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1. Introduction

1.1 Context

Nowadays, the environment matter is no longer aimaty-back-yard (NIMBY) issue.
Indeed, the linear and traditional growth modetaslonger viable and its consequences have
substantial impacts on governments, industries smuieties. The necessity of a change in
attitude towards the environment is not anymordo¢oproved (Kroon & Vrijens, 1995).
Companies too have to deal with these environmesdaterns and with the scarce and
volatile supply of natural resources that driveumgertainty and prices (Accenture, 2014). In
addition, they are confronted with regulations tediato ecology, such as European directives
aiming at preventing packaging waste productior¢pean Parliament and Council, 1994).

The circular economy, which has its roots in sustblie development, suggests an alternative
model that aims to manage the natural resources ifficient way (European Environment
Agency [EEA], 2016) and that decouples developnagrat growth from the consumption of
scarce resources. It provides a key to these emvieatal challenges and makes the economic
development and growth possible within natural weses limits. It makes enterprises
innovate to enable customers to‘daore with less” (Accenture, 2014). Enterprises want to
make their supply chains greener but the envirotah@spect only makes sense if additional
economical value is considered. They have carrietl sbudies to find out about their
environmental impacts and about the economic bsnefi using more environmentally-
friendly alternatives. Industries have come up vetiutions based on the collection, reuse
and recycling of products and materials (Kroon &jéfrs, 1995). The manufacturing sector
has particularly been active in putting in placstaunable initiatives in the frame of supply
chains (Sarkis, 2001, cited by Hariga, Glock & Ki20,15).

The development of reverse logistics took placehis frame. This concept refers to the
“logistic management skills and activities involvededucing, managing and disposing of
hazardous or non-hazardous waste from packagingmoduct$ (Kroon & Vrijens, 1995,
p.56). According to Guide, Harrison and Van Wasseeh(2003), reverse logistics integrates
a reverse supply chain that necessitates cautiesigrd planning and control. The traditional
supply chain must indeed be redesigned to suppentdverse activities and to use resources

effectively (Dowlatshahi, 2000). Reverse logistaiso includes reverse distribution, which
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refers to the flow of information and goods in thgposite direction from traditional logistic
activities (Kroon & Vrijens, 1995). The concept hasreased its importance as a sustainable
and profitable business strategy (Dowlatshahi, 2000

The driving force for change is not only a growiogncern for the environment and the
related regulations from the government; thereadse valuable commercial and economic
reasons behind this evolution (Kroon & Vrijens, 229Indeed, if used effectively, reverse
logistics can help an organization to be more cditipe in its industry by improving the

global performance of its supply chain, in both ldgyaand cost aspects. This is particularly
true in highly competitive industries with compl@xoducts and with low profit margins.

Moreover, increasing consumers’ consciousness adioutonmental matters constitutes a

driver for companies to tend towards reverse lagigDowlatshahi, 2000).

All these elements have set the stage for the gdrafeclosed-loop supply chain (CLSP).
Indeed, this concept has been developed when @asimhs about the environmental
consequences of industrial activities and the pursd economic advantages have
mushroomed (lassinovskaia, Limbourg & Riane, 20According to Akcall and Cetinkaya
(2011), CLSP consists of both the forward supplgichand the counterpart reverse supply
chain. The traditional forward supply chain aimspatviding end-consumers with value in
terms of goods, from the extraction of raw matsrtal the final distribution; whereas the goal
of reverse supply chain isis*to recover economic and environmental value frosed
products in a cost effective mannefAkcali & Cetinkaya, 2011, p.237). The return flow
includes the product acquisition from the end-utex,reverse logistics bringing these back,
the testing, sorting and disposition defining thesiminteresting reuse options in terms of
costs, remanufacturing and finally the remarketmbuild and exploit new markets (Guide et
al., 2003). Thus the CLS#s characterised by recovered material, componemtg product
flows between the forward supply chain and thenss/supply chain” (Akcali & Cetinkaya,
2011, p.2374pnd its aim is to supply the end-consumers withréoevered value, in a cost
effective way (Akcall & Cetinkaya, 2011).

The CLSC field gives rise to several areas of meteand various opportunities. Some of
them are related to packaging activities (lassikaieset al., 2016). Sustainable packaging has
to be“effectively recovered and utilized in biologicah@or industrial closed loop cycles”

(Sustainable Packaging Coalition, 2011, p.l1). Hiffec recovery entails the substantial
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recovery and collection of material at the highedtie possible. In this perspective, supply
chain coordination and collaboration is neededréate a closed-loop material chain. This
includes the use of recyclable materials, the aesifypackaging made for recovery, the
establishment of adequate systems and infrasteittucollect the items at their end-of-life

stage (Sustainable Packaging Coalition, 2011).\@meto achieve closed-loop material chain
in packaging activities is using returnable tramsgioon items (RTIs) which are in fact

reusable packaging material designed and aimee tasbd several times in the same form,
unlike the traditional cardboard boxes (Kroon &j¥ns, 1995). Examples of RTls are given
in Figure 1. RTIs are usually made of wood, plasticmetal replacements (Rogers and

Tibben-Lembke, 1999). This solution has severabathges but also some drawbacks.

Roll

Box Pallets
—
*l 1)
y -.‘.E:‘-:{ Ll -

L 1

Figure 1:Examples of RTIs (retrieved from gsl.org)

1.2 Research question and goal
My research thesis aims at answering the followgngstion: “how to adapt the model of
lassinovskaia, Limbourg and Riane (2017) about ntogy-routing problem of returnable
transport items with time windows and simultane@uskup and delivery in closed-loop
supply chains to additional constraints encountdsgdorganizations?” The goal of this

adaptation is to improve the modeling of RTIs mamagnt to better stick to the reality.

1.3 Methodology
To try to answer the research question, the fiegd svas to understand properly the initial
model of lassinovskaia et al. (2017) and to figavé which were the aspects that were not
taken into account (for example loading, voluméds$le second step was reading the Master
thesis of Martin (2016) in order to understand ¢beaditions and environment in which the
companies actually manage their RTIs. This thesiabkes to discover how the main
constraints encountered by companies and missitigeimodel are represented in reality and

to see how they could be modeled and integratedhén initial model through some
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modifications. | also had the opportunity to memine people working for the supply chain
department of two of the organizations analyzed Mwgrtin (2016) and to visit some

warehouses. Some constraints were more straigtgfdnto model and to integrate in the
existing model of lassinovskaia et al. (2017) tloéimers. This is the case for the maximum
ceiling and minimum threshold constraints. Them, @ticle of Geyer, Van Wassenhove and
Atasu (2007) about the limited component durabibiyd finite product life cycle was

analyzed and combined with the model of lassinoes&taal. (2017) in order to model three
different aspects: the durability, resale and @fsRTIs. This was more complex and involved

some modifications within the initial model.

1.4 Thesis structure
The first chapter after thischapter of introduction of the thesis is the literature review. It is
divided into 3 parts: the first one is about theaapt of returnable transportation item (RTI),
the second one describes the initial model of massikaia et al. (2017) and the last one
describes the model of Geyer et al. (2007). Thee third chapter is the main one and
concerns the contributions of this Master thesi®ehgins with the main contribution, which
consists in the improvement of the initial modeltbe durability, resale and losses aspects.
The first subsection introduces the subject angkgthe reader’s interest in the three aspects
developed in this improved model. Then the secahdection describes the model. The third
one analyzes it by firstly stating the input datd ghen by analyzing and comparing the initial
and modified models firstly in a case with only @ustomer and then with several customers.
The fourth subsection consists in a parametricystudere the influences of the two main
parameters are studied. Then, the last subsediabaut conclusions on the three aspects.
The second improved model is the maximum ceilingl@holt is introduced, described and
then analyzed. The analysis consists in first rggathe input data and then comparing the
costs obtained with and without the maximum ceilbogstraints. The conclusions section is
the last subsection. The minimum threshold sechias the exact same structure as the
maximum ceiling section. Finally, general conclusi@are drawn in thpenultimate chapter
and some insights are suggested inlés¢ chapter. An extra chapter is also written to deal
with the project management aspects of the Mastesid but it is presented in the first

Appendix.



2. Literature review

2.1 Returnable Transportation Item (RTI)

According to the International Council for Reusalle@nsport Item (IC-RTI) (2003), an
Returnable Transportation Item (RTI) consists of agusable mean to gather products for
handling, transportation, storage and protectioa supply chain that returns these items for
further use. Glock and Kim (2015) define the RTlaagarticular type of reusable packaging
material, aimed and designed to be used severalstim the same form. Pallets, railcars,
crates, containers, boxes can be different sortRTdé that are used in various industries
today (IC-RTI, 2003).

First of all, the term RTI that will be used thrdwgit this Master thesis is also known in the
literature under different other names: Reusablépdiig Containers (Saphire, 1994),

Returnable Container (Kroon & Vrijens, 1995), Reable/Reusable Logistical Packaging or
Returnable Shipping Container (Rosenau, Twede, Btaz& Singh, 1996), Reusable

Transport Item (International Council for Reusabtansport Items (IC-RTI, 2003) Reusable
Transport Packaging (Karkkainen, Ala-Risku & Her@804).

It is only in recent years that the managemenetirnable transport items has often been a
subject of research (Glock & Kim, 2015). Since #wbject has lately started to attract
researchers’ attention, the number of publishedlestover this theme has considerably risen
since 2006, as shown on Figure 2, revealing thevigg importance of a more efficient
management of RTIs in closed-loop supply chaine¢lgl2017).

1981-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006-2010 2011-2016

Fig. 2. Number of sampled articles published per year.

Figure 2:Evolution of the number of articles about the ngeraent of RTIs published per year (retrieved from

Glock, 2017, p.3)
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The literature about RTIs before 2006 is very leditin the late 90s, Fleischmann, Bloemhof-
Ruwaard, Dekker, Van der Laan, Van Numen, Van Wdssee (1997) notice that the
scientific literature on the interaction betweensard and reverse flows in the context of RTI
management was very limited. However, Rosenau €1896) observe that, in practice, RTIs
such as containers, pallets, crates, glass botihes cylinders, had concretely seen the
popularity of their usage increase over the lashdes. Nowadays, RTIs are frequently used
in practice (Glock & Kim, 2015).

According to Rogers and Tibben-Lembke (1999), whority introduce the management of
RTls in their work about reverse logistics netwoitke drivers of the switch from disposable
packaging to returnable ones are environmentahao@ and legislative. De Brito, Dekker
and Flapper (2005) investigate the reasons behewdrse logistics and come to the
conclusion that continents have also an influence tlkem. Indeed, North American
enterprises use RTIs for economic reasons, whiles itnore the legislation that drives

European companies.

Among the advantages of RTIs, we can cite the ingmotransportation and storage
efficiency (Glock & Kim, 2015) and the improved liing and protection of the packaged
goods (Karkkainen et al., 2004). Using RTIs alsaldes to avoid repeated purchase of new
transportation materials, reducing this way thetevasd disposal cost (Glock & Kim, 2015).
Indeed, Rogers and Tibben-Lembke (1999) stateethext though RTIs are costlier to procure
than disposable materials, they are eventually pgredecause the investment cost is
amortized through numerous reuses. In the samepqutige, Saphire (1994) also
demonstrates the economic and environmental adyesitaf RTIs, such as the decrease in
disposal and packaging costs, the prevention froestevand resource conservation (raw
materials and energy). Some additional cost-sainnfyeight, storage, labor and handling
costs can also appear in the long-term (Saphif@4)19n the case study carried out by Silva,
Santos Rend, Sevegnani and Serrra Truzzi (2013)paony disposable and returnable
transport items, the reusable items consumes 18%miaterial than the disposable one, which
means that RTIs enable to achieve a decrease tratctss level. Protection of goods is also
improved and waste generation is minimized at tistamer (Silva et al., 2013). Concerning
the environmental aspect of the use of RTIs, thpeepaf Glock and Kim (2015) confirms that

RTlIs lead to waste reduction levels required by esoegulations and by customers, who are
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more and more environmentally-conscious. AccordingGoellner and Sparrow (2014),
reusable containers can lead to a 75% decreaseOgpfe@issions over their lifecycle, in

comparison with single-use containers.

However, these statements are to balance. Accotdihgmmers, Lange and Luzyna (1993)
(cited by Kroon and Vrijens, 1995) the ability offR to decrease environmental impact
compared to traditional transport items is onlyetwhen they are used a minimal number of
times, since the production, return flows and dsspp@f such reusable items need to be taken
into account. Moreover, return shipments might pomd a substantial amount of €O
emissions, especially when the partners of the Igugpain are located far apart from each
other (Glock & Kim, 2015; Glock, 2017). And accordi to Glock (2017), specific
characteristics of the materials composing thesesatde items might also be at the
disadvantage of RTIs compared to one-way packagiatgrials. Regarding the cost aspect,
the situation is quite similar to the environmemtspect: RTIs are not systematically synonym
of lower costs. Indeed, according to Glock (201f® use of returnable transport material
comes at a cost because it needs a large initi@siment that may not be completely
amortized as well as operations for empty contain@raddition, some replacement or repair

costs have to be taken into account if some unggetting lost or damaged (Glock, 2017).

Rogers and Tibben-Lembke (1999) synthesizes in ssays the advantages and drawbacks
of RTIs by listing the success factors of an eitiRTIs management:

- Transportation distance$The shorter the distance that containers are hduléhe
lower the cost”(Rogers and Tibben-Lembke, 1999, p. 132).

- Delivery frequency: When the time between delirecreases, the quantity of
containers accumulated between trips will decresmseavell. Then, if there is less
accumulation, fewer containers will have to be Bdugvolving less space required
for storage. In addition, losses and damage wiltenikely happen if the containers
are kept longer at the customers’.

- Number of parties involved: When there are fewetneas, it is easier to keep track of
containers and fewer losses are likely to happen.

- Number of sizes needed: A large range of sizesonfainers enables a better cube
exploitation, leading to lower transportation cosi®wever, it is also synonym of a
greater quantity of containers that have to belmsed in order to ensure availability.

Also, more containers have to be stored and haradledery location.
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In the same perspective, Saphire (1994), who is ainthe first authors to write a paper
dedicated to RTIs (Martin, 2016), identifies theakidnges and opportunities encountered by
organizations that implement RTIs. Based on casdiest, the author points out the success
factors and obstacles to the use of RTIs by orgdioizs. Then, insights to foster the use of
this kind of reusable items by governments andstriks are described (Saphire, 1994).

- Four success factors of the use of RTIs are deteanithe first three are identical to
the first three ones identified by Rogers and Tibhembke (1999) and the last one
refers to“company-owned or “dedicated” distribution vehicleg¢Saphire, 1994, p.7).

If company-owned trucks are used or if the compamyoses to work with trucking
enterprises that dedicate part or all of theirtfteeship to and from a single customer,
return shipping will not be charged (Saphire, 1994)

- Five hindrances to adopting RTIs are identifiedsthy, the initial capital investment
is significant (1), some tracking and accountingtsa@re to incur (2), as well as a cost
for returning items to the point of origin (3). Theempty RTIs require some storage
space but the company may lack room in its inftestires (4). Finally, some partners
such as customers and suppliers may show soméresgo this change (5) (Saphire,
1994).

- Seven options to encourage the use of RTIs areestepjto overcome the difficulties
and obstacles. Firstly, RTIs can be leased by ra-prarty (1) (Saphire, 1994) and,
similarly, Hariga, Glock and Kim (2016) find outathRTIs rental is particularly
beneficial if both the probability of late returaad the shortage cost are high. Then,
standardization in the whole industry should benmmted (2) and some cooperative
efforts between the different collaborators of supply chain should be put in place
(3). RTIs should be designed so that they can tedtand stacked more easily (4)
(Saphire, 1994). Thenjadopting more frequent and direct delivery systéms
(Saphire, 1994, p.2) would foster the switch tcsedale items (5). Finally, concerning
the government, some support programs such asréahits and low-interest loans
could help expand the use of RTIs (6), as well@ses procurement guidelines (7)

(Saphire, 1994).

Some authors also discuss one of the drawbackedeia the use of RTIs that organizations
most frequently suffer: losses. According to Bré&o06) (cited by Martin, 2016 and Glock &
Kim, 2015), who conducts a study in several indusgctors in the United Kingdom (UK)
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about RTIs, 15% of pallets in circulation vanisid &9% of packaging are not given back by
customers or other kinds of third-parties becaumsy tuse them for their own purpose.
Aberdeen Group (2004) also leads a survey abostttpic, indicating that 25% of the
responding organizations claim losing at least If%eir RTIs fleet annually, with 10% of
them losing more than 15%. In the same way, Glauk Kim (2015) report that several
studies show that the annual loss rate of RTIsdetsveen 9% and 15% (llic et al., 2009;
Carrasco-Gallego and Ponce-Cueto, 2010; Mason, ShaWwShamma’a, 2012), meaning
that the material should be replaced after on @e&to 11 utilizations. More generally,
Buchanan and Abad (1998) consider that the quaotiTIs sent back during a given time
span is a stochastic function of the total quantityRTIs available on the spot. Another
variable impacts indirectly the number of lost Ratzording to Glock and Kim (2015). They
state that shipment frequency of goods influenbesnumber of RTIs needed in the system,
hence its impact on the number of RTIs that gdt lassses can finally consist in a substantial
issue because, according to Grimes-Casey et &7{20ompanies do not have any incentive
anymore to use RTIs if customers’ return rate ishagh enough.

To cope with this loss issue without eradicatindlglle and Silver (1989, quoted by Glock &
Kim, 2015) state that if one determines how manysRAlill likely be needed in the future as
well as the number of RTIs that will probably bstlahen it is possible to calculate the date
and size of replacement orders. Then, Kim and G[@€K4) discuss a solution that could
decrease the number of non-coming back RTls. Teelithe Radio Frequency Identification
(RFID) technology can ease the tracking, induciadners to heed more the return of RTIs. It
can also ameliorate the predictability of RTIs flowHowever, the use of RFID may not
improve the performance of the system in every.c@e element against the use of this
technology is the higher container purchase coktcfG 2017). Kim and Glock (2014) study
under which conditions its use can be beneficial tfee system. They come up with
calculations giving a threshold priceth& reservation price” under which the price of an
RFID-tagged RTI should be to allow a beneficial udethe RFID system. Otherwise,
traditional non-tagged RTIs are preferred. Anotlesult obtained in this paper is about the
factors influencing the benefits of an RFID syst@inese factors are the effects of the RFID
system“on the mean return rate and on the reparability returned containers”(Kim &
Glock, 2014, p.25). Indeed, when these element®ase, the reservation price increase as
well. In the same way, Johansson and Hellstrom {R@&cuss the possible benefits of asset

visibility in the management of RTIs. They stateattliracking the asset costs less to
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enterprises than tracking the product and thaek$sppening because of wrong placement
or shrinkage could decrease thanks to the tradakirtige fleet of RTIs. They carry out a case-
study illustrating better RTI visibility and obsena resulting decrease in costs of 34%. In
another paper, Hellstrom and Johansson (2010)wigalRTIs systems, closed-loop supply
chain and tracking by studying the consequencesbdus control strategies on the overall

management of RTIs systems.

Regarding durability, Silva et al. (2013) considertheir article the limited lifespan of

reusable items and list the lifetime in terms gbgrof some returnable packaging materials,
such as metallic rack and plastic tray. The artifl&eyer et al. (2007) that will be discussed
later also proposes a table with the lifespansiftérént items, expressed in terms of cycles.
This table is displayed in Figure 3. Saphire (1988) takes into account the lifetime of RTIs

since he considers the number of times a plastitageer can be used in his cost comparison.

Table 2  Maximum Number of Lives n for Some Product Components

Characteristic Characteristic

Product Compaonent component life product use n Source
Car tire Casing 500,000 km. 150,000 km. 3 Ferrer (1997b)
Computer Chip 80,000 hrs. 20,000 hrs. 4 Keeble (1998)
Single-use camera Camera core 6 cycles 1 cycle 6 Kodak (1993)
Glass bottle Whole product 25 cycles 1 cycle 23 LJBA (1996)
Wooden pallet Whole product a0 cycles 1 cycle a0 LJBA (1996)
Crates for bottles Whaole product 120 cycles 1 cycle 120 LIBA (1996)

Figure 3:Maximum number of lives for some product compan@etrieved from Geyer et al., 2017, p. 91).

As this thesis is about inventory routing probleimsthe management of RTIs, we can note
that some authors also study RTIs problems relabedhventory and routing. Pollaris,
Braekers, Caris, Janssens and Limbourg (2016) cbrsdume research about the capacitated
vehicle routing problem taking into account axleghé constraints and sequence-based pallet
loading. The limitations in terms of axle weigheé an important challenge for transportation
firms because they risk fines for two main reas@serloaded trucks can be a threat for the
road users’ safety and for the road integrity. Thaclusions drawn by the authors indicate
that the consideration of axle weight constraimssuch a problem is possible and even
necessary. A feasible route planning requires theorporation of these axle weight

constraints in the vehicle routing model.
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Soysal (2016) studies closed-loop inventory roupngplem (CIRP) for RTIs and exposes a
probabilistic mixed-integer linear programming mbdéich takes into account both forward
and reverse logistics operations, demand unceytamiltiple products and fuel consumption.
The author illustrates the possible applicatiothefmodel thanks to a real-life case study in a
soft drink enterprise. The conclusions of the &tghow that the model developed can make
the company achieve substantial savings in thédot and gives some improved support for
decision-making (Soysal, 2016).

2.2 Initial model

The article of lassinovskaia et al. (2017) tacKlgee pickup and delivery inventory-routing
problem within time windows (PDIRPTW) over a plamgnihorizon” (lassinovskaia et al.,
2017, p.1). The model developed considers a systade up of, on the one hand, a producer
based at a depot and on the other hand, a sestinears that have a demand for each period.
The partners (i.e. the producer and the custonaesyepresented by a set of nodes on a
directed graph. Distances between the differerthpes are calculated as Euclidean distances.
The producer’s role is to deliver his goods thattkRTIs to the different customers. It is thus
a two-stage supply chain. Yet the customers areavaiable at any time of the day. They
determine a time window wherein the producer cangbits products. The RTIs used are
either brand-new ones purchased from an RTI supplieeused ones collected from the
various customers. Then, when the products afgeatustomer’s location, they are unpacked
from RTIs. These empty RTIs are collected by thmdpcer so that they can be reused again
in the following production cycle. Both the produand the customers have two storage
areas for empty and loaded RTIs, which have givemimum storage capacities and given
initial levels. Products are distributed by a fleehomogeneous vehicles which can transport
both empty and loaded RTIs at the same time andighzharacterized by a unique vehicle
capacity for the whole loading and an average speé&d/h. Each vehicle completes a tour
per period, going from the depot to a subset ofarners. The vehicle visits each customer

exactly once per period.

The aim of the producer is to minimize the totaktca.e. the sum of the transportation,
storage, maintenance, purchase and penalty cdstdransportation cost includes a fixed part
and a variable part. The fixed part is a cost perkhereas the variable one is a cost per ton

km. The storage cost is an inventory holding cestymit incurred by each partner and at each
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period of time. The unit inventory holding coste alifferent depending on either they relate
to empty or loaded RTIs and they are lower at thpotl thanks to the greater inventory
capacity that implies economies of scale. The reagmice cost encompasses a cleaning cost
and an inspection cost. The maintenance cost igred each time an RTI is filled at the
depot. The purchase cost is the cost to buy nevs.RRTIs are bought at the producer. The
penalty cost is actually a penalty cost per unitime that is computed for the time length of
the itinerary and that thus reduces the temptatfdhe vehicle to wait at one of the customer
until the time window of the following customer oy If it nevertheless does so, a penalty

cost is incurred (lassinovskaia et al., 2016).

To address the PDIRPTW, the authors develop a miteder linear program that is tested
on small-scale instances. The version 12.5 of IRKAG CPLEX with default parameters is
used to solve the instances. The inventory roytnogplem (IRP) is acknowledged to be a NP-
hard problem. This implies that the authors havedus clustering algorithm to solve the
instances of a more businesslike scale. This esdblaliminish the scale of the problem

before executing the branch-and-cut algorithm (hesskaia et al., 2016).

Appendix 2 displays the initial model of lassinoasket al. (2017). It will also be largely
explained in the model about durability, resale Ersdes since it is based to a great extent on

this initial model.

2.3 Limited Durability

Geyer, Van Wassenhove and Atasu (2007) contributene literature about economics of
remanufacturing, which is designated“aslue recovery from collected end-of-use products
through reusing their durable components for thenuofacturing of a product with the
original functionality” (Geyer et al., 2007, p.88). Their research takasepln the frame of
closed-loop supply chains, which has gained subatanterest in recent years because of the
environmental challenges that have influenced lassirpractices. The focus of the article is
on return flows of goods that have reached thei-@&ruse cycle but that still constitute an
important source of value, as it is the case fonponents that have the potential to be reused
for manufacturing the same products. When prodcatsiot be reused one more time, it is
said that they have reached their end-of-life.His tase, they can still be valuable through
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energy recovery or material recycling. Sometimésisieven also possible to reuse the

components for products that have fewer requiresn@eyer et al., 2007).

The authors study, thanks to basic analytical nedible profitability of remanufacturing
under the basic supply-loop constraints, as formga the technical feasibility of
remanufacturing (limited component durability), thecessibility of end-of-use products
(collection rate) and market demand for remanufactyproducts (finite product life cycle).
They also investigate the interactions of thesesttaimts with each other and afseith the
cost structure of a production system with remactifiéng” (Geyer et al., 2007, p.89). They
also give some examples of the maximum numbewes§ifor some products components that
can actually be used as RTIs (as illustrated iruféig8). A wooden pallet can be used 50

times, a glass bottle 25 times, and a crate fatds0120 times (Geyer et al., 2007).

The authors consider an original equipment manufactthat has the possibility to collect

goods and remanufacture them once they have redgkbrdnd-of-use phase. The products
remanufactured are perfect substitutes for thedsreaw ones, meaning that both types of
products provide the customers with the exact satiigy, at the same price. The original

equipment manufacturer has control over the pradiicystem and can satisfy demand with
any combination of remanufactured and brand-nemstéGeyer et al., 2007).

They develop an economic model of production systernere the products are taken-back
after their use phase and are used to remanufaptenfect substitutes. However, some
collected items cannot be remanufactured becauskeolimited durability of the reusable
constituents. The model is divided into four maroups of operation: firstly manufacturing,

then collection, remanufacturing and finally displa&eyer et al., 2007).

A given percentage of the marketed products is collected at the endhefr current
utilization (Geyer et al., 2007). The collectiortera is most of the time inferior to 1 for
several reasonable explanations. Firsttiie collection network does not cover all areas
where products could be collectedGeyer et al., 2007, p.89). Then, users mightratirn
the product and dispose of it. And finally, somedtparties may collect the products at the
end of their useful lives for some other remanufacg networks. So the RTIs that are not
collected are assumed to be lost. Figure 4 degiicdgunctioning. The authors state that if the

collection rate is low or if the used product itureed only after the end of the life cycle, it
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does not make sense to invest in more durable gewés if the cost to manufacture a new

product is greater than the cost of remanufactu@eyer et al., 2007).

Modeling Limited Component Durability

Flow of M manufactured products through 3 life cycles
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Figure 4:Flow of M manufactured products through 3 lifelegqRetrieved from Limbourg, n.d.)

In the model developed by Geyer et al. (2007),dbléection process also encompasses an
inspection aimed at determining the percentagef the collected items that can be
remanufactured. The remanufacturing process tramsfdhe end-of-use products to mint
condition, which means that customers get the sarhy from remanufactured and brand-
new items. This proportiontakes into account technical constraints as wetha sufficient
market demand. The organization have to disposeegproportion(1-r) of gathered products
that cannot be remanufactured, which implies somspodal costs that can however be
reduced thanks to energy or materials recoveryn,Té@mbining the collection ratewith the
remanufacturing yield gives the remanufacturingg rat which “indicates the efficiency of
product take-back based on remanufacturin@eyer et al., 2007, p.90). Remanufactured
products are perfect substitutes of the newly mastufed items on the market. Both can be
used without any distinction to satisfy the totadrket demand. Geyer et al. (2007) then
exposes the total cost function of satisfying tamdndQ:

Cierian = (1 = 1)QCman + rcQCreman + €QCcon + (1 = 1)cQCyisp
Where:
Cman = the cost of manufacturing an item thanks td-fi@nd components,
C.oi1 = the collection and inspection cost of an endisd-item,
Creman = the remanufacturing cost of a collected ends®-ttem (<, 4n),

Caisp = the disposal cost of an item that cannot be nerfaatured.
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The authors can then quantify the cost-savings ¢hatbe made in a system that collects,
remanufactures and remarkets goods. Since remanadfeg is likely to be cheaper than
manufacturing, opting for the remanufacture canrelse the cost if the remanufacturing
yield is higher than a critical value. The conotus drawn from the results show the
importance of harmonizing carefully the productmost structure, life cycle of the item, the
component durability and finally the collectiongdb be able to achieve and even maximize
cost-savings because some nonlinearity is intradlicehe production cost functions by the
limited durability and the finite life cycle aspsctThe necessary coordination makes the
problem more complex. This could be one of theaeasvhy closed-loop supply chain is not
adopted by the majority of original equipment maatdirers (Geyer et al., 2007).
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3. Contribution

3.1 Durability, resale and losses
3.1.1 Introduction

3.1.1.1 Durability of RTIs
In reality, companies face the deterioration ofrtRT Is, which is simply due to their more or
less intense use, like for any asset. Indeed, thentemance that is laid down by the
companies examined by Martin (2016) demonstratastiiey are aware of the depreciation of
RTIs due to repeated utilization. RTls have a oetigetime that depends, on the frequency
of utilization (being itself tributary on activiseof the company) and on the type of RTI.

According to Martin (2016), AGC Glass Eurdpestimates that their stillages make on
average between 40 and 50 rotations during arifetdf 15 years, Bidvesuses rolls that
lasts at least 5 years during which they make alfashof trips per year, and Bubble Psst
boxes achieve 70 to 80 rotations during a lifetioie6 to 8 months. To demonstrate the
diversity in terms of RTIs and of businesses, BalBbst is a company specialized in the
ecological “first-and-last-mile” transport that gspolystyrene boxes, whereas AGC Glass
Europe is a leader in flat glass that uses onljagés and Bidvest is an international
enterprise in the services, trading and food distron sectors that uses euro-pallets, plastic

pallets, rolls, plastic tray and pallet heighten@fartin, 2016).

3.1.1.2 Resale of RTls
Then concerning the resale, Tréfis sometimes able to resell its defective palidien they

are not good anymore to transport goods. This ssipe because Trafic own most of its

1 AGC Glass Europe is the leader in flat glasstf@r automotive and construction industries andsfuar
applications. Returnable stillages are always deedhe road mode and they are used only with asrind
important customers for overseas mode. RTIs reptes@% of the overseas selling volume. The flege si
amounts to about 600 returnable stillages (Magi1,6).

2 Bidvest is an international firm that operatestriming, services and food distribution. Bidvesb\pde the
companies with all kind of products enabling cogkactivities. RTIs are present since the beginainBidvest
for goods transport and the company buys new kofdRTIs to adapt to new customers that have specifi
requirements and constraints (Martin, 2017).

% Bubble Post is a Belgian company whose concegiidsit ecological “first-and-last-mile” transporhd choice
of RTIs has come recently with the arrival of nawstomers in the HORECA sector. The ecological,gmtidn
and economical aspects drove this choice. The Riidsactually polystyrene boxes that enable keepoid
temperatures (Martin, 2016).

* Trafic is a Belgian integrated chain specializedliscount and non-food distribution. The entemfiss used
RTIs from its beginning and uses them more and roften. Trafic uses euro-pallets, plastic boxes paliet
heighteners. It has two logistic centers whereéeives the merchandise coming from the suppl@rders for
the 82 non-franchised stores are then prepared s ®artin, 2016).
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RTIs. However some organizations do not have thssipgity to fall back on resale or have a
limited possibility to resell, since they use RTi&t they do not own. For example, some
RTIS used by Trafic come from its suppliers or frame suppliers’ RTIs provider
Commonwealth Handling Equipment Pool (CHEP). Bidwasns its rolls and plastic boxes
but receive the pallets loaded with goods fromsigpliers. Once emptied, the pallets have to
be returned to the supplier where they are takek by CHEP (Martin, 2016). Appendix 3
displays a graph retrieved from Martin (2016) alktbetownership of RTIs.

3.1.1.3Lossesof RTIs
The vast majority of companies interviewed by Maif2016) report facing losses of RTIs.
Example of losses are also illustrated by the fhat some of these organizations, such as
Bidvest, Bubble Post and Colrdytegister sometimes finding RTIs of their commett So
this issue seems to be quite widespread, even acmmg@anies that were not analyzed by
Martin (2016). Some companies also experience sosstde their own stores. For example,
since Trafic is an integrated chain, it has notasst guarantee system and it does not invoice
nor record the RTIs; but it knows that some ofsiigres use some RTIs for other purposes
than transporting goods. One of the problems faogdTrafic is actually the lack of
traceability, which leads to the loss of RTIs (Ntart2016). But Mr. Plumer from Trafic
shared with me that the firm cannot quantify thenbar of losses because, by experience,
managers know that an annual inventory would desitmore in terms of energy, time and
money that what they actually lose. The CHLogistic Center also faces the issue of non-
coming back RTIs and one of the reasons may alsihvdéact that internal clients, i.e. the
care units in the hospitals, use the plastic ba®sstorage devices (Martin, 2016). Ms.
Limbourg, when visiting Bubble Post, Baxter and DEIU, also had the opportunity to
realize how serious the problem of lost RTIs wadliese organizations operating in different

fields and using different types of RTlIs.

To tackle this phenomenon, some organizations bavep some measures, as for example a

guarantee system. AGC Glass Europe, Bidvest andif@alse this system as an incentive for

® Colruyt is a Belgian supermarket chain that hasob® an important player in the distribution seatbfour

countries. It has always used RTIs (pallets, rafid plastic trays) for storage, handling and ptaieaeasons.

® The CHU Logistic Center is the logistic centertisé only academic hospital complex of Walloniaislnew
and has a storage capacity of almost 7,000 maditshwitched to the use of RTIs recently for sommé and for
a long time (e.g. rolls) for some others. The ubeolls is imposed by the infrastructure constraiof the
hospitals. Its customers are actually care unitsospitals (Martin, 2016).
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customers to return the RTIs. Other methods such@enalty system, a clause in a contract
or a tracking system can also be used. B&ximr instance uses barcodes for its most
expensive returnable items. The implementation &®FAD system could also reduce the
number of lost RTIs. For instance, Trafic doesuss the RFID technology but managers pay
close attention to it because they that think itlddoe very interesting for the traceability and
it could also increase the productivity. Having tieanme of the company on the RTI however
does not seem to be sufficient because some oggems sometimes find some RTIs with

names of partners or competitors on them (Marti62.

As seen in the literature review, it seems accgrtiinvarious authors and studies that the loss
rate ranges between 9% and 20%. Bubble Post rapattenly 1 to 2% of their boxes get lost
after an 8-month cycle. The CHU, Baxter and AGCsGIRurope as for them estimate their
annual loss rate to amount to 10% (Martin, 2016rtM (2016) resumed the information she
obtained from her survey thanks to the graph dygalan Appendix 4: the majority of the
organizations are confronted to a loss rate infetao5%, a bit more than one third lose
between 6 and 10% of their RTIs and less than dtieface a loss rate of minimum 10%
(Martin, 2016).

3.1.2 Description of the model

This adaptation of the initial model enables toetako consideration three main specificities
existing in organizations managing RTIs: durabjlitgsale and losses. Firstly, an RTI does
not have an unlimited lifespan. Each time it isdjgegets a bit more deteriorated, until the
moment it cannot be used anymore. Then, the compasyo get rid of this unusable RTI.

Depending on the type of RTI, the company will erthbe able to resale it and get some
money from it or it will have to get the RTI out thfe system by paying a certain amount of
money. It is also possible that taking this RTI ofithe system does not cost anything nor
bring in some money. Finally, losses are a quiteqdent problem encountered by
organizations that deal with RTIs. These threeifipgies have been thought by having a
look at what happens in practice in organizatidvasks to the Master thesis of Martin (2016)
and by drawing some inspiration from the durabidityd collection aspects developed in the

article of Geyer et al. (2007). As explained in fiterature review, this article studies a

" Baxter is worldwide healthcare enterprise whose baisiness is about developing, manufacturing and
manufacturing pharmaceutical products. It uses-patiets, rolls, plastic boxes, plastic trays arfteeling
plastic pallets.
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remanufacturing system through collection of usemtipcts. Yet, the remanufacturing aspect
is not present in the issue at hand. Indeed, theéehdeveloped in the thesis considers that
RTlIs, which are used to pack goods for their distibn from a producer at the depot to the
set of customers, can be collected until they Haaen used times,| being the maximum
number of lives. Moreover, RTIs are only resold whieey reach their end of life and resale
is assumed to take the form of a raw materialsv&goin our model, whereas, in the paper of
Geyer et al. (2007), resale is described as a lgessecovery from the disposal costs of
collected items that cannot be remanufactured. @Goetpto the cost function used in the
model of Geyer et al. (2007), our cost functionyotdkes into account the disposal cost,
which is actually in our case a disposal revenumbse end-of-life RTIs are assumed to be
resold at a certain priGe So the product of the number of RTIs disposedthadesale price

a is subtracted from the objective function to mii@en The collection cost as for it does not
exist in our model because it is assumed that aHeation of used RTIs is the norm (losing

RTlIs being the exception) and does not involve effgrt and cost.

Then, a great part of the model of lassinovskaial.ef2017) can be picked up to formulate
the modified model:

“The PDIRPTW problem is defined on a directed graphk- (N,A) whereN is the set of
nodes indexed by,j €{0,..,n} and A ={(i,j):i,j e N,i #j} is the arc set. Node O
represents the producer location and the Bgt= N\{0} denotes the customer locations.
Each customerl has a demana,;; at periodt. Moreover, each customer and the producer
incur unit inventory holding costs per peri¢ti  N), h¥ for the loaded RTI and? for the
empty RTI, with inventory capacitied’ for the loaded RTI and’f for the empty RTI.
Inventories are not allowed to exceed the holdiagacity and must be positive. The length of
the planning horizon is p with discrete time pedods T = {1, ..., p}" (lassinovskaia et al.,
2017, p.5).

A fleet of identical vehicley € V = {1, ..., f} of a capacityQ is used for the transport. The
capacityQ is expressed in terms of number of RTIs. Empty laaded RTIs are assumed to
take the same place in a vehicle. Then, a fixetl paiskma and a variable cost per tonne.km
f are incurred. The average speed of the vehidekm/h.“An empty RTI weightg/;, and a
loaded RTI weights, . Each vehicle is able to perform a route per péritvom the producer

to a subset of customers. At the customer’'s gatiéxea time in hoursg is incurred. A
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distanced;; is associated for ali, j) € A. The service of a customee N, can begin within

a time windowe;, [;]. The vehicle cannot arrive earlier than tiggeand no later than timg.

The producer is assumed to have sufficient invgnéord capacity to perform all of the
pickups and deliveries during the planning horizdime cost to buy a new RTI &s the
production cost per RTI ig, including inspection and cleaning costs incure¢dhe producer

and is proportional to the number of RTIs usedhat producer”(lassinovskaia et al., 2017,
p.5).

Each RTI has a level of utilizatidne K = {0, ..., [}. An RTl is said to have been used once
when a customer (i # 0) empties it after having satisfied its demand. Tegree of
utilization of the RTI increases each time thisacbccurs at the custom&o, an RTI with a
degree of utilization oD is an RTI that has never been used and the ldvetilzation |
corresponds to the end-of-life level. When an R8dches this degree of utilizatidnit is
resold at a prica and it is thus taken off from the compaifyl was set to 1, the model would
not reflect an RTI management anymore since it diouean that the items are only used
once and then resold, i.e. they would lose thdurnable nature and become disposable
items. The subsé&, = K\{0} indicates the levels of actual utilization (i.&ckding the level

“never used”) and this notation will be used in thedel.

“At the beginning of the planning horizon, the progiuknows current inventory levelg,
of the loaded RTI antf,, and receives information on the demandof each customerfor
each periodt” (lassinovskaia et al., 2017, p.5). However, thvellef utilizationk of the RTIs
used to satisfy this demand is not known. So tlugsgan variableli;,; is created as a way to
determine which RTIs (i.e. with which level of ug#tion) are used to satisfy the known

demandu;;.

It is also assumed that only a proportjoof the empty RTIs returned from the customers are
collected at the producer. It is indeed assumetthigarest of the empty RTIs returngd y)

is assumed to have got lost.

“The objective of the problem is to minimize thakeost while satisfying the inventory level

constraints for each customer in each period. lagsumed that every customer can only be
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visited exactly once. Moreover, a penalty costymat of timee, is added for the time length

of the routeg,;.

Decision variables used in the formulation are tifebinary variablesy; ;. equal to 1 if and
only if arc (i,J) is used on the route of vehicleén periodt; the integer variables are listed as

follows:” (lassinovskaia et al., 2017, p.5).

I, inventory level of loaded RTIs with a degree dfizdtion k, at customet, at the end
of periodt;

1%,  inventory level of empty RTIs with a degree ofiméition k,at customet, at the end of
periodt;

qike quantity of loaded RTIs with a degree of utilibatk delivered to customerin period
t;

ke quantity of empty RTIs with a degree of utilizati& returned from customaer in
periodt;

xijke gquantity of loaded RTls with a degree of utilipatk transported from customerto
customeyj in periodt;

zijke Quantity of empty RTIs RTIs with a degree of atliionk transported from customer
to customey in periodt;

pre  Quantity of RTIs with a degree of utilizatidrfilled at the depot in periot}

n; new RTI quantity bought and filled from the produm periodk;

U;,; quantity of RTIs with a level of utilizatiok used to satisfy the demand of customer
in periodt;

and the real variables are:

my,; arriving time of vehicler to customet in periodt

Oyt the time length of the route.

The PDIRPTW with durability constraints is thenrfarated as follows:

minimize Z Z Z (a Z Yijor + B Z( W Xijke + Wg Zijkt)) dij

iEN jEN teT VeV keK
+ZZZ(}HL Iith‘l'hF Iil;:ct) +Zcpkt +ant +zzg5vt - aZIglt
iEN teT keK teT teT veV teT teT
(1)

Subject to:

Yiek Xijie T Zijie) < Q Xvev Yijue V(i,j)EAVLET (2)
Ihy = Ihi i + Qike — Qie Vi€ N,V teT,Vk €K (3)
15, = 15 — T + Oigeqe Vi € N,V t €T ,Vk € K, (4)
15, =I5, — 1o ViE N,V teT 4)
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I5ke = Igke—1 + Pre — Dien qike VteT,VkeK (5)
I5ke = Ioke—1 — Pre + ¥ Dien Tike VteT,Vk € Ko\{l} (6)
I§ot = Ioe—1 = Poc + Mt + ¥ Lien Tioe VteT (67
Igie = ¥ Tien Tat VteT (67)
0< Yrexlh: < CF VieEN,VtET (7)
0< Yrexlf, <CE VieEN,VteT (8)
Pre < Igke—s Vvt €T, Vk € K)\{l} 9)
Por < Igoe—1 + 1 VteT (9)
Yieni=j(Xijkt — Xjikt) = ke Vj€eNy,V teT,vVk €K (10)
Yien,izj(Zijke = Zjike) = Tkt VjENy,V teT,VkeK (11)
Yienizj Yijot — Dien,izj Yjivt = 0 VjeEN,VvEV,VLtET (12)
ZiEN ZveV yijvt <1 Vj € NOth €T (13)
Z}'ENO Yojvt <1 VveV,VteT (14)
Tiee < Iy Vi€ N, VtET,VkEK (15)
Qe < The ViENy,VteT,Vk €K (16)
Y ienTike < Ioke VteT,VkeK 17)
Yien Qice < Ioke—1 VteT ,VkeK (18)
e; Xjen,j=iYijut < Mye < YjenjziVijr VIEN, VVEV,VtET (19)
di;
Mive + Vijor (g + T]) —maxienli (1= Yijur) < Mjy;
Vi EN,jENyi#j VVEV,VLET (20)
0<6, < ILIIEEIIVXli VveV,VteT (21)
Mipt + Viove * (g + @) —maxl; (1 — yiopr) < Oyt
S IEN
ViENYvEV,VtET (22)
‘) DI CINEG)) _

QieN Zvev Zt1=t1 Yijut 2 [Wl ViENy, Vi, 6L, €T, t1 2 ¢t (23)
Lt Igct’qikt’riktaxijkt’Zijkt'nt'pkt'ﬁikt €Z* Vi,jENVtET (24)
Yijue € {0,1} V(i,j)eAVveV,VteT (25)
Yker\y Uike = Uig VteT,VieN, (26)

“The objective function (1) minimizing the totalstoThe first sum of the objective function
corresponds to transportation costs, the second samesponds to the inventory costs of
empty and loaded RTIs at both customer locationd te depot, the third sum is the
production cost, the fourth sum represents the todtuy new RTIs, the fifth term is the
penalty cost due to the driver's waiting tim@assinovskaia et al., 2017, p.6) and the last
term is the resale of RTIs that have reached d l&vatilization | and that are back at the

depot, whatever the period of time.

23



“Constraints (2) state that the vehicle capacityn@ exceeded. Constraints (3) state the
inventory conservation condition for the loading &TIs over successive periods”
(lassinovskaia et al., 2017, p.@nhe inventory of RTIs with a degree of utilizatikin period

t is the inventory held at the end of the previoasqul, plus the loaded RTIs quantity of a
level of utilizationk delivered from the producer minus the quantitjRdis of levelk used to
satisfy the demand. Similarly, for empty RTIs, doasts (4) express the inventory
conservation conditions over successive period® ifilkentory of RTIs of a degree in
periodt is the inventory held at the end of pertod 1, minus the quantity of empty RTIs of
level k returned plus the quantity of RTIs of level- 1 that have been used to satisfy the
demand. The demand term here has a degree oftitihix — 1 because of the definition of
utilization. Indeed, an RTI is assumed to have besed once when a custome( # 0)
empties it after having satisfied the demand. Thisstraint is actually the one enabling the
transition from one level of utilizatiok to the following. Constraints (4’) describe the
particular case of constraints (4) fo= 0, i.e. for RTIs that have never been used. Sogsinc
the demand term expresses precisely the utilizatioms logically not present in these
constraints. Concerning the inventory conservationditions over successive periods at the
depot, constraints (5) state that the inventoryoatied RTIs of a degree of utilizatiénin
periodt is the inventory held in periotd— 1, plus the quantity of RTIs of degréefilled,
minus the number of loaded RTIs sent to customekewise, constraints (6), (6’) and (6”)
state the inventory conservation conditions for émpty RTIs situated at the producer.
Constraints (6) express that, fork<l, the inventory in period is equal to the inventory held
in the previous period, minus the number of RTlledi by the producer, plus the number of
empty RTIs that customers return and that have bekected at the depot (i.e. that have not
got lost). Constraints (6’), fdt = 0, are similar to constraints (6), except that &rentn; is
added in the right member of the constraints. Iddeewly bought RTIs can only have a
degree 0 of utilization, hence the appearanceisfighm here. Constraint (6”) state that, kor

= |, the inventory of empty RTIs at the producer is ottynposed of empty RTIs that have
been returned by customers and that have beercienllat the depot (i.e. that have not got
lost). Indeed, once RTIs of degrkeare back at the producer, they are directly reaald do
not appear anymore in the firm at the followingipérof time. The model actually assumes
that the resale can only take place at the produ@wanstraints (7) and (8) define the bounds
on the inventory of loaded (7) and empty RTIs @y by each customer throughout all

periods” (lassinovskaia et al., 2017, p.6).
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Constraints (9) ensure that, for 0, for O<k<I, the quantity of RTIs that the producer fills in
periodt is not superior to the quantity of empty RTIs heldhe inventory in the previous
period. In the same way, fér = 0, constraints (9’) state that the quantity of Rifat the
producer fills in period is not superior to the quantity of empty RTIs heldhe inventory in
the previous period plus the quantity of newly pased RTIs. The term, only appears fok

= 0 because new RTIs can only have a degree of uidizaf 0. “Constraints (10) indicate
that loaded RTI quantities are delivered and camsts (11) that the empty RTIs are

returned.

Constraints (12), (13), (14) and (20) ensure thegt proper vehicle routes are constructed.
Constraints (12) stipulate if a vehiclevisits customey in periodt, it has to leave customgr

in periodt. Constraints (13) ensure that at the most, a \‘ehitsits a customer per period.
Constraints (14) ensure that vehicles leave thalpcer only once per period or stay at the

depot.

Constraints (15-18) ensure the closed-loop chaifiassinovskaia et al., 2017, p.6).
Constraints (15) guarantee that the number of efRptg returned was held in the inventory
of the previous period. Constraints (16) state tiatquantity of loaded RTIs delivered is held
in the inventory. Constraints (17) express that tibenber of empty RTIs of degree of
utilization k returned to and collected at the producer (i.&t tiave not got lost) is held in its
inventory. Constraints (18) ensure that the quantitioaded RTIs of degree of utilizatidn

delivered to the customers was held in the invgntdrthe producer during the previous

period.

“Constraints (19) ensure that at each customer looatthe vehicle arrives within the time

window. Constraints (20) ensure that the arrivahei at customer j has a greater value than
arrival time at customer i in one route. Those ¢oaints do not need to be satisfied when the
vehicle v does not travel from node i to node pamiod t. Constraints (21) ensure that the
waiting time is lesser than the maximum arrivalgiand constraints (22), combined with the
objective function, guarantee that the vehicle mesuto the depot directly after serving the

last customer.

Based on Coelho and Laporte (2014), the valid iaditjes (23) are related to whether the
demand of customer j for period,,[t;] is greater than its inventory capacity then aitvis
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required” (lassinovskaia et al., 2017, p.6). These conssairake the running time needed to
prove optimality decrease and thus, have a positiygact on solving the instances. Then,
constraints (24) and (25) respectively express megativity and binary conditions on the
different variables. Lastly constraints (26) areled to make the link between the decision
variableii;;; and the data matrix;;. Only the RTIs that can be used further, at leastmore

time, to satisfy demand are considered hEN{1(}).

The approach is based on a mixed integer lineagrano and the model is tested on small-
scale instances. IBM ILOG CPLEX 12.5 is used wiia tlefault parameters to resolve the

instances.

3.1.3 Analysis
This section aims at explaining and analyzing #sults obtained from the model described
in the previous section by considering two situaioa situation with one customer and a
situation with several customers. First, the ingatia that are common for both situations are
given. Then, the input data that differ are giventlhe respective subsections. For the
subsection with one customer, the initial and nesdeh are described and illustrated thanks
to schemes. Then, a comparison is made betweenwvthenodels. The subsection about the
situation with the multiple customers is more sgfinfiorward since the main explanations

have already been given in the case with one custand the two models are also compared.

3.1.3.1 Input data
Firstly, the parameters set for the following conapions were chosen in order to enable the
optimization within a reasonable running time. Ade-off had to be made between the values
of I, p andn, i.e. the respective maximum valueskpft andi. The instance built is very
similar to one of the instances used in the art€lassinovskaia et al. (2017). It considers a

planning horizon of 4 periods, a fleet of 2 velsglend introduces 2 levels of utilization.

Then, the following data are taken from the instansed as an illustration in the paper of

lassinovskaia et al. (2017):
* “Each vehicle has a capacity Q=25 RTIs,a fixed spartation costz=0.8€/km, a

variable cosit=0.02€/(km.item),we assume that the difference d@tvan empty RTI
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weights and a loaded RTI is not significant andhegehicle has an average speed
s=50 km/h;

» hb =0.015€ /(day.item)hE 0.01€ /(day.item) hF = 0.035€ /(day.item) k¥ = 0.03€
/(day.item) ;

» the maintenance cost is c=0.02€/item;

» the cost to buy a new RTI is b=10¢€;

* apenalty costz=0.01€/min;

» the time needed at the customer’s gate: g=10nfiassinovskaia et al., 2017, p.7).

Then, for the new model, the following parameteesaded:
» The price to resell an RTI sand is set to 5;

» the collection rate igand set to 0.5.

The distances are also taken up from the articlassinovskaia et al. (2017):

“A set of spatial coordinates of customers is ramiip generated as integers in a square of
100 units, and the location of the depot is at \GrODthe center of the square. Distances
between depot and customers and between each @sstm@ calculated as Euclidian

distances”(lassinovskaia et al., 2017, p.7).

Table 2
Distance matnx

km Depot C1 2 ] 4 C5 CG ar)
Depot 0 24 64 57 25 H 45 36
C1 24 0 43 79 i3 22 33 &0
2 B4 43 0 122 75 58 30 98
3 57 78 122 0 53 76 101 31
C4 25 i3 75 53 0 23 b5 46
C5 34 22 58 76 23 0 56 66
C6 45 i3 30 101 65 56 0 4
c7 36 60 a8 31 46 66 74 0

Figure 5:Distance matrix (retrieved from lassinovskaia ket 2017, p.7).

Finally, concerning the time windows:

“We assume that each driver can operate 420 mih)(per day and that the day begins at
time 0. All customers have a time window in minfitgd;] = [0,420]. But some customers
may have a tight time window, that is why, we ranlyoselect two customers for which one
of these two time windows [0,100] or [150,250] ssened”(lassinovskaia et al., 2017, p.7)
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3.1.3.2 Model with one customer
This section aims at illustrating the differencetgween the functioning of the initial model
and the modified model. Although the consideratdmnly one customer does not represent
a pickup and delivery problem, it enables a bafteterstanding of the mechanism of two

models and of the modifications that have beendirbu

This model obviously considers a valuenodf 1. For the new model, resale precéas been
set to 5€ and the collection ratéo 0.5. The maximum degree of utilizatibis set to 2. Then,
concerning the demand of this customer, it is agslto be constant over time and set to 10.
The inventory capacity is set to 30 for both theducer and the customer. Then, for the
initial model, the initial inventory level for load RTIs is set to 10 at the depot and to 20 at
the customer. For the empty RTIs, it is set to thhatdepot and to 10 at the customer. For the
modified model however, since one should take adoount that RTIs of different level of
utilization are available in the initial inventorthe inventory levels chosen for the initial
model have been split into two between the degresilzation 0 and 1. Yet at the depot they
stay the same.

3.1.3.2.2 Initial model

The goal of this section is to illustrate the fuoring of the initial model in order to better

understand it and to make the comparison with tbdified model easier.

Firstly, the costs generated when running theahitiodel with one customer and with the
data above-mentioned are exposed in Table 1. Ibeaobserved that the transportation cost
represents the greatest part the total cost andissido 48.52% of the total cost. Then the
cost to purchase new RTIs equals 48.13% of thé ot which is quite a lot. The rest of the
costs combined only reach 3.35% of the total cesich is not significant. It is also the
reason why they are considered in one set; takieghtinto account separately would not

make sense.
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Total cost | Transportation Ir%\(/)(igit:éy Maintenance New RTIs | Penalty Running
(€) cost (€) cost (€) cost (€) cost (€) cost (€) time (s)
207.75 100.8 5 0.4 100 1.55 0.92

Table 1:Details of the costs of the initial model with ansstomer.

Then, Figure 7 enables to understand what acthalppens in the inventories of both the
producer and the customer, as well as what arffalve and interactions. For the sake of
clarity, this scheme is presented in this sectiecalse it is much easier to represent the RTls
inventories and flows when considering only ongd@mer. Figure 6 is the key that will be
used for both this scheme and the one of the neatiifiodel.

Key

[ ] loaded RTI
O empty RTI
indicates that the RTI has just been bought

Pkt indicates the number of RTIs with a level of utilization k filled at period t
Pt indicates the number of RTIs filled at period t
—— > flow of RTIs used to satisfy demand

----- » flow of empty RTIs returned
----3  flow of loaded RTIs delivered

Figure 6:Key of the schemes of the initial and new models

At time 0, the inventories of both the producer #mel customer are the ones that have been
described in the input data section since thesgiaem data. The inventory of loaded RTIs at
the producer equals 10 and there is no inventargiiapty RTIs. Then, for the customer, the
inventory of loaded RTIs is equal to 20 and the oindhe empty items is equal to 10. Then, at
period 1, 10 brand-new RTIs are bought at the deffuése are automatically filled. At the
customer’s, the demand of 10 RTIs (the demand beamgtant over time) of period 1 is
satisfied, which means that 10 of the loaded RTIpasiod O find themselves emptied in
period 1. Then, at period 2, several flows canlimeoved: the 20 loaded RTIs that were at the
depot at period 1 are delivered to the customer tard20 empty RTIs that were at the
customer’s at period 1 are returned to the produtke demand of period 2 is satisfied,
which means that 10 RTIs that were loaded at pefriack now emptied. At period 3, the only

flow consists in the demand satisfaction. Howeu€r,empty RTIs are filled at the depot.
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Finally, at the last period, the demand is satiséiad 10 loaded RTIs are sent by the producer
to the customer. The final inventory levels arestbanstituted of 10 empty RTIs at the depot
and 30 empty RTIs and 10 loaded RTIs at the custeme
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Figure 7: Scheme of the initial model when considgseveral customers
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3.1.3.2.3 New model

The aim of this section is very similar to the poes one, except that it is about the modified

model, and the same structure will be followed.

Table 2 gives the values of the different terms posing the total cost function of the

modified model. The total cost function of this nebgresents a particularity: one of its terms

is a revenue and is thus introduced by a minus kigving a negative impact on the total cost.

The main two costs are again the transportationamas$ the cost to buy new RTIs. The resale

revenue stands at -12.74% of the total cost. Therdtypes of cost have significantly less

impact on the total cost.

Inventory

New

Resale

Total cost | Transportation holding cost Maintenance| RTIs Penalty Revenue Running
(€) cost (€) © cost (€) cost (€) cost (€) A © time (s)
196.21 104.64 4.62 0.4 110 1.55 25 1.20

Table 2:Details of the costs of the new model with ond¢ocnsr.

Then, in the same manner as Figure 7, Figure 8len&t explain what actually occurs in the

inventories of both the customer and the produocer \ahat are the flows and interactions

between them and inside of their own inventoryuFeg is also the key used for this scheme.
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At period 0, the inventory levels of the producaed af the customer are the ones set in the
input data, as it was the case in the scheme afieghemodel. At the depot, the inventory of
loaded RTIs that have never been used is equd tandl this is the only kind of inventory
available at the producer’s. At the customer’'sydghare, for both the degrees of utilization
k=0 andk=1, 10 loaded RTIs and 5 empty RTIs. At time 1, 1@ ®T s are purchased (at the
depot). These RTIs, as they are brand-new, havegaed of utilizationk=0. They are
automatically filled. At the customer’s, the demarigberiod 1 is satisfied by using the loaded
RTIs that were available at period 0 and that hasaer been used. It is the model that has
chosen to use RTIs with this degree of utilizatibieould have chosen the ones with a degree
of utilization k=0. According to the definition of the utilization,ngie these RTIs are used to
satisfy the demand, they go from the level of zgilionk=0 to the following k=1). So these
RTIs undergo 3 modifications and it is always tlasecfor the demand satisfaction in this
model: they see their degree of utilization inceshy 1, they are emptied and we can find
them in the inventory of the next period. Thenpatiod 2, different interactions happen.
Firstly, 20 loaded RTIs that were at the depoteaiqal 1 are delivered to the customer. Then,
the demand is satisfied by emptying 10 loaded Rvils a degree of utilizatiok=1. These
items therefore go from a level of utilizatir1 to k=2. Finally, 4 empty RTIs witkk=0 and

14 with k=1 are sent from the customer to the producer. Howeree at the producer, only
the half of them remains: 2 witk=0 and 7 withk=1. The other half has got lost. The
proportions of collected and lost items are du¢hw collection rate which was set to 0.5.
Period 3 does not witness a lot of interactiondy dhe demand satisfaction, as already
described for other periods. Moreover, one RTI asight (and obviously appears in the
inventory of unused RTIs) and is directly filledhd other 2 empty RTIs that were present at
the previous period with a degrke0 are also filled. In addition to these 3 RTIs filleéte 7
empty RTIs with a degrede=1 that were present at period 2 are also filledalyn at period

4, the three kinds of movement appear. The dematigfection occurs, according to the
definition of utilization. Then, loaded RTIs of kevof utilizationk=0 (3 items) andk=1 (7
items) are sent to the customer. And some emptys Rifi¢ sent back to the depot. Half of
them disappear and the other half can be foundeaniventory of the depot. These RTIs have
a degree of utilizatiok=2, which means that the ones that are collectedlaigoing to be
resold once they arrive at the producer’s, at egpset to 5€. Indeed, if the model presented a
fifth period of time, one would notice that thes€l®Rdo not appear anymore in the producer’s
inventory of empty RTIs fok=2, neither in another one. Yet a remark can alsmbde: the

fact that RTIs are in different inventories accaglio their level of utilization only aims at
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making the scheme clearer. It is not the caseahlife. Contrarily, the initial model, due to
the inventory capacity constraints, seems to asdhateloaded and empty RTIs at both the
producer’s and the customers’ are stored in diffefecations. And this constraint has not

been modified in this new model.

When comparing the two models, one can directlycedhat the total cost is lower for the
new model. This can seems surprising since addmmgtaints is supposed to increase the
total cost. However, one of the terms of the oljectunction is revenue, which can reduce
the total cost. In addition, as it will be showrtlre parametric study, depending on the values
of a andy and on the data encoded, it is possible to hdewer total cost for the new model.
This happens when the resale revenue is high enmugbmpensate for the increase in the
other costs. And this is actually what can be olehere in the new model. Each cost has
either increased or remained equal and what makesotal cost decrease under the total cost

of the initial model is the resale revenue.

.| Inventory . New Penalty| Resale .
Total cost | Transportation holding Maintenance| RTls cost | Revenue Runnmg
(€) cost (€) cost (€) cost (€) c((gt © O © time (s)
Model
without
durability, 207.75 100.8 5 0.4 100 1.55 / 0.92
resale and
losses
Model
with
durability, 196.21 104.64 4.62 0.4 110  1.55 25 1.20
resale and
losses

Table 3:Comparison of the costs of the initial and new et®for one customer.

A first point of similarity is the fact that thetd costs of both models are composed by
roughly the same proportion of the different cobtdeed, the two main costs composing the
total cost at nearly 50% each are the transpontatast and the purchase cost. In addition,
both models show the same maintenance cost andtypenat. Concerning the maintenance

cost, it will be shown in the parametric study thateems to depend only on the demand and
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initial inventory levels. Since these data are shene for the two models, the maintenance

cost is the same as well.

Then, when comparing the running time, the ondefrtew model is a bit longer than the one
of the initial model, which looks logical. Indeeal,model containing additional constraints
and an additional dimension will likely take moien¢ to run. The augmentation of the

running time amounts to 30.43%.

When comparing the two diagrams, one can noticeirthtae two schemes, the same types of
movement of items happen during a given periodnoétIndeed at period 0, no flow can be
observed. The only difference concerning period odsests in the number of RTIs in
inventories, since for the customer, empty andddaBTIs are split between the levels of
utilization k=0 and k=1. Then, at periods 1, 10 new RTIs are bought aledfin both
schemes and the demand of 10 RTIs is satisfiedomhedifference at this point is about the
definition of utilization, since RTIs that are usadd emptied for satisfying the demand see
their level of utilization grow. For period 2, tlerdlows of RTIs can be discerned in both
schemes, but the returning flows, for the new moglet split into two flows since half of the
RTlIs get lost and the other half get found at tepad. The other difference is again about the
level of utilization. Period 3 highlights very silan interactions in schemes since there is only
one movement of RTIs. The difference is again thanging level of utilization when
satisfying the demand. Yet a new RTI is also puseldaFinally, for period 4, the difference is
more visible. Indeed, the second scheme depictlditional interaction: a returning flow of
RTIs, from which half gets lost. The ones thatfatend at the depot actually have a degree of
utilization k=2, which means that they are resold and disappear fr@minventory. The

augmentation of the level of utilization also hamppat time 4 when satisfying the demand.

In addition, the scheme enables to understand sditiee modifications brought to the set of

costs. One RTI is bought, which explains the audatem of the purchase cost by 10. Then,
5 items are resold, which corresponds to the resalenue that appeared in the new model.
Concerning the inventory holding cost, it is lovi@rthe new model, simply because there are
less empty RTIs in the inventories: on the one hanthe RTIs get lost and do not arrive at
the producer’s inventory, and on the other hanel,miiimber of empty RTIs at the customer’s
during the last period is also lower because tlve medel generates a flow of returning RTIs

that did not exist in the initial model. More gealgy, the flows are not the same on the two
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schemes, which implies some differences in thentorges. The difference of empty RTIs at
the depot is 26 when comparing the two schemetheé\tustomer, this difference amounts to
4 RTIs. Since the inventory holding cost for onepgmRTI is 0.01€ at the producer’s and
0.03€ at the customer’s, this results in a decr@agdbe inventory holding cost of 0.38€.
Finally, the increase in the transportation cost also be explained by the modifications in
flows. Some empty RTIs are returned to the depanhduime 4, whereas it was not the case
in the initial model. This might be explained byetfact that there is an incentive to return
these RTIs. Indeed, the model wants to resell tR84e which have reached their end-of-life
before the end of the planning horizon becausadagional transportation cost necessary to

make the resale possible will definitely be lowmart the resale revenue generated.

The fact that some RTIs get lost when returninthéodepot does not seem to disturb a lot the
system. Indeed, with 14 lost RTIs one could thimkt the model would have to compensate
for these losses by purchasing brand-new items.edewy we can notice that it is not the case
because only one new RTI is bought, compared tosifuation of the initial model. The
number of new RTIs purchased would probably inaahthe planning horizon was longer.
Then, the same reflection is valid for the resdleiould most likely involve the purchase of
new RTIs if the time scope was longer since theseld items disappear from the system.

But for a narrow planning horizon like we have héhe resale is only synonym of revenue.

3.1.3.3 Modd with several customers

This illustration of the model with several customactually considers 7 customers, i.e. a
value ofn of 7. For the modified model, the collection rhtes been set to 0.5, the resale price

to 5€, and the maximum level of utilization to 2.

Then, concerning the demand, the values of théalimbodel are kept:The customer’s
demand for each period t srandom number generated between 1 and 9.” ((ass(aia et
al., 2017, p.7)lt is also assumed that every customer’s demambnstant throughout the
planning horizon (lassinovskaia et al., 2016). Vhlkies are set to :

ult == 2; uZt == 8; u3t == 8; u4t = 8; u5t = 6; u6t = 5; u7i = 2 VteT K (|aSSInOVSkaIa
et al., 2017, p.7)
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Finally, concerning inventory capacities and iniirazentory levels, the rule applied in the
instance of the article is also applied het€he capacities at the depot a& = ¢f = 10n-2;

CF = cF = 2u;, for the customers. The initial inventory leveldomded RTIs are equal to the
customers’ demand for half of the customers andh&odemand for the other customers
doubled, whereas initial inventory levels of em@yls are equal to the demand”
(lassinovskaia et al., 2017, p.However, for the modified model, modification haveen
brought to the initial inventory levels of both etm@nd loaded RTIs in order to take into
account the possibility to have initially RTIs oiffdrent degrees of utilization. That is the
reason why, for each customer, these inventoryidéwaeve been divided into two between the
degrees of utilization 0 and 1. The inventory levat the depot are not affected by this

adaptation: it is O for empty RTls andnlfor loaded RTIs.

The same comparison as the one done for one cusieg@ng to be made in order to see the
effects of the addition of customers on the diffices between the two models. Then, in the
parametric study, the values @fandy will be modified in order to stick as much as pblkes

to the initial model and a comparison between tbeets will be made.

Total .| Inventory . New Penalty| Resale | .
Transportation . Maintenancg RTIs Time

Cost Cost (€) Holding Cost (€) cost cost | Revenue (s)
(€) Cost (€) € (€) () (€)

Model

without

durability, 1124.45 1011.5 17.37 1.36 80 14.23 20

resale and

losses

Model with

durability, | 1,00 56/ 947.42 16.84 1.36 380  12.94 70 15

resale and

losses

Table 4:Comparison of the costs of the initial and new etedor several customers.

What stands out from the cost comparison in Talikethe fact that the total cost of the new
model is higher than the one of the initial mod&. explained previously, this seems to be
logical given the additional constraints introducedhe modified model. This increase in the
total cost is due to the net increase in the pwelast. The number of RTIs bought has

considerably increased, which is due to the lost r@sold RTIs that have to be replaced in
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order to be able to satisfy the demand of eachomest properly. The number of additional
new RTIs (30) is more than 2 times higher thanrthmber of resold items (14). Unlike the
comparison for one customer, the revenue genefaigdthe resale is not important enough
to compensate for the augmentation of the new Rads$s$. Then, the inventory holding cost is
also lower, due to the fact that lost and resoldsRdo not have to be stored anymore.
Contrary to the analysis with one customer, thasjpartation cost has decreased in the
modified model. This modification depends on theargfes in terms of flows that have
occurred. The decrease in transportation cost reajuk to the fact that the company globally
hinders the empty RTIs to return to the depot beeauknows that a part of them will get
lost. However, as it has been said for the analygils one customer, it may generate a
returning flow at the end of the period for emptyI& that have reached their maximum
number of lives in order to get some resale revehuethis seems to have a lower impact
than the fear of losing RTIs throughout the plagnirizon. So, all the types of cost either
decrease or remain constant in the modified madedept the purchase cost that skyrockets
because of the lost and resold RTIs that have teplaced. This important increase largely

compensate for all the small decreases and faedae revenue generated.

Then, considering the running time, it is lower floe new model, which seems strange since
an additional dimension and additional constraamessupposed to increase the running time.
However, as it will be shown in the appendicesteeldo the parametric study, a collection
rate of 0.5, for any value of the resale pricegyasticular in that it needs very few minutes to
run, compared to other values of the collectioe.ritdeed, the majority of the values of the
collection rate do not enable to reach the optsoaltion within a reasonable running time.

3.1.4 Parametric study

3.1.4.1 Input data and gap
The parametric analyses are based on the samédatacas the one used for the model with
several customers. For running the following caselimitation on the gdphas been set on
IBM ILOG CPLEX. A gap of 5% is accepted if no opafrsolution is found within the first
10 minutes of running time. It has even been redlioe2% for the graph of Figure 16. This

8 The relative Mixed Integer Programming (MIP) gaptie relative differencébetween the best integer
objective and the objective of the best node reimgin The gap is computed in the following wéjpestnode-
bestinteger|/(1e-10+|bestinteger|jIBM, s.d.).
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enables to avoid a too long running time and torege how far the solution found is from
the optimal one. On the following graphs, optimalusons are recognizable thanks to a
purple asterisk. Actually, optimal solutions haveeb reached for only two values of the
collection ratey = 0.5 andy = 1. Since the IRP is a NP-hard problem, it is reaisonable to
evaluate and fix a necessary running time instéaa gap, based on only some valuesaof
andy. Indeed, some values may generate an optimali@olatter a very short running time
whereas some others may need a considerable treddition, only even collection rates
will be taken into account in some of the graphsalise two odd collection rates (0.7 and 0.9)
do not reach a tolerable gap within a reasonalviging time. Indeed, they do not even reach
a gap of 10% after nearly 24 hours of running tilaguossible solution to solve such cases is
the development of heuristics.

3.1.4.2 Effects of the collection rate
The first analysis that can easily be made congisexamining, for a given resale price per
RTI a, the total cost as a function of the collectiote ya Figures 9 express the total cost as a
function of the collection rate faa = 5. Not surprisingly, the total cost strictly decreas
when the collection rate increases. The poirt.7 andy = 0.9 are missing in Figures 9, 10
and 11 due to the too long running time and tadloepoor gap reached. Solutions are optimal

fory=0.5andy = 1.

Total cost as a function of the collection rate
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Figure 9: Total cost as a function of the colleati@te for a = 5€.
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Intuitively, we can imagine that the greater thbembion rate, the fewer the new RTIs needed
to compensate for the lost RTIs. Another reflecttonld be the following: the resale revenue
increases when increases because if fewer RTIs get lost througti®miperiods, the number
of RTIs reaching the last degree of utilizatlomill be greater. This second causal relation is
nevertheless likely to be weaker because we caposepthat the revenue arising from this
resale is globally lower than the new RTIs cost aedause the resale revenue has to be
nuanced by the probable need to replace resold Riflisnew items. Figure 10 depicts the
trends of the total cost, the cost to buy new Rifld the resale revenue for= 5€and largely
bears out the above reflection. When the collectade increases, there are two elements that
push the total cost to decrease. The first onbdseffect of the new RTIs cost because less
RTIs have to be bought if the organization is ablget a large portion of them. Then, the
second element is the effect of the resale becdmise, fixed resale price, more RTIs reach
the condition at which they are sold. However, trsph does not confirm the above intuition
when it comes to the superior value of the purcltase over the value of the resale revenue.
Indeed, when no RTI gets lost, the resale reveaudgher than the cost to purchase new
RTIs. However, this is only true for values athat are strictly greater than 2, as it will be

explained further in the subsection about the &fetthe resale price.

Total cost, new RTlIs cost and resale revenue as a
function of the collection rate
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Figure 10:Total cost, new RTIs cost and resale revenuefaadction of the collection rate (for a = 5€).

40



Figure 11 shows that the fluctuations of both teegity and inventory holding costs are not
substantial and are not even visible on this grajterefore, they do not have any sizable
impact on the evolution of the total cost. Conaegrthe transportation cost, it does not vary a
lot. Fory=0.6, the transportation cost increases a bit and thpsdsisely the point for which,

in Figure 10, the curve of the new RTIs cost wassiowing parallelism with the curve of
the total cost. So for this point, a link appearsxist between the transportation cost and total
cost. Moreover, the transportation cost seems dballly decrease when the collection rate
decreases. This may be due to the fact that theeintodders the return of empty RTIs in
order not to lose them during the way back. Thenteaance cost is not represented on this
graph but, as it will be explained later, it is afjto 1.36 for any value & andy. Thus this
graph demonstrates that the transportation, peraity inventory holding costs do not
influence the evolution of the total cost as a fimrc of the collection rate and for a given
value of the resale price. Consequently, only &sale revenue and the new RTIs cost have a

considerable impact on the evolution of the totetcexcept for some particular points.

Total, transportation, penalty and inventory holding
costs as a function of the collection rate
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Figure 11 :Total cost, transportation cost, inventory holdicmst and penalty cost as a function of the cabthect
rate (for a = 5€).

The resale pricea has been set to 5 to illustrate an average phuae,it also represents

properly the global trend that emerges from theeothalues ofa, since the elements

constituting the total cost do not vary a lot adoog toa, as it will be shown lateiTherefore,
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another value ofa could have been chosen for building these two lggawithout any

substantial difference.

The detailed data generating the graphs of thisexiilon are available in Appendix 5.

3.1.4.3 Effects of theresale price

Another type of analysis is based on the variatibthe resale prica, for a given collection
ratey. The total cost is a decreasing function of treale price, as shown in Figure 12. At
first glance, one can notice that the total cosilabally a linear decreasing function of the
resale price, even though the trend looks a bikéwdor negative values. This is confirmed
when looking at the minimization function of theabcost. The resale term, i.e. the only term
on which the resale prihas an impact, is introduced by a minus sign arsichby is the
product of the resale price and the number of RTthe depot that have reached their end-of-
life. The value“a = -2€” should be understood throughout this parametridysais the fact
that the resale revenue becomes a disposal cagtdic@€ per RTI thrown away). Contrarily,
the curve of the total cost as a function of thibection rate (Figure 9) is much less straight

because the collection rate impacts several elentdrihe objective function.

Total cost as a function of the resale price
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Figure 12:Total cost as a function of the resale price)fer0.5

The logic is straightforward and is the followintie higher the resale price for a given

guantity of resold RTIs, the lower the total coktdeed, it will be shown in the next
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subsection that the quantity of resold RTIs, fosipee values of, is only influenced by the
collection rate. Being able to resell at a highgce could also be a good reason for the
model to push RTIs to reach the leVelf utilization, but as it will be discussed in thext
subsection, this supposition should be discardecddition, if it was the case, there would
not be any linearity. It is actually what seem$éappen fora = -2. The model probably tries
to limit the number of RTIs that the company musitigd of, since it represents an additional
cost. It would maybe also be the case for a rggate higher than the purchase price. Indeed,
the model would not worry anymore about makingitems reaching their end-of-life since
the cost to replace them by new ones would defjniie compensated by the resale revenue.
But this situation does not make sense in real lileed objects are usually not resold at a
higher price than brand-new ones.

Figurel2, representing the total cost, purchastearatresale revenue as a functiora dbr y

= 0.5, shows on the one hand that the cost to lemy RTIs, since it remains stable for any
value ofa, does not influence at all the trend of the tatzt. On the other hand, the graph
confirms the reflection explained above: the insee@n the resale revenue seems to fill in
perfectly the decrease in the total cost for nogatige values ot and this can be easily

confirmed by the source data in Appendix 6.

Total cost, new RTlIs cost and resale revenue as a
function of the resale price
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Figure 13:Total cost, new RTIs cost and resale revenuefaaction of the resale price (for= 0.5).
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Figure 14 confirms that the evolution of the totalst is largely impacted by the resale
revenue because the graph shows that the transpoytaenalty and inventory holding costs
remain quite stable for any value of the resaleepriThus, they have no influence on the
decrease of the total cost. It can be noticed, whking a deeper look at the values on which
the figure has been formed in Appendix 6, thatvileles of these 3 types of costs are exactly
identical for all the values cd represented on the graph, exceptdor -2 for which the
values differ a bit. These results are thus everemadical than the ones obtained for the
Figure 11, which is the equivalent graph when stglyhe influence of the collection rate for

a fixed resale price instead of the impact of trale price for a fixed collection rate.

Total, transportation, penalty and inventory holding costs
as a function of the resale price
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Figure 14:Total cost, transportation cost, inventory holdirwst and penalty cost as a function of the resale

price (fory = 0.5).

The detailed data generating the graphs of thisexiilon are available in Appendix 6.

3.1.4.4 Effects of the collection rate and theresale price

This model is not exactly a generalization of thidal model. Indeed, when applying a resale
price per RTla of 0 and a collection rateof 1 to stick the most possible to the assumptions

of the initial model, the resulting total cost Igyktly (0.2€) lower than the one of the initial
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model. Actually, the difference comes from the meey holding cost. Since the RTIs with a
degree of utilizatiork are thrown away (that is what is implicitly dedeattoy a resale price of
0) when they arrive at the depot, there is no mventory holding cost incurred for these
RTIls after they exit the company. Contrarily, tmitial model assumes that they remain
forever in the company. In our case here, 2 RTégfamown away at period 2 and 16 at period
3. Considering a constant inventory holding costeimpty RTIs at the depot of 0.01€, these
RTIs would have respectively cost the company ia ithitial model 0.01€*2*(4-2) and
0.01€*16*(4-3) for being hold in the inventory for the remainipgriods of time. Table 5

gives the detailed values obtained. Solutions nbthfor both models are optimal.

Total Transportation| Inven_t oY | Production New Penalty Resale .
Cost(€)| Coste) | HOdNg | “cosie)y | RTIS | cost) | (6 Time (s)
Cost (€) cost (€)

nitial | 919445 10115 17.37 1.36 80 14.23 / 201
model* ) ) ' ) )

New

model,
with y=1 | 1124.25 1011.5 17.17 1.36 80 14.23 0 500
and a=0€

Table 5:Comparison between the initial and new mode)ferl and a = 0.

This comparison with the initial model also enaliteexamine the differences in terms of the
running time. The new model takes 8 minutes ande2@nds to run, which is 5 more minutes
than the initial model, which only needs 3 minutesd 20 seconds. This represents an
increase of the running time of 56%, which can kplaned by the introduction of a new

dimensionk and new constraints.

3.1.4.4.2 Total cost

Figure 15 confirms that the same trend as the bserged in the Figure 9 can be noticed for
other values o&: the total cost decreases when the collectiongete closer to 1. The order
of the curves follows the following rule: the hightbe value of the resale price, the lower the
total cost. The reason behind this fact lies onttital resale revenue. Indeed, for a given
collection rate, the resale revenue increases wheemnesale price increases, which leads to a
decrease in the total cost. In addition, it cam &ls observed that the difference between the
values of the total cost obtained for each curwebggger when the collection rate increases.

This can easily be explained by the fact that adrigcollection rate implies more RTIs
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reaching the level of utilizatiohat which the producer resells them. Then the uregsale
prices accentuate this difference. Indeed, the @dyment of the cost function that is
impacted by the parameteris the resale revenue term. As it has been exain the
subsection about the effects of the collection, rdtere are only two components of the total

cost that really influence the total cost: the pase cost and the resale revenue.

Then, the red point on the graph of Figure 15 regmts the total cost reached by the initial
model (1124.45€) and is placed jor 1 since the initial model implicitly considers thiaere

is no RTI that gets lost. We can see that all tees get lower than this total cost when

1. Indeed, as explained in the comparison of theiposvsubsection, the total cost of the
initial model is a little bit higher than the onétbe modified model when the resale price is
null. It is therefore logical that it is also thase for positive values @&. For the highest
values ofa, the total cost is lower than the one of the ahithodel even for lower values of

the collection rate (0.8).

Total cost as a function of the collection
rate for different levels of the resale price
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Figure 15:Total cost as a function of the collection rateddferent levels of a.

Figure 16 shows that the evolution of the totaltcas a function of the resale price is
represented by decreasing curves for differentegmlofy. The curves are linear for non-
negative values d. This confirms the trend of Figure 12. Indeed, tighér the resale price,

the higher the resale revenue and thus the loveetatfal cost. It can also be noticed that the
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higher the value of the collection rate, the lovegethe curve on the graph because, as already
explained, a high collection rate means that marks Rre collected and therefore, more RTIs
are likely to reach the last degree of utilizatetnwhich they are automatically sold by the
producer. This means a higher revenue and constyjaelower total cost for each value of
a. However, the three curves of the graph do notehéne same slope: the higher the
collection rate, the steeper the slope. The redmdnnd that is the mix between the two
effects: for high values af andy, more RTIs are resold and they are resold at laehigrice.
Thus the combination of both effects defines tlopal In addition, for the negative value of
a, the same phenomenon as the one already noticEdjume 12 seems to happen also for
other values of the collection rate. The solutiohBigure 16 are optimal for= 1 andy = 0.5
and the gap has been set to 2%yfer0.1.

Total cost as a function of the resale price for different
levels of the collection rate
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Figure 16:Total cost as a function of the resale price fiffedent levels of.

3.1.4.4.3 Number of RTIs resold

Then, when observing the number of RTIs resold @uré 17, one can notice that for
positive values o4, it is only dependent on the value of the collattiatey since the curves
representing a positive value afcoincide with each other. These curves are inorgathe
higher the collection rate, the higher the numbéRDis resold. This is due to the fact that the
number of RTIs reaching their end-of-life increasdgeny increases, as it has already been

discussed. So for these valuesapthe number of RTIs resold is not influenced &bglthe

47



value of the resale price This means that the quantity of RTIs that redwirtend-of-life
condition and need to be resold stays the sama fgiveny, whatever the value @ One
could have thought that the lower the value,ofhe more the model would prevent the RTIs
from reaching the level of utilizatidn but it does not seem to be the case for posiihees.
However if seems to be the case for null and negatalues ofa because the curves for
negative values are globally lower than the othEnss leads us to believe that the model tries
to restrict the number of RTIs that the company thget rid of because it either does not
make any money from the disposal £ 0) or it has to pay for ita = -2), and because, in
addition, resold RTIs implies replacement. A goodywto limit this number could for
example be the anticipative purchase of brand-nems from the beginning of the planning
horizon to expand the fleet of RTIs that can bedusleus hindering the utilization of each
RTI. Yet, this supposition is not confirmed. Inddgdure 13 depicts a constant purchase cost,

which means a constant number of new RTIs bougitesihe buying price per RTh, does

not vary.
Number of RTIs resold as a function of the
collection rate for different levels of the resale
price
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Figure 17:Number of RTIs resold as a function of the calbectate for different levels of a.

3.1.4.4.4 Maintenance cost
Moreover, it can also be shown that, whatever #ileesofa andy, the maintenance cost is
always exactly the same (1.36€). This means tleaséime number of RTIs has to be filled at

the depot, i.€) ek Xter Pre 1S @lways the same for amyandy. And this seems to be simply
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due to the demand and initial inventory levels #stays the same for all the possible values of

a andy.
Maintenance cost as a function of the collection
rate for different levels of the resale price
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Figure 18:Maintenance cost for different values of a and

3.1.4.4.5 Collection rate of 1

For the specific value=1, we can notice some particular behaviors. Firstly, briefly
mentioned earlier in the subsection about the &ffetthe collection rate, the resale revenue
becomes higher than the cost to buy new RTIs whequals 3€ or more. Figure 19 shows
that the curve of the resale revenue passes ahevine of the purchase cost just before the
point corresponding ta=3. This line is constant for any value af as it was the case in
Figure 13 fory=0.5. This overtaking happens because no RTI getsdastonly for a certain
level ofa. Indeed, if no RTI gets lost, the need to purchese ones is reduced. This cost of
purchase can then be exceeded by the resale ingbittes, price per RTI resold is high
enough, knowing now that, for positive values & tesale price, the number of RTIs resold

does not depend on the resale price but only ondhection rate.

49



Resale revenue and new RTIs cost as a function of the
resale price for y=1

=== Resale revenue (€)

=—New RTIs cost (€)

Purchase cost and resale revenue (€)

Resale price (€)

Figure 19:Resale revenue and new RTIs cost as a functiariafy = 1.

Similarly, one can observe on Figure 20 that)fdlt, the value of the total cost is lower than
the value of the transportation cost, &ostrictly greater than 4. This means that the raeen
obtained thanks to the resale of RTIs is big endiwgbhompensate for the set of inventory
holding cost, new RTIs cost, penalty cost and neaiamce cost and even for a small part of
the transportation cost. In addition, we can notlta the transportation cost is a constant
function ofa, as it was the case in Figure 14 #80.5.

Transportation cost and total cost as a function of the
resale price for y=1

== Transportation cost

== Total cost

Transportation and total costs (€)
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Figure 20:Total cost and transportation cost as a functida dory = 1.
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The data on which these figures have been builbegiound in Appendix 7.

3.1.5 Conclusions

3.1.5.1 Durability of RTIs

The addition of a new dimensidn for the durability is necessary to be able to réco
information about the level of utilization, if tlgwal is to resale or get rid of RTIs that do not
fit for use anymore. This dimension works as a ¢tewaf the number of utilization. However,
in real life, each utilization of an RTI is not ogded. Indeed, as illustrated in the thesis of
Martin (2016), most organizations do not trackitfi&rlls. RTls are more likely to be labelled
as not acceptable anymore when they are inspectelem a problem occurs because of their
poor condition. But this additional dimension coblkel helpful for enterprises already using a
tracking system such as the RFID technology or wimrlementing it, as wished by Trafic or
the CHU for example (Martin, 2016).

The definition of utilization that has been cho$enthe model seems plausible. Indeed, it is
assumed that an RTI has been used once when bidemsused at the customers’ to satisfy
demand. To illustrate, if customers in fact repn¢setual stores of the company, RTIs get to
the next level of utilization when they are emptiedhe shelves of the store. This definition
implies that the RTI is said to have been used evizen it has been loaded at the producer,
then transported to the customer and emptied tsfhgdls demand. It implicitly expresses all
the steps that are encountered before an RTI caflyfibe defined as used. However, other
definitions could have been chosen, since this isnaot the most straightforward. For
example, assuming that an RTI has been used onee ivhas been sent from the producer to
the customer might be seen as a less complicatgdanthink about utilization. But in this
case, it would involve that the inventories of leddand empty RTIs at the customers’
locations should not have any RTI with a degreetiization 0. Indeed, if these RTIs have
arrived at the customer, it means that they hawen beansported at least once from the
producer to the customer. So, this would have tdaken into account when creating the
initial dataset.

Then, concerning the number of periods of the praphorizon and the durability of an RTI

that were set for the computations, they may bestesfimated compared to what occurs in
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organizations for most types of RTIs. Figure 3hia fiterature review displays a table of the
number of lives for some products components netdefrom Geyer et al. (2007). For
example, wooden pallets, according to Geyer D7), can be used during 50 cycles, each
use corresponding to one cycle, before they nedaettaken off from the company. This
involves considering a period of time greater thrto be able to witness the pallets reaching
their end-of-life. The number of cycles of an REpénds a lot on the type of RTI but also on
how and for which purpose the company uses thesasit as illustrated earlier with the
number of rotations that RTIs of AGC Glass Eurdpahble Post and Bidvest make. For the
analysis, the data that have been used in thentestaave been chosen to allow a reasonable
running time. The number of periods being of 4, nhenber of cycles had to be reduced too.
However, the model allows introducing more realistata that are closer to realistic problems
happening in enterprises. If we want to integratedase of Bubble Post in the model, whose
boxes achieve 70 to 80 rotations during a lifetioies to 8 months, it would mean that a
utilization happens on average every 3 days. Thigldvmean that periods of time of 1 day
could be considered, as well as a planning hortf@months, i.e. 240 days, to be able to see

the resale.

Finally, the use of a new decision varialilg, can be justified by the need to track which
RTlIs (i.e. with which degree of utilization) areedsto satisfy demand. More especially, when
they are emptied right after satisfying the demahey go from one level of utilization to the

next one, in accordance with the definition ofiméition. In addition, it is not reasonable to
consideri;,; as known data. Indeed, in real life, there iseason to have information about

the degree of utilization of the RTIs that will beed to satisfy the demand. We know the
demand of each customer at each period and thelgogs us the number of RTIs of each
possible degree of utilization that it has decitiedse to satisfy this known demand. This is

why 1;; is introduced in the model as a decision variable.

3.1.5.2 Resale of RTIs
Concerning the resale, the model assumes thahiboly take place at the producer, which
seems quite reasonable. Indeed, if the node8 are real customers of the noide O, there
is no reason for them to be in charge of its resafal if these nodes are stores, it seems

logical that the RTIs are first centralized at tlegpot to be resold in group.
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Then, it is also assumed that the RTIs sent batkeatvarehouse and that have reached a
level | of utilization are directly, i.e. at the same pdrisold and taken off from the system.
However, in the real life, companies may want tactea certain quantity of RTIs of degiee
before selling them. Or the resale procedure mieg $same time and RTIs of degremay be
resold some periods after they arrived at the dedeanwhile, the RTIs are not used and
simply wait at the depot. In addition, the facttttitee model assumes that RTls are only resold
when they reach their lifespan seems quite reasemsaice it is not the core business of this
kind of company to sell RTIs. So they sell themyomhen it is not possible anymore to make

use of them in the organization.

Finally, the model generally considers a positiviegof resalea. This can be justified for
some types of RTIs by the remaining value of tleenit For example, pallets may not be
appropriate anymore in a company to transport gaftés a certain number of cycles, but can
be interesting to use as salvage wood or as firdwbbis is even more visible nowadays with
the growing trend and interest for recovery and@reation. Do-it-yourself tutorials on the
Internet easily demonstrate how pallets can bestoamed in garden furniture for example.
However, other RTIs may require the company totpayet rid of them. So in this case, it is
not a revenue but an additional cost that is irezlioy the enterprise. And the model can
easily be adapted to take into account this cosaumea can take negative values as well. In
addition, the parameter analysis was done by vgryalues ofa between -2 and 10, 10 being
the value set for the cost to purchase a brandR&lv The value -2 can be considered as a
reasonable value to illustrate the situation wlsereorganization has to pay to get rid of old
RTIs. Indeed, studying a disposal cost higher tbae fifth of the price of a new RTI is
maybe not judicious because it may not representidjority of the cases existing in real life.
Then, concerning the maximum value of the paramefariation, this makes no sense to
consider values higher than 10 because reselliad B3 Is at a more expensive price than the
brand-new ones is not plausible. The value 10 ea®ntheless been studied to check if it

leads to some particular behaviors.

3.1.5.3Lossesof RTIs
Concerning the loss of RTIs, the assumption betliednodel is that RTIs get lost once they
arrive at the depot because it is only in the inegnlevels of the producer that the losses can
be noticed. Indeed, the losses do not come froncusomers because they send back all the
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empty RTIs that need to be returned. This assumgim be justified if the depot is very big,
implying that RTIs can get lost from the truck e tstorage area. In addition, this assumption
has the advantage to make sure that losses happeafter the demand is well satisfied and
that only empty RTIs are concerned with lossesh@lgh the fact to consider only the losses
of empty RTIs may be a bit too idealistic, it ereablto ensure that the demand can be
satisfied. It is indeed more realistic to thinkttiiasome thefts occur, loaded RTIs would more
likely be the target of the thief. A second assuamptmaybe describing more usual situations,
could have been losing RTIs at the customers’.dddee can imagine that RTIs get lost in
the infrastructures of the customers after havatgied the demand and been emptied. It can
be the case if the customers do not return thditiotf the RTIs for example because they
use them for some other usages and purposes thanméls intended, as illustrated in the study
carried out by Breen (2006) (cited by Martin, 2@I&l Glock & Kim, 2015) mentioned in the
literature review and as experienced by the CHU andrafic in its stores (Martin, 2016).
One can also imagine that the customer is actaadliore and that the demand is satisfied in
the shelves of the store. Some empty RTIs mayagttih the different departments of the
store or customers may take some of them back héntkird assumption could also have
been that RTIs get lost on their way back to thedpcer. Indeed it is probable to loose
RTlIs after they have been picked up from the différcustomers because the truck driver
sometimes have to handle the empty RTIs at therdift nodes of the journey to place some
other RTIs in the truck. During these manipulatioeeme RTIs may be forgotten. The
plausibility of this assumption is confirmed by tthiecussions | had with Mr. Colline from the
CHU and with Mr. Sullon from Trafic. Both have aidy seen this kind of oversight from the

truck driver.

The model assumes that a constant propotminRTIs is collected at each period, implicitly
meaning that a constant proportibny gets lost at each period. The fact that this patams
constant throughout the planning horizon is notyuealistic since there is no logical and
valid reason to justify the same number of lossehenonth. Indeed, the issue of lost RTIs
usually involves a random character. The constatet is more to understand as an average
because companies are likely to experience variisses from one period to another,
depending for example on the period of the yeanddwer, according to the definition of the
period, some companies may not have time to natick record the losses engendered. It
seems also more logical to catalogue the RTIs atetid of a given period of time, for

instance at the end of the average lifetime, an@ tloe number of missing RTIs at that
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moment. For example if a company purchase a neat @feRTIs and know their approximate
lifespan, it can decide to check after this penbtime if all the RTIs that were bought at the
same moment are still available in the company.idg&ss most companies interviewed by
Martin (2016) that suffer losses gave her a peaggntof loss at the end of the average

lifetime of the RTIs or an annual loss rate.

The values of the collection rate¢hat have been considered range between 0.1 andrder

to base analysis on plausible values, althougpyactice it seems to be more around 1 than
around 0.1. Indeed, as mentioned in the introdogctarganizations seem to be generally
confronted to a loss rate close to 10%. In addjtibrs value is not a proportion of RTIs
getting lost at each period of time, as discussdtle previous paragraph, but rather an annual
rate. So, the value ogfthat should have been considered for the modelldhi@mve been even
higher than 0.9. However, the value 0.5 has beed irsorder to be able to show a marked
difference with the initial model. Then, a valueyadf O would not make a lot of sense since it
would mean that every single RTI gets lost. Initgait can happen once if an incident occurs
but considering a stable value of O over the plagriorizon would be insane. A value
superior to 1 could happen too if, by mistake, sd®ids from partners or competitors get
found in the company. This actually reflects whanstimes happens by Bidvest, Bubble Post
and Colruyt (Martin, 2016). Finally, a value lovtean 0 would simply make no sense.

3.2 Maximum ceiling

3.2.1 Introduction
Trafic is a very good example of a company thatdedfgied a maximum threshold constraint.
The company has established some rules regardengémagement of returning RTIs, one of

them being the maximum ceiling (Martin, 2016).

During my visit at the Trafic of Grivegnée, | hatktopportunity to ask more practical and
concrete questions to Mr. Sullon. The first ruléablshed by Trafic to optimize the space
utilization is that the stores must accumulategtglin stacks of exactly 10 to be allowed to
send them back to the warehouse. So, one stadB pallets actually accounts for one pallet
on the ground since it will take the place of oaéigt on the floor of the truck. Depending on
the loading of a loaded RTI, the ratio of the voashof a loaded and empty pallet can be very

important.
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A second rule states that the truck driver is aldwo take back on average 60% of what he
has just delivered, in terms of pallets on the gdurhis rule comes from two main facts.
Firstly, Trafic operating according to a pickup atelivery system, the truck driver does not
deliver one store at a time but visits on averagke 2ores during its tour and aims at
manipulating the merchandise as little as possibleontrast, the store’s goal is to send back
as many empty RTIs as possible to the logisticezsnivhen the store does not need them
anymore. This situation represents two oppositedives. If the first store visited wants to
give back as many RTIs as received in terms ofasaror volume, it will make the truck
driver remove these empty RTIs to be able to rehehgoods to be delivered to the second
store. Secondly, quantities that have to be retbame sometimes much bigger than quantities
that have just been delivered, due to seasondlayillustrate the combination of these two
rules, if the store receives 10 pallets loaded witdrchandise, i.e. 10 pallets on the ground, it
will be allowed to return up to 6 pallets on thewnd, i.e. 6 stacks of 10 pallets. However, if
the store is the first one to be delivered, thekrdriver will likely take back less than 60%. If
it is the last one, he will likely take back mor&IR In order to simplify the situation, Trafic

has decided that this percentage is 60% in altdises.

Trafic also uses plastic boxes and pallet heightengraffic uses euro-pallets as a basis to
transport goods. Indeed either pallet heightenersixeed on pallets to form a big wooden box
or foldable plastic boxes are placed on palletsn&ones, a mix is also possible: some plastic
boxes can be placed in the wooden boxes constitutaca pallet and five pallet heighteners,
with other non-reusable cartons. But this last ibagy will be discarded since it is not only

about reusable items. The three types of RTIs aaede analyzed separately.

Concerning plastic boxes, four plastic boxes caacey hold on the surface of one euro-
pallet, i.e. 120 cm x 80 cm. The boxes have regsmdygtthe following length, width and
height:

0 When unfolded: 60 cm x 40 cm x 30 cm

0 When folded: 60 cm x 40 cm x 6.5 cm

When folded, a height of 25 boxes can be placed pallet, which means that in total 100
folded boxes can hold on a euro-pallet. When uefd|dhe height is reduced to 3 boxes,
which means that in total 12 unfolded boxes canplaged on a euro-pallet. The first
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configuration is obviously the one used for thekwaard shipments and the second one is
used for the forward shipments, when boxes do comi@ducts. Thus one pallet of folded

plastic boxes leaving a store contains 100 boxes folace on the ground corresponding to
one euro-pallet, i.e. 120 cm x 80 cm. In contrasg pallet of boxes leaving the store contains
16 boxes on this same surface. So for a same suirfiathe truck, 100 boxes can be taken
back when 16 are delivered. If less than 16 arweleld, they still need one euro-pallet to be

transported and this pallet can be completelydilhéth folded boxes for the return.

Concerning the pallet heighteners, there are nifastectime five pallet heighteners of 20 cm
high fixed on a pallet to form a wooden box withlemgth, a width and a height of
respectively 120 cm x 80 cm x 14.4 cm (including theight of the pallet itself). These
wooden boxes are used to provide the stores witkrdgeneous goods. For the backward
shipping, they can be used to contain elementsnged to go back to the warehouse, such as
defective products, hangers, waste, cellophanesamboards. Folded pallet heighteners are
also returned to the logistic center in wooden kBoxéhe pallet heighteners used by Trafic
have on purpose six hinges, so that they can loedolo fit in a wooden box. Appendix 8
displays a picture of such a pallet heightenesuch a box, it is possible to lay four rows of
folded heighteners within the 80 cm width and 2tghieners within the 100 cm height.
Indeed, if we do not include the height of the @iallve have a height of the box of 5 x 20 cm.
Then, the thickness of the wood is one centimetdr when folded, the heightener has four
times this thickness at the ends, hence a heightfalied heightener of 4 cm. Thus, in such a
wooden box, it is possible to place 100 pallet hisgers in total. And if we take into account
the heighteners forming the box, this number ire@eao 105. So for a same surface in the

truck, 105 pallet heighteners can be taken backvéhare delivered.

Finally, some kinds of RTI can neither take lesacgpwhen stacked, nor be folded. It is for

example the case of the returnable polystyrenesoged by Bubble Post.

3.2.2 Description of the model
One of the first insights of improvement of thetiadi model was about the dimensions of

RTIs. Indeed, it assumes that the loaded and eRiply take the same space in the truck in a
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backhaul systefn Yet in reality, most RTIs do not take the samacspwhen emptied. Some
RTIs can actually be folded or piled up when entpti® company using these kinds of RTIs
can take advantage of a better space utilizatioerfgpty RTIs.

Thus the truck capacity constraint, which links thember of empty and loaded RTIs
transported, should take into account an equivaldactor to express this difference in the
space utilization:

Xije + Zije < Q Lvev Yijye ~ becomes 0 * xip + Zijr < Q Xev Vijut

vV (i,j) EAVteT.

Wherex;;; andz;;, represents the quantity of respectively loadedeangty RTIs transported
from customeri to customey in periodt, whereQ represents the truck capacity, whéres
the equivalence factor and wheig,; is a binary variable thats’equal to 1 if and only if arc

(i,)) is used on the route of vehiakein periodt” (lassinovskaia et al., 2016).

In order to avoid decimals in the equivalence fgdiois factor will express the number of
empty RTIs that a loaded RTI can replace in terrhspace utilization. This way, the
constraint is expressed in terms of empty RTIs,ctvhneans that the value of the truck

capacity,Q, should be adapted too to be expressed in terrgipfy RTIs as well.

Concerning the inventory capacity of both empty kxadied RTIs at the customers’ and at the
producer’s, the initial model does not include pamaty constraint that links both inventories,
as it is done for the truck capacity. This can be tb the fact that requirements to store empty
and loaded RTIs are different, for example if tleods in the RTIs have to be kept at a
specific temperature. In such a case, empty amtetb&TIs would most likely be stored in
different rooms. Therefore, no modification is resay for the inventory capacity

constraints.

Then, when the customer receives the goods fronpribucer, the RTIs from the precedent
delivery may also be taken back. The aim is oftedansify as much as possible what is sent
back in order to have the least RTIs on the grquossible. So, during a tour, the truck driver
goes to the first customer and delivers the pathefgoods in the truck that is intended for

% A backhaul system is a system where the same tsugked for transporting RTIs containing goods ford
returning empty RTIs (Glock & Kim, 2015).
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this customer. The customer, in exchange, givek bame empty RTIs to the truck driver.
Then, the driver goes to the next customer andsgiva his intended loaded RTIs. However,
to be able to have access these loaded RTIs, ubk driver may have to manipulate the
empty RTIs that have been returned by the firsttazner. This leads to unproductive

manipulations and waste of time.

Thus, to tackle this issue, some organizations leata&blished a rule according to which only
a certain percentage of the quantity of loaded Ri€lssered at a given period can be returned
at the same period. For example, if this percenia&®%, this means that if 10 loaded RTIs
are delivered to a customer at a given period, chiomer cannot give back more than 5
empty RTIs (among the empty RTIs waiting in theentory) to the truck driver at this same

period. Yet, some enterprises, for some specifasons, may prefer to set a maximum

guantity of empty RTIs to be returned, rather thgercentage of the arriving loaded RTIs.

This constraint can be modelled easily:

Tie < Lo * qyel vt € T,Vi € N,
Wherer;; represents the number of empty RTIs returned frogten in periodt, whereqs
represents the loaded RTIs quantity delivered tenan periodt and wherep represents the
percentage of RTIs that can be returned from amsyoauer and at any period of time. The

value is rounded down because it is what is dopgantice in stores.

This constraint implicitly implies that loaded aenhpty RTIs take the same place in the truck.
It should therefore be modified to take into acddhe same equivalence facté (@s the one
used for the capacity constraint,andg; representing the same flows:

T < | *q;) x0 vt € T,Vi € N,
Nevertheless, it is important to note that thet feguation is correct if; represents the

number of empty RTlen the groundeturned from nodein periodt.

Then, some organization, in order again to optintespace utilization in the truck, may set

some rules in order to make the stores or custometusn as many RTIs per RTI on the

ground as possible. Indeed, it seems pertinenhaefempty RTI take8 times less space than

a loaded one, to take advantage of the space bladad place® empty items where one

loaded item could stand. A varialdtg can be introduced in order to constraint the maoalel

only consider piles off RTIs to be returned. This number of piles depemtshe period of
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time and on the customer, hence the india®lt. So, here is the constraint that can easily be

added to the initial model of lassinovskaia e{2017):

{r“ Srii(p:*equ ]:itg vVt € T,Vi € Ny, Vk;; €N
Wherer;; represents the number of empty RTIs returned frogtemn in periodt, whereqs

represents the loaded RTIs quantity delivered tdendn periodt, wherep represents the
percentage of RTIs that can be returned from asjoocuer and at any period of time, whére
is the equivalence factor and wherg is a decision variable that represents the nurober

piles of RTIs returned from customiedit period:.

3.2.3 Analysis

3.2.3.1 Input data
The same data as the one used for the analydme afhitial model with several customers in
the section “Durability, resale and losses” is eslibere, except for some elements. Indeed,
the demand has been divided by 2 for each custdrherinventory capacities of empty RTIs

have been changed and set to 20 for every custdmieremains identical at the depot.

Then, the truck capacii® that was set to 25 in the section about durabilggale and losses

is set to 220. Indeed, as already explairf@dhas to be adapted to be expressed in terms of
empty items, hence the multiplication by 10. Howeweis more suitable, if we assume, like
in the initial model, that the vehicles are 30-ftoicks, to consider that 22 loaded pallets can
hold in the truck. This means that a vehicle camaio 22 stacks of 10 empty pallets, which
equals to 220 empty pallets. Indeed, 30-foot truzks contain up to 22 pallets positioned in

two horizontal rows, according to Pollaris et 2016).

Then, concerning the new parametgrand@, they are respectively set to 0.6 and 10. They
are chosen to reflect the situation of Trafic witealing only with simple pallets. If pallet-
heighteners or foldable plastic boxes were consatlér would respectively equal 21 or 6.25.
The constraints are thus the following:
10*xi]-t+ ZijtSZZOZyijvt V(l,j) EAVLtET
vev

{Tit < 10,6 * g;] * 10

re = 10 * ky, Vt €T,Vi €N,
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3.2.3.2 Comparison between the two models
The first element of comparison here is not exatttly initial model of lassinovskaia et al.
(2017). It is rather this model but with the moekfitruck capacity constraint (Model 1). The
other element of comparison takes in addition adtoount the maximum ceiling constraints
(Model 2). This way, it is possible to focus onlg the effects of the maximum ceiling

constraints and to analyze their impacts in terhtosts.

When comparing the different costs generated bsettvwo models, displayed in Table 6, we
can notice that the second model costs in totakrttwan the first one. Indeed, an increase of
7.76% is observed. Since some constraints are addéeé second model, it is reasonable to
have a higher total cost. The augmentation of thasportation cost is actually the only
reason behind this increase because all the otdsts either remain stable or decrease. This
increase is due to the fact that more RTIs perrmeleave the customers. The inventory
holding cost decreases in the second model, whaphsaem a bit unexpected given the 60%
rule. It is actually not this rule, but rather ttacking rule that makes the inventory holding
cost decrease in this case because the first ma@dealready respecting the 60% rule without
even being constrained to. Another set of datadcdwdve shown the opposite results.
Therefore here, compared to the first model, mofésRer return leave the customer in the
second model because it imposes that empty RTIsramsported by batch of 10. The first
model contrarily makes smaller quantities returtoriSg an item at the depot being cheaper
than storing it at the customer’s, the inventoridimgy cost decreases in the second model. In
addition, the running time of the second modellighly higher, which is logical since it

contains only a few additional constraints.

Total . Inventory . New
Con | Topepoaten e | vatenacs 7Tk | ey g
(€) Cost (€) €
Molde' 357.20 333.9 17.72 0 0 5.58 6.56
Model | 384.01| 3633 16.48 0 0 5.13 7

Table 6:Cost comparison for maximum ceiling constraints
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3.2.4 Conclusions
Although the analysis was very limited since it adnat illustrating the addition of these
maximum ceiling constraints in a single specifisgaestablishing such a rule seems to cost
the company. Indeed, the total cost has increasedr small example. However, as already
mentioned, it consists in some economy of time effalt for the truck driver, and therefore,
it can still be beneficial for the company in terofsmanagement. One should keep in mind
that costs are not the only element that orgammattry to control in their RTIs management,

and this is in general true for any management.

Then, the assumption that loaded RTIs are nevekestiain the truck, (meaning that the
number of RTIs received equals the number of RTilshe ground) neglects the possibility
for pallets with pallet-heighteners to be stackednoe another. Indeed, as an example, Trafic
uses wooden-boxes made of one pallet and 5 palghteners with a cover at the top that
can provide stability and enables the stackingnotlzer similar wooden box on its top. So the
capacity of a 30-foot truck is 22 pallets on theuwyrd, but when stacking is possible, it is

possible to put until 44 wooden boxes.

Finally, the value ofp is assumed to be constant over time and does argt ftom one
customer to another. This appears reasonable betaeiorganization is likely to first study
the management of its RTIs and then determine aguade constant percentage. It is also a
way to act fairly towards the customers becauseoitapt customers will be delivered with

more loaded RTIs and will then be allowed to retmore empty RTIs too.

3.3 Minimum threshold

3.3.1 Introduction
AGC Glass Europe constitutes a good example of manization facing a minimum
threshold constraint in its RTIs management. Thengany requests the customer to
accumulate 10 stillages in storage before returriiregm to the stillage manufacturer in
Belgium for verification and maintenance or to dmeotfactory abroad if needed. The stillages
have to be repackaged, loaded and sent by thenseston a container, respecting the
procedure of AGC since the cost of a stillage igeghigh (around 1,300 euros according to

lassinovskaia et al. (2017) and to Martin (20189)e number of RTIs is in this situation

62



determined by the maximum number of stillages taat fit in a container. So this rule has

been set up in order to maximize the use of availgjpace in a container (Martin, 2016).

3.3.2 Description of the model
The approach of the minimum threshold model islgintd the one of the maximum ceiling,
although it expresses the opposite constraint.t Ffsall, the modification of the truck

capacity constraint is also applicable here forshume reasons.

Then, the customer needs to wait for a certain reurob empty RTIs to be collected before
being allowed to send them back because of spdoeipgation constraints:

Tie = A* kg vVt € T,Vi € Ny, Vk;; €N
Wherer;; represents the number of empty RTIs returned frodenin periodt, wherek;; is a
decision variable representing the number of vekiof empty RTIs returned from customer
at periodt and wherél represents the number of empty RTIs that mustelaehed to be

allowed to return a vehicle, from any customer andny period of time.

3.3.3 Analysis

3.3.3.1 Input Data
The same data as the one used for the analydie ahaximum ceiling model is reused here,
except for some value8.takes the value 1 because we will assume thatrgotyeRTI takes
exactly the same place as a loaded one. Thusitia uehicle capacity constraint is restored.
Then, the maximum vehicle capaciyis set to 10 stillages. Finally, concerning thevne
parameten, it is actually equal t&@ when, like AGC Glass Europe, the company wants to
optimize the space utilization as much as possiGlensequently, the inequality symbol

becomes a simple equality symbol.

So the constraints are then the following in tlaisec

Xije * Zije < 102yijvt v (i,j) EAVLET

vev
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3.3.3.2 Comparison between the two models
The first element of comparison here is the intialdel of lassinovskaia et al. (2017) (Model
1). The other element of comparison takes in amliinto account the minimum threshold

constraint (Model 2). So the focus is only on tffeas of the minimum threshold constraint.

Table 7 displays the different costs generatedhlegd two models. We can observe that the
second model costs in total more than the first dine difference between the total costs
amounts to 3.22%. Since a constraint is added é scond model, this result seems
consistent. It is the transportation cost thatifiest this increase because all the other costs
either remain stable or decrease. It increasesubecthe size of the returning batches
increases. In the same way as the maximum ceiliogem the inventory holding cost
decreases in the second model because the secothel mposes that empty RTIs are
transported by batch of 10 whereas the first ma@e generating smaller batches. And since
storing an item at the depot is cheaper than gatiat the customer’s, the inventory holding
cost decreases in the second model

Total .| Inventory . New
Con | ezt Y| annance €T | penaty| i
(€) Cost (€) €
Molde' 520.05 494.18 17.5 0 0 8.37 370
Model| 53679 511.7 16.72 0 0 ga7| 33

Table 7:Cost comparison for minimum threshold constraint.

3.3.4 Conclusions
So establishing a minimum threshold rule seem®#b the company since the total cost has
increased in our small example. Yet, great carelshioe taken because the analysis was very

limited. Indeed, the goal was to illustrate onecsjpecase.

Then, it is important to remind that some compah#ge no choice but establishing this kind
of rule because of the type of RTI or vehicle theyed to use or because of the global
management constraints they face. In additionctis of a journey with a vehicle might be

so expensive in reality that the minimum threshull@ could decrease the total cost on the
long run. Indeed the managers of the organizatiag fear that the vehicle comes back with
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too few empty RTIs compared to what a journey \ilig vehicle costs. Only companies with
a rather important fleet of RTIs can afford to méke empty (and thus potentially available)
RTIs wait at the customers’ inventory, which implithat the company has to be able to
afford investing in enough RTIs. AGC Glass Europguires that the quantity of empty RTIs
returned is exactly a multiple of the capacity lué vehicle but some organizations may only
require at least reaching a certain quantity wisdower to the quantity needed to completely
fill the vehicle. The situation faced by AGC Gldasrope might seem a bit particular but such

specific constraints happen more often than it tiighexpected.
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4. Conclusion
Returnable transportation items are used by org#orzs for three key reasons. Firstly, some
regulations promoting RTIs goad companies to switom disposable items to returnable
items. Then, RTIs can enable the company to redscenvironmental impact, which is in
addition a valuable argument for customers becomioge environmentally-conscious. Last
but not least, economic benefits can be achievadkghto the use of such items. Then, there
are various ways to manage RTIs and research &£ffoe made in different related fields,
such as production planning and control, warehdasgeut, tracking, scheduling, IRP. This
latter has been tackled by lassinovskaia et all{P@vho developed a PDIRPTW for the
management of RTIs. Yet, this model does not takeesreal-life aspects into account. The
aim of this Master thesis is to adapt this modekttlitional constraints encountered by
organizations. To do so, understanding the inmtiatlel properly and figuring out the missing
aspects was overriding. Then, the Master thesMantin (2016) describes the conditions in
which organizations manage their RTIs, and theesifoiplicitly gives some insights about the
possible adaptations that can be brought to thialimnodel. Visiting the warehouses of some
of the analyzed companies eases the understandlingallife management conditions of
RTIs. Thereatter, the article of Geyer et al. (2087ables to better figure out how to execute
the adaptation of the initial model to some re@isispects. The contribution is exposed in
three different sections corresponding to the thdiéerent proposed modifications of the
model: firstly durability, resale and losses, thmaximum ceiling and finally minimum
threshold.

The main finding regarding the first contributiethe fact that the model is closer to what
happens in real life. Indeed, the limited lifespdRTIs (including the different possible ways

for RTIs to quit the company: resale revenue, digbgost) and the possibility of losses are
taken into account. It seems that the total cosuch a model is most of the time higher than
the total cost of the initial model. This increaseost is mainly due to the increase in the cost
to purchase new RTIs, since the resold and lostsittave to be replaced. However, the
higher the collection rate and the resale price, lbwer the total cost. This means that
managers have to put in place some measures toldisses as much as possible. An RFID
system can be envisaged in some cases, as diséngbedliterature review. Then, manager

should try their best to find ways to resell thelRthat cannot be used anymore rather than

just dispose of them. Finding good opportunitiesdsell at the best price possible is even
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more interesting. Yet, a tradeoff should be madevéen the cost in terms of time of such
research and the benefits in terms of revenue. yEsacould also maybe take this criterion
into account when comparing the different sort®k®dts when switching from disposable to
reusable items. Indeed, some RTIs are more prohave some second hand value at the end
of their life whereas companies will have to paydispose of some other kinds of RTIs.
Another criterion to consider when choosing a tgpérand of RTI is the maximum number
of times it can be used. A tradeoff has to be mzetereen durability and investment cost. A
manager who would choose to invest in more durdhlealso more expensive, RTIs would
have to make sure that the loss rate is minimizedl that the items can be maintained

correctly.

Concerning the maximum ceiling and minimum thredhaspects, although adding such
constraints increase the total cost, some non-fiahineasons drive the organizations to put
them in place. Managers should think carefully aldtbe pros and cons of such constraints
before establishing them. The value of the threshal ceiling must also be chosen
judiciously according to the characteristics of R€ls and vehicles, but also according to
external factors. In addition, considering the féett empty and loaded RTIs do not take the

same place in a truck enriches the model, sinseaiteality for a lot of types of RTIs.

To conclude, in a personal perspective, buildingthgse models made me realize how a
model can be subjected to assumptions. Indeed, abigirms that modelling all the

characteristics and constraints of a model, what#hesscenarios, is a bit utopian. In addition,
these assumptions have to be thought carefullipaathey do not contradict each other. Also,
obtained results may sometimes contradict the é®peoutcomes and this can be very

confusing.
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5. Insights

Then, an insight of improvement would be to mix thueability, resale and losses model with
one of the two other models in order to also take account in the main model developed in
this thesis the fact that empty and loaded RTIs n@ytake the same place in the truck and
that some limits can be established by the comgaraximum ceiling, minimum threshold).
Mixing the three models has not been done in thastiet thesis because of two main reasons.
Firstly, most organizations only encounter onehef three situations described by the models.
Then, the second reason is related to clarity. iDgakith one model at a time enables to

observe and analyze the impacts of the differerdatsoindependently.

The improvement could even go further by assuntiag the inventories of empty and loaded
RTIs are linked, which is the case if, for exam@mpty and loaded RTIs are located in the
same storage area. The same type of constraihedsuck capacity constraint would then be
modeled for the inventories at the depot and atctimtomers’. Similarly, the weights of

empty and loaded RTIs could also be taken intoidenation in the truck capacity constraint

of the main model.

A deeper study could be conducted regarding theirmman ceiling and minimum threshold

models. Indeed, the results developed here arelingitgd to specific cases. A generalization
would enable to get a better understanding and r@ mediable view of the impacts of such
constraints. For the maximum ceiling model, anghsof improvement would be to take the
possibility of stacking into account. This would b®re complex than just adding some
constraints to the initial model. It would probaliiged to modify some constraints of the
initial model itself. For the minimum threshold nebdanalyzing the impacts of the variation
of the cost of a new RTI and of the unit transp@ytacost could be interesting. This way we
could see if such a constraint can decrease thkedost if the transportation cost is too high.
We could also observe how a high purchase costoater the model to have fleet large

enough to enable the execution of such a rule.
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Appendices

Appendix 1 — Extra Chapter: Project Management

The relevance of this chapter might be a bit bhlisence my Master thesis is not a project-
thesis aimed at bringing a solution to a givenastced by an enterprise in the frame of an
internship. Indeed, in this kind of thesis, thedstut is in charge of a real project, which is
about the analysis of a global management probtanari organization. Also, organizations
implement change through projects, which leavesepla several ideas of project for this
kind of partnerships between a business and a Mststgent. In this perspective, they have to
deal with a real scope, budget, stakeholders and frame, either within a team or by
themselves, to deliver an argued solution or irtsigif solutions. They are facing the real
environment of a company with its constraints aadsequences. In this context, it is much
easier to make links with the seminar given by &sbr Jean-Pierre Polonovski from I'Ecole
des Sciences de la Gestion of the University of@uen Montreal that students in the Master
of Business Engineering had the opportunity tonaktat the very beginning of the academic
year. This seminar was focused on the managemeit pdbrtfolio of projects within a
company. And indeed, some students have faceceinploject-thesis a portfolio of projects
to manage. Some others have experienced achieyprgext in a team, including in this case
the team management aspect. The negotiation asgigbt also have been present when
dealing with stakeholders, in order to come to a-win situation. Some have come up with
solutions but, in addition, had to incidentally ilment them. In this last case, they might
also face both execution and control parts, thegamllel phases in a project management, as

seen during the beginning of the seminar.

A research thesis by contrast does not take pladee frame of an internship where the
student is in the conditions of a company projiads usually about the analysis of a global
management problem that is translated into reseguastions. A research thesis can
sometimes be very theoretical, with very few lirskgl applications to the business world. In
this case, it is even less obvious to see conmectiath project management, especially as
addressed during the seminar.

However, in most research thesis treated by stsdantlanagement, the company aspect is

present. And in the case of my thesis especialhkslto the business world are clearly



existent. Indeed, my contribution was based on pnevious works on the subject, with a
strong emphasis on the organizational context.tlf#irghe initial model developed by
lassinovskaia, Limbourg and Riane (2017) was thm mi@cument on which | have based my
analysis. It takes into account some actual fants @nstraints of RTI management in the
business world, such as the time windows constraimn, the qualitative Master thesis done
last year by Martin (2016) is the second resourdeave used. Based on interviews and
surveys, this research thesis intends to descrideanalyze the management of RTIs within
Belgian organizations. Thus, based on these twardeats business-oriented documents, my
research thesis could only have this company agseatell The topic of my research thesis
is not only theoretical, but rather purports tdaeff issues and constraints encountered by real
organizations in their daily management of RTIs,ntodel them and in some cases, to
propose corresponding insights of solutions. Is fierspective, | had the opportunity to visit
some of the enterprises interviewed for last yeaearch thesis to better visualize and figure
out how they were actually handling, transportistpring, maintaining their RTIs; in one
word, managing RTIs. The people who welcomed meeshaith me their current issues,
projects and expectations concerning RTI managemdinthis makes my research thesis be
a bit more project-oriented, without forasmuch beiw a project-thesis as it is for some
other students in internship in one single orgdiomalt is a bit like having a global project
for different enterprises, with some parts of tmejgrt concerning more certain companies
than others. This involves a certain need to tlahkut some real constraints that can exist
inside such enterprises and to take them into axtcso that the model can more easily be
adopted by the interested companies. Interestshefdifferent stakeholders have to be
imagined, if no visit in the companies is possilbtethis way, a research thesis with a strong
business side can be more similar to a project geanant, compared to a very theoretical
research thesis. However, without being immersed aompany, it is difficult to deal with
elements of project management such as budgethsilers, team management and other
constraints specific to the corporation.

Nevertheless, writing a Master thesis in geneitieewith or without a business aspect, can
be related to managing a project. Indeed, it casdes as a project to achieve throughout the
last year of Master thanks to tools acquired duthrgy previous years of university degree.
Carrying out a thesis requires resources, knowletigee and sometimes also a budget,

exactly like managing a project.



Firstly, | think project management implicitly ines time management. Indeed, a project
always has a time frame and an end, as explainédrbf?olonovski. This limited lifetime is
actually one of the central characteristic of ajgnb Besides, it is because of this limited
duration that there are a lot of consultants in pmeject management field. Definitely,
planning and scheduling was an important part ef phoject management of my Master
thesis. From the very beginning, | had to thinkwtdow to manage my time. Indeed, since |
chose the subject of my Master thesis, i.e. dutiegsecond semester of the first year of the
Master degree, | have tried to set up a vague singdmethod to work progressively and in
a fairly constant fashion. My first goal was to wat least one afternoon a week during the
first semester of the following academic year beeauhad courses (implying among others
lectures, individual and group works) and extracutar activities to handle as well. | had the
same objective concerning the internship periocenTimy planning after the internship was
practically totally dedicated to the thesis bugft some time for some personal activities, for
some job research and for the oral defense ofrteenship. | have more or less managed to
stick to the schedule during the first semester lahdve also had time for additional work
between the two exam periods. Then, it was muclerdificult to work on the thesis during
the internship period, but | could still devote oaéernoon each week-end to the thesis,
except when the deadlines related to the interngbipcloser. After the internship, | realized
that the planning was too optimistic. Indeed, | laaldt of personal things to do that | could
not handle during the internship period. In additias | will explain a bit further, | did not
take some unexpected changes into account whahthdiplanning. | should have included
more important safety margins. The point here &,tim the frame of a project management
as much as in the frame of a Master thesis, timeagement is important and difficult and

should definitely not be neglected.

Then, resources management is also a focal padiwebke project management in a company
and conducting a Master thesis. Undeniably, regsuace a central point of a Master thesis
and one cannot conduct such a work without anydations. Resources can be information
obtained thanks to surveys conducted either prelyooy researchers or by oneself. It can
also be articles, books and papers about the sabjecs or about closely related topics.

Academic sources are especially important in then& of a Master thesis since references to
theoretical concepts, as well as the use of rdidolcuments, preferably reviewed by peers,
are essential. This is also a way to exercisecatitihninking in the choice of the sources,

which is a skill that is indispensable in every 'dajife, and not only during studies.



Resources can also be the expertise of qualifieglpeFor a Master thesis, it is of course the
promoter, but it can also be other teachers or rexpe the field, either academicians or
practitioners. In the case of a company-orientegdif) resources can also come from relevant
companies. These companies may want to help inrdaeetter beneficiate from the
conclusions of the thesis, expecting a win-win mpenghip. In comparison, in the case of a
project management, resources are information aohatb base the project and decisions on
or the expertise of internal and external peophorimation can be for instance surveys,
reports or studies. Internal people can be empkoyaed workers from the different
departments of the corporation, whereas externaplpecan be for example consultants or

external service providers.

Another important aspect of project managementeiated to challenges. Indeed it is
important for a research thesis to be able to ehg# what has been done so far, either by
other people in the field or by oneself. The redaear is the one who define the objectives.
But is important to recall, despite challengest tis kind of thesis involving modelling
requires some trade-offs between sticking to tladityeof a particular case encountered in a
company and generalizing. Indeed, the very essefica model is to be a simplified
representation of the reality. Its goal is to mékgossible to draw conclusions and interpret
results thanks to assumptions, experiments and@igms. So the challenge here is not to

completely stick the reality of one specific case.

Throughout the year, | have realized that soméefpproaches that | was investigating were
not interesting to build a real contribution on. &veral times, after checking the outcomes
with my promoter, | had to start back and find &eotapproach to explore. This is not very
positive to keep the spirits up because you sonastifeel like having done a considerable
amount of work for nothing. However, | have stélk track of the reflections conducted and
corresponding results obtained because they mighitseful further in the quest. A research
thesis can sometimes be frustrating but it is hesearch works: exploring several ways for
eventually keeping and deepening only a few or eusst one. And this changing
environment is also present in the frame of a ptajganagement. Indeed, when a company is
undergoing a project, it still has to continue oo lat the same time. The project is thus not
managed in a fixed context, with static constraamd inputs. This constitutes one of the main

challenges and difficulties of project management.



During the research, when going for something geeand when investigating and exploring
it, other elements draw one’s attention. Sometithese elements are worth being analyzed
deeper and can bring prominent insights, but imjgortant not to lose the track of what was
at first examined. Indeed, such an approach cateceelot of ramifications and the researcher
can end up with too many elements to look at orneh information. Keeping in mind the
global goal of the research in order not to logertmch time in some less relevant insights is
necessary. Here again, the time component of @&grajanagement appears, as well as the
corresponding trade-offs. One should be able tggudhat could be interesting or not. This
process takes time and, in my opinion, it is p&rthe learning of a research thesis. Indeed,
the approach of a research thesis involves malongeschoices and experiments by oneself.
It is different from a group or individual work dder a course and for which the teacher
usually states beforehand what is expected orat lauilds a frame. However, it is sometimes
by going off the point that great ideas and opputies appear. So, at times, it can also be
worth daring to go a bit further. This tendencyb tempted to look at different directions
when investigating insights is also responsiblettierinstability and uncertain character of the

approach.

A difference between project management and a ngsélaesis pertains in my opinion to the
work atmosphere. Indeed, a project is most of ithe tmanaged within a group, or at least,
requires the contribution of several people. Infilaene of project-thesis, students are either
placed in a project team or work alone on the ptojBut in both cases, they work in the
offices of the company and can, to a certain exesaily reach out to people who could help
them with some information or expertise. Of couosker employees work on their own
projects and may not have a lot of time to allodatthe students, but it is usually possible to
make an appointment at some point to discuss aheuproject in hand. Nevertheless, for a
research thesis, it is not the same work environmknleed, except the promoter and
sometimes the readers, the student works mosteotite alone. If the research-thesis is
company-oriented, the student may also have sommtacts with people from some
organizations, but these remain only punctual ooonas Indeed, these people have less
interest to devote time to the student since tlogept is not of primary importance for them.
The reason is that the project is not brought leydiganization in question, involving that it
is usually not targeting one of its specific prabteand that the student is not working for the

company, neither evaluated by them. So the stuchayt sometimes feel left to their own



devices. But on the other hand, they do not havdetd with team management matters, as

students with a project-thesis would probably have
To conclude, several concepts of project manageroantbe applied to the project that

Master students face during their last year ofiesjd.e. the Master thesis. The applications

are more obvious in the case of a project-thedis#lid for a research thesis too.
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Appendix 2 — Initial model of lassinovskaia et al(2017)

“The PDIRPTW problem is defined on a directed graphk- (N,A) whereN is the set of
nodes indexed by,j €{0,...,n} and A ={(i,j):i,j e N,i #j} is the arc set. Node O
represents the producer location and the Bgt= N\{0} denotes the customer locations.
Each customei has a demand,; at periodt. Moreover, each customer and the producer
incur unit inventory holding costs per peri¢ti  N), h¥ for the loaded RTI and? for the
empty RTI, with inventory capacitie®’ for the loaded RTI and’? for the empty RTI.
Inventories are not allowed to exceed the holdiagacity and must be positive. The length of
the planning horizon is p with discrete time pesadeT = {1, ...,p}. A set of vehicles
v eV ={1,...,k} are available, each with a capacigy in terms of number of RTIs without
distinction between empty and loaded RTIs, wijth fixed cost per kngi a variable cost per
tonne.km and with an average speeith km/h. An empty RTI weights, and a loaded RTI
weighsw, . Each vehicle is able to perform a route per périfsom the producer to a subset
of customers. At the customer’s gate, a fixed timieours, g is incurred. A distancé;; is
associated for all(i,j) € A. The service of a customeére N, can begin within a time
windowe;, [;]. The vehicle cannot arrive earlier than timgand no later than timé;. The
producer is assumed to have sufficient inventony eapacity to perform all of the pickups
and deliveries during the planning horizon. Thetdosbuy a new RTI i$; the production
cost per RTI iz, including inspection and cleaning costs incurisdthe producer and is
proportional to the number of RTIs used at the piz. At the beginning of the planning
horizon, the producer knows current inventory lsvéf, of the loaded RTI and? and
receives information on the demamng of each customerfor each period. The objective of
the problem is to minimize the total cost whilas$ging the inventory level constraints for
each customer in each period. It is assumed thatyesustomer can only be visited exactly
once. Moreover, a penalty cost per unit of timels added for the time length of the route,
Opt -

Decision variables used in the formulation are aiafebinary variablesy; ;. equal to 1 if and

only if arc (i,J) is used on the route of vehicleén periodt; the integer variables are listed as

follows:
15 inventory level of loaded RTI at customet the end of period,
I1E inventory level of empty RTI at customett the end of period;

Qi loaded RTI quantity delivered to customeén periodt;
Ti¢ empty RTI returned from customian periodt;

Vii



x;jr loaded RTI quantity transported from customés customey in periodt;
zijy  empty RTI quantity transported from custorihey customey in periodt;

D¢ RTI quantity filled from the producer in period

n; new RTI quantity bought and filled from the proeluin periodt;

and the real variables are:

m,; arriving time of vehiclev to customei in periodt

o,  thetime length of the route.

The inventory routing problem with SimultaneouskB and Delivery in a closed-loop

(PDIRPTW) is then formulated as follows:

minimize z z z <0€ z Yijor + B(WLXijt + WE Zjjt)

IEN JEN teT vEV

+ZZ(hiLliLt+hfIf;)+Zcpt+2bnt+2285vt

IEN teT teT teT VEV teT

1)

Subject to:

Xije + Zijt < Q Xvev Vijur

I = Iy + Qi — uge

If = Iy — 1 +uy

Iét = Iét—l + e — Xien it

I())Et = I(l)::t—l —Pr + N+ DienTie
0< I <ct

0< 15 <CE

p < Ig—q +1y

Yieni=j(Xije — Xjit) = Q¢
Yieni=j(Zijt — Zjit) = Tjt
Yienizj Yijot — Dien,izj Yjivt = 0
ZiEN ZveV yijvt <1

YjeN, Yojur <1

T < Iib;—l

qit = IiLt

Yientie < Iy

Yien Qit < I(lft—l

€ Yjen,j=i Yijor < Mive < li Ljen,j=i Vijot

V(i,j) EAVLET
ViE Ny,V tET
ViE Ny,V tET
VteT

VteT
VieENVLeT
VieENVLeT
VteT
VjEN,V tET
VjEN,V tET
ViEN,VvEV,VtET
Vj € No,VtET
VvveV,VteT
Vi E N,VtET
Vi€ENy,VtET
VteT

VteT

VieN, VveV,VteT
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)
©)
(4)
(5)
(6)
(7)
(8)
9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
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(19)



d;j
Mipt + Vijoe (g + T]) ~maXienli (1= Yijue) < Mo

Vi EN,jENy,i#j VveEV,VteT (20)
0<6, < "'leczlvxli VveV,VteT (21)
L

d;
e + Yiowe * (9 +°2) = maxl; (1= Yiopr) < 8ot

ViENYVEV,VtET (22)
. T, Wu=Ch) _
YieN Zveth?ztl Yijut 2 [Wl ViENy, Vi, 6, ET, t1 2 t, (23)
I I, Qies Tie, Xijeo Zije N, D € ZF Vi,jEN,VtET (24)
Yijue € {0,1} V(i,j))EAVveEV,VteET (25)

The objective function (1) minimizing the total tcoghe first sum of the objective function
corresponds to transportation costs, the second samesponds to the inventory costs of
empty and loaded RTIs at both customer locationd te depot, the third sum is the
production cost, the fourth sum represents the tmstuy new RTIs, and the last term is the
penalty cost due to the driver’'s waiting time. Goaisits (2) state that the vehicle capacity is
not exceeded. Constraints (3) state the inventonservation condition for the loading of
RTIs over successive periods: they define the towemn periodt as the inventory held in
period t — 1, plus the loaded RTI quantity delivered minus dieenand. In the same way,
constraints (4) state the inventory conservatiomdsion for empty RTIs over successive
periods: they define the inventory in periods the inventory held in perigd- 1, minus the
empty RTI quantity returned plus the demand. Camds (5) ensure inventory conservation
conditions for the loading of RTIs over succesgeeods at the depot: the inventory in
periodt as the inventory held in periad- 1, plus the RTI quantity filled from the producer
minus the loaded RTI quantity delivered to cust@mierthe same way, constraints (6) ensure
inventory conservation conditions for the emptysRiMer successive periods at the depot: the
inventory in period as the inventory held in periagd- 1, minus the RTI quantity filled from
the producer, plus the newly bought RTIs plus enipiys returned from customers.
Constraints (7) and (8) define the bounds on tvembtory of loaded (7) and empty RTIs (8)
held by each customer throughout all periods. Qasts (9) guarantee that the number of
RTls filled from the producer in periaddo not exceed the number of empty RTIs held in the
inventory in periodt — 1 plus the number of bought RTIs. Constraints (I@)icate that
loaded RTI quantities are delivered and constraifit) that the empty RTIs are returned.

Constraints (12), (13), (14) and (20) ensure thegt proper vehicle routes are constructed.



Constraints (12) stipulate if a vehiclevisits customey in periodt, it has to leave custonyer
in periodt. Constraints (13) ensure that at the most, a \‘ehitsits a customer per period.
Constraints (14) ensure that vehicles leave thedpcer only once per period or stay at the
depot. Constraints (15-18) ensure the closed-lobpirc Constraints (15) state that the
quantity of empty RTIs returned is held in the imwgy. Constraints (16) state that the
guantity of loaded RTIs delivered was held as itgnin the previous period. Constraints
(17) state that the quantity of empty RTIs returtedhe producer is held in its inventory.
Constraints (18) state that the quantity of load®ds delivered to the producer was held in
the inventory in the previous period. Constrairit9)(ensure that at each customer location,
the vehicle arrives within the time window. Constta (20) ensure that the arrival time at
customer j has a greater value than arrival timecastomer i in one route. Those constraints
do not need to be satisfied when the vehicle v doesavel from node i to node j in period t.
Constraints (21) ensure that the waiting time isskr than the maximum arrival time and
constraints (22), combined with the objective fimgtguarantee that the vehicle returns to
the depot directly after serving the last custoniBased on Coelho and Laporte (2014), the
valid inequalities (23) are related to whether ttemand of customer j for period,[t;] is
greater than its inventory capacity then a visiteguired. These constraints (23) have a very
positive impact on solving the ten instances inetlich Table 5 since the running time taken
to prove optimality is reduced by half on averageis result corroborates the conclusion of
Coelho and Laporte (2014). Finally, constraints X2hd (25) define non-negativity and
binary conditions on the variablegtassinovskaia et al., 2017, pp.5-7).



Appendix 3 — Ownership of RTls

Ownership of the RTIs

B Your company
= An external company
w Both

Figure 12: Ownership of the RTIs

Retrieved from Martin (2016, p.42).
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Appendix 4 — Loss rate graph

Loss rate
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Figure 16: Loss rate

Retrieved from Martin (2016, p.46).
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Appendix 5 — Data used for the graphs illustratingthe effects of the collection

rate
Figure 9
a=>5€
Y Total Cost(€) Running Time (s) Optimal solution
0.1 1624.25 90
0.2 1535.42 123
0.3 1499.15 11702
0.4 1400.07 107
0.5 1288.56 151 X
0.6 1266.44 351
0.7
0.8 1129.48 509
0.9
1 984.29 489 X
Figure 10
Total Cost | New RTIs ReF\{/E?\ilee ) Running Time Optimal
v (€) Cost (€) € (s) solution
0.1 1624.25 630.00 10.00 90
0.2 1535.42 570.00 25.00 123
0.3 1499.15 530.00 30.00 11702
0.4 1400.07 460.00 50.00 107
0.5 1288.56 380.00 70.00 151 X
0.6 1266.44 320.00 75.00 351
0.7
0.8 1129.48 200.00 100.00 509
0.9
1 984.29 80.00 140.00 489 X
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Figure 11

v Total | Transportatior] Penalty I?\‘(’)?gitr?éy Running Optimal
Cost (€) | cost Cost (€)| cost (€) cost (€) Time (s) solution
0.1 1624.25 972.82 13.58 16.49 90
0.2 1535.42 958.96 13.32 16.78 123
0.3 1499.15 967.64 13.08 17.07 11702
0.4 1400.07 958.32 13.32 17.07 107
0.5 1288.56 947.42 12.94 16.84 151 X
0.6 1266.44 989.24 13.51 17.33 351
0.7
0.8 1129.48 996.94 13.78 17.40 509
0.9
1 984.29 1011.50 14.23 17.17 489 X
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Appendix 6 — Data used for the graphs illustratinghe effects of the resale price

Figure 12
y=0.5
a (€) Total Running Optimal
Cost (€) | time (s) solution
-2 1374.96 156 X
0 1358.56 178 X
1 1344.56 142 X
2 1330.56 172 X
3 1316.56 189 X
4 1302.56 175 X
5 1288.56 151 X
6 1274.56 91 X
7 1260.56 262 X
8 1246.56 130 X
9 1232.56 99 X
10 1218.56 137 X
Figure 13
y=0.5
New Resale . Optimal
a(€) ngtaé) RTIs Revenue Erli]r;m(g? soplution
Cost (€) (€)
-2 1374.96 380 -10 156 X
0 1358.56 380 0 178 X
2 1330.56 380 28 172 X
4 1302.56 380 56 175 X
6 1274.56 380 84 91 X
8 1246.56 380 112 130 X
10 1218.56 380 140 137 X
Figure 14
y=0.5
a(€) Total cost | Transportation In.ventory P(ég:ltlty Running So[)lﬂ?;:
(€) cost (€) holding cost (€) € time (s)
-2 1374.96 953.18 17.21 13.21] 156 X
0 1358.56 947.42 16.84 12.94 178 X
2 1330.56 947.42 16.84 12.94 172 X
4 1302.56 947.42 16.84 12.94 175 X
6 1274.56 947.42 16.84 12.94 91 X
8 1246.56 947.42 16.84 12.94 130 X
10 1218.56 947.42 16.84 12.94 137 X
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Appendix 7 — Data used for the graphs illustrating the effects of both the resale

price and collection rate

Figure 15
Total cost (€)
c a=1€ a=3€ a=5€ a=7€ a=9€ Optlr_nal
solutions
0.2 1568.59| 1562.46 153542  1533.99  1524/60
0.4 1451.04| 1432.44  1400,0f  1386.18 1374/91
0.6 1325.25| 1298.94  1266,44 12433 1205,25
0.8 1216.16| 1169.48 1129.48 1093.66 104948
1 1096.29 1040.29 984.29 928.29 872.29 X
Figure 16
a(€) y=0.1 y=0.5 y=1
Total cost| Running | Total cost| Running | Total cost| Running
(€) time (s) (€) time (s) (€) time (s)
-2 1632.85 90 1374.96 156 1139.48 199
0 1628.85 84 1358.56 1 1124.29 500
1 1626.85 104 1344.56 142 1096.29 242
2 1626.31 122 1330.56 113 1068.29 337
3 1622.86 88 1316.56 189 1040.29 329
4 1620.85 77 1302.56 118 1012.29 349
5 1618.85 90 1288.56 107 984.29 489
6 1616.85 74 1274.56 91 956.29 280
7 1614.85 122 1260.56 262 928.29 463
8 1612.85 91 1246.56 113 900.29 266
9 1610.85 77 1232.56 99 872.29 230
10 1608.85 83 1218.56 137 844.29 468
Optlr_nal X X
solutions
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Figure 17

Number of resold RTlIs
P _ _ _ _ _ _ Optimal
vy | “a=-2€" | a=0€ | a=1€ | a=3€ | a=5€ | a=7€ | a=9€ ,
solutions
0.2 4 4 5 5 5 5 5
0.4 6 6 10 10 10 10 10
0.6 9 15 15 15 15 15 15
0.8 8 16 20 20 20 20 20
1 7 28 28 28 28 28 28 X
Figure 18
Maintenance cost (€)
“a=-2€" | a=0€ | a=1€ | a=3€ | a=5€| a=7€ | a=9¢ a=10¢ | oPumal
solutions
0.2 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.3p
0.4 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36
vy |0.6 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36
0.8 1.36 1.36 1.36 1.36 1.36 1.36 1.36 1.36
1 1.36 1.36 1.36 1.36 1.36 1.36 1.86 1.36 X




Figure 19

Resale New Running | Optimal
a (€) revenue | RTIs cost time (s) | solution
(€) (€)
-2 -14 80 199 X
0 0 80 500 X
1 28 80 242 X
2 56 80 337 X
3 84 80 329 X
4 112 80 349 X
5 140 80 489 X
6 168 80 280 X
7 196 80 463 X
8 224 80 266 X
9 252 80 230 X
10 280 80 468 X
Figure 20
a (€) Transportation| Total cost Running Optimal
cost (€) (€) time (s) | solution
-2 1011.5 1139.48 199 X
0 1011.5 1124.29 500 X
1 1011.5 1096.29 242 X
2 1011.5 1068.29 337 X
3 1011.5 1040.29 329 X
4 1011.5 1012.29 349 X
5 1011.5 984.29 489 X
6 1011.5 956.29 280 X
7 1011.5 928.29 463 X
8 1011.5 900.29 266 X
9 1011.5 872.29 230 X
10 1011.5 844.29 468 X
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Appendix 8 — Foldable pallet heightener with 6 hinges

Retrieved from TER-Industry (s.d.).
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Executive Summary

This Master thesis proposes some modifications of the model developed by lassinovskaia,
Limbourg and Riane (2017) related to Pickup and Delivery Inventory Routing Problem with
Time Windows (PDIRPTW) for the management of Returnable Transport Items (RTIs). The
aim of these modifications is to better reflect the reality of the management of RTIs in

organizations.

The first improvement provided to the model refers to durability, resale and losses. The
durability aspect relates to the fact that RTIs have a finite lifetime, which means that they can
be used only a limited number of times. Then, the company has to dispose of these items and
one interesting way to proceed is to resell them, hence the resale aspect which is strongly
linked to the durability feature. Finally, the loss of RTIs is a frequent problem faced by
companies. Both durability and losses generate the need to purchase more RTIs.

The second and third modifications are about maximum ceiling constraints and minimum
threshold constraints that are added to the initial model of lassinovskaia et al. (2017). Some
companies have to establish this kind of rules for some managerial or organizational reasons,

although they result in some additional costs.

These three main parts of the thesis are illustrated by some real-life situations drawn from the
Master thesis of Martin (2016) and from the visits of different companies. Then, the models
are developed and explained. After that, some analyses are performed and some conclusions

are finally drawn.

Key words: Returnable Transport Item (RTI), pickups and deliveries, durability constraints,

maximum ceiling constraints, minimum threshold constraints.



