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ABSTRACT

REVERSE LOGISTICS NETWORK DESIGN WITH
UNCERTAINTY

Mohammed F.N ALAMASSI

Department of Industrial Engineering
MSc. Thesis

Adviser:Assoc Prof. Dr. Selin SONER KARA

Over the past few years, recovery of used products has become increasingly important
due to economic reasons and growing environmental or legislative concern. Meanwhile,
an efficient reverse logistics network is required to process used products returns so as
to recover value by reprocessing them and redistributing them in the market.

Uncertainty is one of the main challenges face the planning and designing processes of
reverse logistics network, the high degree of uncertainty in terms of time, quantity and
quality of returned products, and the capacities of different facilities inside the network
increase the complexity of reverse network designing problems. With consideration of
the factors noted above, this thesis proposes a comprehensive model for reverse
logistics planning where many real-world features are considered such as the existence
of multi objectives, multi echelons, and multiple commodities reverse logistics network
system under uncertainty in terms of product return guantity.

In this research, bi-objective two-stage stochastic mixed-integer linear programming
model is proposed for designing multi-echelons, multi-commodities, single period
reverse logistic network. The proposed bi-objective model includes: (1) minimizing
total costs including the sum of fixed, transportation, relocation, collection, inspection,
recovery, and disposal costs; (2) minimizing of CO, emissions from transportation
modes inside the network. The problem was formulated in two stage stochastic model in
order to find the set of optimal network configurations which achieve the mains goals of
the research.

The proposed model takes into consideration the quantity of returned product
uncertainty, where the inherent risk is modeled by scenarios. To find the set of non-
dominated solutions, e-constraint method is used to obtain a list of Pareto-optimal
solutions for the proposed model.
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OZET

TERS LOJISTIiK AG TASARIMI BELIRSIiZLiK iLE
Mohammed ALAMASSI

Endiistri Miihendisligi Anabilim Dali
Yiiksek Lisans Tezi

Tez Danismani: Dog. Dr. Selin SONER KARA

Birkac yil1 agkin bir siiredir, kullanilmis tirlinlerin geri doniistimii ekonomik sebeplerden
ve artan cevresel yada yasama endisesinden dolayr biiyiikk oranda artmistir. Ayni
zamanda etkili bir tersine lojistik agi, kullanilan {irlinlerin yeniden islemesi ve pazara
yeniden dagitarak degerini korumas: i¢in gereklidir.

Tersine lojistik agmmin ana sorunlarindan birisi bagka bir sorunun karmasikligini
giiclendiren belirsizliktir. Tersine lojistik parametrelerinde kapasite kosullari, talep ve
iirlin miktar1 agisindan belirsizlik dereceleri bulunmaktadir. Yukarida belirtilen faktorler
dikkate alinarak bu tez, bir¢ok gergek diinya oOzellikleri gibi lojistik planlama igin

kapsamli bir model 6nermektedir.

Bu arastirmada, iki objektif iki asamali stokastik karisik tamsay1 dogrusal programlama
modeli ters lojistik aginin ¢oklu kademelerinde, tek bir donem icin ¢oklu mal tasarimi
amaglanarak onerilmistir. Onerilen iki ama¢ dogrultusunda (1); sabit maliyet, ulagim,
yer degistirme, toplama, denetim, geri kazanim ve bertaraf maliyetleri toplam1 dahil,
toplam maliyetleri en aza indirmek, (2); ag i¢indeki ulasim modlarmin  CO,
emisyonlarini en aza indirmesi hedeflenir. Sorun ayni zamanda, toplam maliyet ve CO,
emisyonlarini en aza indirmek i¢in en uygun ag yapilandirmasi ve ulasim modlari ve

ilgili akiglarin atanmasi i¢in formiile edilmistir. Stokastik optimizasyon modeli biinyesel
risk senaryolar1 ile modellenmis ve iade edilen iiriin belirsizliginin miktarinin altinda
gelistirilmistir.
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Non-dominated ¢oziimii bulmamiz i¢in &- kisit yontemini takip ederek onerilen model
icin Pareto-optimal ¢oziimleri elde ederiz.

Anahtar Kelimeler:Tersine Lojistik Ag Tasarimi, Iki Asamal1 Stokastik Programlama,
Cok Asamali Optimizasyon, Augmented € -Kisitlama Y 6ntemi.

YILDIZ TEKNiIiK UNIVERSITESI FEN BiLIMLERI ENSTITUSU
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CHAPTER 1

INTRODUCTION

1.1 Research Background

Pressing global challenges such as climate change, resources depletion, or the loss of
biodiversity demonstrate the imperative for structural change of our economic and
societal systems towards the recovery of used products. The management of used
product returns is in the scope of Reverse Logistics (RL). Reverse Logistics
comprises all operations related to the reuse of products and materials, and it is
consider as a part of close loop supply chain. The success of close loop supply chain
depends on the success of relations of both manufactures and customers. The new
business strategies go through the rationalization of manufacturing operations and
production, as well as by efforts to serve new markets with new products and new
ecological concepts. The manufactures try to produce products easy to disassembly
and friendly to the environment; beside to increase the levels of protection of
environments to avoids the government’s rules. And the customer try to help the
manufactures by sending used products to collection points [1]. Previous studies
showed the total cost of reverse logistics activities is huge relative to recovery and
recycle industry, in order to avoid this many studies discussed different way to
increase the total cost of reverse logistic activities through high utilization rate of
collection points, selecting appropriate locations for collection points is critical issues

in reverse logistics [2].

The emission of greenhouse gases like (CO2, NO2,...est.) has increased over the last
years due to the growth of international transport, and should be taken into account in
reverse chain design for their negative influence on the environment. Environmentally
friendlier transportation has been promoted by governmental initiatives such as the
Kyoto protocol and European Union action plans including Freight Transport

1



Logistics Action Plan (2007) [3], Greening Transport (2008) [4], Strategy for the
internalization of external costs (2008) [5], and A sustainable future for transport:
Towards an integrated, technology led and user friendly system (2009) [6]. Therefore,
optimization of supply chains nowadays also has to consider, besides the cost, the
environmental aspects such as the emission of carbon dioxide (CO2) and particulate

matters (PM, also known as fine dust).

According to the above The high degree of uncertainty, and large-scale businesses
networks are concerned with the optimization of the location and the capacity of their
facilities; have become as one of the challenging issues in the recently emerged field
of reverse logistics. These challenges increase the concern of evaluation an efficient
design of a product recovery network in general and RLND problems specifically.
Moreover, current deterministic facility locations models lack the ability to
incorporate inventory related costs, as well as a product’s lead time through the
network. Nevertheless, the time that returned products spend in the system is an

important issue because the costs of obsolescence may be significant.

1.2 Scope of the Thesis

Research motivation of this thesis depends on the need of a comprehensive model for
reverse logistics planning which have to consider many real-world features such as
the existence of several facility echelons, multiple commodities, and different
transportation modes with uncertainty associated with the quantity and the quality of
returned products. Since the reverse logistic (RL) networks are surrounded with
uncertainty of products return quantity, we developed a two-stage stochastic bi-
objective mixed-integer programming (MILP) formulation, and where a deterministic
model is proposed extended later by applied the uncertainties in terms of quantity and
quality. Definition and detail explanations related to this model can be stated as

follows:

Model: Bi-objective optimization model for strategic reverse logistics planning

problem with uncertainty of product return quantity.
Goals:
1. Minimization of total reverse logistic network costs.

2. Minimization of the total CO2 emissions.



Given:

Cost parameters such as fixed set-up, transportation, collection and

inspection, recovery, and disposal costs.

Demand data and corresponding return products,

Recycling and disposal rates,

Distances between each stage,

Collection/ inspection, recovery, and disposal facilities capacities,

Transportation modes capacities.

Determine:
e Locations of opened regional collection/ inspection centers, and licensed
recovery facilities,
e The quantities of each product can be recovered (recycled) in recovery
centers; and the quantities will be disposed in disposal centers in different

scenarios.

Case study: This model is tested with a case study based on some data from a WEEE

reverse logistic network in Turkey.

Used methodologies:
e Mixed integer linear programming,
e Two- stage stochastic programming,

e ¢- Constraint Method.

1.3 Research Goals and Motivations

The main purpose of this thesis is to develop a new quantitative model for design a
complex reverse logistic network via mathematical modeling approach and to solve
them under uncertainty of the quantity of returned products. This complexity comes
from the more applicable and realistic issues such as multi-objective nature,
availability of multiple recovery options for a reverse logistics system, dynamic
design decisions, group decision making environment, uncertain data structure etc. in
real world problems. The main objective of this research is the answer of the

following question:



“Where to open the collection/ inspection centers and recovery centers in the reverse
logistic network that satisfy the optimal cost and minimum CO2 emissions amount

with uncertainty of retuned products quantities?”

Beside the main objective of this research there are sub-objectives can be as follows:

e Present a detail overview on definitions of reverse logistics (RL) and close-
loop supply chain (CLSC) management, main concepts in RL & CLSC
management, categories of RL flows, and other issues such as environmentally
conscious manufacturing.

e Present a literature review on RL network design problem and main modeling
characteristics in RL network design.

e Develop a multi-objective, multi-echelon and multi-product strategic planning
model for reverse logistic network.

e Present an application of two stage stochastic programming approach with
different importance.

e Develop a stochastic bi-objective model and considers a multi-mode

transportation.

1.4 Thesis Outline

This thesis is divided into six chapters. Followed by the introduction in chapter one,
chapter two provides a summary on the characteristics of reverse and closed-loop
supply chains, while chapter three provides a literature review on reverse logistics
network design. Chapter four describes the applied approaches for estimating the
Pareto front for a multi-objective optimization model: secularization methods and two
stage-stochastic programming. Chapter five presents the problem description and
model formulation, as well as the solution approach. In chapter six, numerical
examples are presented and the results are analyzed. Chapter seven presents

conclusion, as well as future avenues of research.



CHAPTER 2

REVERSE LOGISTIC FRAMEWORK

The dynamics of globalization have guided the companies to reconsider a number of
issues related to competitiveness, productivity, quality, equity and sustainability and
integrate these terms into their discourse. Besides, companies devise and implement
strategies through the improvement of their operations to secure their survival in a
growing competitive market. Due to modern environmental regulations, many

manufacturers tend to produce products capable of recycling.

Reverse Logistics (RL) is one of the issues emerging from the rising pressure made by
the competitive forces like the government who constantly interfere in manufacturing
process for the purpose of environment protection. For example, many of the EU
leaders have embraced and engaged in several programs that would conserve the

natural resources of their own countries.

Twenty years ago, “Reverse Logistics” (RL) was practically an unknown term in the
circles of academics and companies. Traditionally, a product was developed to be
manufactured and then go through the supply chain (e.g. manufacturer-wholesaler-
retailer) to be sold to a customer. However, supplies chains steadily integrate
activities that exceed supply to include service and product recovery.

Recently, the concept of “Reverse Logistics” (RL) has drawn great attention from
both the academic and industrial fields. This can be attributed to a number of crucial
reasons. Due to the huge cost spend on RL activities, selection the approicate location
for different facilities in RL network will help in minimizing the total cost spend on

RL activities.

Rogers and Tibben- Lembke point to the total logistics cost that amounted to $862

billion in 1997 and the total cost spent in reverse logistics that sharply increased to by



almost $35 billion. This figure shows a significant increase of around 4% in the total

logistics cost in the same year [7].

In 2002, the Equipment Leasing Association estimated that of the total investment in
business equipment would be financed by leasing companies, at nearly one-third or
$204 billion. A key portion of the logistics cost for the leasing industry, the
transportation costs, is approximately 1.5% of total costs or approximately $3 billion
for 2002. This suggests that logistics decisions greatly impact asset management
problems faced by equipment leasing companies [8].

As a sequence of growing concerns with environment factors like climate changes, air
pollutions, ground and water pollution from industrial activities have significantly
expanded the interaction between environmental management and operations, leading
to “Reverse Logistics” [9], where the current threatening level of environmental
problems, along with related customer pressure and governmental regulations,

motivates corporations to undertake environmentally-conscious initiatives [10], [11].

Due to the governmental regulations and consumer concerns regarding these
environmental issues, an increasing number of companies have focused on reduction
efforts in the amount of waste stream, diversion of the discarded products from
landfills and disposition of the retired products properly. Increasing environmental

problems enforce companies to be more environmental responsible [12].

To facilitate the reverse flow of used products from consumers to manufacturers in an
efficient manner, the most appropriate approach is to create a reverse supply chain
network [13], On the other hand, recovery of used products will help in the
sustainability for raw resources and save money in terms of both purchasing fewer
raw materials and producing fewer disposals. There has been a significant growing

interest in the subject of reverse logistics [14],[15].

This chapter aims to explore the main literature about RL and CLSC, and the
different existent definitions of RL. It will also present the reverse logistics steps;
discuss the major dimensions of the Reverse Logistics context, namely drivers, actors,
depositing options, and cycle times. In this chapter, the flow categories of RL will be
addressed and the types of RL networks and its objectives will be described. It will

draw a comparison between the “forward” and “reverse” logistics process and provide



a literature review of the main publications made in the RL area. Finally, we state

some of RL challenges encountered in research and business applications.

2.1Reverse Logistics Definition

Usually the term“logistics”calls to mind the flow and transportation of goods from
the company en route to the customer. The Council of Logistics Management (1998)
identifies logistics 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 origin to the point of consumption for the
purpose of conforming to customer requirements”.“Reverse Logistics” also handles
issues such as remanufacturing, refurbishing, recycling or disposal to use resources
effectively[15].

In research field, several terms are used to refer to RL such as “reversed logistics,
return logistics, retro logistics, and reverse distribution” might be encountered [16].
This new concept mostly has been associated with recovery but it differs in most ways
such as the way, the time and the structure of product flow. The reuse of products has
been practiced for many years because of their economic benefits. Fleischmann cites

waste reduction as another reason for the recovery of materials[17].

Our purpose in this section is not to develop new concepts or theories about Reverse
Logistics, but to provide a brief summary of the principal statements found in the
literature. Definitions of reverse logistics (RL) have been proposed by various authors
indicated as follow. In the early nineties, in one of the first publications referring to
this term, a White Paper published by the Council of Logistics Management (CLM),

Reverse Logistics is introduced as [18]:

“...the term often used to refer to the role of logistics in recycling, waste disposal, and
management of hazardous materials; a broader perspective includes all issues relating
to logistics activities to be carried out in source reduction, recycling, substitution,

reuse of materials and disposal.”

A similar characterization is given by Kopicki et al. (1993) [19]. In yet another early
paper Pohlen and Farri define reverse logistics as:

"...the movement of goods from a consumer towards a producer in a channel of

distribution.” [20].



According to Fleischmann , RL includes logistics activities which ensure providing
the markets again with products to use from used products no longer required by the
user[15]. Kroon et al. mentioned that reverse logistics refer to the logistics
management skills and activities involved in reducing, managing and disposing

packages or products [15].

In 1998, Stock defined reverse logistics as the processes associated with the flows of
product returns, source reduction, recycling, material substitution, material reuse,
waste disposal, material refurbishment, repair, and remanufacturing. More recently,
Rogers and Tibben-Lembke have alluded to the CLM's definition of logistics by

defining Reverse Logistics 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

value or proper disposal.” [7].

In other words, reverse logistics is the management of any type of returns from any
customer with specific purpose, products can be returned from any player within the
supply chain or from any end user for different reasons, raw material, work in process
or finished goods can be returned, when there are one surplus or left over during the

customer's production in manufacturing plan.

Since Reverse Logistics is a relatively new research and empirical area, to avoid
encountering with any other literature terms, like reversed logistics, return logistics
and retro logistics or reverse distribution, sometimes referring roughly to the same? In
fact, the diversity of definitions with respect to recovery practices is a well-recognized
source of misunderstandings both in research as in practice [16]. Basically, we can
distinguish among three approaches to reverse logistics [21]: Reverse Logistics is
almost synonym for material recycling and waste management in effort to minimize
cost, retrieve value from reverse flows and fulfill legislative and environmental

requirements.

Thus, it is worth making a distinction between “reverse logistics” and “waste
management”, as the latter mainly refers to collecting and processing waste (products

for which there is no new use) efficiently and effectively. Herein, the meaning of



waste is the crux of this matter. This is a major issue, as the term has severe legal

consequences reflected in the prohibition of importing waste.

Reverse Logistics concentrates on those streams where there is some value to be
recovered and the outcome enters a (new) supply chain, also the terms Green
Logistics and Reverse Logistics being likened perhaps without a sound basis. Green
logistics considers environmental aspects to all logistics activities and it has been
focused specifically on forward logistic, i.e. from producer to customer . The
prominent environmental issues pertaining to logistics are consumption of
nonrenewable natural resources, air emissions, congestion and road usage, noise

pollution, and both hazardous and non-hazardous waste disposal [15].

Finally, to settle on a specific definition, reverse logistics is an evolution of traditional
forward logistics in an environmental-conscious industry or due to other commercial
drives. It includes all the logistics activities and management functions necessary for
reintroducing valued-objects, “which have finished or are not suitable to perform their
primary function any more, into certain recovery systems for either recapturing their

value or proper disposal” [22].

As stated earlier “customer service related to a fast and flexible claim and return
process and a short claim-to-pay-back period is important and can create both
customer loyalty and competitive advantage” [22]. The value can be regained through
reparation or refurbishment when returned to the market place, components from
product returns can be reused as refurbished components or as spare parts. In Skjott-
Larsen et al.[22] they identify five ways that proactive reverse logistics can have a

positive impact on profitability:

e Increased revenues realized from secondary sales.

e Offering new products in place of unsold or slow selling stock.

e Shareholder goodwill from acting with social and environmental
responsibility.

e Reduced operating costs from reuse of recovered products and
components.

e Higher asset turnover due to better management of returns inventory [22].



2.2 Reverse Logistics Processes

Many companies create reverse logistics networks in order to achieve asset recovery.
With this end in view, reverse logistics networks are put in place and these systems
include many different activities. According to Blackburn et al. depending on
strategic goals, the reverse logistics strive to focus either on the cost efficiency or on
the speed of response [23]. Blumberg identified key issues that need to be considered

when organizing and controlling reverse logistics processes.

After comparing many major reverse logistics authors and studies, one can conclude
that most, if not all authors seem to agree on the same basic reverse logistics
activities. While the traditional forward logistics process involves material supply,
production, distribution and consumption, reverse logistics process consists of the

following activities:

e Collection and transportation; refere to all activities of collection the
returned products from customers and end user to collection centers, and
including different transportation means of returned product between the
facilities of reverse network.

e Inspection / separation denote; referee to the processes of inspection of
returned products and separating them into different segments, some of this
product will be recovered and the other will be disposed.

e Re-processing; refers to transformation process of returned products into a
usable product, component, and material again. This process include different
features:

e Direct reuse; some types of returned products do not need any
transformation process to reuse it, so it can be used directly. Examples
of these products are the means of transportation; pallets, containers,
bottles or boxes [24].

e Repair; returned products by end user or customer to have it back in
working order. The suppliers change the broken parts if necessary or
treat it. Repair process normally is need limited effort. Generally the
qualities of repaired products are less quality those new products
[25],[24].
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Refurbishing; referee to the process of improve the returned products
specified quality level. Firstly, products are disassembled and
inspected after that they fixed or replaced. The process the quality of
the returned product is improved substantially [25],[24].
Remanufacturing; in order to improve the quality standards of
returned products, they are carefully inspected, disassembled and
broken or outdated parts are replaced with new ones. Additionally,
repairable parts and modules also can be used after being fixed.
Recycling; refer to process of recycling reused materials in the
products which were inspected and cannot be reused directly or
remanufactured so it disassembly the products into parts and recycling
the material which can be used later in producing new parts, thus the
identity of product is lost.

Dispose; when the returned products cannot be re-used for technical or
cost reasons at inspection separation level. Disposal may include

transportation, land filling and incineration steps.

2.3 Reverse Logistics Framework Dimension

Framework is “a basic concept structure. There are four logistics perspectives that

appear similarly important and represent the main dimensions of reverse logistics

framework, namely drivers, the return reasons, recovery options, and actors. These

perspectives are explained below as well as compared to the reverse logistics flow

studies [26]. Figure 2.1 illustrates a framework for reverse logistics.

1. Driving forces (why-receiving)

Generally, the companies carry on reverse logistics because of the profit, obligatory

forces or social pressure. According to this classification, the drivers are named as:

Economics; like decreasing the use of raw materials, decreasing waste
materials, obtaining valuable spare parts, other financial opportunities
like second hand market, marketing objectives, and Competition
drivers.

Legislation; refers to any jurisdiction indicating that a company should

recover its products or take them back [27].
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e Corporate citizenship; refers to the set of values or principles that an

organization holds to be responsible with RL activities [10].

2. The return reasons (why-returning)

e Manufacturing returns (raw material surplus, quality-control returns
and production leftovers);

e Distribution returns (product recalls, B2B commercial returns, stock
adjustments and distribution items/functional returns);

o (Pos-)Market returns (B2C commercial/reimbursement returns,
warranties, service returns/repairs and spare parts, end-of-use, end-of-

life returns.

3. The recovery processes and recovery options (how)

Options for recovering value from the goods under consideration; in other words, the
disposing alternatives may possibly be reused directly without any major reprocessing
except for cleaning or minor maintenance. Alternatively, remanufacturing conserves
the product identity and seeks to bring the product back into an “as new' condition by
carrying out the necessary disassembly, overhaul, and replacement operations. In
contrast, the goal of repair is to restore failed products to “working order’, though
possibly with a loss of quality. Recycling denotes material recovery without
conserving any product structures. Finally, returned products may not be reused at all.
Therefore, we add disposal, in the form of ladling or incineration, to the list of

disposing alternatives.

4. The actors involved and their roles (who)

Many players are involved in reverse logistics networks. First of all, consumers play a
key role as the incoming supply depends on them. That being said, other actors play
key roles in the creation of reverse logistics networks such as the forward supply

chain actors — suppliers, manufacturers, distributors, retailers est. [26].

Finally, we had to mention that some studies like [15] had pay attention to Cycle
Time as another dimension in reverse logistic process as the time period a product
stays with its owner before entering a “reverse' flow. Cycle Time has a direct impact

on feasible disposition options: in many cases the economic value of a good that is

12



returned quickly may be expected to be higher than of a product that has stayed in the

market for a long time. Furthermore, the cycle time largely influences logistics

planning, namely appropriate forecasting approaches and opportunities for integrating

‘forward' and ‘reverse' flows.
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Figure 2.1 Framework for reverse logistics (Adapted from De Brito 2003)
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2.4 Reverse Logistic Flow Categories

Five different reverse logistic flows can be categorized and explained as follows:

1. End of use returns

Products those have been completely used and should be disposed or that have not yet
reach the end of their technical or economic life and still have recovery options like

remanufacturing or recycling.

2. Commercial returns

The buyer returns products to the original sender against refunding. This is above all
relevant for products involving a high risk of obsolescence, for example due to

seasonality or short product lifecycles.

3. Warranty returns

These kinds of returns refer to products failed during use or damaged during delivery

that are returned to the original sender. Product recalls also belong to this category.

4. Production scrap and by products

This category is about excess material resulting for example from cutting reintroduced
in the production process.

5. Packaging

Crates, refillable, bottles, pallets, or reusable boxes are common kinds of packaging
moved in reverse logistics flows. The main advantage is that they can often be reused
directly without major reprocessing, except for cleaning. There are two possibilities
how this packaging can be handled. Either it is returned to the original sender or it is
transferred to alternative parties such logistics services Provides who recollect

reusable packaging.

2.5 General Characteristics of RL Networks

RL networks have several characteristics that differentiate them from the typical

supply chain. There are three main managerial issues that distinguish the design of
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reverse logistics networks from traditional distribution networks, which is shown in

Figure 2.2.
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Figure 2.2 Reverse logistic Network (Fleischmann, 2001)

1. Centralization of testing and grading

We have seen that the location of the test and grade operations has major
consequences for the product flows in a closed- loop supply chain. What is special
about this situation is the fact that product destinations can only be assigned after the
test stage. In a traditional distribution environment product routings are, in principal,
known beforehand. While there may be exceptions, e.g., for by-products or rework,

this is not a major focus of conventional production-distribution networks.

2. Uncertainty and lack of supply control

It has often been claimed that reverse logistics environments are characterized by a
high level of uncertainty [25]. While in traditional supply chains demand is typically
perceived as the main unknown factor, it is the supply side that significantly
contributes to additional uncertainty here. Used products are a much less homogenous

input resource than conventional ‘virgin’ raw materials in that timing, quantity, and
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quality may be uncertain and difficult to influence. Effectively matching demand and
supply therefore is a major challenge in closed-loop supply chains. Consequently,
robustness of the logistics network design with respect to variations in flow volumes
and composition appears to be particularly important in this context.

3. Integration of forward and reverse flows

As discussed above, logistics implementation of closed-loop supply chains may offer
several opportunities for exploiting synergies between different product flows. While
traditional distribution networks are typically perceived as ‘one-way’ objects, closed-
loop chains naturally involve multiple inbound and outbound flows of different
‘orientation’. Hence, there may be room for integration both in transportation and
facilities. At the same time, these opportunities raise a compatibility issue. In many
cases, reverse logistics networks are not designed ‘from scratch’ but are added on top
of existing logistics structures. One may wonder whether this sequential approach
allows for efficient solutions or whether an integral redesign of the entire closed- loop

network offers tangible benefits.

Before addressing these issues in a quantitative analysis we discuss their relative
importance in different supply chain contexts in some more detail. To this end, the

next section takes a closer look at different types of reverse supply chain networks.

2.6 Difference between Reverse Logistics and Forward Logistics

Reverse logistics is quite different from the traditional logistics, or forward logistics,
activities [7]. The border between forward logistics (from raw materials to end user)
and reverse logistics (from end user to recovery or to a new user) is not strictly
defined as one can wonder about what ‘raw materials’ are, or who the ’end user’ is, in
modern supply chains. Figure 2.3 is adopted from Rogers & Tibben-Lembke [7], it

shows the information flow from a typical retail forward logistics process.

16



S ——————— PR T ——

—m—— AS ASN 3
-m Sales _ : | Shipment F--- Shipment f---pe Ul 3WaY Loopel Actual [
forecast [~ fﬂh'ggcms * woc _ ; to Store p| At Store L pf sales |-,

—# Product Flow
=== Information Flow

Figure 2.3 Forward Logistics Flow (Rogers & Tibben-Lembke (2002)).

Sales forecast is used to project sale requirement, when certain amount product is
required, they will be shipped to the DC (distribution center) and then shipped to the
retail stores from DC. At every single level of the supply chain, ASNs (Advanced
Shipping Notices) will be assisting the useful information as the products flow.

Reverse logistics flow, on contrast, is a different story. Firms generally do not initiate
reverse logistics activity as a result of planning and decision making on the part of the
firm, but in response to actions by consumers or downstream channel members [7].

Figure 2.4 below gives this process a clear depiction:
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Figure 2.4Reverse Logistics Flow (Rogers & Tibben-Lembke (2002)).

Above figure is a common information flow of reverse logistics, when a return
occurs, the returned product will be collected (in many different ways) and sent to the
distribution center. At the same time the relevant information about the return, e.g.
item description, condition at return, customer information etc., will be transferred to
the return processing center, but unfortunately, given the current state of the reverse
logistics status quo [28] , this information capture process rarely occurs, or occurs

with less inaccuracy.
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Min, Ko et al. [28] has summarized differences between reverse and forward logistics

as in the Table 2.1.

Table 2.1 Differences between Reverse and Forward Logistics.

Reverse logistics

Forward logistics

Forecasting

Relatively straightforward

More difficult

Quality Product quality uniform Product  quality  not
uniform

Packaging Product packaging uniform Product packaging often
damaged

Inventory Inventory management consistent Inventory ~ management

management not consistent

Quantity Small quantities Large quantities of
standardized items

Information Combination of automated and | Automated information

tracking manual information systems used to | systems wused to track

track items. items
Order cycle | Medium to long order cycle time Short order cycle time
time

Product value

Moderate to low product value

High product value

Inventory Not focused Focused

control

Priority Low High

Cost elements More hidden More transparent

Product flow

Two way (“push and pull™)

One way (“pull”)
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Channel

More complex and diverse (multi-

echelon)

Less complex (single or

multi-echelon)
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2.7 Reverse Logistic Network Design

To be able to capture additional value from returns processes it is necessary to design
and control reverse supply chain carefully. The design of product recovery networks
is one of the challenging and actual reverse logistics problems. Stimulated by
environmental, legislative and economical reasons several recovery networks have
been set up in the last decade. Several researchers have focused on issues of reverse
logistics will be discussed in chapter 3. The efficient design of RL network is one of
the challenging due to uncertainty and the large scale of business. Due to the high
number of processing activities involved and the high variability in the value of the
components, this location-allocation problem is particularly relevant in a reverse
logistics context. However, the high level of uncertainty in this field also applies to
network design. In particular, compared to the traditional forward chain, it is more
difficult to control for the timing, quantity and quality of the supply, while in addition

the processing activities are highly variable.

Furthermore, current deterministic facility locations models lack the ability to
incorporate inventory related costs, as well as a product’s lead time through the
network. Nevertheless, the time that returned products spend in the system is an

important issue because the costs of obsolescence may be significant.

Reverse logistics systems can be classified into four major categories considering
types of return items [17] and the main options of recovery [25] these four classes are
directly reusable network (DRN), remanufacturing network (RMN), repair service
network (RSN) and recycling network (RN). Each network has own characteristic as
described below:

e Directly reusable network (DRN): This type of RL network include
activities like inspection and cleaning and send direct to market again like
reusable pallets, trays, boxes, and standard containers; and it consider as
closed loop network.

¢ Remanufacturing networks (RMN): Used products or parts at the end of
life cycle are returned, some of these parts manufactured and return again to
the markets. This Type of network is a closed loop system because
remanufacturing is usually performed by the original manufacturer.

e Repair service network (RSN): defective products or part changed and

returned again to customer, such as electronics equipment, are returned and
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repaired in service centers. Because there are a few links between FL and RL,
so it is considered an opened-loop system.

e Recycling network (RN): Raw materials like metal, paper and glasses,
which produced by disassembly or used products are recycled. This type of
RL network can be considered an opened-loop system and also includes waste

collection and elimination [29].

2.8 Reverse Logistics Challenges

The goal of this section is to identify the possible different challenges arising from
working with Reverse Logistics and how these challenges can be handled along with
examples based on theoretical models. Regardless of the purpose of making Reverse
Logistics system, it is important to understand the difficulties arise from operating a

reverse logistics network.

According to Rogers and Tibben-Lembke [7], in order to increase competitiveness
and gain additional value of product returns, companies must possess a strategic
vision of managing reverse flows. However, “reverse flows” encounter specific
challenges that differ from those of “forward flows” [22]. In the literature of the
reverse supply chain, researchers identify a number of challenges that influence
reverse flows management and reverse supply chain strategy. These challenges are:

1. Lack of formal operating procedures

Products retrieved from the market may be unpacked or not have product
identification such as bar-coding or labeling. This can cause difficulties with the
validation of information systems and standardizing procedures. A lack of formal
operating procedures causes a waste of time and requires additional resources [22];
[30].

2. Differences in quality, quantity and timing

Great differences in value, quality, quantity and timing of returns lead to difficulties
in making early forecast and planning requirements and resources needed for product

return processing through the reverse chains [23];[17].
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3. Decreasing market value due to time delays

It is true that late returns differentiation (e.g. in centralized return centers) can save
cost and resources; however, due to time delay, it can also decrease market value that
is essentially important for returns with high marginal time value. Thus, the
differentiation, in the reverse chain, should be carried out as early as possible.
However, the complexity of the characteristics of product returns, the required
resources and coordination issues between parties can also be major obstacles to

implementing early differentiation [23];[22].

4. Retailer-Manufacturer conflict

According to Rogers and Tibben-Lembke, conflicting objectives between retailers and
manufacturers may cause inefficiencies that lengthen the processing time and generate
conflicts arising from disagreement on value and condition of returned items and the

time of response[7].

5. Lack of local competence

According to Skjott-Larsen et al., reverse supply chain processes such as the
inspection, testing and the evaluation require a high level of competence. A lack of
local competence (e.g. lack of competence at retailer’s store) in these processes can
decrease the speed of reverse flows and cause errors (e.g. by choosing appropriate

disposition alternative) [22].

6. Lack of performance measurement

According to Pochampally et al. , the performance of measurement techniques used in
a forward supply chain cannot be applied to the reverse supply chain due to the
differences in various aspects. Furthermore, Skjott-Larsen et al. have found out that
companies rarely measure the efficiency their returns processes in a systematic way
[30]. However, in order to boost the performance of reverse supply chain, it is
important to set up performance measures such as “time from customer’s complain to
replacement of new product/repaired defect product at the customer premise, quantity

and quality of returns, causes of return, cost involved in returns” [22].
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CHAPTER 3

LITERATURE REVIEW

Over the last six decades researches on reverse logistics (RL) have been flourished
along with increasing publications on strategies and models on RL come to the fore.
However, there are limited efforts to synthesize the research in an integrated broad-
based body of knowledge as most research has been restricted to a small area of RL
systems related to network design, production planning or environmental issues. After
reviewing the reverse logistics literature, we have found some topics that are
commonly studied by researchers which are worth reviewing in order to know what
has been included and excluded. We will look closely at these research topics in this
chapter. Early reverse logistics researchers focus attention on the large-scale view of
reverse logistics in which most of their work went into the whole process of reverse
flow. For example, Thierry et al. [25] presented an integrated supply chain framework
to demonstrate the reverse flows and various recovery options such as repair,
refurbishing, remanufacturing, recycling, etc. Lately, the emphasis has been shifting
towards recovery in the light of the high costs and environmental burdens of disposal.
More than ever firms take responsibility for collecting, dismantling and upgrading of

used products and packaging materials [15].

Some literature addressed the focus on reverse logistics concerning product handling,
e.g. transportation, inventory management, and distribution [20]. They investigated
the reverse distribution channel structure in plastics recycling and analyzed the
compaction and routing issues related to transportation in the RL process. Some
researcher put reverse logistics practice into quantitative models. For instance, reverse
logistics network addressed in the literature rely on mixed-integer linear programming
giving the scope for large-scale mathematical optimization. Fleischman [15] noted
that for most of the reverse logistics network models, facility location models based

on mixed integer linear programming (MILP) have become a standard approach.
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There are models from simple un-capacitated plant location models to more complex
capacitated multi-level multi-commodity models. A variety of solution algorithms

proposed relies on combinatorial optimization theory.

Some quantitative papers have been made on production scheduling, inventory
control and remanufacturing. Van der Laan studied the production planning and
inventory control in systems where manufacturing and remanufacturing operations
occur simultaneously. They consider a relatively simple hybrid system related to a
single component durable product. They present a methodology to analyze a push
control strategy (all returned products are remanufactured as early as possible) and a
pull control strategy (where all returned products are remanufactured as late as it is
convenient). They derive some managerial insights into the inventory-related effects

of remanufacturing.

In addition to the previous examples, there are many other quantitative models
contributed by various researchers [17]. These models can be used to improve
numerous dimensions of reverse logistics practices, such as, extending product life

cycles, protecting product failures, etc.

Fleischman concluded that current models for reverse logistics network design are
quite similar to traditional facility location-allocation models, especially to the multi-
level warehouse location models. The main differences are additional flow constraints
reflecting supply restrictions concerning the disposer market. The models include
supply-push constraints rather than entirely demand-pull driven. Other modifications
include multiple return flow disposition and possible interaction between forward and
reverse channel. As a result, most of the models have characteristics of multi-
commodity flow. All models are deterministic and only treat uncertainty in a

conventional way by using scenario and parametric analysis [21].

3.2 Reverse Logistic Network Design Models

In this chapter, we will explore some research works mainly concerned with the
reverse logistic network design (RLND) problems. The literature fordesigning the
reverse logistics network contains two approaches. The first one is to consider the
forward and reverse networks as separate entities and design them sequentially. The
other approach is to integrate both flow types into the design process. These studies

can be classified according to model type into two main categories: deterministic
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models and stochastic models based on the certainty of information available about
the quantity, quality, and timing of returned products. If the number of facilities or
nodes of network, their locations and demands are known with certainty, the model is
called deterministic. When the customer demands are modeled into the use of
probability distributions, these models are termed stochastic. Some of these studies
are briefly explained as follows: the research in reverse logistics and its impact on
forward supply chain functioning. Overall, the reviewed papers applied models such
as linear programming, non-linear programming, MILP, MILNP, network equilibrium

model, stochastic model and simulation model to deal with the above research issues.

3.2.1 Deterministic network model

A network model is categorized as a deterministic model when the information on the
nodes of the network is known or predefined. This type of model simplifies the
problem but can also give a generalized view of the problem. The deterministic model
may also represent the real problem if it is analyzed by using different sets of

scenarios or through performing sensitivity analysis.

(Spengler et al., 1997) develop a MILP-model for the recycling of industrial
byproducts in German steel industry. This model is based on the multi-level
warehouse location problem and modified for this case study. This requires
identifying store locations and means of transporting flows from the sources through
the intermediary facilities to the sinks. This model is multi-stage and multi-product
allowing the transfer sub-streams of interim products from one intermediary facility to
another in various ways, before delivering it at a sink. A sink can be either a reuse or a
disposal location. Facilities can be installed at a set of potential locations and at
different capacity levels, with corresponding fixed and variable processing cost. The
type of processes to be installed at the intermediary facilities also have to be
determined, hence the processing graph is not given in advance. Maximum facility
capacities are restricted and transportation costs between locations are linear. While
the amounts of waste generated at the sources are fixed, the demand at the sinks is
flexible within range. This range is set by the minimal required throughput and the

maximum capacity of the sink [31].

(Barros et al., 1998) develop a model to determine an optimal network for the

recycling of sand. In this case, sieved sand is coming from construction works, which
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represent the sources. The sand is delivered at a regional depot, where it is sorted into
three quality classes. The first two classes, clean and half clean sand, are stored at the
regional depot in order to be reused. The dirty sand is cleaned at a treatment facility,
where it is also subsequently stored as clean sand. Both the clean and the half clean
sand can be reused in new projects, which represent the sinks. Both supply and
demand are fixed for the respectively three and two qualities of sand. It has to be
determined at which locations regional and treatment centers must be opened, where
locations can be picked from a pre given set of potential locations. Also the capacities
of the facilities and the routing through the system have to be determined, where
capacities of both facilities are restricted. Opening a facility incurs a fixed and
variable linear processing cost, transportation costs are also linear. The model used is
a multi-level capacitated warehouse location model, for which heuristic algorithms

are developed [32].

(Kirk, 1999) identified the design principles of a closed loop supply chain. The
authors aimed at optimizing economic, logistic and environmental performance of the
closed-loop supply chain. Quantitative modeling was developed to support the
optimal design structure of a product. The environmental impacts were measured
based on the energy utilized and waste produced during the life cycle while the
economic cost was assumed to be linear to volume. Krikke simulated the model by
using Deterministic Petri Net and Mixed Integer Linear Programming (MILP),
optimizing the process and product parameters. However, the study was conducted in
a single period, based on a deterministic situation. The product design parameters
were given and the logistic data was generated randomly. The system was a Pull
system based on the consumer demands [33].

(Louwers et al., 1999) also developed a mathematical model for reverse logistics
networks. The model was applied to a reused carpet network. In their logistics
structure, they considered physical locations, capacities, transportation modes,
allocation, and facilities. The expenses for building and/or buying facilities were also
considered using linear depreciation while the location cost was determined using
geometric distance. However, the environmental impacts and uncertainty in time were
not addressed in the model [33].

(Shih, 2001) utilized a mixed integer programming model (MILP) to design an
optimal collection and recycling system plan for end-of-life(EOL) computers and
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home appliances. The optimal physical flows of EOL products flowing through
collection points, storage sites, recycling plants and final disposition sites are
obtained. The developed model amiss to minimize the total cost including
transportation cost, operating cost, fixed cost for new facilities, final disposal cost and
landfill cost, as well as the sale revenue of reclaimed material. Many scenarios were
applied take in consideration different take-back rates and operating conditions, and
the model parameters have been estimated due to the absence of historical data for
Taiwan [34].

(Jayaraman et al., 2003) presented mathematical models for locating the recycling
facilities and proposed heuristics to solve the locationproblem. The author beside
proposing an MILP model as a two-echelon capacitated facility location problem with
limited collection and refurbishing facilities, in this study there was a combination
between heuristic concentration procedures and heuristic expansion components in
order to this type of large business problems. The model and solution procedures are
still confined to a single period, single product problem and are not designed to deal
with the possibility of making tradeoffs between freight rate discounts and inventory
cost savings resulting from consolidation of returned products; despite their success in

solving large-sized problems [35].

(Du and Evans, 2008) proposed a multi-period, two-echelon, multi-commodity,
capacitated location mixed integer nonlinear programming model for the design of a
dynamic integrated distribution. The proposed model focused on cost minimization.
Returns and demand uncertainty in terms of quantity were addressed. The model is
solved by using a genetic algorithm-based heuristic. In order to avoid complexity of
the constraints, they solved the problem by dividing it into two sub-problems based on
forward and reverse flows, where only the binary and integer decision variables were
used to represent a chromosome for both forward and reverse flows simultaneously
[36].

(Pati et al., 2008) developed multi objective mixed integer goal programming
(MIGP) model to deal with paper recycling logistics problems. The model aimed
reduce reverse logistics cost ; increase segregation at the source product quality
improvement through; and environmental benefits through increased wastepaper

recovery. In order to check the Pareto efficiency of the solutions generated by the
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MIGP model, Pareto detection techniques was applied on the model with ‘CNW’
priority structure by using LINDO-32 [37].

(Rivera and Ertel, 2009)described several features of establishing a closed-loop
supply chain for the collection of End-of-Life Vehicles (ELV) in Mexico. To address
this task, they handled the problem through reverse logistics and modeled it through
an uncapacitated facility location problem. The solution of this model is obtained
using software SITATION. The main result is the configuration of the collection
networks for three different scenarios that consider varied percentage of collection,
Regions with high ELVgeneration are identified as well as relevant factors affecting

total costs in the reverse supply chain [38].

(Pishvaee et al., 2011) used a robust optimization model to deal with uncertainty of
input data in a CLSC network design problem. First, a deterministic MILP model was
developed to design CLSC network. Followed by applying robust counter part of the
proposed MILP model by using the recent extensions in robust optimization theory.
Finally, to assess the robustness of the solutions obtained by the novel robust
optimization model, they are compared to those generated by the deterministic MILP

model in a number of realizations under different test problems [39].

(Paksoy et al., 2011)modeled and analyzed a multi-product CLSC with an explicit
focus on greenhouse gas emissions of the transportation activities, and the costs
thereof, as well as product recovery. They used a mathematical model in the form of a
linear programming formulation to model the problem, which captures the trade-offs
between various costs, including those of emissions and of transporting commodities
within the chain. Computational results were presented for a number of scenarios,

using a realistic network instance [40].

(Das and Chowdhurry, 2012) developed a mixed integer linear programming model
for a CLSC planning with modular design architecture and different quality levels of
sold products to the markets with the objective of overall profit maximization. They
tried to determine the amounts of recovered modules at recovery service providers,
optimal product mixture at different quality levels, production quantity of new
modules at plants, purchasing quantities of new components from the suppliers, and
transportation-distribution amounts to the retailers by considering collection of

returnable’s through these retailers. At the end of that study, sensitivity analysis are
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conducted in order to investigate the influence of changes in demands for recovered

products with different quality levels on revenue, total cost and profit/cost ratio [41].

(Datet al., 2012)proposed a deterministic mathematical model that considers three
recovery options: disassembly, recycling and repairing is for reverse logistics network
design of waste electrical and electronic products so that minimize the total reverse
logistics costs composed of collection, fixed investment, disposal, treatment and
transportation as well as considering revenue obtained from the sales of returned
products and renewable materials. The purpose of their study is deciding the optimal
facility locations and material flows in the reverse logistics network. They took into
account aforementioned three recovery options: disassembly, recycling, repairing and
disposal since each type of waste product tracks different recycling processes based
on its characteristic. The proposed model is illustrated by a numerical example which
involves computers, televisions and cell phones as returned product types. According
to the results, transportation costs constituted the large amounts of the total cost

structure and can be reduced by different ways such as consolidation etc [42].

(Almnur et al., 2012) introduced a mixed-integer linear programming (MILP) model
for multi-period reverse logistics network design. The proposed model addresses
many features of practical relevance namely, a multi-period setting, modular
capacities, capacity expansion of the facilities, reverse bill of materials, minimum
throughput at the facilities, variable operational costs, finite demands in the secondary
market, and a profit-oriented objective function. The proposed model was conducted
extensive parametric and scenario analysis to illustrate the potential benefits of using
a dynamic model as opposed to its static counterpart, and also to derive a number of

managerial insights [43].

(Kannan et al., 2012) Proposed MILP model for handling reverse logistics network
design. The model objective is minimizing the total cost including the climate change
(CO2 footprint) in a multistage reverse logistics network. The model was aimed to
find the location of collecting the returned products and for implementing recovery

options such as recycling and disposal options [44].
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3.2.2 Stochastic network models

Stochastic network models address uncertainties in a system which can be solved by
using Robust Deviation Decomposition approach Fuzzy Petri Net, Artificial
Intelligence (Al)-based simulations, and many others. Stochastic models are able to
generate qualitatively different solutions and are flexible in multiple situations.

Details of these methods are explained below.

(Realff et al., 2000) identified a reverse production system in process engineering.
They recognized five decision problems, namely: number and size of collection and
processing sites, geographic location and allocation problems, routes in the network,
transportation modes and capacity of the facilities. In order to overcome the
uncertainties within in the reverse production system, they applied a robust modeling
approach. Unlike stochastic methods, this approach did not solve the uncertainties by
using probabilities and expectation of random variables. Instead, they applied a robust
deviation, where the performance was measured to evaluate the decision across all
scenarios. The performance was measured by subtracting the optimal solutions of
each scenario from the robust solution and determining its proximity by maximum
deviation. The optimal robust solution was determined as the scenario which had the
minimum maximum deviation. However, this method only applied to single scenario
decisions. Thus, it was distinctive and not flexible for different types of industries
[45].

(Bruzonne and Orsoni, 2003) compared three different methods to measure the
performance of a logistics network were, these methods were the mathematical
model, stochastic discrete events simulation model, and Al based model by using
Artificial Neural Network (ANN). Performance of the logistics network was
measured by logistics costs. These costs were associated with transportation costs and
costs of expected production losses. Since mathematical models were exceedingly
complicated for a complex structure such as reverse logistics network, stochastic
discrete events simulation models were preferred. A set of data was generated by the

simulation model and were then trained by the ANN [46].

(Listes, 2002) used another approach in modeling the closed-loop supply chain by
using a generic stochastic model; he applied a Decomposition approach to the model

and considered the presence of uncertainties. In modeling the system, the author
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decomposed the problem into several sub-problems using a branch-and-cut procedure,
called Integer L-shaped method. The author modeled the uncertainties in the network
by using a stochastic programming approach. This approach was extended into a
large-scale location model for product recovery network design to account for
uncertainties. The model was tested on a case study of recycled sieved sand. The
author found problems with regards to logistical cost in setting up a network and
location of both storage depots and cleaning facilities. The model was set up as a two-
level network. The objective function is the net revenue, which is computed as the
value of fees charged for sand entering the network, revenue from selling recycled
sand to projects minus the various costs involved. The model concentrated on finding
the appropriate location for the new facilities. The location dilemma was chosen as it
was motivated by the investment, based on uncertain information. Since the network
was expensive and difficult to change, a robust location needed to be established. The
author applied a stochastic programming approach and in this approach, the
probabilities were associated with scenarios and a solution was weighed against the
various scenarios. However, usually the solution will only be optimum for at least one

set of parameters [47].

(Listes and Dekker, 2005) presented a stochastic mixed integer programming
(SMIP) to maximize the total profit in a sand recycling network problem in a large-
scale, real-world reverse logistics network considering the uncertainties. In this
approach, the uncertainty is related to the demand sources and quality. They used
GAMS as the modeling environment and CPLEX as the solver [48].

(Salema et al., 2007) proposed a generalized model for the design of RL Network.
This model is based on the recovery network model (RNM) proposed by
(Fleischmann et al., 2001). This work extended the RNM model and proposed a
capacitated multi-product reverse logistics network model with uncertainty. The
capacity constraints were imposed on total production/storage capacity of the facilities
which might be factories, warehouses or distribution centers. The model formulation
allows any number of products, establishing a network for each product while
guaranteeing total capacities for each facility at a minimum cost. They studied the
network model in the context of uncertainty in both product demands and returns,

through the use of a multi-scenario approach. This model attempts to overcome the
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limitation of generality in reverse distribution network model. This establishes a

network for each product with minimum cost [49].

(Fonseca et al., 2009) develop bi-objective two stage stochastic MIP model for
multi echelons, multiple products, multi used technology reverse logistics network
with uncertainty of transportation costs and waste generation. The model aims to
minimize the cost for building and operating the networks, in addition to minimize the
obnoxious effect caused by the reverse network facilities. A set of different scenarios
were applied tithe deterministic equivalent. To get non dominated solutions they

combined the two different objectives and by using a general solver [50].

(Pishvaee et al, 2009) developed a two stage stochastic programming MILP model
for handling an integrated forward/ reverse logistics network design under
uncertainty. First, an efficient deterministic MILP model was developed for integrated
logistics network design to avoid the sub-optimality caused by the separate design of
the forward and reverse networks. Then different scenarios was applied to deal with

uncertainty of demand and returned quantity [51].

(Lee and Dong, 2009) applied two stage stochastic model for handling a dynamic
reverse logistics network design under uncertainty of demand and returned products,
solution method was integrated with the sample average approximation (SAA)
method with a simulated annealing (SA) based heuristic algorithm, to get an efficient
framework for identifying and statistically solving the large-scale dynamic product

recovery network problems [52].

(El Sayed et al, 2010) developed a stochastic mixed integer linear programming
(SMILP) a multi-period multi-echelon forward-reverse logistics network design
model under risk (including demand and return uncertainties) to maximize the total

expected profit [53].

(Kara and Onut, 2010) proposed a two-stage stochastic programming model for
single product, two-echelon capacitated RL network design in waste paper recycling
industry in order to maximize revenue. Locating collection centers and recycling
centers and allocating flow amounts between the nodes efficiently were the main aims
of that study. Demand and amounts of collected products are assumed tube uncertain
and fitted to the normal distribution while generating alternative scenarios. For

providing the relevant data such as possible location alternatives, comprehensive
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questionnaire is conducted. Also, face to face interviews are held.Location and
allocation decisions are assigned in sequence in the first and second stages of the
stochastic programming model. Consequently, it is proved that their stochastic model
yields more economical and compromised solutions for the recycling network design
[54].

(Lee et al., 2010)proposed a stochastic programming based approach to account for
the design of sustainable logistics network under uncertainty. They used a two-stage
stochastic programming model to explicitly account for the design of sustainable
logistics network under uncertainty. A solution approach integrating the sample
average approximation scheme with an importance sampling strategy was developed

to solve a case study with a large number of scenarios [55].

(Hasani et al., 2011)tried to avoid some disadvantages of the stochastic programming
such asdifficulty related to availability of historical data and complex modeling,
uncertain(dynamic) demand and purchasing cost in a strategic agile CLSC network
design problem of perishable goods (food and high-tech industries) was handled via
interval robust optimization technique. The study considered the common
characteristics of these industries or time dependent properties such as perishable
lifetime and perishable price; and also the BOM based on reusing the returned
products and disassembling the returned products in order to reuse their parts. It
provided decisions regarding supplier selection, production, transportation,
purchasing and recovery planning in each period. All of the non-linear constraints
which involve max and min terms were transformed into the linear form. Solution of
the deterministic and robust models was obtained by LINGO8.0 commercial
optimization solver. At the end of the study, total cost of the system in the presence of
uncertainty is obtained greater than the deterministic condition duet the additional

costs imposed on the system (increased cost of unsatisfied demand) [56].

(Wang et al., 2011) provided a multi-objective mixed-integer formulation for the
supply chain network design problem it was the first model that considers the
environmental investment decision in the supply network design phase. The multi-
objective model explicitly considers the environmental issues by introducing a new
category of decision variables: the environmental protection level. Objectives of that
study are minimization of total costs and minimization of the total CO2 emissions

along the supply chain. A normalized normal constraint method was applied, which is
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a posteriori articulation of preference method and can find a set of even distributed
Pareto optimal solutions so that the result obtained can be easily applied to the
decision support systems which the industry needs. Sensitivity analysis have shown
that supply chain network with larger capacity provides lower costs and lower CO2
emission and increasing the supply range reduced both the CO2 emission and

transportation costs [57].

(Ayvaz and Bolat, 2012)addressed reverse logistics network design (RLND) problem
under uncertainty by designing amulet product and multi echelon RL network system
under uncertainty in terms of product return quantity. They presented a stochastic
counterpart of the developed mixed integer linear programming (MILP) model by
using scenario-based stochastic(SBSM) approach that addressed return amount as
uncertain parameter. The proposed scenario based stochastic model (SBSM) was
applied to real case study on an electrical and electronic equipment recycling facility
in Turkey [58].

(Subramanian et al., 2013) Proposed a deterministic demand single-period and
single product close loop network and address the uncertainty of returned products in
this study. The study considered four variants of the network two distribution

planning scenarios and two location selection distribution planning scenarios.

Integer linear programming models were formulated for the four network variants
considered . A constructive heuristic based on Vogel*s approximation method—total
opportunity cost (VAM-TOC) method and a priority-based simulated annealing
search heuristic was developed to find near optimal solution for the problem.
Constructive heuristic gave the initial solution helps faster convergence of the search
heuristic. A decoding algorithm with recursive cost function is developed to solve this

multi-stages supply chain problem. The study also discussed the implication on

sustainability in using a dedicated warehouse supply in this study [59].

As discussed before, a most of available reverse and CLSC and RLND models neglect
the nature of parameters uncertainty in a strategic planning horizon and deal with it as
deterministic parameters. Even, in a few papers that the uncertainty in parameters is
considered, the uncertainty is modeled through stochastic programming. As
mentioned in Section 3.2.2, there are several major drawbacks that make the

application of stochastic programming approach impossible in real network design
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cases. The uncertainty in RL literature is still scarce. As a result, there is still scarce
when it comes to combining several features relevant in RLND such as multiple
objectives, multiple commodities, multiple echelons, real life cases and uncertainties.
Therefore in this study, we develop for multi- objectives, multi- echelons, and multi
commodities scenario base stochastic programming for reverse logistic network

model under product return uncertainty.

Table 3.1 summaries the studies in literature about Reverse Logistic Network Design.
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Table 3.1: Summary of Reviewed Papers Based on Reverse Logistics Network

Design.
NO Studies Properties of Network Product Multi Objective Used Solution Used Program Uncertain parameters
Variety Obijective Technique Method
No. of | Open | Close Capacity Single | Multi
Levels Constrained
Deterministic models
1 | Spengler et Multi N \/ V Cost Min MILP LINDO -
al.(1997) for
case
1,
Two
for
case 2
2 | Barroset Two V y V CostMin | MILP Linear 8
al.(1997) Relaxation
3 | Krikke.(1999) | Two y «l Cost Min MIP LINGO -
4 | Louwerset Two \ N v Cost Min MILP -
al.(1999)
5 | Shih.(2001) Multi «/ «/ y Profit Max | MIP -
6 | Jayaramanet | Two \ y \ CostMin | MIP Heuristic CPLEX -
al.(2003) Concentration
7 | Duand Single R R V \/ Cost and MILP Sccatter -
Evans.(2008) total Search
tardiness Algorithm
Min
8 | Patiet Multi V \ \ CostMin | MIGP LINDO -
al.(2008)
9 | Riveraand Two x/ v CostMin | MILP SITATION -
Ertel(2009)
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10 | Pishvaee et Multi Cost Min MILP CPLEX -
al. (2011)
11 | Paksoyetal. | Multi v CostMin | LP LINDO -
(2011)
12 | Dasand Multi v Profit Max | MILP LINGO -
Chowdhury
(2012)
13 | Datetal. Multi v CostMin | MILP CPLEX -
(2012)
14 | Kannanetal. Multi Cost Min MILP LINGO -
(2012)
15 | Almnuretal. | Multi N Profit Max | MILP CPLEX
(2012)
Stochastic models
1 Realff et al. Single Cost Min MILP AIMMS/CPLEX | Returen Quantity
(2000)
2 Bruzonne and | Single Cost Min MILP Simulation ARENA Demand
Orsoni (2003) and ANN
3 Listes (2002) Multi Cost Min MILP CPLEX Demand and Return
Quantity
4 Listes and Two Cost Min MILP GAMS/ Demand and Return
Dekker (2005) CEPLEX Quantity
5 Salema et al. Multi y Cost Min MIP GAMS/ Demand , Transportation
(2007) CEPLEX Costs, Return Quality
6 Pishvaee et al. Multi MILP LINGO Return Quantity, Return
(2009) Quality, Variable Cost
7 Lee and Dong Multi y Cost Min MILP CPLEX Demand and Return
(2009) Quantity
8 | Fonseca etal. Multi R \ Cost Min, | MIP CPLEX Demand and Return
(2009) Obnoxious Quantity
Effect Min
9 El Sayed et al. Multi Profit Max | MILP Mosel language Demand and Return
(2010) Quantity
10 Kara and Onut Multi Profit Max | MILP GAMS/ Demand and Return
(2010) CEPLEX Quantity
11 | Leeetal. Two R Profit Max | MILP Sample ILOG CPLEX Demand and Return
(2010) average 9.0, Microsoft Quantity
approximation | Visual C++ 6.0.
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12 | Wangetal. Multi v v v \ Cos Min, MILP Sensitivity CPLEX Demand and Return
(2011) C0o2 Analysis Quantity
Emission
Min
13 | Hasaniet Multi v v V Cost Min Robust LINDO Demand and Purchasing
al.(2011) Optimization Cost
14 | Ayvazand Multi \ v \ Cost Min MILP CPLEX Demand and Return
Bolat (212) Quantity
15 | Subramanian Multi v v y Cost Min ILP Vogel’s ILOG CPLEX Return Quantity
etal. (2013) approximation | 9.0, Microsoft
method Visual C++ 6.0.
16 | Our Study Multi \ y R \ Cos Min, MIP Constraint GAMS/ Return Quantity
CO2 Method CEPLEX
Emission
Min

LP: Linear Programming

ILP: Integer Linear Programming

MILP: Mixed Integer Linear Programming

MIGP: Mixed Integer Goal Programming
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CHAPTER 4

MULTI OBJECTIVE OBITMIZATION AND SOLUTION METHOD

4.1 Multi-objective Optimization and Pareto-optimal Solutions

Reverse logistic optimization frameworks often feature multiple objectives (criteria) for
evaluating simultaneously notions of economics, environmental, responsiveness, risk
and/or sustainability .A generic mathematical form of a multi-objective optimization
problem can be understood easily by be familiar with the basic single-objective
optimization problem; which can be formulated as follows:

Min f (X) (4.1)
X €S (4.2)

Where f is a scalar function and S is the (implicit) set of constraints that can be defined

as:
S={x eMr.: h(x) =0,9(x) >0} (4.3)
Multi-objective optimization can be described in mathematical terms as follows:

Min [ f1(x), f2(x), . . ., FN(X)] (4.