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ABSTRACT

The process of urbanization of coastal tourist destina-
tions (CTDs) is taking place at high speed and at the same
time creating a lot of complex problems. The positive trend
of urbanization has resulted in increased volume of freight
transport which leads to burdening the traffic network,
time losses and causes traffic congestion problems on the
streets with increased environmental pollution due to emis-
sions, noise and vibration. These findings brought to some
research being started on the EU level, aiming to develop
new logistic solutions, so these areas could be developed on
a sustainable basis. With this in mind, the paper proposes
a method of developing a novel model of logistics (MoL) for
CTDs through several stages. The point of proposed Mol lies
in achieving optimal connectivity of transportation, ware-
housing and physical distribution of goods, and making it
a single functional model, so as to allow simultaneous op-
timization of logistic processes in a CTD, and to incorporate
logistics in tourist offer.
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1. INTRODUCTION

In their evolutionary development path coastal
tourist destinations (CTDs) have dominantly incor-
porated physical and historical components, with all
the features in terms of close association with water
surface, dense urban cores with a concentration of
generators of logistic activities within them, narrow
one-way streets burdened with the implementation of
freight transport, congestion on access roads at cer-
tain intervals, predominance of road transport mode
in shipping goods, etc. Therefore, the desire to find an
adequate model of supplying the CTDs without under-

mining the quality of tourist offer and the environment
is permanently present. A holistic approach in develop-
ing MoL which is the base of research work presented
in this article employs several phases and methods in
order to comprehensively and simultaneously optimiz-
es logistic processes in a CTD.

Contemporary models of sustainable development
of CTDs promote horizontal and vertical integration lo-
gistics and tourist activities. They are focused on tech-
nical vision, combined distribution, and the concept of
environmental sustainability. This approach is funda-
mentally opposed to pro-road freight transport strat-
egy that has been present for a long time and brought
to the increase in number of vehicles on roads, which
in turn brought to a series of negative impacts on
CTDs.

The model of sustainability is closely connected
to total logistic integration (TLI) of processes in a CTD
(Figure 1). In accordance with Tinen’s theory [1], it can
be stated that within a CTD, the location factor, in re-
spect to water surface, represents the key element
of the development of the model. On this basis, the
geographic area in a CTD which is the closest to water
surface is the one with the highest density, rents, and
traffic intensity. As a rule, these areas are reserved for
the most expensive tourist facilities, while the most
distant areas, in geographical terms, with the lowest
rents, are used for industrial or agricultural produc-
tion. In the last mentioned areas the transportation
costs are lower, and the intensity of transport is con-
siderably weaker. Being that TLI creates sustainable,
competitive and strategic advantage, the physical as-
pect of a CTD must be reaffirmed, in accordance with
Tinen’s model.

The descriptive approach to the research of rela-
tions between tourist destination and associated gen-
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erators of logistic requirements, logistic centers (LCs),
location problem, and optimization of tourist facilities
supply, represents the basis of the research and de-
velopment of a novel model of logistics (MoL). Quality
management of TLI system, as a key moment in devel-
oping Mol [2], should essentially search for an opti-
mum among the following four processes: (1) research
and forecasting of customer needs and expectations,
(2) cooperation, coordination and consolidation of
material, energy, transport and information flows, (3)
network and physical planning, and (4) environmental
planning.

Model of logistics (MoL) as a term, along with its
significance in the development process and redefini-
tion of logistic-transport system of a certain geographic
area, represents a construction based on a set of prin-
ciples. It optimally connects primary logistic elements
(system structure, organization, logistic chains, logistic
flows and telematic technologies) and secondary logis-
tic elements (public, private, and public-private logistic
measures) into a systematic and sustainable solution
of logistics for CTD.

Active development of CTD affects the existing lo-
gistic solutions and causes higher costs and greater
number of complex requirements related to the pro-
cesses of distribution of goods. Therefore, the devel-
opment of new methodological approaches for cre-
ating sustainable solutions in logistics is imposed as
an inspiration. In other words, the approach aimed to
simultaneously and comprehensively optimize logis-
tic processes, and above all minimize transportation
costs, along with providing development of coopera-
tive model of physical distribution.

Development of CTDs contains four phases (Figure
1): initialization (initial development of fishing ports),
urbanization (urban development and trade around
the fishing port), industrialization (development of

related industrial facilities), and expansion (develop-
ment of tourism and tourism-related facilities). Accord-
ing to the level of economic development of a society,
each phase has some logistic solution. The last phase
of development is characterized by certain concentra-
tion of different regional functions present on a rather
small area that mutually coincide and create a set of
negative effects which are harming sustainable devel-
opment of the region.

Physical and infrastructural restrictions on one
side, and increased frequency of vehicles on the oth-
er, create gaps in the implementation of cargo flows.
Former areas of concentration of cargo flows such as
ports, docks and town squares, have now become sig-
nificant tourist and catering facilities in which there
has been a change in the characteristics of cargo flows
in terms of size, intensity and structure. The key prob-
lem is that there has been an increase of road trans-
port and it is the result of: (1) elimination of holding
stock in facilities, (2) desire to deliver goods in accor-
dance to JIT (Just in Time) strategy, (3) rapid increase
in e-shopping, and (4) tendency to independently solve
transport problems of separate entities by not taking
into account the overall efficiency.

2. PROBLEM FORMULATION AND
PROPOSED METHODOLOGY

Coastal tourist destinations (CTDs) are special and
unique geographical areas with emphasized logistic
needs during specific period of time throughout the
year (150-165 days). It is necessary to come up with
a new Mol that will allow better cooperation, coordi-
nation and consolidation of logistic flows, which are
implemented in these areas. Therefore, the basis for
developing Mol being proposed in this paper relies on
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Figure 1 - Scheme of CTDs' evolution
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the relations between: geographic area and the exist-
ing generators of logistic requirements, LC and ter-
minals, location problems and optimization of tourist
destination supply. The newly proposed Mol is devel-
oped by using a holistic approach, the one that allows
simultaneous optimization of all parts of logistic chain
within CTD. This model allows the development of a
higher level of logistic service, as well as development
of a combined distribution system between land and
water mode of transport. The key features in develop-
ing an optimal Mol are realized through four phases
referring to: (1) clustering problem in logistics, (2) lo-
cation problem, (3) vehicle starts optimization, and
(4) vehicle routing problem. These four phases are
described in the following sub-sections of the paper
(2.1-2.4).

2.1 First phase - clustering in logistics

Within the first phase of the development of MolL,
it is necessary to cluster generators that are located
in a CTD. Clustering can be done by using k-means
(greedy) method of clustering. At this stage, on the
basis of number, structure and physical distribution
of generators of logistic requirements, it is necessary
to determine the physical concentration of generators
based on the principle of similarities of characteristics
of logistic requirements and by using the method of
clustering that will enable defining optimal locations
for hub and LC, and in later stages, cross docking ter-
minals. The clustering process consists of the following
phases: initialization, aimed to define the number and
physical distribution of generators, variable selection
for clustering (characteristic for logistic applications),
selection of distance measure, selection of clustering
algorithm, determination of the number of clusters,
and validation of the analysis [3-6]. Distances within
clusters are being determined as Euclidean ones from
the center (centroid).

K-means clustering is based on two components:
(a) input a set X on n points x;,i = 1,n, and (b) out-
put calculated as a set C consisting of k points (cluster
centres) xj,j = 1,k that minimizes the square error
distortion d(X,C) over all possible choices of C:

d(X,C) = min i Enjlx,--I,-F. (1)

j=1i=1

It is possible to achieve this goal (1) by applying
the following heuristics: place k points into the space
representing generators, assign each generator to the
group that has the closest centroid, when all objects
have been assigned relocate the positions of k cen-
troids, repeat the second and the third steps until the
centroids no longer move.

Greedy method should be applied in initial clus-
tering and/or in determining the optimal connections
later on between the established centroids.

2.2 Second phase - solving hub location
problem

The second phase means determining the network
of LC based on the results of the clustering phase. The
basis of this sub-model is to determine the optimal
structure of two echeloned systems of distribution:
hubs-satellites as the first echelon, and satellites-
users as the second one. The scheme of this phase
is given in Figure 2, and it is described in more detail
further on.
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Figure 2 - Set of nodes arrangement
for two-echelon routing problem

Procedure of identifying hubs should be summa-
rized as follows: let us observe graph G = (N,A) where
N is the set of all terminal nodes, and the set of poten-
tial hub notes is H C N. The set of arcs is defined as A,
where each arc is weighted by travel time (distance, or
costs). Paths in the graph are identified as a sequence
of the nodes traversed, where this number is limited
to at most two hub nodes per path by the definition of
the path variables. The standard incapacitated loca-
tion model [7] is given as a model (2-6):

rT:iZnF(X,Z) = Z Z Z ZCijkIXijk|+ ijZj"' 2)

iENjEHKEHIEN JEN
subject to:

2 injkl =dy,Vv(i,1) EW-- (3)
jeHkeH

D X < Quzi, Vk € H,(i,1) € W (4)
JEN

injkl <Qiz,Vje H,(i,l) eW (5)
KEN

zi=0Vvzj=1,vjeN (6)

where d € R|+W| is the vector of demands over the set
W C N? of origin-destination pairs. The flow variables
are given by x € RN and z € {0,1)"! is the vec-
tor of discrete decision variables indicating whether a
hub is to be opened or not. The constant Qi is defined
as Qi >di,(i,1) € W, in which case equations (4) and
(5) ensure that hub terminal is open for the flow. Costs
of the path (i,j,k,1) are given by cix, while fj is the
cost associated with converting the terminal j into the
hub node.
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2.3 Third phase - setting fuzzy logic conditions
for vehicle starts

In this model, vehicles and LCs have predefined
capacity [8-9]. Demands arriving from more custom-
ers should be met by engaging only one vehicle. The
moment when vehicle departs from its starting point
is very important and it is determined by fuzzy logic.
Its route starts and ends within the same LC, and the
total load must be less than or equal to the capacity of
LC. The objective is to minimize the total costs of the
system, including storage costs and routing costs.

Since customer demand is described by fuzzy logic,
after the first customer has been served, the capacity
of each vehicle is also described by fuzzy logic, due to
the rules of fuzzy arithmetic. The capacity of LC is also
described by triangular fuzzy number, and it has all the
conditions not to exceed the remaining capacity of LC
with the next customer demand.

Greater difference between available capacity of
vehicles and customer demand puts dispatcher in the
position to send the next vehicle. The preference index
herewith means magnitude of preferences to send the
vehicle to the next customer. Details of mathematical
notation of this model can be found in [8]. However,
limitations of this model are robust fuzzy calculus and
unpredictable customer demands.

2.4 Fourth phase - two-echelon vehicle optimal
routing

In order to describe two-echelon vehicle model [10-
23], let us consider a transportation carrier that has to
deliver goods to a set of N¢ destinations, called cus-
tomers. A quantity of freight qg; to be delivered, called
demand, is associated to each customer i. The carrier
has one depot No (hub) and Ns (terminal) intermedi-
ate facilities, or satellites where cross-docking opera-
tors can take place. Let us assume that the transporta-
tion company has two fleets of homogenous vehicles,
m1 and m2, assigned respectively to the first and the
second echelon. These vehicles have maximum ca-
pacities C' and C?, respectively. Two types of routes
are then defined, one per each echelon. The first ech-
elon route starts and finishes in a depot and visits the
satellites. At the satellites, the freight is transhipped
into the second echelon vehicles. Each of them makes
a round trip to deliver goods to one or more customers.

The objective function seeks to minimize the over-
all transportation costs. Constraints include: maxi-
mum number of routes, balancing the number of ve-
hicles entering and exiting each node; achieving that
each route returns to its starting point and each node
receives its corresponding demand; limitations to the
vehicle capacities; existence of connection between
the two echelons, and assigning each customer to one

and only one satellite. Detailed mathematical model of
herewith presented verbal formulation of the problem
is given in Gonzales-Feliu (2012). The limitation of this
model is its computational complexity [24-27].

In this paper, for the purposes of vehicle routing, in-
stead of several well-known methods, such as genetic
algorithms, bee colonies and similar, an object-orient-
ed computer simulation is used.

2.5 General algorithm scheme

Concerning all above described phases, an al-
gorithm for a novel CTD Mol is created and given in
Figure 3. It consists of the following key processes: (1)
determination of destination size, (2) clustering of
generators of logistic requirements, (3) determination
of system structure, (4) determination of cooperation
models, and (5) simulation modelling of a real system.

The size of destination (small, medium or large)
depends on the number and physical distribution of
generators of logistic requirements. This problem cor-
responds in @ manner to the clustering problem being
described in (2.1) sub-section. The number and nature
of generators and their initial values are usually set
on the basis of extensive empiric observations on the
spot.

When it comes to defining LC's network, it corre-
sponds to the second phase of MoL (see 2.2). Here
are identified possible LCs and their interconnectivity
within two-echelon structure of distribution, including
seasonal characteristics of logistic flows as very impor-
tant elements.

The model of cooperation is presented in the fol-
lowing segment where key conditions are described
with fuzzy logics. The process management of goods
distribution is closely connected to conditioned vehicle
departures caused by key attributes, i.e. vehicle capac-
ity and freight space being used. This segment of pro-
posed algorithm directly corresponds to the third de-
scribed methodological approach in (2.3) sub-section.
The vehicle routing problems are solved by the process
of simulation modelling (2.4). For the last phase, input
data are the results of the resolved problems encoun-
tered in the previous three phases (2.1-2.3).

Direct and strict application of integrated Mol
which includes particular combination of analytic,
probabilistic and fuzzy methods is too complex and it
is hard to have it entirely realized. The appropriate sim-
ulation modelling represents the key phase in models
like this one. The role of the simulation is double. On
the one hand it should describe and simulate very
complex processes with several dimensions: analytic,
probabilistic and fuzzy. On the other, it should provide
a database which offers important indicators like:
capacities used of available vehicles, LCs’ locations,
mileage, number of stops, time consumed during un-
loading, etc., for further analysis.
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Figure 3 - Proposed algorithm for development of MoL for CTDs

By taking into account the previously described
phases (2.1-2.4), along with the proposed holistic ap-
proach to the development of MoL in CTDs, it needs to
be emphasized that there are many difficulties when it
comes to the realization of the process of connecting
separate sub-models into one integrated model. Con-
sequently, some phases can be separately realized,
and their results can be used as independent input
data for future development of similar models.

The developed multiphase Mol is tested on a
concrete example, i.e. Montenegrin CTD (MCTD) as
a medium developed tourist destination. The goal is
to obtain relevant data for a complete optimization of
logistic processes within this CTD in the time period
to come. The simulation results over newly developed
MoL for MCTD, which has three different scenarios,
are presented in the next section of the paper, along
with all relevant indicators.

3. THE MoL APPLICATION AT MCTD

The proposed model of logistics (MoL) has been
tested at MCTD, which is a unique destination com-
posed of six towns: Herceg Novi, Kotor, Tivat, Budva,
Bar and Ulcinj, and fourteen input and output gates.
These towns need annually 572,271 tons of goods for
the purpose of satisfying their functions (trade, tour-
ism, etc).

The key steps in developing MoL at MCTD are brief-
ly described below.

Step 1: Features of the existing logistic solutions
at MCTD are summarised. It is a disorganized sys-
tem in logistic terms. In other words, the concentra-
tion of logistic processes is not present at MCTD, and
each sub-system independently organizes distribu-
tion of goods, not taking into account the general ef-
ficiency. Furthermore, insufficient coordination and
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Table 1 - Presence of certain types of generators at MCTD

Groups of generators Off-season In-season
No. % No. %
Food shops 539 21.53 643 18.45
Textile, shoes & boutiques 360 14.38 435 12.48
Hotels and catering 591 23.61 1,024 29.38
Technical goods 237 9.47 275 7.89
Craft shops 284 11.35 300 8.61
Furniture 21 0.84 21 0.60
Bookstores 39 1.56 46 1.32
Other 432 17.26 741 21.26
Total: 2,503 100.00 3,485 100.00

cooperation among different modes of transport is
present. Consequently, regarding the presence of a
number of separate and partial solutions, numerous
examples of unsynchronized logistic activities are
preset, like: dispersion of storage and transhipment
capacities, intensive road traffic in narrow city centre
areas, running vehicles with a small degree of cargo
space utilization, frequent deliveries during the peak
load, etc.

Step 2: Number of generators of logistic demand
has been initialized. At MCTD, in total 3,485 genera-
tors are identified during the season, while 2,503 gen-
erators are identified in off-season period. Each gen-
erator presents a sub-system of marketing logistics of
the region with different features of demand. In order
to have better understanding of the facts, the gener-
ators are grouped (Table 1) according to the flows of
goods similarity.

Step 3: Different types of generators are identi-
fied. In order to simplify things for the purpose of the
following simulations, the generators are divided into
five groups: G1 - generators for local industry, G2 -
generators for civil engineering, G3 - generators for re-
tail, G4 - generators for hotels and catering, G5 - other
generators. The number of generators is analyzed
for both in-season (approximately 92 days per year)

and off-season (approximately 273 days per year)
periods.

Step 4: Six towns at MCTD: Herceg Novi, Kotor, Ti-
vat, Budva, Bar, and Ulcinj are defined as six clusters
in the model.

Step 5: The hub-location problem is resolved with-
in this step, i.e. the structure of three LCs is defined.
One hub in Bar within the Port of Bar which should
provide technical and technological support, while two
satellites are in Tivat and Herceg Novi (Figure 4). Fig-
ure 4 also gives the amounts of goods (Q) needed by
the analysed cities and modes of transport for MCTD
per year. This structure will allow effective coordina-
tion and utilization of transportation infrastructure at
MCTD, including optimal distribution of macro and mi-
cro commodity flows.

Step 6: Two-echelon vehicle optimal routing is re-
alized within this step. The first echelon is composed
of the hub in Bar and the two satellites in Tivat and
Herceg Novi. The second echelon consists of sev-
eral satellites and end-users. At the level of the first
echelon, supply is realised by using bigger trans-
portation devices (ship, wagon, truck, etc.), while
at the level of the second echelon the distribution
of goods is realized by smaller transportation units
(vehicles).
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Figure 4 - Graphic presentation of implementation of logistic chains
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3.1 The structure of the simulation model

All contemporary tendencies towards optimization
of logistic processes in a tourist destination basically
coincide with the process of development of LCs. The
main development goals of LCs are concentration
and consolidation of logistic activities in one place
by achieving positive economic, physical, and envi-
ronmental effects. Contemporary designed and orga-
nized LCs represent central elements, or hardware
of the MoL which, as such, are in strong connection
with the development and implementation of mod-
ern logistic strategies such as: make or buy (MOB),
JIT, 3PL, and 4PL. After solving the location problem
for MCTD, the structure of three LCs is defined, i.e.
one hub in Bar within the Port of Bar, which should
provide technical and technological support, and two
satellites, one in Tivat and the second one in Her-
ceg Novi. This structure allows effective coordination
and utilization of transportation infrastructure in the
destination.

An important feature of the proposed model is to
define quantitative characteristics of logistic demand
which are related to: (1) establishing average number
of demands per time unit and determining medium
value (amount of goods) per demand, (2) defining
probability distribution of time between two demands,
(3) defining probability distribution of amount of goods
per demand, and (4) defining random functions of
events for two periods of observation.

The general scheme of simulation modelling for
MCTD is given in Figure 5.

On the basis of a completed profile of logistics for
MCTD, the following elements are defined: geo-phys-
ical features of the destination (border destination,
gate layout, LC’s location and road network), charac-
teristics of macro and micro commodity flows, where
the largest percentage of macro flows is directed firstly
towards the Port of Bar and later on from the port to
LCs. The characteristics of physical distribution are in
accordance with the logistic requirements of the gen-
erators and the vehicle characteristics.

Based on the initial conditions, the system struc-
ture has been defined for three alternative solutions.
Any alternative solution has a different system struc-
ture, which are modelled by the simulations.

Variant 1: It consists of one hub (cargo centre Bar)
and two LCs (3PL logistic providers in Tivat and Herceg
Novi). At the same time, this form presents possible
solution No. 1 (PS 1) in the general structure of the
herewith presented simulation model for MoL;

Variant 2: It consists of one hub (cargo centre Bar)
within the destination and one 4PL logistic provider. In
this form 4PL provider is a complete structure made of
two LCs (3PL providers Tivat and Herceg Novi) and one
IT provider. This form presents possible solution No. 2
(PS 2) in the general simulation model;

Variant 3: It consists of two hubs (one within the
destination - Bar, and another outside the destina-
tion) and one 4PL provider. In this form we have the
possibility of having one hub situated outside the des-
tination with auxiliary function. This form is solution
No. 3 (PS 3) in the general simulation model.

The main idea is that the hub in Bar should present
central element of logistic structure enabling concen-
tration, cooperation and transformation of all forms of
commodity flows. The numerical and graphical results
of the simulation processes are given in the next part
of the paper.

3.2 Generators of logistic demand features

All input data were obtained on the basis of multi-
criteria empirical analysis made by the authors during
the past two years. The proposed Mol for MCTD is an
open, dynamic and stochastic model determined by a
set of sizes with discontinuous characteristics, which
affect the system, so that it changes discretely over
time. The features of generators of logistic demand
for MCTD are given in the form of number of vehicles’
starts per day (Figure 6).

700

600
500

400 1

300 1 H
200 1 »
il i il * o

ol i [ |
0.1 02 03 05 08 1 1.5 3 5 >5
Delivering daily

O No. of generators in-season
B No. of generators off-season

Figure 6 - Number of vehicles' starts per day

The size structure and the number of freight vehi-
cles are given in Table 2, along with the starting points
from which the vehicles depart on their routes within
the explored MCTD. It is obvious that there are exten-
sive data which create solid basis for the development
of a simulation model.

In addition to data presented in Figure 6 and Table 2,
it should be pointed out that the authors have collect-
ed extensive data sets regarding the number of pas-
senger cars, pick-ups and trucks exploited during and
off season, in all MCTD clusters, i.e. in Herceg Novi,
Kotor, Tivat, Budva, Bar and Ulcinj. Also, data on trans-
port facilities structure and frequency of employing dif-
ferent modes of transport in delivering the goods have
been collected. This kind of comprehensive research
has never been done in this area so far (to the best
knowledge of authors).
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Table 2 - Percentage and structure of delivered vehicles of different freight capacities

Description Structure From own storages Directly from From‘ thg distribu- From the_ distribu-
the producers tors inside MCTD | tors outside MCTD

Generators < 3.5t 3; > 7.5t|< 3.5t 3; > 7.5t|< 3.5t 3; > 7.5t|< 3.5t 3; > 7.5t|< 3.5t 3; > 7.5t
Food stores 46 29 25 82 15 3 2 17 81 7 21 2 24 64 12
Textiles, shoes and boutique | 68 29 4 92 7 1 5 84 11 86 13 87 12 1
Hotels and catering 32 38 30 71 24 5 6 23 71 29 52 19 21 53 26
Technical goods 42 | 29 | 30 74 23 3 2 9 89 | 67 | 28 23 | 54 | 23
Craft stores 65 | 32 3 82 18 0 28 | 61 11 | 72 27 78 | 21
Furniture 0] 50 | 50 0 97 3 0 3 97 0 3 97 0 98
Bookstores 96 4 0 100 | O 0 83 17 0 100 0 100 | O 0
Other 50 | 36 14 76 21 3 21 | 61 18 | 57 28 15 | 47 34 19

4. SIMULATION RESULTS

The simulation experiment includes MCTD space
as a single system with six sub-systems for each con-
sidered cluster. The process of modelling and simula-
tion experiment based on the developed Mol for two
characteristic periods off-season and in-season, is
realized as a whole in programming language Rock-
well Arena (ver. 7.1) on Intel processor (2.4 GHz/4 GB
RAM) for the present situation at MCTD, and for three
newly proposed solutions within the concept of ratio-
nalization of commodity flows. The numerical results
obtained by the simulation model are given in Tables
3-5, and in Figures 7-10.

The number of vehicle starts per day is consider-
ably reduced, depending on the variational solution
and generators type (from 8% to 67%). Therefore, this
results in a relief of the transportation network and

achieving of greater economic and environmental ef-
fects (lower levels of CO2, noise, etc).

The structure of distribution channels over LC Bar,
3PL points (Tivat and Herceg Novi), and local industry
for each generator (G1-G5) is given in Figure 7.

In Table 3, the data on savings, i.e. effects (%)
during and off-season are given for three examined
logistic solutions for MCTD, concentrated in and
around Herceg Novi, Kotor, Tivat, Budva, Bar and UlI-
cinj. These effects are calculated for the savings in
the number of vehicles set in motion for different
generators (G1-G5). Besides the detailed analysis
per each type of generators for clusters considered
within MCTD, the simulation results for the number
of vehicle starts at the entrance of each analyzed
cluster and effects in terms of savings in the dis-
tances travelled by the employed vehicles are given in
Table 4.
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Figure 7 - The structure of distribution channels at MCTD
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Table 3 - Comparative analysis of existing and three newly proposed MoL solutions for MCTD based on number of vehicle

starts per analyzed clusters and generators

Mol solutions for MCTD

Existing PS 1 PS 2 PS3
g Characteristic s s . . s . . s . .
- - - - - - - O - -
R © 2] 8 3 ks i 8 3 8 & 8 3 8
5 & 5 & 3 i S & 3 i & & & &

Goods/year (t) 572 271 572 271 572 271 572 271
Period (days) | 273 | 92 | 273 92 273 92 - |2t | - 92 -
G1| 300 | 30.0 | 23.4 | 22.0 | 234 | 22.0 | 237 | 21.0 | 23.8 | 20.6 | 22.8 | 24.0 | 23.1 | 23.0
Startsof [ G2 | 36.0 | 44.0 | 288 | 20.0 | 365 | 17.0 | 29.3 | 186 | 35.2 | 20.0 | 281 | 22.0 | 35.6 | 19.0
3 ;Z?ig':ys G3 [ 231.1|462.7 | 104.0 | 55.0 |208.2| 55.0 | 99.4 | 57.0 |194.3 | 58.0 | 108.6 | 53.0 | 199.0 | 57.0
Ulcinj G4 |139.8362.9| 60.1 | 57.0 | 156.0 | 57.0 | 58.7 | 58.0 | 153.5| 57.7 | 60.8 | 56.5 | 151.7 | 58.2
G5| 128 | 84 | 95 | 253 | 63 [ 250 | 96 | 245 | 63 | 250 | 94 | 260 | 63 | 250
Gl | 54.0 | 54.0 | 44.8 | 170 | 44.8 | 170 | 42.7 | 21.0 | 44.3 | 18.0 | 41.0 | 24.0 | 43.9 | 187
Startsof | G2 |135.0 | 165.0 [113.4 | 16.0 | 140.3 | 15.0 [ 109.9 | 18.6 |138.6| 16.0 |105.3 | 22.0 | 1370 | 17.0
4 ‘K’)Z?ig:’ys G3 | 517.3 |1039.6| 186.2 | 64.0 |363.9 | 65.0 | 197.6 | 61.8 | 374.3 | 64.0 | 243.1| 53.0 | 367.0 | 64.7
Bar G4 |236.4|757.3 | 96.9 | 59.0 |325.6| 57.0 | 93.6 | 60.4 | 310.5| 59.0 |102.8 | 56.5 | 318.1 | 58.0
G5 | 46.4 | 33.9 | 362 | 220 | 275 | 19.0 | 350 | 245 | 26.4 | 22.0 | 34.3 | 260 | 261 | 23.0
Gl | 180 | 180 | 15.7 | 13.0 | 14.8 | 180 | 142 | 21.0 | 15.7 | 13.0 | 155 | 13.7 | 155 | 14.0
Startsof | G2 | 36.0 | 44.0 | 31.0 | 14.0 | 383 | 13.0 | 203 | 186 | 378 | 140 | 305 | 153 | 381 | 13.3
5 ‘K’)z?ig;eys G3 [333.0(722.0113.2| 66.0 |231.0| 68.0 | 117.5 | 64.7 | 245.5| 66.0 | 111.2 | 66.6 | 238.3| 67.0
Budva G4 | 172.4 |1015.8| 72.4 | 58.0 | 4165 | 59.0 | 71.0 | 58.8 | 426.6| 58.0 | 73.8 | 572 |420.5| 58.6
G5 | 26.4 | 20.7 | 203 | 23.0 | 168 | 19.0 | 19.9 | 245 | 15.9 | 23.0 | 201 | 23.7 | 16.1 | 22.4
G1| 12.0 | 12.0 | 10.8 | 100 | 108 | 100 | 95 | 21.0 | 109 | 9.2 | 10.6 | 11.3 | 10.6 | 12.0
Startsof | G2 | 72.0 | 88.0 | 61.2 | 15.0 | 74.8 | 15.0 | 59.3 | 17.6 | 73.9 | 16.0 | 59.8 | 17.0 | 742 | 15.7
6 ‘éz?iggs G3 |148.4 | 265.2 | 69.0 | 53.5 | 118.0 | 555 | 67.2 | 54.7 | 123.3| 53.5 | 66.8 | 55.0 | 119.3 | 55.0
Tivat G4 |143.8(303.8| 61.8 | 570 | 1276 | 58.0 | 59.2 | 58.8 | 130.6| 57.0 | 60.4 | 58.0 |128.5| 57.7
G5| 36 | 30 | 28 | 215 | 23 [ 240 | 27 | 245 | 24 | 215 | 27 | 250 | 24 | 215
Gl | 240 | 240 | 201.8 | 90 | 221 | 80 | 214 | 11.0 | 21.8 | 90 | 21.3 | 11.3 | 22.0 | 8.2
Startsof | G2 | 36.0 | 44.0 | 30.6 | 15.0 | 38.3 | 13.0 | 303 | 15.7 | 37.4 | 150 | 309 | 142 | 377 | 14.3
7 ‘éz?iggs G3 |232.3405.8 | 127.7 | 45.0 | 175.7 | 56.7 |123.6 | 46.8 | 170.4 | 58.0 | 125.4 | 46.0 | 166.4 | 59.0
Kotor G4 |119.0 | 2785 | 63.1 | 470 | 1170 | 58.0 | 62.8 | 472 |114.2| 59.0 | 62.4 | 476 |115.9| 58.4
G5| 140 | 84 | 105 | 250 | 65 | 228 | 103 | 260 | 63 | 250 | 102 | 270 | 62 | 26.0
Gi1| 120|120 (110 | 85 | 98 | 180 | 95 | 210|110 | 85 | 9.7 | 190 | 110 | 85
Startsof | G2 | 63.0 | 77.0 | 54.4 | 13.7 | 670 | 13.0 | 51.3 | 186 | 665 | 13.7 | 525 | 16.7 | 66.5 | 13.7
8 ;zr;ig:/s G3 |332.6|615.8 | 110.4 | 66.8 |198.3 | 67.8 | 117.4 | 64.7 | 204.5| 66.8 | 108.4 | 67.4 | 204.5 | 66.8
H.Novi G4 |145.9 4319 | 62.7 | 570 |178.4 | 58.7 | 60.1 | 58.8 | 185.7| 57.0 | 61.9 | 57.6 |185.7| 57.0
G5| 99 | 66 | 82 | 170 | 53 [ 190 | 7.5 | 245 | 55 | 170 | 80 | 19.0 | 55 | 17.0

Figure 8 presents changes in the structure of the
presence of different modes of transportation (ship,
rail, road, and air) in MCTD during and off-season. It
is evident that in the newly proposed logistic solutions
(PS 1, PS 2 and PS 3) there is a significant decrease
in the share of road and rail transport in comparison
to sea shipping. This is of great importance in terms of
relieving urban cores of analyzed cities, especially dur-
ing the season. The new Mol solutions contribute to
relieving the transport network in the destination from
heavy trucks by increased use of sea and to slightly

lower extent rail transportation modes, which is of par-
ticular importance during the summer tourist season.

The presence of much smaller scattering among
engagement of direct distribution channels in delivery
of goods to customers for all five groups of generators
speaks in favour of the here proposed solutions PS 1,
PS2, and PS 3 (Figure 9).

Figure 10 shows the change in the total commercial
vehicle travelled distances in [km] per day during the
summer tourist season in the analyzed coastal tourist
destination, i.e. MCTD.
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Table 4 - Comparative analysis of existing and three newly proposed MoL solutions for MCTD based on total number of

delivered vehicles per clusters and the travelled distances

MoL solutions for MCTD
Existing PS1 PS 2 PS3
g Characteristic < 5 . . s . . s . .
2 c 2 s c & 2 = c s 2 s c &
5 & S| 8| 8| 85|85 | &5 |8|&|85 |8 | 8| &G
Goods/year (t) 572 271 572271 572271 572271
2| Period (days) | 273 | 92 | 273 92 273 - 92 - 273 - 92
The num. | UL |449.6| 9080 |225.8 | 49.8 |430.5 | 52.6 | 220.7 | 50.9 |413.2| 54.5 | 229.7 | 489 | 415.7 | 54.2
ber of BR | 989.0 (2,049.8| 477.5 | 51.7 |902.0 | 56.0 | 478.7 | 51.6 |894.1| 56.4 |526.6 | 46.8 | 892.0 | 56.5
5 S:E:gil;ys BD | 585.8(1,820.5|252.6 | 56.9 | 717.3 | 60.6 |252.0| 57.0 | 741.6 | 59.3 | 251.2 | 57.1 |728.5| 60.0
at the TV | 379.8| 672.0 | 205.6 | 45.9 |333.5| 50.4 [198.0| 47.9 |341.1| 49.2 [200.3 | 47.3 |334.9| 50.2
entrance | KO | 425.2 | 760.7 | 253.7 | 40.3 | 359.5 | 52.7 | 248.4 | 41.6 |350.2| 54.0 | 250.1 | 41.2 |348.2 | 54.2
of towns N T563.4 | 1,143.3| 246.7 | 56.2 | 458.8 | 59.9 | 245.7 | 56.4 | 4731 | 58.6 | 2405 | 573 | 4731 | 58.6
Distance | UL |47,212| 104,42 |13,550| 71.30 |26,691| 74.44 |13,243| 71.95 |25,617| 75,47 |13,784| 70,80 |25,774| 75,32
gj‘t’ﬁfd BR [90,988|274,677| 5,730 | 93.70 |12,629| 95.40 | 5,745 | 93.69|12,517| 95.44 | 6,319 | 93,06 |12,488| 95,45
4 | venicle in BD |55,064(163,845(21,974 | 60.09 |64,559| 60.60|21,927| 60.18 |66,740| 59.27 |2,1852| 60,32 |65,564| 59,98
goods dis- | TV |14,812| 37,629 | 1,851 | 87.50 | 4,002 | 89.37 | 1,782 | 87.97 | 4,093 | 89.12| 1,802 | 87,83 | 4,019 | 89,32
:L's;t'on KO [22,110| 46,404 | 3,552 | 83.94 | 5,393 | 88.38| 3,478 | 84.27 | 5,253 | 88.68| 3,502 | 84,16 | 5,223 | 88,74
days) HN |45,070|137,198|14,803| 67.16 [28,907| 78.93| 2,212 | 95.09| 5,677 | 95.86| 2,164 | 95,20 | 5,677 | 95,86
80 300,000
% 250,000 /&'l\‘
60 ( — = : B 200,000 // \
& 150,000
Z: \: % 100,000 '{ j}\ /m/,/u
| o ° o R I N a——t |
Existing PS1 PS 2 PS 3 -50,000
=T Ship 47.93 61.53 60.92 60.92 ut BR BD v Ko HN
—&— Rail 531 17.08 186 16.69 —E3— Existing|104,423| 274,677 |163,845| 37,629 | 46,404 |137,198
—A— Truck 16.6 20.17 20.17 22.08 —e— PSno 1| 26,691 | 12,629 | 64,559 | 4,002 | 5,393 | 28,907
—e— Aiplane|  0.16 031 031 031 —e— PSno 2| 25,617 | 12,517 | 66,740 | 4,093 | 5253 | 5,677
== PS no 3| 25,774 | 12,488 | 65,564 | 4,019 | 5,223 | 5,677

Figure 8 - Simulation results obtained
for different modes of transport
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Figure 9 - Engagement of distribution channels for
existing situation and for each newly developed
MCTD solutions (PS 1, PS 2, and PS 3)

Figure 10 - Delivered vehicle travelled distances [km]
during the tourist season per day

The new structure affects the change of image of
the total cost, the amount of harmful substances and
the quality of logistic services. There is a much smaller
share of unconsolidated delivery to users. The result of
this is the relief of road transport network in the desti-
nation, which is up to 95.20% in the period outside the
summer season and up to 95.86% in the peak tourist
season. The economic effects of the new solutions per
day for each PS are shown in Table 5.

In terms of direct positive economic effects per
considered clusters (€/day) in the cases of a novel pro-
posed Mol solutions, on the basis of figures present-
ed in Table 5, it is obvious that certain differences are
present. Namely, the greatest economic effects are
noticeable for variant PS 3 in-season, while the great-
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Table 5 - Economic effects for different MoL possible solutions per cluster (€/day) at MCTD

) PS 1 PS 2 PS 3

city Off-season Season Off-season Season Off-season Season
Ulcinj 33,662 77,733 33,969 78,807 33,428 78,650
Bar 85,258 262,049 85,243 262,160 84,669 262,189
Budva 33,090 99,286 33,138 97,105 33,212 98,281
Tivat 12,961 33,628 13,030 33,536 13,009 33,610
Kotor 18,558 41,011 18,633 41,151 18,609 41,181
Herceg Novi 30,267 108,291 42,858 131,521 42,905 131,521
Total: 216,796 621,998 226,871 644,280 225,832 645,432

est positive financial effects, even with small variation
in comparison to PS 3, are present off-season in the
case of PS 2 variant. Through further analyses addi-
tional observations can be made, depending on the
particular interests of the researchers, professionals
and stakeholders in this domain. However, it is evident
that the proposed Mol significantly improves the lo-
gistic processes in the considered MCTDs by providing
time saving, congestion reductions, and money saving.

5. CONCLUSION

The growth in volume of logistic processes and
services in all business segments of CTD affects the
development of an approach that will enable its com-
prehensive and integral observation. Parallel with
the process of expansion of logistics, certain logistic
trends that significantly affect the processes of design-
ing new systematic solutions can be seen. All these
solutions are focused on the development of a win-win
situation among all participants in the logistics of CTD.
Their key determinant is the focus on making complete
optimization and coordination of logistics - transport
processes and sub-systems - in order to create situ-
ations which will result in synergy effects. Therefore,
the tasks of logistics in CTD, aside from energy and
regulatory aspects, also include material side of the
process whose main goal is the delivery of materials
and products to certain locations at a certain time with
minimal resources and minimal economic expenses,
where certain quality of logistic services is expected.

The starting point in the development of sustain-
able Mol is to identify important factors that initiate
its development. A number of different factors that in-
fluence the development of logistic solutions can be
differentiated into seven main groups: (1) rapid global-
ization processes, (2) integration of supply chains and
their growing presence in CTD, (3) growth in the scope
of logistic activities in CTD, (4) technical and techno-
logical innovations in all logistic sub-systems, (5) rapid
development of IT technologies, techniques and equip-
ment, (6) improvement of methodological procedures
and techniques, and (7) environmental requirements
for sustainable environmental solutions.

The characteristics of physical dispersion, mass,
inhomogeneity, stochastic commodity and mate-
rial flows have made it necessary to develop modern
methods of technological design so as to have an as
successful rationalization as possible. The concept of
design of material flow in a meta and macro logistics
system is focused on: (1) harmonized correspondence
of transportation requirements and technological ele-
ments, (2) examination of reciprocal impact factors:
addition, consolidation, interphase warehousing, in-
ventory management, and physical distribution, (3)
implementation of material flow in CTD within stochas-
tic and non-stationary conditions of the logistics pro-
cesses.

Logistics management and decision-making in CTD
falls into the category of strategic issues. For the lo-
cation problems in logistics of CTD, a set of objects
appears that are associated with other interactive set
of objects (LC and their satellites interact with genera-
tors of logistic requirements). The interconnectivity of
these objects constitutes a logistics network of desti-
nations. The problem of determining the optimal loca-
tion of LC and its satellites in respect to the number
and physical distribution of generators of the logistic
requirements is one of three key problems in the de-
velopment of customizable logistic system solutions of
CTD. The objective function of the considered problem
is usually defined by the selection of a location that will
meet the transportation and physical conditions, while
the transportation costs will be brought to a minimum
trying to meet all logistics needs of generators.

Due to the complexity and scope of the process,
the development of MoL cannot be done in a single
step. It takes a holistic and multiphase approach. In
this paper, in the development of MCTD MoL, we took
into consideration the following constraints: number,
structure and physical distribution of generators of
logistic requirements at MCTD. Then, we proposed
clustering, i.e. location/allocation problem along with
optimization of supply processes throughout optimal
available vehicles routing. Corresponding data sets
were collected on the spot during and off-season
and the appropriate simulations have been realized
throughout a unique simulation model using program-
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ming language Rockwell Arena (ver. 7.1). On the basis

of computer simulation over the developed Mol and

the previously collected data on the spot, multiple pos-
itive effects have been observed:

- Reduction in the number of vehicles for newly pro-
posed PS 1, PS 2, and PS 3 logistic solutions in
MCTD is noticeable in comparison to the actual
situation, that is of particular importance in the
season period;

- Also, noticeable are the reductions in the number
of vehicles during and off-season at the entrances
of examined MCTD clusters in comparison to the
present situation;

- The novel proposed logistics solutions PS 1, PS
2, and PS 3 caused the reduction of road and rail
transport density in favour of sea transportation.
This relieves the road (and partly the rail) transpor-
tation network. This is again of particular impor-
tance in season periods;

- Channels of distribution congestion are consider-
ably reduced in the cases of PS 1, PS 2, and PS 3
for each generator type (G1-G5) in comparison to
the present state of logistic facilities at considered
MCTD;

- Delivered vehicles travelled distances per day ex-
pressed in [km], especially during summer period,
are reduced for PS 1, PS 2, and PS 3 variant solu-
tions;

- Positive economic effects of the proposed logistic
solutions PS 1, PS 2, and PS 3 are obvious for each
considered MCTD cluster - Herceg Novi, Kotor, Ti-
vat, Budva, Bar, and Ulcinj, etc.

The above listed conclusions obtained as a result
of conducted simulations upon the proposed Mol for
MCTDs might be treated as promising facts for further
experimental and more rigorous and extensive re-
search work related to key issues for providing integral
and adaptive MoL at CTDs in general. Additionally, one
of the possible future directions of research is analyz-
ing combined commodity distribution between sea
and road transportation modes. This might include the
development of a network of cross-docking terminals
as satellite logistic centres and intensively involved
speedboats in the distribution of commodities towards
providing an optimal CTD logistics scenario.
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REZIME

VISEFAZNI PRISTUP RAZVIJANJU MODELA LOGISTIKE
ZA PRIMORSKE TURISTICKE DESTINACIJE

U radu je predloZen postupak razvijanja modela logistike
(MoL) za primorske turisticke destinacije (PTD) kroz nekoliko
faza. Osnova za razvoj ovog modela oslanja se na istraZivanja
odnosa izmedu prostora, logistiCkih centara i terminala, lo-
kacijskih problema i optimizacije procesa snabdijevanja
turistickih objekata. Ovo se moZe tretirati kao novi MolL-a,
ili kao multidimenzionalni konceptualni model za razvoj PTD
u cilju postizanja ve¢ih ekonomskih, prostornih, tehnicko-
tehnoloskih i ekoloskih efekata. Smisao predloZenog Mol
leZi u postizanju optimalne, savremene povezanosti trans-
porta, skladistenja i city logistike u jedinstveni funkcionalni
model, u koji, izmedu ostalog treba ugraditi nove strategije
u regionalnoj logistici: just in time (JIT), outsourcing, third
part logistics (3PL) i fourth part logistics (4PL). Sustina raz-
voja Mol-a jeste u primjeni logistickih nacela u povezivanju
privrednih, tranzitnih i snabdjevackih funkcija u PTD.

KLJUGNE RIJECI

logistika; primorska turisticka destinacija; model logistike;
simulaciono modeliranje;
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