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ABSTRACT: Reducing procurement costs as well as controltingenhouse gas (GHG) emissions is becoming a
major concern for the retail industry. In order support a retail company to optimize its procuremgolicy and
coordination with its suppliers at the tactical plang level, we propose a multi-periodic, multi-guat modeling
framework for a three-level distribution system @mnpassing the suppliers, intermediate platforms distribution
centers. Different procurement and transport peicmay be undertaken between the entities, sudirexs shipment
from the suppliers to the distribution centers bipsnent through intermediate platforms. We havegies a generic
MIP (Mixed Integer Programming) model with two attjee functions to be considered (total shipmerd atorage
cost, or CO2 emissions from transport). Solutioril e obtained using realistic data provided bymajor French

retail company.
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1 INTRODUCTION

Transport is an essential component of the manageme
of physical flows in supply chains, interfering ifnothe
sourcing of raw materials to the product distribntand

to end customers. It also plays a key role in thiévdry

of products or other materials for systems withrope
closed loop. Improving the efficiency of transpata
major issue in the supply chain management.

study, the carbon footprint of road freight sectaf
increase to 30.0 million tones of @Gn 2020 (56%
above the present level), if no action is impleradnto
limit the phenomenon.

Therefore, actions must be taken to reduce ther@mvi
mental impacts of these systems. Most of the ssudie
highlight the need to reduce environmental imp&cis
road transport and to move toward more environniignta
friendly transport systems.

However, for many years, the performance of supply Some actions have been taken relatively for susiéen

chains and transportation networks has been stuxtigd
in economic terms, especially with the objectivésast
minimization or profit maximization in a given cemt.
Taking into account the uncertainty and the quatity
service have been introduced gradually.

Nowadays, distribution activities are increasinfgging
the challenges of sustainable development. Globgd s
ply chains now span long distances and requireifsign
cant use of fossil fuels to deliver goods to constam
(Venkat, 2003). Indeed, the transport sector isagom
source of greenhouse gas (GHG) emissions. Interrati
al studies highlight the need to find alternatit@seduce
carbon footprint and other impacts from transpatat
systems. Impacts from freight transportation system
have increased; by 2050 global emissions from ‘ehic
use might be 2.5 to 3 times as large as they weP®00

development for freight transport and for city ketgis.
Among solutions, there is the need to use altereati
transportation modes by promoting multimodal tramsp
tation systems (Sawadogo and Anciaux, 2011) inrorde
to reduce their environmental and societal impddtg-
timodality combined with a pooling system has been
studied by (Pamt al, 2010) in order to reduce distribu-
tion cost and C@emissions. Other alternatives for re-
ducing emissions from distribution systems are ltgra
native fuels, eco-driving ...

In this paper we address the problem of the tdqgpiea-
ning of procurement and transport activities fa thul-
tiproduct distribution system of a retail supphaghwith
economic and environmental goals. In order to don&o
propose a generic modeling framework for a threelle
system covering suppliers, intermediate platfornasew

(Transport Outlook, 2011). Furthermore, (Piecyk and houses or distribution centers. We have designgé-a

McKinnon, 2010) studied three scenarios illustrgtine
trend of road freight carbon footprint. Accordirmgtheir

neric model for multi-periodic planning of transpand
storage activities allowing different transport ip@s
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and transportation modes. This model considersotiad:
transport and logistics costs, and L£€missions from
transport in products distribution for a retail plyp
chain. It aims at investigating different distrilmut and
transport policies on the basis of their economid a
environmental impacts. We will also investigate the

cial, economic and environment) of sustainable Heve
opment into supply chain management.

Green supply chaiis defined as the integration of envi-
ronmental issues into the supply chain management,
going from the sourcing to distribution of the puotito

ecological impact of a given economic strategy. The customer, including reverse logistics. Some litgeat

ultimate goal is to provide to decision makers raig¢
tribution canals and new distribution policies wldss
environmental impacts while reducing the distribnti
cost.

The paper is organized as follow: section 2 costan
literature review about of sustainable developnigsues

in distribution systems. Section 3 is devoted tecdb-
ing our modeling approach and section 4 is aboet th
perspectives for solving this model. Section 5 aorgt
our conclusions and the expected extensions ofapur
proach.

2 SUSTAINABLE DEVELOPMENT FOR
TRANSPORTATION NETWORKSDESIGN
AND OPTIMIZATION

Traditionally, studies about supply chain managdmen
have been focused on supply chain design and pignni
mainly based on the economic issues (cost, timaljtgu

of service...). A literature review on these modets
been proposed by (Mukt al, 2010); they have present-

reviews about green supply chain management can be
found in (Sarkis et al., 2011), (Beamon, 1999),
(Srivastava, 2007). The impacts identified in thetel-

ies are greenhouse gas emissions ,(CRO,...), the
wastes, the noise emitted, and the degradatiorzarfieo
layer among others.

Sustainable Supply Chain incorporates the princgile
green supply chain (Seuring and Miiller, 2008) kg-in
grating social and economic components of susténab
development. In the literature, many studies aesqmt-
ed about supply chains performance analysis arichbpt
zation considering the sustainable developmenttitons
ent parts. Most of these studies focus on reduttieg
carbon footprint of distribution systems.

Up to now, social issues of distribution systemseha
been studied through corporate social respongibilit
(CSR) by implementing logistic social responsililit
(LSR). (Ciliberti et al, 2008) presented a taxonomy of
LSR practices underlying five areas, namely purcitgas
social responsibility, sustainable transportatisusstain-

ed a review of mathematical programming models for able packaging, sustainable warehousing, and revers

supply chains, considering both production andsjpant
activities including supply chain structure, demisiev-

logistics.

els and modeling approaches. Regarding the transporin their recent paper, (Chardine-Baumann and Botta-

planning, (Crainic and Laporte, 1997) identifiede th
main problems related to freight transport plannasy
well as relevant operations research existing nustho
and models. More recent methodological advancésein
transport planning area are presented in the bdakd
by (Barnhart and Laporte, 2007); the chapter prtesen
by (Crainic and Kim, 2007) addresses the relevagthm
odological questions relative to the planning ahsport
operations at the national and regional levels; ald-
dressing multimodal transportation planning.

It is well-known that economic productivity remaitise
major concern of companies. Nevertheless, enviroame
tal issues, particularly greenhouse gas emissiedacr
tion and energy consumption reduction are increggin
at the heart of their policies. This is partly dadegisla-
tive obligations (Kyoto protocol 1997, European eom
mission regulations...), and partly due to the brand
age that companies want to put forward.

So, the current state and trend of environmentgiatia-
tion implies a need for change in consumer and faanu
turing practices. There must be a fundamental ohamg
the management of operations and distribution syste
We are seeing a move towards sustainability pajrint
the need for integrating the three constituentspéso-

Genoulaz, 2011) proposed a framework for sustainabl
performance assessment in a supply chain. They pro-
posed three models; the first one analyses thaisable
performance of a supply chain considering economic,
social and environment criteria. The second modeéitp

out the relationships between some supply chain-man
agement practices and a supply chain performance ma
trix. The third one is an analytical assessment ehod
based on the Supply Chain Sustainable Performance
(SCSP) matrix, which permits to determine the soata

ble performance profile of a supply chain.

Some models for computing the environmental and so-
cial impacts of transportation systems can be found
(Janic, 2007). (Bektaand Laporte, 2011) clearly show
the possible diverging interests between minimizing
cost (particularly drivers cost), traveled distaaoel CQ
emissions. They use an objective function that ripce
rates in particular the fuel costs, and the, @@issions
cost. But according to (Kohn and Brodin, 2007),r¢he
are many cases where even the operational or dhctic
decisions are inconsistent with the strategic dbijes;
they demonstrate that it is possible to improveusian
neously costs, service and environmental impact.

Regarding the reduction of carbon footprint in mlst-
tion systems, there are two main trends in thedlitee.
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The first one considers the optimization and reiduncof used. Some retailers implemented actions as usiagd

the environmental costs; for example, (Forkenbrock, waterways for their transportation, using transgiwh
1999) proposed an evaluation model for computing in modes with lower noise level or implementing green
ternal and external costs of intermodal transparboe purchasing.

side and road transport on the other side, coreigler

factors such as demand, capacity and vehiclesdiliate In conclusions of this state of art one can obsémat a

as well as frequencies and apply it to a Europeansignificant amount of work has already been devated
transport case. His modeling concerns accidents, cos green supply chain management in two directional-ev
GHG emissions cost, and cost due to noise and qubli uation of the economic and environmental impacts of

works (such as road building or maintenance).

The second trend aims at computing the real amofnt
CO, emitted at each phase of the distribution process.
this end, many studies have been conducted to dempu
emissions factors for transportation systems adegrih

the transportation mode used; see for example Astem
(Joumardet al, 2007), or INFRAS-HBEFA (Rexeist
al., 2009). According to these studies, the totalssinns
depend on the emission factor and the activity deta
follows:

Emissions = “activity data” x “emission factor”

Activity data means the amount of energy burnede Th
emission factor is the amount of g€@enerated by each
activity data, for example, tons of G@er tons of good
transported.

(DEFRA, 2005) proposes conversion tables between th
quantity of fuel used and the quantity of emissioifs
CO,. Several units are used in order to measure thé GH
or CG; emissions: Carbon equivalent, €équivalent of
GHG or CQ emissions only. Some European projects

activities, or the development of optimization misder
decision making. In the distribution and retail teec
noticeable work with the optimization approach haen
devoted to the consideration of cooperation amang s
pliers through pooling of resources in order toiewh a
better productivity and reduce the environmentadaots
of transport.

In our work, we develop a different approach focusae

the redefinition of the procurement supply chainaof
given distributor. We will focus on the environmaint
impacts abatement of the distribution system incigd
transportation and the related procurement operstio
(cross-docking, storage). We will consider only the
emissions of C@and the overall cost. The major chal-
lenge in this study is to strike a balance betweevi-
ronmental performance and maintenance of acceptable
delivery, responsiveness, quality and costs.

3 PROBLEM DESCRIPTION AND
FORMULATION

In our modeling framework, we consider the disttibu
of products in a retail supply chain. The studietivork

have been devoted to the estimation and modeling ofconsists of four possible entities (figure 1):

GHG emissions from transport: MEET (Hickmaginal,
1999), COST (Joumaret al, 1999) and (INFRAS,
2008).

There are some commercial softwares calculating the
CO2 emissions of a distribution network based @s¢h
emission factors, but these evaluations are oftadema
priori or a posteriori, knowing all characteristiesd
flows of supply chain and transport system. Ondbie-
trary, our approach aims at optimizing the suppigin

and transport systems characteristics and the leshic
and goods flows in order to reduce costs and CO2-em
sions in a decision making process.

In the retail industry, the global emissions fraamspor-
tation must encounter the emissions along the whole
distribution process (from the supplier to the e8)r In
recent years, retailers have been implementing-tech
niques for reducing environmental impacts at eacill|

of their activity. These techniques involve poolingere
different suppliers share the same distributiontersee

for example (Part al, 2010). Other actions have been
taken to optimize the loading factor of each tramtp
tion mode used, by using different loading united a
conveying different products in the same load uthiis
contributes for example to reducing the numberudks

The supplier facility or warehouse
The retailer platform

The distribution center

The stores

In this network, a set of platforms receive producom
suppliers and then, the products are transportech fr
platforms to each distribution center according tmin-
imum known demand from the stores. In this paper, w
will consider the products flows from suppliers ttee
platforms, and the distribution centers. The optation

of distribution of products from the distributioerters

to the retail stores is out of the scope of ourkwor

We assume that the shipment of products from tipe su
pliers’ warehouses to the platforms allows less tinack
load transportation, while full truck load transtation
between the platforms and distribution centersnis i
posed as a general policy in order to increaseieffty.
Multimodal transportation is allowed for the transja-
tion from platforms to distribution centers, whican be
done either by road or by train.
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warehouse

N,

Platforms W W W

Distribution <
center
k Not mclude(
Retail
stores

Figure 1: Generic supply chaln for retall activity

Our modeling approach will allow the testing offdient
alternative scenarios.

3.1 Hypothesis

Figure 2 represents the generic distribution networ
underlying our modeling approach as described above

Suppliers Distribution centers

P\atforjm Stores

Figure 2: Generic distribution network

» We consider the tactical planning of procure-
ments and transport activities over a numbBer
of time periodst (typically T covers several
weekly time periods).

e Several suppliers may offer the same product

e Agiven supplier may provides several products

e Products are shipped onto pallets

e Depending on the transportation links, two

e Transportation costs will distinguish costs ap-
plied to full load means of transport and costs
applied to pallets shipped by LTL mode.

« Retail stores are allocated to a specific distribu-
tion center.

Due to the last hypothesis, the aggregated demamnad f
the stores constitutes the demand of the correspgnd
distribution center. So, the minimum demand of picid

p from the distribution center at the period is 5,’(”.
3.2 Notations

Sets:
J Set of platforms

J Set of platforms delivering the distribution cerfte
J; Set of platforms delivered by supplier
I Set of suppliers

I; Set of suppliers allocated to platfoym
j

P Set of products

P; Set of products delivered by supplier
K Set of distribution centers

T Set of time periods

V Set of transportation mode (truck/train)

V1 Set of less than truck load (LTL) transportation
modes

V2 Set of full truck load (FTL) transportation modes

V3 Set of rail transportation mode

V1; Set ofV1 transportation modes used from any entity
i

V2; Set ofV2 transportation modes used from any entity
i

V3; Set ofV3 transportation modes used from any entity
i

V; Type transportation modes used from any etity

Parameters

ct’ Transportation cost for a pallet by the mean of
transport

¢/ Transportation cost for a full load means of tpaors

v

cdoc; Cross-docking cost for a pallet at platfoim

cmy, Handling cost for a pallet of produptat distribu-
tion centerk

chl, Holding cost for a pallet of produptat distribution
centerk

transportation modes may be considered: roadd,; Travel distance between two entitieand;

and rail. Road transportation may use LTL
(Less than Truck Load) or FTL (Full Truck
Load) vehicles, while rail transportation is re-
stricted to a minimum load.

Cap, Capacity in pallets of means of transport

CapS, Storage capacity in pallets in the distribution
centerk
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CapC; Cross-docking capacity in pallets in the platform

j E fll E_'gmpt\' X
. - gld,c,x)=d.| ——= | x+ B | =
Cap! Capacity of suppliei for productp ¢ L

Capl,,, Minimal allowed shipment by transportation With d=distancec=transport capacity in pallets,

meanv

SO0% Initial inventory of productp in the distribution
centerk at periodt = 0

ST Ending inventory of producp in the distribution
centerk atperiodt =T

5,71" Aggregated demand for prodyetof all the stores
allocated to distribution center at periodt

Variables

S,ft Inventory of producp at the end of period in the
distribution centek

X}’j”t The number of pallets of produgt transported
fromi toj using the means of transporat periodt

V5 The number of full load means of transportsed
between the entitieisand;j at the period

R;’]Pt The number of residual pallets in the less thacktr
load means of transpart

Ylﬁ Binary variable equal to 1 if there is a less thzad
truck betweern andj, 0 otherwise

3.3 Emissionsfactor calculation

The emissions factor aims to compute the amou@@®f
emitted by any transportation mode. The factor that
used depends on the number of pallets transpattied,
traveled distance and the truck loading factor.

This emissions factor retained is based on the MEET

report (Hickmaret al, 1999) and (Past al, 2011) with
the following hypothesis: for road transportatiche

vehicles are Heavy Duty Vehicles of 38 t, the agera
speed is 80 km/h, a road gradient of 0% is consitler

x=number of pallets transported.

For rail transportation, the train considered hiesren
electric “short train”; the gross weight of shadibhs has

been estimated to be around 500 - 600t, the average

speed considered is 100km/h and the total capatity
pallets is 36 in each railcar with 13 railcars pein.

Given these hypothesis, the emission factor fot rai
transport is:

Eg/im(x) = 0.498 + 0.0014 x )

wherex is the number of pallets transported.

The emissions factors retained are:
Egmpty = 0,498 kg/km

Ef,u = 1,16 kg/km, considering a train with 13 railcars.
3.4 Model formulation

Two objective functions have been implemented thto
generic model.

Objective 1: Cost minimization

The first objective is to minimize the total transgtion
cost for the overall network. This cost functiokds into
account the overall cost of the network; it invavile
transportation cost between any suppliers and the p
forms, the cross-docking cost in the platforms,tthas-
portation cost between the platforms and the distion
centers.

The generic cost function has five components and i
given by F1:

the capacity of the trucks varies from 20 to 50lgtal F1= Z(CTl +CT2+CT3+ CP +CD) (3)
depending on the product transported. We obtain the terT
following formula:

Where:

Eg/um(a) =772 + 324 a ()

whereq is the loading factor withk =€ [0,1].

. CT1 is the transportation cost between suppliers
and platforms:

Depending on the loading factor, we can compute two ~pq — ZZ Z Z d__(ctuRypt n C};Vyt (4)
t ij 3

emission factors: one for the full load trucky,; and

one for empty truck€g,,.,. SO, given these assump-

tions for road transportation:
E;']u” = 1,096 kg/km
empty = 0,772 kg/km

Considering these emissions factors, the travehilie

and the truck load in terms of number of pallets t

amount of C@emitted is calculated by:

J
JjE€J iEI]' VEV; PEP;

CT2 is the transportation cost between platforms
and distribution centers:

T2 = Z Z Z Z dye PV (5)

JEJ kKEK vEV; pEP

. CT3 is the transportation cost between suppliers
and distribution centers:
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CT3 = Z Z Z Z dye (ct?RYP + cPv 2t 6)
k€K i€l veV;peP;

. CP is the cross-docking cost at platforms

CP = ZZ Z Z cdoc;X;, x'Pt 7

JE€J l€11 VEV; PEP;

. CD is the operations costs at distribution centers

cD = Z Z Z Z XPem, + Z Z chPSPt (8)

K€K i€lU] vEV; pEP kEK peP

The operations costs here represent the products ha
dling cost including all the flow of products eritey the
distribution centers and the holding cost.

Objective 2: CO, minimization

Objective function F2 computes the amount of ,CO
emitted for the transportation between suppliers an
platforms or distribution centers, and from platisr to
distribution centers, using the expressions dewslop
section 3.3.

F2 = Z(E(,'l + EC2 + EC3)

teT

€)

Where,

EC1 is the amount of C&xue to transportation
between suppliers and platforms:

EC1 = ZZ Z ( ’ [ Pt (Efuu Eempty>

Ca
j€J LEI vEV; Py

Elppey (VS +Y5) D (10)

EC2 is the amount of C&xue to transportation
between platforms and distribution centers:

EC2 = Z Z Z A XY

JEJ kEJ) vEV

1D

t
E;;ull

EC3 is the amount of C&tue to transportation
between suppliers and distribution centers:

EC3=ZZZ<dik [X M)

v
vpt (Efu”
Ca
i€l keK vev; P

ik

+ Eempty ViII;ct + lej ]) (12)
Constraints
SP 4 Z Z XPE> 670 vkp,t (13)
iEIV]E VEV;

Y-y Y vine as
i€l vev; keK vev;

Z Z X7t < Cap! Vip,t (15)
JEJ{UK veV;

vpt t :
Y i scape; v (16)
iEIj pDEP UEV]'
Z SP' < Capst vkt 17
pPEP
SP° = sop Vk,p (18)
SPT = st1P vk, p (19)
Py z z X -t =8P Vkpt o (20)
i€lV]k veEV;

Z vat _ Cava”t + th
pPEP

Viel,jeJ;UK,tv eV (21)

ZX"Pt = Cap, V' VieljeJ UK, t,veV2 (22)
DEP

z X0 = Cap, Vit VktjEJvEV2  (23)
PEP
S = Cap, R Vit € v € V3 24)
PEP
R < Cap, V! eVt (26)

Constraint (13) is the retail stores demand satiifia
constraint which includes the quantity of produstsp-
plied to each distribution centérand the total inventory
at distribution centek. Constraint (14) is the flow con-
servation constraint at each platform. Constra{tts),
(16) and (17) are the capacity constraints at sy
the supplier warehouse, the platform and the Histion
center. Constraint (18) and (19) are resp. thentorg at
period 0 and the inventory at the last period stribu-
tion centerk for each producp. Constraint (20) is the
inventory equilibrium constraint at distributionnter k.
Constraints (21) and (24) are the transportatiordeno
capacity constraints when moving from the supplier
plant to the platform and respectively when moimagn
platform to distribution center. Constraints (22d423)
are about the full truck or the train capacity doaigts
when moving from the platform and the distribution
centers, where the number of non-fill loads is ¢doa
zero. Constraint (25) insures that the number sitical
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pallets is less than the means of transpodapacity.
Constraint (26) insures the avoidance of non-fitieadhs.

3.5 Digtribution scenariosanalysis

Scenario 3:

All suppliers deliver their products through platfcs.
This scenario allows the consolidation of all theducts
from the suppliers into the platforms (figure 4)her
resulting increased fret to be transported betwisen

The generic model presented above can be solved agplatforms and the distribution centers benefitthef FTL

cording to different scenarios corresponding tosjime
logistic policies that a retail company may wanetal-
uate considering their costs and CO2 emissionsdtapa
We propose to study three complementary scenarios.

Scenario 1:

In this scenario, suppliers may either deliver rtipedd-
ucts to platforms or directly to the distributioenters.
This scenario corresponds to solving the full gener
model (figure 2).

Scenario 2:

All the suppliers will ship their products directly the
distribution centers. Cross-docking platforms am@t n
considered for shipment consolidation to the disiion
centers (figure 3). Furthermore, the rail modedsmore
considered.

Stores

Distribution
centers

Suppliers

2E
Figure 3: Distribution network for scenario 2

The overall cost associated to this network cooadp

to the transportation cost from the suppliers ®drstri-

bution centers and the storage cost at the disiibbu
centers.

The cost function (1) becomes:

F1= Z(cm +CD)

27)

advantages and railroad transport may be considered

Platform Stores

Distribution

li 7S
Suppllers centers M

@
O

Figure 4: Distribution network for scenario 3

For this scenario, the total cost includes the Sjppanta-
tion cost from supplier's plants to the platfornibe
cross-docking cost associated to the platformstrires-
portation cost from the platforms to distributioenters
and the total operations costs at each distribudéorier.

The cost function (1) becomes:
F1= Z(CTl +CT2 +CP +CD)

teT

(29)

The amount of C@emitted (8) becomes therefore:
F2 = Z EC1+EC2 (30)

teT

Where CT1, CT2, CP andCD are defined as in 3.8(1
and EC2 are defined as in 3.4. The objective functions
are subjected to constraints (14), (15), (16), ,(222),
(23), (24), (25) and (26).

4 PROSPECTSFOR NUMER ICAL
EXPERIMENTATIONS AND SOLVING

Having two objective functions leads us to implemen
techniques that can encompass both these objectives
This model is currently being implemented on theeca
of a major French retail company.

teT

The CO2 emissions are only relative to the trartsgion
between the suppliers and the distribution cenfEng
emission function (8) becomes:

F2 =ZEC3

teT

We are implementing several solving options. We can

distinguish two strategies: an economic strategy am
(28) environmental strategy.
For the economic strategy, the first option is ptirize
the cost function and then evaluate the amount®©f C
emissions resulting from the obtained solution. rmmttee
amount of CQ obtained will be used to define con-
straints limiting the CO2 emissions and the costdbst
is therefore optimized again.

Where CT3 and CD are defined as in 3.3 equations (4)
and (6). EC3 is defined as in 3.4, equation (11). For this
scenario, the objective functions are subjecteddn-
straints (13), (17), (18), (19), (20), (21) and)(25
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For the environmental strategy, the first step tallop-
timize the environmental function F2 and to evatudie
economic result of an environmental strategy. The p
curement cost corresponding to the obtained sailutio
will used as a constraint in a second step wherg CO
emissions will be optimized under cost constraints.

Another possibility is to use multiobjective optiration
techniques and find a trade-off between the tweobj
tives. A Pareto front will be then determined talgne
the compromise.

For solving the model according to the differergrsari-

os, we will either use a commercial MILP solverder
velop a specific heuristics. Depending on the mobl
size and its complexity, we may have to apply some
relaxations or include some valid inequalities.

This model will be implemented on a case study ¢hase
on a retail network in France, using data and suppl
chain network from a major French retail company.

We are currently implementing the model using the
CPLEX solver. Depending on their complexity andipro
lem sizes, the various scenarios exposed in se8tiuifi

be solved either by CPLEX or will call for the déwe-
ment of specific heuristics.

5 CONCLUSION AND CURRENT WORK

In this paper we have proposed a modeling framework
for the determination of best procurement strategmne
the retail distribution sector. To that purpose have
developed a generic optimization model taking into
account economic as well as environmental goaleed’h
different scenarios corresponding to possible pmcu

ment policies have been proposed. Solving the model

aims at determining the best procurement stratezyy d
pending on their impact in terms of cost and CO2sem
sions.

Several directions may be determined for futurekaor
The current model does not consider any requiretiment
terms of delivery frequencies from the supplierbjolh
favors the utilization of full load trucks. Includj fre-
guency requirements into the model will be mordisea
tic. The model could be extended in order to altbwe
utilization of central warehouses as an alternatiivéne
cross-docking platforms. In the economic functiéii)(
the LTL constant unitary cost for shipping palletsld
be replaced by a more realistic term taking intooaat
the size of the shipments. We also intend to ineltre
emissions due to operations of the platforms ared
distribution centers, in order for the emissionaction
(F2) to be more comprehensive. Finally, we coulitect
the network to include the retail stores. Deliveyly
products to the stores could be done directly fithi
corresponding distribution centers or using vehiclat-
ing. In this case, we would consider developingisleh
routing models with backhauls. Backhauling would

allow the collection of products from some nearbp-s
pliers to avoid empty returns.
Preliminary results will be presented at the ccetfiee.
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