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Abstract: Logistics and distribution centres are essentiathe supply chains of many manufacturing and tags
companies. Efficiently locating logistic centresvaofves thorough search for optimal place, prioifiiz proximity to
suppliers and minimizing costs. Companies’ managerofien solves the location problem of new hatgstly to
minimise the associated costs. Such a problemhgdan the automotive industry as part of the Euwf a new
international project. The key factor for the damisof where to locate the logistics centre isltdwation of the suppliers,
since material deliveries generate a large patthefproject costs. The aim of this study is to mef methodology for
the location of the logistics centre, consideriegesal alternative locations and relevant critéftee location alternatives
and criteria are defined in terms of minimisingjpeod costs and sustainability elements. The protidesolved using the
multi-criteria decision-making approach. First, thelP method is used to assign weights to the @itéfhen the
PROMETHEE method is applied to find a suitable tmrafor the logistics centre and to perform a thmh sensitivity
analysis. The sensitivity analysis is focused enitipact of values of weights on the solution. @opently, the analysis
proves the correctness of the selected altern&&ased on the case study, a general methodolodgdating a logistics
centre is proposed.

1 Introduction to use intermodal transport. When intermodal trartsis

Finding a location for a logistics centre, disttbn ~used, the same unit (container) is transported tno8es
centre or warehouse is a crucial logistics issaeithbeing Of transport - water, rail and road. The availapibf the
addressed by many companies and researchers ateundntermodal transport network plays an important ril
world in different fields. These objects are corsidi as transport efficiency [4]. The importance of thetaize of

value generators in the flow of products that iefloe the
efficiency of the whole supply chain [1]. The clmiof
their location is one of the strategic logisticgid®ns. A
logistics strategy that reflects industry and markeeds
leads to higher competitiveness [2]. The choiclecdtion
requires systematic decision-making and forecastiags
establishment involves high investment costs. Bkinta
inappropriate decisions, a company can endangesnipt

transport hubs from the logistics centre in relatio the
reduction of environmental impacts has been demeatest
in a research paper in [5]. Their research wasctgg by
8000 scientific articles. Several of these articlesre
analysed in detail. In addition, the proposed liocedf the
logistics centre should meet the conditions of
sustainability.  Sustainability includes not only
environmental criteria, but also economic and docia

its economic situation, but also its environmend ancriteria [6].

stakeholders [3].

Considering the risks involved in the constructain

Logistics centres have been part of Supp|y chantes the |0gistiCS centre and the magnitude of the ﬂmbllt

the last century. However, there
methodology and criteria for determining the looatof a
logistics centre [1]. One of the reasons for tlasthe

is no standatyas appropriate

to solve the location problem
scientifically. There are many approaches to sgltime
location problem in the literature. However, thase

individuality of needs and input data, which requir missing standardised methodology that could beiegpl

different approaches. The content of this paper tase

regardless of the specifics and would be less doatpd

study in the automotive environment, focusing om thfor companies to use in practice. This could berseea
proposal of the logistics centre location for a newesearch gab.

international project of a major automotive compariye
production of a car requires the handling of adargmber

The aim of the paper is to propose a methodology fo
the location of a logistics centre that works witie

of parts and components supplied by a wide range #fucture of the supply chain (location of supjslién

suppliers. This case study is specific in termthefneed

reference to a case study) and other criteria eelad

~ 409 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 11 2024 Issue: 3 Pages: 409-419 ISSN 1339-5629

Location selection for logistics centre using PROMETHEE method
Jan Fabry, Frantisek Zapletal, Tereza Machacova

minimising logistics costs and supporting the dnsatsle supply or demand in considered locatidia = 1,2, ...,n),
development of the company. A methodology is predos which corresponds to the coordinatis andd,, [12].
to explore relevant factors that represent location

constraints. It also proposes an appropriate apprta n L dpw;

differentiate their importance. X= 1)
In order to achieve the objectives given, it wastfi n ‘j; ;v

necessary to consider the distribution of supplierthe y = % 2

logistics network when designing the methodologle T Xii Wi

reason why their placement is so important is theterial ) ) )
supply generates the majority of the total projessts. In the I|terqture, transport costs are often inetlioh the
Minimising material supply costs was achieved bingis centre of_grawty. model throggh a transport rat®.[This
the gravity centre method. However, other relewaiteria  Method is applied to obtain the values of one & th
also influence the decision-making process. Thividdal ~ IMPortant criteria in the case study.
criteria were selected in relation to the pillar§ o L )
sustainability. Due to the existence of severaedd, the 2.2 AHP method —deriving the weights
gravity centre method was followed by multi-crigeri ~ The AHP algorithm can be split into two phaseghin
decision making (MCDM) methods. Criteria weightseve first phase, the weights of criterig; are found. In the
calculated using the Analytic Hierarchy Process PAH second phase, the utility of alternatives is caltad. Since
method [7]. The defined alternatives were rankédguhe the method is used just to derive the weightsimpghper,
Preference Ranking Organisation METHod fothe second phase will not be described here. Amested
Enrichment Evaluations (PROMETHEE) [8]. Thereader can look at Saaty [14]. The AHP method setan
combination of these two MCDM methods has beethe hierarchical structure of the problem, and the
already applied by [9] and [10]. hierarchical structure of the criteria. Namely,leagterion
Section 2 contains the theoretical background bf af; out ofk evaluation criteria are split inig sub-criteria
used methods. In Section 3, the methods are applitné C;;. Then, the criteria and each group of sub-critar
case study. Section 4 presents the results anddpsov evaluated one by one using the Saaty’s matrix. aisix

recommendations. provides pair-wise preferenceg using the Saaty’s scale
) (1 = indifference, 2, 3, ..., 9 = increasing prefees), for
2 Theoretical background more details [14]. There are more ways how to @etie

This section briefly recalls three mathematicalmes priorities from the Saaty’s scale. The geometricame
used in this paper. Namely, the gravity centre watlor method [12] is one of them, see (3):
finding the location, the AHP method (only the pafrthe

method that is necessary to calculate the weightseo (T, si,)l/"
criteria) and the PROMETHEE methods for ranking the wh = = i Vi, 3)
alternatives. In all three cases, the reason$iéochoice of Zﬁil(l—[?:l Sij)

method are also provided.
wheres;; stands for the element of the Saaty’s matrix.

2.1 Gravity centre method

This simulation method deals with the problem of These priorities are called local weights and dethas
planning a logistics network in which a transpdeifis  w! (in case of criteria) ana’ (in case of sub-criteria of
carried out from an initial Ioga_tlo_n toa final Won. The the criterion i). The final (global) weightwﬁ are
method is based on the minimisation of transpogts;o
taking into account the distance and volume of goo
transported between current facilities. The founavigy
centre is considered as the optimal point of thgstes
node in the system of objects. The method doesahket
into account the costs generated by the geogrdphi
location of the facility (e.g., land use charges)struction 6 1L .
costs, labour costs). Nor does it take into accthenfuture Wji = WjiW;, Vi, ] (4)
benefits of the facility. This mathematical techréqis ) ) )
often used in practice, for example, to find theald  The quality of each matrix should be checked using
location for a distribution centre or warehouse][11 Consistency RatiGR, which can be calculated from (5). If

The coordinates of the gravity centre, determirttigg  CR < 0.1, then the quality of the matrix is good enough.
appropriate location of the device, are calculatszbrding Otherwise, the evaluation should be adjusted.
to the formula (1) and (2). The represents the volume of

alculated for each sub-criterion in the growging (4). In
(fotal,ﬂ;l g; = K global weights are calculated. Since the
hierarchical structure is not relevant for the rektthe
algorithm, we can consider the problem as an MCDM
&goblem with flat (single level) structure Kfcriteria.

Jmax _ I

CR= % —DrI

()
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PROMETHEE ranking (too much controversy in their
whereA™2* is the greatest real-valued eigenvalue of the profiles exists). If one requires the complete omie U,
the complete ranking, using the net flows can bedus
Saaty’'s matrix,k represents the size of the Saaty'snstead (the grater the net flow, the better tteradtive is)
matrix andRI is the random index (tabularized valug(8):
dependent ok, see Saaty [14].
d(x) = ¢ (%) — P~ (x)). (8)
2.3 PROMETHEE method
PROMETHEE ranking method has been introduced by To explore the modelled system into details, thtigda
[15] almost 40 years ago. Since that time, its faojity ~ flows can be calculated for each criterion sepdrate
grows for many reasons: (a) it is simple and wattéable; (without adding them together), resulting in theisture
(b) it can handle all data types without the neitgesd  of the flows and profiles of the given alternatives

uncomfortable transformation; (c) it is well supigarwith P

available software, providing attractive graphicatputs; A

(d) it allows performance profiles of alternativies the L iy
analysis, which make understanding of the solvedlpm

easier.

The cornerstone of PROMETHEE ranking is a
preference function, which assigns the so-callefepence
degree P;(x;,x;) € [0;1] to each pair of alternatives
(Vx;, x; € U) with respect to each criteriére », where U 0 q p d
(|0] = n) andx (|#| = k) stands for the set of alternatives
and criteria, respectively. The preference degree i
assigned based on the difference in values ofdhepared 3 The case study
alternatives in terms of the given criterion.

A decision-maker can choose different shape of tt}ﬁe
preference function with different parameters facle
criterion. [15] introduced 6 predefined shapes lo¢ t
preference functions. By far, when looking at thélshed

applications, see the review article [16], the muistely

used shape is the linear one, with the indifferehieshold
q and preference thresholgd (see Figure 1). After
comparing all pairs of alternatives with respectatb

criteria, the positive and negative flows of fH

alternative are calculated as follows (6), (7):

Figure 1 Linear shape of the preference functiod] [1

The case study focuses on the practical application
chosen methods to find a suitable location for

a logistics centre to be used for a new oversegsqtrof a

company operating in the automotive industry. The

company manufactures a product consisting of aelarg

number of different parts sourced from 514 supsglier

26 countries. 96% of the suppliers are locatedurofge.

Of these, 80% are concentrated in Central Europe. T

remaining 4% of suppliers are located outside Eewrdpe

distribution of suppliers is shown in Figure 2.

Z Zk: WP x x S DENMERK 3 ”‘.“:‘?'Vw‘-
¢+(xj) _Lai=1 i( Jj’ l)’ (6) j\:—'jg;‘%;u,‘ i o

n—1

Zl:tj 2w Pi(x, xj)’ -
n—1

¢_(xj) =

UKRAMME

where w; stands for the weight of thirth criterion
reflecting its relative importance among the ciiter

The positive flowp™ (x;) expresses to what extent the EE.T P
alternative x; performs on average better than othe. ®

o . Figure 2 Location of li
alternatives. The other way around, the negatieev fl aur ocation of suppliers

¢~ (x;) says to what extent the alternatiyeperforms on 31 Application of the gravity centre method
average worse than other alternatives. The paarading Supplier distribution is a key issue for the compan
using PROMETHEE reveals the preference;adverx, if ~ Material supply is a significant part of projectst@ This
¢+(xj) > ¢t (x) A ¢~ (x;) < ¢~ (x)) (excluding the case observation leads to the choice of the gravity ment
when both pairs of flows are equal, revealing thgethod, which makes it possible to locate the ifaslin

equivalence of both alternatives). Otherwise, thig pf @Wway that minimises transport costs. ~ However,

alternatives is incomparable using the partidhinimising transport costs is only one of severitda
taken into account when searching for a suitaliation
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for a logistics centre. The gravity centre methad be
applied by knowing the GPS coordinates of the seppl
and the assumed annual volumes of material firyear)
that the suppliers will transport to the destinatimitially,
the location of the logistics centre was searchmgwithin

to calculate the resulting gravity centre coordisgil43,
106]. The location found is a town - Nymburk in tBeech
Republic (Central Bohemia region). This result con$
the suitability of the location of a logistics cemin the
Czech Republic. The resulting location of the cemf

the Czech Republic. Then the method was extendto gravity is only indicative. The centre of gravityethod

whole world, depending on the location of the sigupl
and their future volumes provided to the projettere are
several reasons why the gravity centre method mitialiy

does not take into account whether the locatiomdouwill
be inhabited or uninhabited. It also does not tmite

account whether there are facilities in the vigitiitat meet

applied only within the Czech Republic. Based oe ththe requirements. The gravity centre method shootde

analysis of the input data, it was found that 74 &%%he
annual material volumes are delivered by suppliens
the Czech Republic. Logically, it would be convenit
locate the logistics centre in the Czech Repubspgecially
in order to save transport costs. For these reashas
company preferred to locate the logistics centrehim
country. Another reason is the possibility of usitng
coordinate system of the Unified Trigonometric Gkl
Network (referred to as S-JTSK) to find the cooatis,
which are essential data in the gravity centre owfth2].
Its advantage is the display of the mathematidahtation
of the coordinate axes. Working with S-JTSK allonsre
accurate data to be obtained than with manual aweates,

used as the main decision-making tool. In the veald,
the
perspectives and criteria. Therefore, in this casdy, two

methods of multi-criteria decision making were @bl

together.

3.2 Application of MCDM methods

For the location of the logistics centre, not ordyiants
defined by the gravity centre method are considefed
company selected 4 other locations that would
appropriate for economic, distance or other reasbnis
resulted in 6 alternatives that were compared usinbi-
criteria decision making. The criteria are chosemeet

location should be considered from multiple

be

which must then be used to apply the method toaglobthe needs of the company and the principles of

suppliers.
Based on the formula for calculating the gravityitoe

sustainability in relation to the organisation asutiety.
The first step is to select and weight the evatwetriteria.

[12], the resulting GPS coordinates are [1045993.58ince it is natural to find a hierarchical struetwof the
651168.13]. By specifying the coordinates in S-JT8K criteria, the AHP method is used for the evaluatlorthe
was found that the coordinates correspond to a&gcond step, the weights obtained are used to trank

uninhabited area in Lhota pod kémy (Kralovehradecky alternatives using the PROMETHEE method.

region).

In order to determine the appropriate locationhaf t 3.2.1
logistics centre based on the distribution of globa

suppliers, their selection is limited to supplirat provide

Evaluation criteria and their evaluation using
AHP method

The criteria are divided into three groups - dis@n

at least 100 Afyear, to ensure data quality and relativityeconomic and infrastructure (see Figure 3). In ,[17]

This condition is met by 152 out of 514 suppliéter the
application of the centre of gravity centre methbe, map
with a coordinate system is used to determinedbation
of each supplier. The corresponding formula [12Jsed

Gravity Centre

Highway

Container
Terminal

Wages

Price Offer

Unemployment

PROMETHEE Il is used for selection of facility ldwm
considering 8 criteria. Similarly, among the cierthe
authors used labour force and traffic intensity.

Traffic Intensity

Railway Quality

Labour Force

Figure 3 Defined criteria
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In addition to the distance from the gravity centre The Czech Republic currently faces low unemployment
distance to the container terminal and the nehightvay and a shortage of skilled labour [18]. This mayespnt a

entrance were also included in the distance caitérhe

risk to the company. In terms of these criteria,isit

distance to the gravity centre is important becaitise appropriate to locate the facility in a locatiorttwhigher

provides a clue, where should be located the faditi

order to reduce input costs of the project thagererated be considered as an

by the delivery of materials from suppliers. Moregwhe
amount of total logistics costs and emission vélHffected
by the necessary transport of containers with rizdteom

unemployment and labour force levels. These caiteain
instrument to achieve social
development in the area where the logistics ceniliebe
located.

The infrastructure in the area is assessed oretie bf

the logistics centre to the chosen container tamintraffic intensity and the railway quality. The rady

Therefore, the distance from the gravity centre Hrel
container terminal is directly related to the ecuiwpillar
of sustainability by taking into account the minsmng
transport costs. It is also related to the envirental pillar
of sustainability. As a result of minimizing tramspcosts,
the environmental impact of transport will be reelicThe

quality represents the coverage of the rail netwBidth
criteria are also related to the quality of seratubity of
the future logistics centre, which will receive dar
volumes of material deliveries at short intervaldhe
logistics centre will contribute to an increaseaad traffic
density, which will have a negative impact on liyin

distance to the nearest highway entrances has bemmditions inthe area. Time also plays a rolbéndelivery

included to estimate the quality of the serviceghif the
potential logistics centre's accessibility by roatlich will
be used frequently during the project.

of materials to the logistics centre. Delays ilimégies due
to traffic density can cause process problems.éfbes, it
is advisable to look for areas with lower traffiendity

One of the most important criteria are the pridersf from a logistical and environmental point of viefhe
from potential logistics centre providers, whichvéa quality of the rail network is considered aspeat thuthe
a significant impact on the future performance bé t potential to use the rail network instead of ro@hsport
company. Price offers are closely related to ttememic for materials deliveries from the logistics centnethe
principle of sustainable development of the companjuture. The use of rail transport would reduce ¢hebon
Similarly, average wages in the location undeburden from transport. At the same time, transposts
consideration also have a relevant impact on thaerdu would be reduced.
economic situation of the company. The economiegai The choice of these criteria ensures that the segbo
also include unemployment and the level of the dabo location of the logistics centre links the basimgiples of
force according to the region to which the locatiefongs. sustainable development. Furthermore, it can ensure
Unemployment and the level of the labour force arefficiency. The criteria form a logical tree stnuet, which
important to the company in relation to the abitifythe allows to use the AHP method, see Sec. 2.2. Biesipcal
location to provide sufficient staff. The labourrde weights, and then the global weights of the ciatdrave
includes all persons aged 15+ years who fulfil theeen calculated. The calculation of the weights based
requirements to be classified as employed or uneyepl on expert judgement. The results are shown in Thble

Table 1 AHP results

Main clas
el 0.540 0.297 0.163
weights
N Gravity | . Container Price Labour Traffic Railway
Clnit Centre I Termina Offer U Force LIS Intensity Quality
Labe C1 Cc2 C3 C4 C5 Cé C7 Cc8 CS
\I/_voe?SLt 0648 0122 0230 0599  0.104 0078  0.220 0.800 0.200
Global
weights
3.22 Evaluation of locationsusing PROMETHEE 10 km away from the village. The reason was lacat&

method

for some of the criteria. All distances in Tablar2 given

The PROMETHEE method was used to rank the i kilometres. The economic criteria - the unempteyt

defined alternatives. These alternatives were coatpia

rate [%], the level of the labour force [numberpebple]

the Visual PROMETHEE software. The input data arand the average wages [CZK] are related to themnsgo
summarized in Table 2, which also includes the tisig which the area belongs. This information comes fthen
obtained by the AHP method. Lhota pod dahy, Czech Statistical Office. The price offer is evahdhwith
determined by applying the gravity centre methodsw a point estimate in the interval from 1 to 10. Eeluation
replaced by the regional city of Hradec Kralovéjalibis is carried out by experts from the selected compbmthe
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case of infrastructure, the information on thenstyy of for foreign dispatch. A negligibility value was dehined
local traffic [millions] also refers to the regi@md comes according to the values obtained. The preferredtion
from data of the Road and Highway Directorate & thwas defined as linear for all the criteria (seeuFégl) with
Czech Republic (referred to &sSD CR). The railway the indifference thresholgl determined expertly, and the
quality is evaluated subjectively on a point sdeden 1 to  preference thresholdl set equal to the variation range of
10. The Railway Administration portal was used las t all alternatives (that brings the highest distisbing
basis for the scoring. The railway quality was estd power among alternatives).

according to the number of lines for cargo transand the

existence of a container terminal, including itgadility

Table 2 Decision matrix and parameters of prefeecfunctions

Alternative: C1 Cc2 C3 C4 CtE Cé6 C7 Cs8 C9
Hradec Kralov 13 1C 12C 4 3.32 27771 3691: 3.65¢€ 4
Kvasiny 6C 4C 4€ 7 3.3Z 27771 3691 3.65¢ 2
Pardubic 22 2t 15: 1 3.0¢ 26551! 3482: 3.17¢ 6
Paskov 265 3 25 3 5.20 591399 35599 6.645 8
Nymburk 0.t 2C 53 4 3.31 75851! 3971¢ 10.08: 3
Mlada Bolesla 4C 0.t 5C 5 3.31 75851} 3971¢ 10.08: 5
MIN/MAX MIN MIN MIN MAX MAX MAX MIN MIN MAX
Weighi 35.0( 6.6( 12.4( 17.7¢ 3.0¢ 2.3C 6.5¢ 13.1( 3.3C
Preference F Lineat Lineat Lineat Lineat Lineat Lineat Lineat Lineat Lineat
Indifference
thresholt 10 2.0 8 0 0.10 50000 500 0.100 0
Preference
Drecliell 264 39 150 6 2.12 500000 4900 6.900 6
4 Resultsand discussion 4.1 Results

This chapter contains the results of the PROMETHEE Using the PROMETHEE method, the alternatives were

methodology. The results are examined on the lohsiee  ranked according to the value of phi (see Tabl&&jsiny

net flows and the main visual tools of PROMETHEEeT was evaluated as the best alternative. The valdeveds

quality of the results is verified through sendijiv based on the difference between positive and negati

analysis. The aim of the discussion and recommardat flows. The positive flowp* indicates how much better a

section is to provide a guide to the methodologjuiding given variant is than the others. On the other hamel

the benefits and barriers of applying the method. negative flow ¢~ indicates how much worse a given
variant is than the others. How strong its wealeesse.

Table 3 Ranking of alternatives

Kvasiny 0.132° 0.263( 0.130:
Hradec Kralov 0.090¢ 0.204: 0.113¢
Mlada Bolesla 0.019: 0.188( 0.168¢
7R Nymburk -0.018¢ 0.169: 0.187¢
Pardubic -0.037" 0.194: 0.231"
[ Pasko -0.186¢ 0.212; 0.399:

Figure 4 displays the positive flows (advantages) a flow (and thus, either greater advantage or disatzge).
negative flows (disadvantages) of each option geallf.  As Figure 4 shows, the main strength of Kvasinyhis
The positive flows are displayed using bars abbeekis. price offer. However, its major weakness is distatacthe
On the other hand, the negative flows are showovbéie highway entrance, which is not considered a sigguifi
axis. The greater the area of the bar represeatgrtfater factor.
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Price Offer Gravity Centre Gravity Centre Gravity Centre Gravity Centre Container Terminal
Traffic Intensity Traffic Intensity Price Offer Container Terminal Traffic Intensity Unemployment
Container Terminal Highway Highway Labour Force Wages Highway
Gravity Centre Wages Container Termin Price Offer Railway Quality Railway Quality
Wages Price Offer Labour Force Labour Force
Railway Quality
]

Kvasiny Hradec Kralové ; _
Mlada Boleslav Nymburk

Pardubice
Paskov
Unemployment Unemployment
Unemployment Railway Quality Highway Labour Force . .
Labour Force Unemployment Unemployment Railway Quality Highway Traffic Intensity
Railway Quality Labour Force Wages Wages Container Terminal Price Offer
Highway Container Terminal Traffic Intensity Traffic Intensity Price Offer Gravity Centre

Figure 4 PROMETHEE Rainbow created in Visual PROMEE Software

Through Figure 5 it was discovered that there is nalternatives are not comparable to each other. iKyas
connection between Kvasiny and Hradec Kralove. &heshe best alternative only in terms of net flog$and¢ .

Nymburk
Phi+: 0,17 Phi-: 0,19

b 0.2 B 050
Phi+: 0,21 Phi-: 0,40

4.2 Sensitivity analysis change. Naturally the wider interval, the more lstab
The sensitivity analysis is focused on the impdct olution obtained, see Table 4. In the same tétidevalues
values of weights on the solution. For this purptisetool by which the current weights would have to be
called “Visual stability intervals” available in Sal increased/decreasédv;/l w; are provided together with
PROMETHEE was used. This tool finds an interval fothe swaps of alternatives which would occur thet firhen

each weigh{LB.RB] within which the ranking does not exceeding the bounds.

Figure 5 PROMETHEE Network created in Visual PROMEE Software
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Table 4 Sensitivity analysis of results

C1 C2 C3 C4 C5 Cé6 C7 C8 CS
LB 0.24¢ 0 0.10¢ 0.15] 0 0.001 0 0.072 0
RB 0.475 0.107 0.224 0.394 0.141] 0.081 0.081 0.144  630.0
Tw; 0.125 0.037 0.104 0.214 0.111 0.061 0.011 0.014 330.0
Tswap HK-KV | HK-KV PE-PV PE-PV PE-PV HK-MB PE-NY PE-NY PERY
L w; 0.10¢ - 0.01¢ 0.02¢ - 0.01: - 0.05¢ -
lswap PE-PV - PE-NY PE-NY - PE-NY - HK-MB -

It can be seen that there are 4 criteria, whicthéfy chain subjects are collected. In the case studysetlare
were removed from the model, the final ranking woul parts suppliers. Based on the required data abwut t
have persisted (C2 Highway, C5 Unemployment, C3ubjects, the center of gravity method is applidgdough
Wages, C8 Railway quality). A change of the winnethe centre of gravity method, the location thatimimes
happened only in case of two criteria (C1 Gravitptee the transportation cost with respect to the setestibjects
and C2 Highway). In both cases, Hradec Kralové doulis found. This step is followed by defining othensidered
replace Kvasiny. However, this swap would happéeraf location alternatives. An essential part of thecpss is to
the change of the weight of Gravity centre by mitien  define all relevant criteria for site selection tthaill
0.1 and such change would mean extreme revolution minimise costs and support the company's objectiMes
preferences. Therefore, the most noteworthy passibAHP method is used to determine the weights of the
change of the winning alternative would happen withen criteria. The ranking of alternatives is determinsthg the
weight of Highway increases at least by 0.037PROMETHEE method. The application of this method is
Nevertheless, the current solution can be congidezey followed by a sensitivity analysis to verify theegictive
stable with respect to changes in weights. ability of the result. If the result shows to bewsensitive

The last analysis explores the role of the weights to the change in weights, a revision of the AHPhudtis
general. In other words, how much the ranking ckanfy required. If the result is judged to be sufficigratable, the
all 9 criteria are considered equally importantselected site is verified and validated. If theme doubts
Surprisingly, complete reshuffle of the final nébwis about the correctness of the result with respecthéo
would happen. Namely, the current winner (Kvasinyjpecified criteria, the AHP method and the follogvsieps
would become by far the worst. On the other hahd, tneed to be revised again. In the case, the regultin
current worst solution (Paskov) would become a hest alternative location is considered suitable, real
option. This shows how much important is to distis§ implementation in practice can take place.
different weights for criteria in the solved model. The proposed methodology is suitable for those who

Based on the results it is apparent that the amty t intend to find a facility location that minimisesgistics
locations which can be considered the best (comigg)m costs and supports sustainable business developlnisnt
ones are Kvasiny and Hradec Kralové. Fig. 4 shdvas t based on methods that can be adapted to diffegat u
the greatest advantage of Kvasiny is its good pmidace needs. Atthe same time, it is versatile enoudietapplied
in price offer. It can be shown that if the prickeo of to different projects. Moreover, at the same tintes
Hradec Krélové improves at least to the level ohdldi designed to be easier to implement in the real dvofl
Boleslav, the net flow of Hradec Kralové outperferthe business. This is achieved by combining the graétytre
net flow of Kvasiny (and Hradec would become thetbe method with two multi-criteria decision-making meds —
option in terms of the partial PROMETHEE rankinges AHP and PROMETHEE.

Sec. 3.2). In case that the price offer of Hrade&ldvé In order to use the centre of gravity method, it is
improves at least to the same level as Kvasinydétra necessary to know the location of the unit in fetato
Kralové would outperform Kvasiny even in terms bét which the facility is located, the amount of mesaérit
complete PROMETHEE ranking and the finalsupplies, its demand or other quantitative indicatdt
recommendation would be unambiguous. The other wahould be noted that this mathematical and graphica
around if Kvasiny should be evaluated as the loesttion method provides a location that is only indicatilteis

in terms of complete ranking due to the changlérprice important to work with it further. The gravity ceat
offer, then the current Kvasiny price offer woulavie to method should be only one of the methods useddiulele

be improved to the best possible rating, i.e., 10. on the location of the facility. The result is abtd by a
weighted arithmetic average, so it is importaritecaware
4.3 Methodology and recommendation of outliers in the form of supplier locations treae more

The methodology presented in Figure 6 was developéibtant than others. For example, if our key s@pplare
by generalising the case study. The main step ef thocated overseas, we should use the coordinatés giort
methodology is to define the objective of the Itigss to which the material is delivered. This can redtiee
centre. Subsequently, data on the distributionupipy number of outliers that distort the result.
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Determining the purpose of the logistics centre

4

Collection of data on the deploym ent of subjects

¥

Application of the gravity centre m ethod

4

Defining the location based on the deploym ent of subjects

v

Defining all location altematives

v

Determination of relevant criteria for location selection

v

Application of the AHP m ethod for determining criteria weights <

4

Application of the PROMETHEE method for determining the Revision of the
ranking of altematives AHP method

\ 4

Sensitivity analysis i

¥

Verification and validation of the selected location —p

L 4

Real im plem entation

Figure 6 The proposed methodology

A prerequisite for the application of AHP andensure that the individual needs of the organisatice
PROMETHEE methods is the ability to identify theconsistent with the pillars of sustainability. Téelected
relevant criteria and their weights. The hybrid &dmation criteria are not a dogma, but a recommendation. The
of the AHP and PROMETHEE method provides severaklection of criteria should be approached accgrdn
advantages for a decision-maker discovered already, priorities. In particular, the criteria categoriseshder
by Taha and Rostam [9]. First, the AHP is invineifibr  distance and infrastructure should always be adapte
structuring of criteria to the hierarchy that helpsandle according to the organisation's material flow gtites The
more criteria in a single problem and potentiallygroup of criteria could be extended to include. For
understand the problem better. Second, the PROMIETHExample, the technological specification (capadityel of
method (supported by free software) brings not ¢hey technology, etc.) of the logistics centres in tbeations
ranking of the alternatives, but its deeper analyrsiough under consideration.
the structure of the resulting flows and easy seitgi
analysis too. Third if the ranking of two altermats isin 5§ Conclusions
fact not so clear due to the controversial perforrea This paper dealt with the design of a methodolagy f
values and their completely different performanoefile  finding a suitable location for a logistics centfBhe
the PROMETHEE partial ranking reveals this fact anthtention was to propose a missing methodology that
evaluates the given pair of alternatives as mutuallyould complete the research gap in terms of unaligys
incomparable. and practicality. The methodology was designed wWith

Through the defined criteria, the methodology afowrequirement to be able to work with the materiahfl
for the integration of multiple perspectives tha ®e used structure in order to minimise logistics costsheslbgistics
to examine the location of the facility from therﬁeective centre has a Signiﬁcant impact on its efﬁciena')he
of the individual needs of the selected companyth&t gravity centre method was chosen for this purpdsis
same time, In this case StUdy, the criteria arﬂgdeé to method can be app“ed universa"y to any Supp"er 0
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customer structure. The method was followed by imult[2] KAUF. S., TEUCZAK, A.: Solving the problem of

criteria decision-making methods - AHP

PROMETHEE, which allow location alternatives to be

examined from several perspectives. The chosenadgth
were practically applied in the case study. The ctady
focused on the design of a suitable location flogsstics
centre for a new overseas project of a companyatipgr
in the automotive industry. The logistics centrd be used
to consolidate materials from suppliers and thep die
consolidated shipment to the foreign plant. Theplap
network was mapped using data analysis. The disioip
of the supplier network was considered using tlaityr
centre method. Due to the intention to locate thetre
domestically and the possibility to use S-JTSkefine the
result. the gravity centre method was first appligthin
the Czech suppliers. Subsequently, data from aiodal
suppliers providing at least 10Cyear were used for its
application. The resultant was Lhota poddaby in the
work with Czech suppliers. In the case of applyihg
method within the world suppliers, the resultingngty
centre was located near
coordinates. The result of the gravity centre metho
combined with data from global suppliers, confirnkbd
suitability of locating the logistics centre in tl@&zech

and Logistics Center location based on the AHP Method

MATEC Web of Conferences, Vol. 184, 2018.
https://doi.org/10.1051/matecconf/201818404024

[3] KESHAVARZ-GHORABAEE, M.: Assessment of

distribution center locations using a multi-expert
subjective-objective  decision-making  apprgach
Scientific Reports, Vol. 11, No. 1, pp. 1-19, 2021.
https://doi.org/10.1038/s41598-021-98698-y

[4] ZHANG, W., WANG. X., YANG, K.: Uncertain multi-

objective optimization for the water—rail-road
intermodal transport system with consideration abH
Operation Process using a memetic algoriti8oft
Computing Vol. 24, No. 5, pp. 3695-3709, 2019.
https://doi.org/10.1007/s00500-019-04137-6

[5] KELES, N., PEKKAYA, M.: Evaluation of logistics

centers in terms of sustainability via MCDM methods
Journal of Advances in Management Reseakti.
20, No. 2, pp. 291-309, 2023.
https://doi.org/10.1108/jamr-04-2022-0087

Nymburk using manugb] PURVIS, B., MAO, Y., ROBINSON, D.: Three pillar

of sustainability: in search of conceptual origins,
Sustainability Scien¢é/ol. 14, pp. 681-695, 2019.
https://doi.org/10.1007/s11625-018-0627-5

Republic. The defined locations became part of éhe [7] DONG, H., YAN, J.H., XIN, H.B.: The researchdn

alternatives examined using multi-criteria decismaking
methods. The alternatives were evaluated on this b&3
groups of criteria.

The criteria were selected taking into accountigneds
of the organisation and the pillars of sustaingbillrhe

application on location of distribution center bdsm
Grey Theory and AHPAdvanced Materials Research,
Vol. 1006-1007, pp. 464-467, 2014.
https://doi.org/10.4028/www.scientific.net/amr.1006
1007.464

weights of each criterion, which form a logical ere [8] KAZANCOGLU, Y., OZBILTEKIN, M., OZKAN-

structure, were obtained using the AHP method. @ittae
main objectives of the company's logistics was ittimise
transport costs. Transport costs represent a haggopgtion
of the total project costs. For this reason, distanom the
centre of gravity was given the highest weight. $aeond
most important criterion was the price offers reedifrom

was used to rank the alternatives. According to/gtee of
net flows, Kvasiny was determined to be the moiakle
location. Based on the sensitivity analysis, thaultewas
found to be stable with respect to the change dfhte
However, if the criteria were equally important,skav

would be the "winner" and Kvasiny the "loser". The
the compromise

sensitivity analysis showed that
alternative for Kvasiny is Hradec Krélové. The tesof

OZEN, Y.D.: Sustainability Benchmarking for
Logistics Center Location DecisiodManagement of
Environmental Quality: An International Journalol.
31, No. 5, pp. 1239-1260, 2019.
https://doi.org/10.1108/meg-08-2019-0177

[O] TAHA, Z., ROSTAM, S.: A hybrid fuzzy AHP-
the logistics centre providers. The PROMETHEE métho

PROMETHEE decision support system for machine
tool selection in flexible manufacturing celburnal of
Intelligent ManufacturingVol. 23, pp. 137-2149,
2012. https://doi.org/10.1007/s10845-011-0560-2

[10] SENNAROGLU, B., CELEBI, G.V.: A military

airport location selection by AHP integrated
PROMETHEE and VIKOR method$ransportation
Research Part D: Transport and Environme¥iol.
59, pp. 160-173, 2018.

the PROMETHEE methods show that these alternativEkl] ZHAO, X.: Based on Gravity Method of Logistics

are in fact incomparable.
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