POOLING LOGISTICS AS A MEAN FOR SUSTAINABLE URBAM
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By suppording rading activibes urhan fmighl distnbuicn coninbuless b the dynamiam of the dtes, Bt
podny maksrs havs roay o develop new Iogilics schemae thal can minimes s negalive impects. Ths
paper focuses on B conssldation of goods Sows by using 8 Disinbubon Centar, H appesrs fo ba a
good aokadion b mest B new chipcives ol the policy makens: redesgning the low of goods imide
e city wiils nol increasng the cost mducing polluSan and making the city more afracinm, To
cimemion B D, we bavs conducted a surssy with the main aestomen of whan Bgislics serdcas
retalers and sors managens. The mepls of this survey aes now wed o crder fo optimezs the deltary
roures n the city,

Hepwords; Urban fmighl dslnation, logestcs poaling. wshice mauling problem

Introdectian
The qualty of e srreronment in urban areas B of wial impodance. 1= ore of the man faciors ol
cetamines whether a gy is & heakhy place 1o bve. whather people snjoy Iing thare, and whethar thay
weark ther children 1o grosy up there [ELL B00EL Urban ireight dsintabion plays 8 msjor e n
supporbng rading achwliss. and contibuting s e dynamism of e dles but gererste ol the sams
Bme some regalres empacts. Somes al the man problams sssocaled with noreasing whan baffic are
e nlowing [Bnderson el o, 2005):

s Ecocnomic impacts: congeston, nefficiency and resournce wasis, infmsiruciure damage.

»  Emvironmestal impacts: pelulan emissons, global warming, svamarausmgtion of lual ale

« Social impacts: the physical consequences of polulant emissions on public heakn, traffic

accidents, nicisa, i,

To make cibes mors sustairable. rumenous projects andd inmceations Fayvs been carmisd oul in onder 10
improsve urban logsics. The main ams were o reduce moloroesd ratic and thiereby reduce SO ard
gresnhouss gas emissions i urban arsss manly by using three ssoes: conscidation of goods fows:;
low polulimg wehicles: and reguiation |Patier ot Browne, 200000 Consolidation o goods, manly based
o e use ol a disnbulion cenfte apneans 85 8 good solulion B optimire e tnal deleny inside e
ciy. The Vehicls Routing Problem-YAFR @i then = ussd o opimise the rowle for freghl
raresporiabon. The adboral YEP B usually bassd on g homogenaous fesl @ problem and many
researchers have umad these assumpdors (Hade and Klosier, 2007, bt Yehicie Bouing Proddem
fercomess mofe oomplex when the sehicke st B Feleogensoss, 8., yehices difer in ther
eaquipmenl, capacly, and o=t | Tailasd, 1895939). The ohisclée ol this paper 1= jo opimize urban reght
disinbulicn white aking il cors derafion e consiraimis and resqula®on of the dly. Cependng on the
sum of prosducis 0 be diEsiiaed, the Sesl of vehicies has 0 be adapted in onder o reduce the lolal
costs and amdronmental mpact. Thus, the problem Fal we consider in Bis paper i3 a Fleal Ses and
bfix Vehcle Roulng Problem (FSMYRP) fal = sdapled fo the anvimnmantal abecives, whils
fozusing an the conlex] of urban freight distibution. The rex) part ol the paper gves an casrvee of
e contesx] o urhan Beght disbiteion and inteducss the rotion of Disrbaltion Cenler (DE) as &
lpgesics poaling systam. Than a madel of the Vehicle Fioupting Probles, wusing an helsrogenacus flesi,
and Fnovative ghpcivwe funciions 1o optimes cosl and CO2 emizsan is developsd. Fnaly. a qass
sludy in 3 medum dty i proposad 1o sabdals e splmizabion mods,

oantext of Lirhan Preight Desbribation

The main goal of uban freight policies is o improes The effidersy of freight mossmen] o Gliss o
order o increass e vilakly white mducing the negative impects,

iUrhan Fremhl Trarsgor! imohes difermn] acloars. such as recersss (shops) shppers or procducers
ieppphamn), rampod operalcrs, bul aleo olher slakeholden ke city suthoiles, resdents or visiors



Thean laks can be dirsctly mpacted by the negatve axtemabliss of faighl franspod acirotiss: ot
congesslion, noise, gas smissions, ar poluion, elc Despie the fact thet gocds anspod n cilise
rapresents anly 108 10 18% of rosd iaffic, 1| scoounts for 40% of ar polution and nass emiBsons
(ER, 200485

Classtiestinn of urban Fpipdt eofulions
Tﬁ}huzm ireigh disinbubon projecls driven by lcal spgthoniiee mainly concam thres graps Lindholm,
12
«  Ras¥iclions such as: weighl size and fypa of vehick, loading and unkoading area, Gme windoes
fior disin buson, &5,
¢ Conssldation of goods induding: Hub, Central Cistnbulion Cemler, Cross Docking Cenler,
spszial conlaner, el
» Infras¥uciure: conoerms alemative ways of transporting goods using for example, rail, canals
for walenyvay rarspord, fsams or underground.

By imlroducing ong mons =ep i the supply chan, a disinbulion cenbe leads 1o sddibonal handimg
contraciual problemrs, of koss ol seounty. labilEy and customer =erdice i=suss |Brosneg o &, 20081
Therelore, 1o enccurage rarspor opemlors using a distibulon conire, an appeopriste mix of
measurEs are wsed fogether onsdidabion oenfers oben work 0 combinabion win resincion
measures. This paper foouses on opbimal dsTribution of urban freight fom a Disirbation Cenfes under
e porsiraints of s window for disinbuiion.

Liapisties poctng and consoitalicon canies

Consolidation appears as one of the key issuss o improve wban goods transporation. The desion
and optimization of kgistics scheme, kong based on an economic approach; happsn leday through the
inlegraton of envronmental and sockdl comcemns i line with the obecives ol sustarable
dessopmert (Rosen and ety 0130

Lileralure an logsice pooling and ranspod oplimimban (Crujssen, J006), (Balol s Fonlane, 2010).
it manly hsssd on amlvtical methods and call upon sirong hypolhesi o amplily e models. Thay
genarally consider the cass of pallsts s shipment uml, Rl tnecklosd delvery, and routing problem:
The demard i mosl cases s considersd as sitatonary and the delesry ol balch o preduds i=
crganired sccording e long delays through warshouess and logstcs ok Lirban frsighl transpon o=
cifferanl from mess dskbution Shipment otils am percel and cartons. the kegistics flow =
chamsenzed by 3 non slalicnary demand of small guanitiss, 10 be disinbulsd the =ame day or 0
D41 o di¥erent destinstions avery day.

Wihan using a detntuetion cenlar (DC), the chiscine B o opbmize $e delpeery mund for each sehicle

uJuﬂrqﬁnnMuMTanmlmtnﬂmHhm
Thex fictal weight and number of parcels to be delvered. in ordar %o choose tha appropriate
tnuck’s capacity for each Pound,

# Tk number of slares 1o be delresmsd mthe rouredl 1o sstimeste the durstion of the siops,

s Thee kecaion ol e siores, 10 cakcilabe the Ssianoes aned astimale Gme ers poriaion,

& Tima siol for delvery ot aach slore, which appeam o bs a big corstrairt nthe case of uhen
fredgha dislribuben,

Vihicla Routing Prebileen snd Sustainability

Thi amdmnimectal irgacts of ransper can ba reducad By ingriving e oot of suslainabs
warmpaiaion [Mowacukd and al, 2013), The term aslanaiie reuling problem & wsed o dekcrits
maadng ol iranspen, and syiless of ranapor pannieg hal are consileed wih wites corcams of
austainabiily (Factio and al,, 2013)

To desalip tha modal, wa Mol mdedsl P9 dialanss n e whola pgiaies naleok; BEvaan clanis
Famahva, el Babwaan plalfom ceslar Jdeged) ard cuslomara. Thas, the pealilam ig Salived as
complals geaph GINA} whiva M=K, sidn+1] dafnas the st of difarenl nades and ) and
Jn 1] rapracend e degd and A g the el of ancs abessn anch par of frdns. The sal of Cusiomers ik
Paprasanied by Me =41, 0} For swry see (1) in A, the dislane Batwaan noades | and | & dalned as
o, Ase o Balongs 10 P sal ol s A and bas i sakocalpgd non-nagalive cosls < - Tha demand
s dapad in cofmidaned [ ba 2an,



An ynimied haleogerecus feal of vehiclss iz availsble, This st of wmhicles B compossd of W = {1,
. ) diflsesnt veticle lypes. sach with & ditlseend cosl and capscity, The folicwing rotalions e wused:
& = number of cuslomes (rodes),
f= fined oost of acquisition | rental of ype & wahicks
iy = cael flankm ol bges & vehicks.
B = il ke of Iyps & wahich
&= cosl on of bypa & vahick
= demand for customer /.
d = distancs of the & §
Cy = capacity (weight) of & trpa k vehicle,
gty = @MISSON of 3 ampty vahicks of tyes &,
Epay= emission of full inuckioad of typa & wehic,
E e fcturing | ) = manutaciuring emission of type & vehicle,
iy &= Litsfime in bm ol lype & wshide,

T = Veholk roulee ceadine
! = Unioading tme of 5ps k vehicke:

In adkdition, the fllcwing decision vanables ars used:
Wy Wik o0 ATcR (7, ) I0Rckd on vahick of lygs &

x% ;1 ¥ wahicks of typa & is assignad ia [ §, and O ctharwisa.
IE: 1 7 typs b wahich visil [ and 0 ebnsin

Ey : Tirres runs o 7, 1)L

Basks peinciokss Ior psfimating SO02 svnssion

From the perspecive of sustairabls devslopment, this secion alms o esaluale COZ emissions within
rouing problems. As demonsiraled in lizratire (Ubsda et al., 2011), (Fighozn, 30400), S02 smissions
depend on #e weghl camed by the nack. on the capacky of the tuck Fat 5 ussd on the distance
fraweled and the awerage spesd of the inck. The average spesd ol course depends on the type of
path in urtan, regional or national roules. We hess improved the fomuks given by [Canoows, 2007)
ard [Hickman et al_ 1588}, lo cakculate the $O2 emissions based on lruck bype k, by setling the valoe
of the average speed 3o 20 k' for urban roules:

i -"': E-"H_I'll:lhl' F‘]
{nh;_ IIJEMd,a[rzf,_.—r_.,,_:-au.‘._,, - MI-:}W

Wie poimd oul thal &332 emissons oe nol drecly relaftesd fo the weight of the camo bul rather o e
aciual wekght of the ussd wehioles nduding ther oad and ther curt weight. This moans that e
wsags of vehickes of adequate sizs reduce COZ emissions. The incorporation of a lighber webicle of
courss means et e sehicle's payicad B recducsd To saplore a fieste abibly o cary goods of
chfferani e, we investgals non homogensous fests where vehickss diler by ther weghl, padosd
andd smssaT,

Econcrne cosl of dhe meulvag protilesr

A5 in soms acendlc wark as in (L el &, 30080 the sconomic funcion of sehicle Inps conlars &
fixesd (depands on vehicls Sype) and wanable cosl (which depends on the ypse of vehicle, detsncs
frmwnled and amourt chamged). To calculabe e cosl of a rovling solulion, =8 bass on this squalion
walih s I:Im'i'nr'm:l fom e squation given by the kationsl Rosd Commites of France [CRE) in fheir
wesbaie (orwir):

Cost(@=3 Yyab+ 3 ¥ adF+y Y g4ty ¥ i

ET JEN EEN (47ed EEV (2.led kel (Liied

Tha first part of tha sconomic ohjective funclion ghes T toal fked cost of S wehides wed and T
$hree ofhars pars ghee the total vadatie routing cost. By adding tha Now varabke in e eguation, our



model intresiyces. waniable cosls melsted o e ad of the vehicls while in most publicalions. ths
wangtde ool i3 cften anly misted o the dslancs irayaisgd, Cur gesamplion is coser o resl life, whame
camam myoiie according G ravelsd distance and oaded weight

Covaslrave of The mudng peoblam
From lieralure, a8l corstants relales o a FSMYREP wers adapied, and & e consiraint was added
for roudes. So, the consiraints broughl %o cur modsl are as foliows:

E':":l :f - E::'“‘ ::'f,'l'i i ¥V, % i W {Z) EI"=I:I =.l.: -I-I:"'.'I'I: i ¥ a i'i'l:]]
E:ll. I_:"'I'I.a'ﬂli-“f (4] Ekt‘l-' 'E_rh'-'r';- EIE.'-'ITJ [3)
E.“H E_l..- J':::l =0 {E'] }'-k SEI:tlil' ':l?-ir-. - |;|'|:|___l|'] Ed (7]

Eny wr—qeZf= E::E..‘r'ﬁ NEEV. W ENc [B)
I*E;‘.r:u' ::4- E::-,I:Il:.l J:r. :: a7 YE&aF {9)
¥rzo b, 20 WL EAVKEV(10) =0, ViENYREV (11)
refot], Wi edver (12) Zrefoa], iEAVREK (1)

Corstant) ensure that a vehide thal arrives ol a customer #ll a'=0 be the sams type thal leaves,
wihils consimanis (3] and |4) =ale ot sach cusiomer s vislied exacily onos, 5o the type ol vwehicke
armving ol leasing one particular cusiomer has b be e same. Corslainis (51 and (5 ndicale thad
wehickes ans loaded when they keeve The depol arad must refom loaded. In (7] the lotal koesd on a g is
consirainesd ot b exceed the capacity of the vehicls assqned o #hat g and egquation |B) represants
e movemen! o goods assaming Hat all custome: demards mast be salished, The corsimint of max
ime ol a route is represenied in (2], Corsimings (100 srswes bat the How orad Ame are non-negaiss
and 11 maans fhat eee s no o bom a cusfomer o Esel; whils consraints (12) arad {13} delines
et sach arc Fas e value 10 R s ussd and O 0 R iz not used by 3 vehicks of b K.

Casa Sudy in a Medium Sieed Ciky

Such a projecl was siarksd in Saint Ebenne, a mesdium stee city in France. The objeciass was io reducs

e negative imipac] of urban ireight tansport by wseg a disTibulion oonbrs localed rearky e

Figtreay. Afer a cross docking opsraton, a imiled number of yehicles are delverng the parcels fo e

customers insids the iy, In 2012, a sursey was conducisd with 100 store managers i the Fyper-

camer of e ciky in onder fo idenlify ther gishics aciivities. The resuls gave informabion on e

consrainis and on the daly and sestly demand & sach slore such as [Heubsd and Mowtscdkl,

20k

o Thus slores Can feceive & range Trom ks thee 1 ecepl e ik 10 mons Ban 4 & day,

s ity regulation policies impose 1hat the defivery of the stonss must be done bedors 11 AM.

« 40 % of thia Siones apen bateoen B and 10, and 40%: aftar 10, This Fesuls noa sany shor deiay,
1 or 2 hours o amanize ha delivary trips Trem tha DC.

As an exampe, in @ given day, 10 addressas am wsited, located arcund the depct. Tha demand
wachor is givan by the $allowing tabia:

Slanulsciurer 1 1 1 el s fi T b & 10
Denmand dTanp | 0% | 000 | 087 | 08 | &7 | 00k | il | obe | 08s | oe

Takis 1: Mawfachurs's. demand

To apeerabe: cur coss sudy. we ussd 3 5ot of parameles et deline the man characisrsbcs of a geesn
wnhicle, sammanzed n the follcesing table:
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Tabda 3 Pammetecs of amulalcn [adegptad rem CHR aad (anasas, 2007

Case Sludy Results
Faor the casa siudy dscissed tha mode gives difarant resuhs dapending on tha apimizason crilanon

First, tha basic soemano with direcl dolisenas from the depol %0 tha dienls has @ be aiseseed. s
eanlialion & sammanzed i iabk bl

Direct scarario
Economi 4178
i Environmanial 4E70,6
E | Cistancs travated 62,22
Rumber of roules 10
Mumbar of vehicks | 3 of ypa 2 and 7 ol
typa 1

Tabda 3 Ditwed scnnaria recanls

Crooeng the ecoromic funchion b opbmies The delsry o, i gives The foliowing resulbs:

Opdimization Ecomomic ]

Daalay of dalivary zh 1Fi |

| Eqasnomi; M 431 121,80 |

‘i Environmenial 2BE 5 26872 |

Cistanca travelled ZTER e |

5  Mumbie al soutes 2 4 I
E Visting Order Type 3:40,5.7.1,0860) | Type 1- (027,60}
Type4-00,10,4,2800 | Type 2 (04,280}
= Type 2 (0.10,8,0}
Types X (CUS 0,00

Tabha & Economis oplimizaton rasais

Depanding om e deadiing for defivary, the eoonomic oplimization use ditteran? types and numbar of
wehickes. Thus when fhe maiimum duration for a routle & 2h, the delery promss uses to typas of
whichks: fypa 3 and beps & with on run for aache The fotal reveled distance of the bye roaias in this
spemana & egual w0 27,50 km. Howewar, whan et haem ondy 1h for maximums duratkon, tha model usas
meone wehichess with difTerani Cypes W0 sabisly chents demand in this tighl deading. Thess, inothis casa,
i model uses 4 vehicles: o of type 2, one of bype 1 and one of fype 3. This neads more distanoe 10
= fraeeilsd which is equal 1o 34 52 b e see clearty it when The maamom duratbon Sor delbeny 1=
decreased by one hour, lolal cost noreases from T30 to 12185 and o the same tme, 02
emissions inoreass from 28489 g fo 2007 3 g The ecoromic opbmizalion gesss betier resulls than e



ifirect delrsany. whalevar 5 critersn of evababon The foliceang Sgurs show geographicaly differan
roifs:

NN
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Figura 3 Economic Roubas with defroary deday T 20
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Figra 4- Ersniimis Roulas with datheary deday Ta 1k

¥ tha caso of anvdmonments opfimizadon, #a model ghkes tha lollowing mesulis:

— ] - ——— ——— - — :
ﬂmﬂnm Zh i :
— [Economic EBBTT 125,15 :
T | Emimomedsl A0, s |
2 [ Dlstance raveied "5.48 224 !
Mumbar ol roules 2 1 :
£  [VemngOrderfor  Type S MBI BTE 207 | Type T DATAIA |
8 | eact v lype Type 4 30.5.3.4,0) Tyee 2: (14,0}
< Type 2 10,8, 10.0)
Typed (0.5.1,20)

Tabie 5 Envronmental oodémization msuls



Tha ioliowing figures sfeey geographically the Efamn] soukes:

'|'-|:|'£L'I:|:E 1 B [} '|J-..|-.-.'-,p,--l
Figura 3 Emvranimestal Routes with delhvary delay T= 3h
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Figura 4 Environineedal Festes wilh didhoary dalay T= 1h

This amirenmansl aptimzaion uees dffarenl ypes of vhicks deapending o0 the deimny eadine
Thas, whin the mscmum curason & 2h, T model wes lwe lypes of sahicks: lyps 3 and ype 4 with
ora run for aach. Tha total reokd distance of ha S roules in this scenano is eoual o 15,498 km.
Horsnzaen, Wi we bave ol 1h ol maedmomn durslon, e modd wes mon sohodes with diferent
fypas o safsfy clionls demand in this tight doading. This I this case, the model Uses 4 vehidas: Swo
of typa 2, ona of fypa 1 and one of fypa 3. This raods mons dissance 1o bo avelkd whith is eoual 1o
29,4 km. 'We soe Chaarty that when the maskmos duraton for delvary b cecaased by ona hour, CO2
emissions increase from 20068 g 0 22864 g and at 1he sams olal oost incredoas from BEETT 10
125,15 swros. Wao highSght aiso that the envennmental optimization gwes batier sesults than e direce
deiivery, whatcwar the crilencn of evalsation. Generaly, wo can conduda tat the roads and the
ruamber and lypes of used Inucks, depand on the oplimizason crlanon and on the masimem #ma
allottad 1o e distritubion feoblam

Conclusian

This pagpeer Gaals with T prodlem of wrban reghl disbioubion in large o in Eurnpean coandnins. By
supporing rading acivities i contributos #o tha dyramism of thir cifes, bul policy makom harwe now 60
devsop Paw kogisies sohomo Fal pan minkmize the negaive impacts. Many acos hase o be
considered In such projacs, baginning with oly iraders and salailrs who do oot want o educe S
qualty of servioe of thir aclual repleristoment. Implemaenting a Cistibution Canier oflen appears as o
good solulion bo maal the new objeciyve of tres policy makems: edeskgring tho low of goods wieks mot
incressirg the cost, mducing polulion and esking e oly more alimoive. The experence ooiualy
candocied m 5 Ebhennes sl sfared. § B besed on o delmipd analyze of fhe shusdion, noiuding



ciffaranl stakeholders haulers. dlizen. mialess and store managers. This paper shows the mpact of

e delsy for delsery on the sconomical and snvimnmaental pedomances of 5 distnbulion certer. The

rain s s et polcy makers should consider 81 the same bmae the change in the logsics process,

:;ﬂﬁ:. dnl?ﬁﬂm camer, and the change in e resiiclion, e cfanging deadine for delrmny
1 e h
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