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ABSTRACT

This study aims at defining a framework for optimg; in a sustainable way (i.e. economical,
ecofriendly and societal), the location of logistics platformsurban areas. A first case study
for our work is the city of Marseilles (France) whialready has a logistics platform right in its
centre (ARENC: 41362 frof warehouses and offices).

In this abstract, we first provide a precise dgdmn of the problem we intend to solve. We
then propose a mathematical model for represeittiRgeliminary experimentations, based on
the city of Marseilles, are then described; figuaesl preliminary results which are proposed
for this first case study are obtained thanks tadexision-making software we have
implemented. Conclusions and future works are fyridawn.

INTRODUCTION

City logistics has raised the interest of many aedgers from different communities and
countries in the last decade (Taniguchi and Thomp20602; Boudouin, 2006; Crainic, 2008;
Guyon et al, 2010). The subject of this paper is the locatdriogistics platforms in the

context of fast parcel delivery in urban areas.
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Regarding the last miles, fast parcel deliveriegaserally managed as follows by carriers.
Parcels are supplied to platforms early in the nmgriflate in the night) and sorted according
to their final destination. Trucks are then loadedl drivers start deliveries. Once finished,
collection of parcels are started and distributedpliatforms in the mid afternoon, so that
parcels can be sorted and dispatched in the eveAmgnportant matter is that a single route
is scheduled for delivery, followed by a singletededicated to collection.

A strong tendency that could be observed in mdsaruareas during last decades was to limit
the presence of the logistics platforms in urbaasr Several simple reasons can explain this
phenomenon. Inhabitants do not appreciate livirgura these platforms that might cause
increases of traffic (and specially traffic of largehicles), generate noise and pollution, or
have some unpleasant visual impact. Also, availabiéaces in cities are rare and expensive.
From a pure economical point of view, carriers ugegrefer less expensive locations, at some
distance of the city, though the inconvenience®aihg distant from final customers. Also,
local authorities gave priority to mom®ble activities for these available surfaces: commeércia
centers, apartments, public services as librarescert halls...

Due to many recent factors, the benefits of thikcpoboth for local authorities and carriers
(and eventually inhabitants), can be questionedir&mmental issues become more and more
important. New purchase channels as e-businessfynprdifiles of carrier customers and
imply different organizations and services. Dispgsof urban platforms can then offer several
possibilities as using electric vehicles (whoseitkioh autonomy prevents from travelling long
distances) or scheduling several successive des/asr collection routes (which is not
tractable with distant platforms).

Though some urban platforms exist and their peréowe on different criteria can be analyzed,
no model seems to allow quantifyireg priori the effect of locating a platform at a given
position. In this study, we propose an original elathat aims at answering to the following
problems:
» given a set of available surfaces in and outsidbetity,
* given an average distribution activity of the city,
o how many logistics platforms have to be built ? vehghould they be located ?
and how should they be sized ?
o how should be the vehicle fleet of each logistiedfprm composed of ?
o what should be the (approximate) daily route oheazhicle ?
» so that the distribution is performed at optimatf@enance regarding a set of criteria
including economic, environmental and social impagtven a set of available surfaces
in and outside of the city,

Operations research literature is rich of worksaded to location of logistics platforms or
design of distribution networks. Some importanerehces are (Crainic, 2000; Daskin, 1995;
Klose and Drexl, 2005; Melet al, 2009; Revellest al, 2008). While some of them concern
city logistics (Crainic, 2008; Taniguclkt al, 1999), none of these works address the issues
investigated here.



PROBLEM DESCRIPTION AND M ODELING APPROACH

Problem description

The model we propose involves a Betf spatially distributed zones of demand, alset
available surfaces for logistics platforms andta/saf vehicles to transport goods (i) from the
logistics platforms to the zones of demand, (iijhwi the zones of demand through routes.

Each zonel € D has a demand ¢f; positions(a position being defined as a stop of a vehicle
for serving a customer). AJl; positions are distributed withihthrough a single route o,
kilometres. A sef\; < D of compatible zones is assigneddto the compatibility of zones is
used to define routes of vehicles. Indeed, routesfierent zones can be merged if and only if
the concerned zones are compatible. A congestietc 0¥ (taking values in {A, B, C, D,
E}) is assigned tal in order to represent the difficulty of driving thin d; c;°"¢ can depend

on the population density df, its topology, the width of its streets...

Each available surfacée L for logistics platforms has a size defined as aximal
numberg; of doors which can be built dn Each door ofl can ensure the distribution 6f
positions. The distance between an available seiifacl. and a zone of demarnble D is
denotedV;;. The total cost of selectings divided into four costs: (i) an economic fixeolst
cielec for the construction or the maintenancel ¢éuro), (i) an economic cosf" for
building a door or (euro), (iii) a cost**“ of the inhabitants acceptability ({A, B, C, D, E})
and (iv) a cost?°" for the pollution created by a door built b{A, B, C, D, E}).

Each vehicler € V has a capacitys, (number of positions) and a distance-autonaffy’
(Kms). The driving time per day ofis limited by two parameters: @5™¢ (minutes) which
depends on the specific technical characteristics, cand (ii) T;,,o, (Minutes) which is a
workload limit. v is furthermore limited to travel on a subgetc D of zones of demand
(because of the legislation, the width of the $&re@. Travel times in our model depend on the
type of vehicles. We thus use, for each vehigléhe notations,; andT,,;,; that respectively
define the travel time for serving the zone of dedw € D, and the travel time betweehand
an available surface for logistics platforins L. The total cost of using is divided into five
costs: (i) an economic fixed cagt* " for the purchase aof (euros), (i) a driving costdr
(euros/Km), (iii) a cost,’,"’” for gas emissions of (euros/Km), (iv) a costic¢ of the
inhabitants acceptability ({A, B, C, D, E}) and (&)congestion cos{,’"? ({A, B, C, D, E}).

Hypotheses of our model and justifications

One carrier.This paper addresses solutions for locating pubdgistics platforms where goods
are consolidated in order to be delivered in thie<by one single carrier (public or private).

One route per vehicleTo cope with the current organization of the ieasr (because of
constraints on drivers, on incompressible procgssimes for sorting and consolidating goods



in distribution centres), we assume that each \ele&nnot be assigned to more than one route
per day.

One vehicle per zone of demafa cope also with the current organization of eas; we
assume that each zone of demand is served by la siglgicle. It implies that, as in practice,
the size of each zone of demand fits in at leastvaticle.

Transportation costs are estimatdtkact transportation costs are complicated to earidivo
main approaches to estimate them can be founckifitémature. Either transportation costs are
roughly approximated as being simply dependenterdistance between the platform and the
zone of delivery; such approach does not make sarseurban context, with a heterogeneous
fleet of vehicles. Or vehicle routes are explicitignstructed (in so-called Location-Routing
Problems); we do not believe that going into suebpddetails is necessary here, as decisions
are very strategic, concern a very dynamic cor(iektan areas, fast delivery) and are based on
very approximated/aggregated data (demand, cpsWe. rather evaluate transportation costs
as follows: the transportation cost of a route degeon the first zone served (indicating the
cost of entering the city from a distant platforamd the set of zones of delivery (indicating the
distances traveled during the deliveries). Constsaare introduced, through the use of the
compatibility between zones, to avoid includingtant zones in a same delivery route.

A logistic platform has a 10-year life cycle andrig300 days per year.

MIP model

In this section, we propose an Integer Linear Rnogning model associated with the problem
at hand. For the sake of clarity, the presentabiotiis mathematical formulation is split into

three parts: the decision variables, the constant the different optimization criteria of the
model.

Beforehand, we define two additional sBisandV,; we use in our model:

Dv= {d EDl(d E]v)/\(ﬁve)/d)}
Va={v eV](d e J,) AN(By € va)}

D,, stands for the set of zones of demand the vehiatel/ can serve (it is allowed to serve the
zones and its size fits their demand), &pdlefines the set of vehicles which can be used to
serve the zone of demand.

Decision variablesThe decision variables of our mathematical model ar
 u; = 1ifalogistics platform is built on the availaldarfacel, 0 otherwise ¥l € L
* w; is the number of doors to be built on the logsptatform located oh; VI € L
* x;,,q = 1if the vehiclev is assigned to the logistics platform located and serves the
zone of demand, O otherwise Yl € L,Vv €V,vd € D,
* 73,4 = 1if the vehiclev is based in the logistic platform located loand begins its
daily route by serving the zone of demahd otherwise ¥l € L,vv € V,vd € D,
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Doors can only be built, up to the size of the, siie selected available surfaces for logistics
platforms (1). The demand of each zone has to Ihe flulfilled (2), i.e. a vehicle has to be
assigned to each zone of demand. Constraints (8) (4n are capacity constraints for,
respectively, platforms and vehicles: we cannotgassoo many positions (through the
assignment of vehicles) to each platform (3) ardribhmber of positions served by a vehicle is
limited by its size (4). The daily use of each w#his limited by its distance autonomy (5) and
its travel autonomy (6). Constraints (7) formalcmstraints of compatibility between zones of
demand: incompatible zones (typically zones thatdastant one from each other) cannot be
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served in a single route. Constraints (8), (9) €r@) define the assignment of variabigs;;

each first zone of a route has to be a served @neach route cannot have more than one
zone (9) and each route has to have a first zo@g (onstraints (11), (12), (13) and (14)

define the variable domains.



Optimization criteria.
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As mentioned before, this paper addresses invéistigaabout sustainable solutions for the
location of logistics platforms in urban areas. gtebal objective function of our model is

thus composed of different criteria around the éhaspects of sustainability: economy (15),
(16), (17), environment (18), (19), (20) and soci€20), (21). Some of these objective
functions manage qualitative costs ({A, B, C, D,).Hh our experiments, all these costs are
converted into numerical values according to thategory.

For the economic purpose, our model addressesithd tost of building or maintaining
logistics platforms (15), the fixed cost of purchgsvehicles (16) and the variable cost of
using vehicles (17).

The environmental cost function of our model igtgpto three parts: a variable pollution cost
caused by travels of vehicles (18), a variableypih cost caused by logistics platforms (19)
and a variable congestion cost due to both vehasesplatforms.

Our model also addresses fixed acceptability cthstsugh two criteria: the acceptability by
inhabitants near logistics platforms (21) and tlveeatability by inhabitants impacted by
vehicles movements (22).



In a first approach, we define the global objecfnection of our model as the sum of these 8
optimization criteria. Future works will investigamulti-objectives methods to deal with the
diversity of these criteria.

GENERIC OPTIMIZATION SOFTWARE

To experiment our model, we have developed a geraptimization tool able to create,
compute and evaluate different scenarios in angirugrea.

In this software, users can split a geographicbanrarea into different zones of demand and
describe for each zone: the demand, specific veliaffic rules, and other properties such as
size and travel time... Different types of vehictn also be created according to their own list
of attributes (which corresponds to the elementsowf mathematical model). Available
surfaces for logistics platforms, and their projgsttcan also be created and edited in our tool.
Figure 1 is a screenshot of the software used @ of Marseilles (a French city), with the
editing of three data tables: available surfacesldgistics platforms, zones of demand and
vehicles on Figures 2, 3 and 4, respectively.
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Figure 1 Optimization tool — map



name |visible|model| coord. size |max dock| fixcost |accep |dockeost|poll. dock] pos. dock| sel. | dock | color |transp. img
pennes v] W 700 700 70| 20,000,000/A 250,000|D 50| L[] 0 100} /images/pennes. png =
cugues ¥ v¥] 880470 300 30[ 30,000,000|B 300,000|C 50 [ el | 100].fimages/cuques.png
arenc ¥] v] 490 760 100 10| 25,000,000(C 300,000A 50, [] o] 100}/images/arenc.png =
aubagne | [¥] lv|] [14501000| 400 40| 20,000,000/4 250,000(B 50 [ 0 100|./imagesfaubagne png
caillols ¥ | 9320910 200 20| 30,000,000|B 300,000[4 50/ [] 0 100]fimages/caillols.png -
¥ ¥ oo 0 [s] 0ja ola o [] ol | 100]/images/platform.png
= vl oo 0 [s] oA oja o [ 0] I 100|.fimages/platform.png ||
| Draw || Delete || save | ‘ cancel |

Figure 2 Optimization tool — platforms

name visible model length |cong..| colar |[transp.. shape
Amavants ¥ ¥ 42B 75|580 653,580 710,760 710,760 653 ot
Amavant? ¥ ¥ 41|B 75|580 595,580 653,760 653,760 595
Amavants ¥ v 40(B 75|580 538,580 595,760 595,760 538 =
Walentines ¥ v 30[A 75/1365 1015,13651110,14831110,14...
Chateau-Gombert2 v v 50|C 75670 705,670 810,785 810,785 705
Amavantl v v 35(B 75/400 480,400 538,580 538,580 480
Walentine? v v 30[A 75/1483 920,14831015,1600 1015,160...
Walentined = v 30[A 75/14831015,14831110,1600 1110,16...
Amavantd v v 38[B 751400 653,400 710,580 710,580 553
Amavants ¥ ¥ 29(B 755|580 480,580 538,760 538,760 480
Amavant2 ¥ ra 26[B 75400 538,400 595,580 595,580 538
Amavant3 ¥ v 37|B 75/400 595,400 653,580 653,580 595
Aubagned v v 30D 751600 1035,16001080,1720 1080,17...
Walentinel v v 30[A 751130 920,11301015,12481015,124...
Aubagnes3 v v 30D 75/1600 990,1600 1035,1720 1035,172...
Aubagneg v v 30D 751720 945,1720 990,1840 990,1840 9...
Aubagnes v v 20D 751720 900,1720 9451840 945,1840 9.,
Aubagnes v v 20D J517201035,17201080,18401020,18... |
Walentines v] ¥ 204 75]1365 920,13651015,14831015,148,.. | ™
| Draw | | Delete | | save | | cancel |
Figure 3 Optimization tool - zones of demand
name | wisible | model | capa lkrn min | max dur | fix cost | var cost poll cong | accep qty color | transp. img
F elec 4 sl 20 100 180 480 30,000 0.035 Ol A 30 100 /images/autoelec.p... |~
P_ther v v 20 500 600 480| 20,000 olg 200 C 30 100} /images/groscamio...
M_ther ¥ ] 40 500 600 480[ 30,000 0.25 350|C 8] 30 100[/images/groscamio... |=
M _elec v v 40 100 180 480| 50,000 0.035 0B B 30 100|./imagesfautoelec.p...
G _ther v v G50 500 600 480[ 50,000 0.4 S00[E E 30 100]fimages/groscamio... —
¥ ¥ 0 0 a 0 0 0 o0& A 0| I 100|./imagesjvehicle.png
¥ v 0 0 0 0 0 0 oA 4 0| I 100| /imagesfvehicle.png |+
‘ Delete | | save | | cancel ‘

Figure 4 Optimization tool - vehicles

Our software has an optimization module. This medwonsists in optimizing the
mathematical model described in the previous seati®ing the commercial softwaiBM
ILOG CPLEX12.1The solver we propose can be tuned by the userthé screenshot of the
Figure 5 shows, the user can select available asftor logistics platforms and vehicle types,
and define different weights to three global obyss: economy, environment and society.



solution name
Marseille |
Platform

name available

=

(1 4

=1

pennes
cugues
arenc
aubagne
caillals

=IEIEEE

Vehicle
name available

P_elec

P_ther
M_ther
M_elec
G_ther

===

Objective function
economic weight

environmental weight

o 50 100
social weight —
o 50 100
Evaluate
Build new solution |
Close

Figure 5 Optimization tool - solver

A FIRST CASE STuDY BASED ON MARSEILLES (FRANCE)

The study proposed in this paper is done in pastigrwith a French consultancy service
specialized in transports economic®NCTION) which has collected aggregate data about
actual distribution systems in the second largigtof France: Marseilles (852,395 inhabitants
in 2007).JONCTION indeed met thirteen companies that already openakéarseilles and its
surroundings. They thus have collected both figuaed actual ways of working of these
thirteen companies. The model presented abovessdban the conclusions and exploits the
data of this study for Marseilles.

To experiment our model and the software we haweldped, we created an instance based
on real data for Marseilles. In this instance, Mdlss' urban area is split into 94 sectors
requiring 2957 deliveries per day. Five categooksehicles are considered: two electric and
three gasoline ones. Their maximwarrying capacities vary from 3.5 to 15 tons. The set of
available surfaces for logistics platforms is cosgmbof 5 localizations; three inside the urban
area, and two in its surroundings.

Preliminary results for our case study consistselecting three of the four platforms (the two
ones that are inside the urban area, and one perigghery), and using 94 vehicles. About 300
vehicles run currently each day in Marseilles flois tservice. Therefore, we can expect to
divide by three the size of the fleet delivering rstlles, by merging the activities of the

thirteen companies.



CONCLUSION

We have proposed a new mathematical model foratesgfic problem of City Logistics: the
location and sizing of logistics platforms. Forancrete use of this model by local authorities
of large cities, we have implemented an optimizatiool for both editing data, finding a
feasible solution and visualizing it. Such a toah¢hus be used in order to compare different
scenarios (location of candidate logistics platferipolicy rules on eligible fleet of vehicles
inside the city...) and then take a strategic d@cien the location of logistics platforms.

Future works will address the creation of an ins¢austill dedicated to Marseille, which will be
based on exact data. Ad hoc solution methods Wt &e developed in order to find good
feasible solutions in a reduced CPU time. For tloenent, we use a commercial optimization
software that meets difficulties for solving vesyde instances.

In our presentation for thé"Anternational Conference on City Logistics, welwilesent our
model and precisely describe the data we use forcase study (Marseille). We will also
present an ad hoc solution method and its assdc@ecrete results. An application of the
optimization software we have implemented will diodemonstrated.

ACKNOWLEDGEMENTS

This work was carried out in partnership witbNngTION (consultancy service specialized in
transports economics),08ARIS (specialist in logistics property for urban andeminodal
purposespnd the CUSTER PACALOGISTIQUE (association which federates logistics activities
in the french region Provence-Alpes-Cote d’Azdt)is funded by the French Minister of
Ecology, Sustainable Development, Transport andskhoy subsidp9 MT CV 39

REFERENCES

Boudouin, D. (2006)Guide méthodologique: les Espaces Logistiques Wrbaa
documentation francaise, Paris.

Crainic, T. G. (2000). Service network design midht transportatiorEuropean Journal of
Operations Researchi22, 272-288.

Crainic, T. G. (2008)City Logistics CIRRELT Technical report CIRRELT-2008-25.

Daskin, M. S. (1995Network and Discrete Location: Models, Algorithrasd Applications
John Wiley and sons, New York.

Guyon O., N. Absi, D. Boudouin and D. Feillet (2Q.1Blanification stratégique pour la
logistique urbaine verté&cole des Mines de Saint-EtienNéorking paper EMSE
CMP-SFL 2010/6.

Klose, A. and A. Drexl (2005). Facility location a&s for distribution system design.
European Journal of operational Researtf2(1), 4-29.

Melo, M. T., S. Nickel and F. Saldanha-Da-Gama @0Bacility location and supply chain
management — a revieluropean Journal of Operational ReseartB6(2), 401-412.

10



Revelle, C. S., H. A. Eiselt and M.S. Daskin (20@8pibliography for some fundamental
problem categories in discrete location sciekteopean Journal of Operational
Research184(3), 817-848.

Taniguchi, E, M. Noritake, T. Yamada and T. Izumitél999). Optimal size and location
planning of public logistics platform3$ransportation Resear¢B85(3), 207-222.

Taniguchi, E. and R. G. Thompson (200@¢cent Advances in City Logisti€éanerald Goup
Publishing.

11



