and determines the most effective way to achieve these
objectives through correct decision-making,

The most relevant strategic decisions in supply chain management are based on plant location, modes of transport
and location of distribution centers (Movahedipour, Yang, Zeng, Wu, Salam and Salam, 2016).

Although strategic planning could contain short-term determinants, it is common to cover medium or long-term
goals. These decisions are taken with sufficient advance to be able to determine the planning of the operations and
the future of the company in a horizon of generally between three and five years. The remaining decisions to be
taken about the RL that have been detected in the analyzed literature: determination on the return policy, the quality
of the product to be offered, the price strategy, production and inventory management, selection of components to
configure recovered products, logistic routes and choice of the best treatment alternative are basically based on
tactical/operational measures, which respond to the type of decisions focused on a short term.
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The following table shows the classification of the different types of decisions found. On the one hand the
strategic decisions, with the configuration and structure of the network, and on the other hand, the
tactical/operative decisions found un the literature of mathematical models applied to RL.

Strategic decisions Tactical / operational measures:

1. Configuration and structure of the RL network . Return policy

. Quality of the product to be offered

. Price strategy

Production and inventory management

. Selection of components to configure recovered products
. Logistics routes

. Best treatment alternative

< NS, BSOSO RN

Table 2. Information about group of decision types

With the intention of identifying the different types of decisions related to RL, the present study has focused on
the revision of mathematical models raised in the field of RIL. A future line of work is to continue to review the
literature to identify possible branches or secondary lines of each of the main lines identified, as well as to be able
to explain in more detail the composition and elaboration of the revised mathematical models.
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