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THE PROPOSAL OF CONNECTION THE 
LOGISTICS CENTERS TO RFC CORRIDORS 

Jozef GASPARIK, Veronika GABOROVA, Vladimir LUPTAK, Petr 
Vladimirovic KURENKOV 

1 Introduction 

The paper describes the issue of connection of logistics centres to RFC corridors. 
The issue of developing a new logistic parks and logistics centres is very current in 
Central Europe. The logistic centres are very important for companies because of cost 
savings particularly. Construction of new logistic centres supports the diversion of the 
traffic inside the town or creating new jobs. Transitive economics like the Slovak and 
Czech Republic are very open to the development of logistic technologies as well as to 
build new logistic chains.  

Despite the fact that the number of new logistic centres increases, they still do 
not have parameters like they should have. Mostly, they are connected only to the road 
transport and they are ignoring the multimodality, which is one of the most important 
parameter they should have. The key issue is how to connect these centres to the rail 
network, to analyse the legislation and others obstacles for their connection to the RFC 
corridors. The aim of this article is to analyse current state of logistic centres in the 
Slovak and Czech Republic (their connection to the rail network particularly) and to 
propose supporting connection the logistics centres to the RFC corridors. The proposal 
could also be an answer for how to increase the level of support of rail transport usage 
in logistic chains. 

2 Current status of logistics centres in the Slovak and Czech Republic 

There are an increasing number of logistics centres in the central Europe, 
specifically in the Slovak and Czech Republic. Most of them are connected to the road 
network only. Thereby, it is completely ignored multimodality specific connection to 
the railway network. In other European countries, rail transport starts having a 
dominant position, due to its advantage of transport capacity and environmental 
friendliness. Therefore, there is necessary to deal with the problem of how to connect 
these centres to the rail network by the private railway siding. [1,8]  
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2.1 Public logistics centres 
The current state of logistic centres development in the Slovak and Czech 

Republic can be characterized in particular by not having the unified approach at the 
state level that promotes the creation of logistics centres with public access so that they 
support economic and regional economic growth, national economy and effective 
modal split [3]. 

Key characteristics of a public logistics centre:  

• group of companies, which are involved in the transportation of goods, 
logistics service providers and companies associating with the production and 
logistics, 

• access to two modes of transport at least, particularly for road and rail 
transport (intermodal transport terminal), 

• the owner or operator of a local logistics centre initiates cooperative activities 
to achieve synergies in logistics centres under its control [1].  

The most important trend towards intermodality of public logistics centres (as 
interface between different transport modes) is to provide optimal conditions for the 
creation the intermodal transport chains. The possibility to use an alternative transport 
mode does improve business flexibility and guarantees the quality of logistics services. 
Railways and inland waterways benefits from the growth of the freight transport 
market, because logistics service providers are closely connected to intermodal 
transport terminals. The high dependence of logistics on road transport is effectively 
combined with the benefits of other transport modes. [11] 

Various strategic documents with differently formulated objectives in the field of 
transport respond to the current state of intermodal transport infrastructure: 

• In the field of intermodal transport terminals, the developed infrastructure is 
essential to ensure transferring goods from one transport mode to another 
easily, reliably and cost-effective. 

• Improving the accessibility of European transport network from all regions of 
the Slovak Republic, increasing the availability, capacity and speed of 
communications systems in the regions.  

• Ensuring the high-quality accessibility of residential areas and basic transport 
service, reduction of accident rate, time losses and transport risks [4]. 

A common feature of these objectives is that they are orientated to the field of 
intermodal transport, specifically to construction of terminals as a transfer point for 
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goods.  In a broader context, it is about building logistics centres with comprehensive 
logistics services, which increase competitiveness of regions as well. 

2.2 Rail freight corridors 
There are nine rail freight corridors (RFC) running through the whole Europe, 

three of them (RFC 5, RFC 7 and RFC9) run through the territory of the Slovak 
Republic and four of them (RFC 5, RFC9 7, RFC 8 and RFC 9) run through the 
territory of the Czech Republic. 

• RFC 5: Corridor Baltic – Adriatic: 

o Gdynia - Katowice - Ostrava / Žilina - Wien - Klagenfurt - Udine - 
Venice / Terst / Bologna / Ravenna, or Graz - Maribor – Ljubljana  - 
Koper / Terst, 

• RFC 7: Corridor Orient/East-Med: 

o Prague – Vienna/Bratislava – Budapest – Bucharest – Constanta and 
Vidin – Sofia –Thessaloniki – Athens axis, 

• RFC 9: Czech-Slovak Corridor:  

o Praha –  Horní Lideč / Ostrava –  Bohumín/Havířov –  Žilina –  Košice –  
Čierna nad Tisou / Maťovce, 

• RFC 8: North Sea – Baltic: 

o North Sea ports of Wilhelmshaven, Bremerhaven, Hamburg and 
Amsterdam, Rotterdam, Antwerpe  –  Aachen – Hannover/Berlin – 
Warsaw – Terespol (Poland-Belarus border) / Kaunas / Falkenberg – 
Prague / Wroclaw – Katowice [12]. 

Logistics centres have been examined not only in terms of connection to the rail 
network, but also according to EC Regulation 913/2010 in terms of connection to the 
rail freight corridor (RFC), if it runs in the vicinity of selected logistics centres. [11] 

2.3 Logistics centres in the Slovak Republic  
Most of the existing logistic centres in the Slovak Republic have no connection 

to the railway network, because there have not planed and built the private railway 
sidings, which would provide it. For this reason, the logistics centres use only road 
transport (monomodality), except logistics centres Point park Bratislava, Beta – car 
Pezinok, logistics parks in Devínska Nová Ves and Maťovce, which are connected to 
the rail network. Table 1 gives an overview of the public logistics centres in the Slovak 
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Republic in terms of their connection to the railway network, it means if they have a 
private siding or if there is the possibility of building siding and also the connection to 
the freight corridor (if RFC distance is not more than 50 km). [5,6] 

Tab. 1 Public logistics centres in the Slovak Republic and their connection to the 
rail network 

Source: authors 

 

 

2.4 Logistics centres in the Czech Republic 
Table 2 gives an overview of logistics centres (parks) in the Czech Republic that 

are or may be connected to the railway network by the railway siding. All logistics 
centres (36 centres) have been analysed and only 2 of them have a connection to the 
railway network and they can be said to be multimodal. The remaining 21 logistics 
centres are not connected to the railway network, but based on the analysis the 
conditions for their connection to the railway network through a railway siding are 
created. The table also shows the possibility of logistic centres connection to the 
international freight corridors RFC, if RFC distance is not more than 50 km. [9] 

Logistic centre Siding  Possibility of connection 
 to the rail network 

Nearby RFC 

Corridor  

Logistics centre Nové Mesto nad Váhom – � � RFC 9 

Logistics park Nové Mesto nad Váhom – � � RFC 9 

Logistics centre Point park Bratislava � –  � RFC 5,7 

Logistics centre Svätý Jur – � � RFC 5,7 

Logistics centre Trnava – Zavar – � � RFC 5,7 

Logistics centre Eurovalley – � � RFC 5,7 

Logistics centre Devínska Nová Ves � – � RFC 5,7 

Logistics centre Maťovce � – � RFC 9 

Logistics centre Beta – car Pezinok � – � RFC 5,7 

Logistics park WESTPOINT near Lozorno  –  � � RFC 5,7 
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Tab. 2 Public logistics centres in the Czech Republic and their connection to the 
rail network 

Source: [9]  

3 Comparing logistics centres 

When analysing individual logistic centres in the Slovak and Czech Republic, 
serious deficiencies are evident in succeeding in the logistics market. Logistics centres 

Logistic centre Siding  Possibility of connection 
 to the rail network 

Nearby RFC Corridor  

HÖDLMAYR LOGISTICS  � – � RFC 7,8 

PANATTONI PARK  – � � RFC 7,8 

P3 PRAGUE BLUE PARK  – � � RFC 7,8 

P3 PRAGUE GREEN 

PARK  

– � � RFC 7,8 

P3 PRAGUE D11  – � � RFC 7,8 

P3 PRAGUE HORNÍ 

POČER.  

� – � RFC 7,8 

P3 PRAGUE D1  – � � RFC 7,8 

P3 PŘEDLICE  – � � RFC 7,8 

P3 MLADÁ BOLESLAV  – � – 

P3 PŘÍŠOVICE  – � – 

P3 TURNOV  – � – 

P3 LIBEREC  – � – 

P3 HRADECE KRÁLOVÉ  – � – 

P3 OLOMOUC  – � � RFC 5,9 

PROLOGIS: PRAHA 

AIRPORT  

– � � RFC 7,8 

PROLOGIS: PRAHA 

JIŘINY  

– � � RFC 7,8 

PROLOGIS: ÚŽICE  – � � RFC 7,8 

CTPARK PRAGUE 

NORTH  

– � � RFC 7,8 

CTPARK JIHLAVA  – � – 

CTPARK POHOŘELICE  – � – 

CTPARK MODŘICE  – � � RFC 5,7 

CTPARK BRNO  – � � RFC 5,7 

CTPARK HRANICE  – � � RFC 5,9 
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in the Slovak Republic with a few exceptions (Logistics centre Bratislava-Rača) show 
a lot of deficiencies in comparison with the logistics centres in the Czech Republic in 
all analysed areas. [8] 

Great deficiency in existing logistics centres in the Slovak Republic is their 
monomodality, because most of them are connected only to the road network. Due to 
this connection, they are losing interest of potential customers, which prefer another 
mode of transport, e.g. rail transport. The most of logistics centres in the Czech 
Republic are bimodal centres with connection to the road and rail network as well. 
Some logistics centres are even trimodal with connection to river transport (river 
Elbe), eventually they have good access to international airports and can also use air 
transport. 

Another deficiency in the Slovak Republic is the interconnection of logistics 
centres with intermodal transport terminals. If the logistics centres had been connected 
to intermodal transport terminals, they would have been more attractive for their 
potential customers. Services provided by logistics centre and by intermodal transport 
terminal would have been provided at one place and thereby additional costs would 
have been saved. In the Czech Republic the most used and most efficient are just the 
logistics centres that are connected to the intermodal transport terminals.[2] 

Another issue is the location of individual logistics centres in the country. The 
existing ones but also those planned logistics centres are located only in certain 
industrially advanced regions – in capital city Bratislava and its surrounding, near KIA 
Motors in Žilina and in the two large cities in the Eastern Slovakia, Košice and Prešov. 

In the Czech Republic Hub and Spoke system it is successfully used, which 
centralises most of the traffic flows in the centre of the country, specific Logistics 
centre in Prague, which is operated by Metrans. It offers one of the ways to increase 
the efficiency of small logistics centres in less industrially advanced regions of the 
country.  

The main deficiency of logistic centres in the Slovak Republic based on previous 
analyse, is the lack of storage capacity and insufficient connection to the various 
transport modes. These deficiencies relate and directly lead to significantly less 
number of logistics centres compared to the Czech Republic. [6] 

4 The proposal of connection the logistics centres to rail network 

The proposals that directly support the principles of design, construction and 
operation of public logistics centres and their connection to the railway network, 
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should be adjusted to existing laws and regulations into one law, both in the Slovak 
and Czech Republic. Specifically, it is necessary to incorporate following provisions 
into the new law: [9,10] 

• newly built public logistics centres will be required to be connected to the 
railway network (building a railway siding if its length to the nearest connecting 
station does not exceed 4 km, or to build a railway siding regardless of its 
distance to the nearest station, if the logistics centre is located within 50 
kilometres of RFC),  

• public logistics centres have the status of public interest,  

• after meeting the requirements, the financial support for the construction of 
public logistics centre or intermodal transport terminal will be used (in 
particular the construction of the park or siding and the purchase of technical 
equipment),  

• existing and new industrial zone will be required to build a railway siding (due 
to high concentrations of undertakings), and only if there are difficult natural 
obstacles (rocks, hills, rivers, etc.) there will be an exemption for specific 
company for not building it. 

This will lead to additional incentives for the creation of multimodal public 
logistics centre, particularly in the area funding through EU structural funds. 

5 Conclusion 

The basic characteristic of the most existing logistic centres in the Slovak and 
Czech Republic is theirs monomodality. In comparison to other European logistics 
centres, almost all of them are connected to road transport only. Rail sidings are 
missing in majority of existing logistics centres in the Slovak Republic and rail 
connection to the state country network is not ensured.  Nowadays some logistic 
centres in the Slovak Republic are located near railway lines or international airports, 
but they have no direct connection to them. 
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Resume  

Based on the analysis of public logistics centres in the Slovak and Czech 
Republic there are only few public logistics centres connected to the railway 
infrastructure through railway siding, in particular it is 7.9% in Slovakia and 5.5% in 
the Czech Republic. It is necessary to define the public logistics centres in the 
legislative area and their connection to the rail network as the public interest and 
incorporate these definitions to the new law following the EU transport policy. 

Key words 

logistic chain, logistics park, public logistics centre, railway network, the 
legislation  
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MANOEUVRING BEHAVIOUR PREDICTION OF 
INLAND VESSELS BY COMPUTER SIMULATION 

Csaba HARGITAI, Daniel ROHACS 

1 Introduction 

The Budapest University of Technology and Economics, Department of 
Aeronautics, Naval Architecture and Railway Vehicles has extensive experience in 
motion simulation of vehicles. The research activity covers wide range of analysis of 
vehicle motions and control (e.g.: aircraft design [9], pilot’s reaction time 
measurement under pressure [14], aircraft landing technology development [16], 
simulator development [15] , education by simulators [11], etc.) 

On the field of inland navigation the demand for motion simulation is still 
growing because of the growing traffic on European rivers, the need for fuel 
consumption reduction, retrofitting of old vessels, environment protection, the safer 
navigation, etc. This kind of virtual navigation has got a lot of practical opportunities 
which can improve the safety, increase the navigation behaviour of ships, reduce the 
delivery time and extend the crew practical training possibilities. For example, the 
simulation can be useful in these cases: 

• Analysis of different nautical problems 
• Accident investigation 
• Crew training 
• Manoeuvre analysis 
• Port basin design 
• Help the navigation in bad weather conditions 
• Different ship motion demonstrations 
• Ship design 

The motion simulation research of inland vessels started in 2007 at the 
Department with a navigability research of a planned port basin on the Danube [10], 
[5]. Due to the scale effect, a simulation software was developed instead of model 
tests. The research is still going, and the continuously developed software is used for 
navigability analysis of inland vessels [6], [7], effects of ship reconstruction on ship 
manoeuvring behaviour [18], [17], and education [3]. This paper introduces shortly the 
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simulation software and some interesting research results about inland vessel 
manoeuvring behaviour observed by the motion simulation. 

2 Inland vessel motion simulation software 

2.1 The dynamic model of an inland vessel 
The dynamic model is intended to simulate ship manoeuvres by giving the actual 

position and course of the ship on the shipping route due to the real time orders of the 
helmsman taking into consideration the actual environmental – nautical and 
meteorological – conditions also. The dynamic model and software is designed to 
simulate the motion of single screw self-propelled inland vessels in the common 
European ship sizes: length between 70m-140m; breadth between 8m-12m; design 
draft between 1.8m-3.5m; displacement between 1200m3-3700m3  

In case of inland vessels the six degree of freedom motion equations of a floating 
rigid body can be simplified by neglecting some motion types. 

Fig. 1 Six DoF motion of a ship 

 
Source: authors 

Based on the navigation experiences of boatmasters and tests it can be concluded in 
normal operation conditions that 

• the waves of rivers do not have significant effect on the motion. In 3. 
navigation zones of [4] the highest waves with 5% probability are 0.6m 
high, and according to the experiences on Danube the maximum wave 
length is 4-5m. The waves produce only a small excitation on the ship’s 
oscillating system, because of their amplitudes, time period and relative 
small energy content. 

• the draft of ships do not change quickly (heave), since there are 10-30 
waves around the hull and Fn<0.2. Only the squat effect is important, 
since by shallow water the stern draft can be increased by 9-10%. The 
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squat effect is taken into consideration during simulation with the 
minimum 0.4m safety distance between the keel and river bed. 

• the longitudinal metacentric radius of a self-propelled inland vessel (in the 
previously mentioned sizes) is about , because the 

length-breadth ratio is high ( ). This means high longitudinal 

stability, which leads almost zero pitching. 
• during usual operation (low Froude number, normal manoeuvres, intact 

hull and systems) the inland vessels do not heel more than 3°-5°, and 
rolling is almost zero. Higher values appears only if the ship is damaged 
or the crew have to fulfil an emergency manoeuver. 

In the light of these experiences and considerations, the motion of an inland 
vessel can be simplified as a horizontal motion. 

The forces and moments acting on hull can be treated as a resultant force 
(analytic method after Abkowitz [2] or as a force system (synthetic method). The force 
system method fits better to the goals of the simulation software, so the forces are 
divided according the formation. 

Fig. 2 Forces acting on an inland ship 

 
Source: authors 

where  

 XH, YH : Longitudinal and transversal resistance of hull 

 T : Propeller thrust 

 XR, YR : Longitudinal and transversal force on rudder 

 XAA, YAA : Longitudinal and transversal wind resistance 

 YBT : Transversal force of bow thruster 

Based on the simplify considerations and force definitions, the 3 DoF motion 
equations can be written as follows: 
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  (1) 

  

where  

 λ11 : Longitudinal added mass ;  λ22 : Transversal added mass 

 λ66 : Moment of added inertia ;  m : Mass of ship 

 Iz : Inertia of ship 

 

2.2 Structure of simulation software 
For analysis of inland vessel manoeuvring behaviour prediction, a two-

dimensional inland ship manoeuvre simulation program have been prepared at the 
Budapest University of Technology and Economics, Department of Aeronautics, 
Naval Architecture and Railway Vehicles. 

Fig. 3 Structure of 2D inland vessel motion simulation software 

 
Source: authors 

The core of the program is the 2D motion equation system and its solver. 
Because of the difficulty of acting forces functions the analytical solution would be 
impossible. Therefore, the numerical equation solution had been chosen for the 
manoeuvre program. During the development of the program, two numerical methods 
have been used: Fourth-order Runge-Kutta method and Euler method. 

According the experiences, the optimal time step of 3DoF ship motion simulation 
is about 1 second, which is enough small to use the Euler method. Its stability is as 
good as the Runge – Kutta method and the numerical solution error is nearly the same. 
On that score, the Euler procedure had been chosen for the ship simulation but the 
change of methods is easy in the program. 
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For the motion simulation, the accelerations are used. These are computed by a 
numerical procedure in a defined time step (time increment parameter). The ship 
velocity, true bearing and position is calculated in every time step, according to motion 
equations. The external forces and moments are computed in every position, based on 
the actual state of motion (velocity, wind and current condition). Step by step the route 
is computed and the simulation is achieved. 

As control of ship the ship motion can be alter during the simulation by changing 
the load of the bow thruster, modifying the angle of rudder and the main engine load, 
like in a real wheelhouse of a vessel. The control parameters are one part of the 
incoming parameters of the force calculation for the motion equations and can be alter 
between the time steps. 

The simulation can be followed real time on the simulation screen of the 
program, which contains the following elements: 

• The map of the fairway: engineering structures, banks and water surface 
for the manoeuvres. 

• The controllers for the sailing (rudder, engine load, bow thruster) 
• The telltales and starting parameters (position, true bearing, velocities, 

water depth, etc.) 
• The menu for loading the hydro – meteorological parameters. 

The ship is symbolised as a rectangle on the screen. It shows the ship in the scale 
of the map and the rectangle form is nearly the same as a top view of the inland vessel. 
The right (starboard) side is red, the left (port) side of the rectangle is green and the 
two side point of the stern is connected to the ship centre of gravity with lines to show 
the heading. The rectangle is appeared in every time step point and the route of the 
ship’s centre of gravity can be shown at the end of the simulation 

The manoeuvre analysis of the vessel can be made during the course (speed, 
turning speed, etc.) or after the simulation stopped. After the simulation the route can 
be visualise on the screen and the route data (positions, velocities, etc.) are saved in a 
text file. 
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Fig. 4 Simulation screen 

  
Source: authors 

3 Measurement of inland vessel controllability 

Full scale manoeuvring trials are the best for measuring controllability, which 
can be performed during the comprehensive sea trials of a ship. In maritime 
navigation, the different maritime organizations (e.g. IMO, classification societies, 
SNAME, ITTC, national and international standards, etc.) recommend or require 
different full scale manoeuvring trials [8]. 

Although the recommended tests carefully assess the handling capabilities of 
seagoing vessels, in many cases the tests cannot be performed by inland vessels due to 
the restricted fairway or the river current. Moreover the sea trials do not represents in 
controlled conditions the typical inland (river) vessel navigation manoeuvres. 

The European Union regulates in the [4] directive the minimum requirements of 
manoeuvring behaviour of inland vessels. The EU countries give legal force to the 
directive by national laws (e.g. [1] in Hungary), and the conformity of requirements 
have to be proved by different full scale trials. It is mandatory to prove conformity of a 
vessel in the following manoeuvring performances:  

• Minimum forward speed in calm water is 13 km/h. 
• Stopping capacity in downstream sailing: like stopping test of seagoing 

vessels, but the ship have to be able to steer until zero speed to the ground, 
and the max. stopping distance is limited. 
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• Backward speed in calm water have to be at least 6.5 km/h. 
• Capacity for taking evasive action: like zig-zag test of seagoing vessels, 

but instead of four yaw period only one have to be performed. The test 
have to be repeated with four different rudder angle (±20° and ±45°).  

• Turning capacity: Vessels and convoys not exceeding 86 m in length or 
22.90 m in breadth shall be able to turn in good time. That turning 
capacity may be replaced by the stopping capacity. 

The shipyards and owners usually perform other (not mandatory) manoeuvring 
tests to measure the ship’s handling characteristics. For example, the upstream turning 
test with fixed rudder angle and engine load pretends like the ship departs from 
anchor. The test starts from upstream position with zero speed over ground. The 
helmsman sets the rudder and engine load into a given position. The turning time, 
change of heading and swept water surface are measured until the vessel turns 180° 
[e.g.: 13]. 

With the developed simulation software every manoeuver test can be carried out, 
and the dynamic model of a ship can be validated by comparison with measured data. 

Fig. 5 Model validation by measured and simulated taking evasive action of 
DET-1 m.s. 

     
Source: [13] and authors 

4 New test method for course stability measurement of inland vessels 

The measurement of course stability of an inland vessel is not obligatory 
according to the actual regulations [4]. Despite of this it is usual to check the course 
keeping property by a course keeping test. The test starts from rectilinear motion of 
vessel with constant velocity. The helmsman keep the control (load of engine and 
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middle rudder position) fixed. After T=5 minutes the change of course ( )∆Ψ  is 

measured. This simple test gives information about the course stability to the 
helmsman and the boatmaster, but the assessment is very subjective. Therefore a new 
test method and course stability calculation is suggested. The theoretical background is 
the follows, according to [19].  

The course keeping is studied in rectilinear motion of a vessel. The load of 
engine (thrust) is constant, the bow thruster do not work, and the rudder is in middle 
position. This means that there is no bow thruster force and the rudder does not 
produce side force. The ship sails strait with constant speed (V) at the beginning but 
small drift angle (�) can rise because of small external disturbances. For theoretical 
analysis it is assumed that the wind forces are zero and the river stream is longitudinal. 
So the external forces are the hydrodynamic hull forces (analytic method after 
Abkowitz [2]). 

The motion equations are the follows by this rectilinear motion: 

( )
( )
rIN

ruvmY

rvumX

z &

&

&

⋅=
⋅+⋅=
⋅−⋅=

 

(2) 

Where X, Y are the hydrodynamic forces, N is the moment around z axis caused 
by the hydrodynamic forces, and they can be written as function of the motion's speed 
vector (u, v, r). 

In order to linearize the motion equations the X, Y and N have to be reduced to 
useful mathematical form by the Taylor expansion. Because of the slow speed changes 
by course keeping it is a good approximation if the first and second order terms of the 
expansion are taken into consideration. For example the longitudinal forces can be 
written as: 

(3) 

By rectilinear control fixed motion the transversal and angular velocities ( 11, rv ) 

and the accelerations ( 11, rv && ) are 0 at the start of the investigation. The longitudinal 

velocity at the beginning is equal to the velocity of ship ( Vu =1 ). 

Due to the symmetry of hull the transversal hydrodynamic force does not depend 
on the longitudinal velocity and acceleration, and the longitudinal hydrodynamic force 
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does not depend on the transversal and angular velocity and acceleration. So several 
force derivatives should be zero (for details see: [19]).  

In favour of easier writing of motion equations the common ITTC notation can 
be applied by the force derivatives: 

 
(4) 

Using ITTC notation and writing the equations in homogenous partial differential 
form: 

 

 

 

(5) 

In this equation system the dimensions of the different terms are not the same. 
The dimension of the terms in force equations (first and second) are Newton, but in the 
moment equation (third) are Newton meter. Due to the easier mathematical analysis 
the no dimensional form of the equations are required. To normalize the equations this 
the basic ship dimensions are used: L length of ship, V velocity of ship and � density 

of water. The force equations are divided by 22

2
VL ⋅⋅ρ

 and the moment equation is 

divided by 23

2
VL ⋅⋅ρ

. In the normalized equations the dimensionless mass, moment of 

inertia, velocities, accelerations and force derivatives are marked with apostrophe. 

The dimensionless motion equation system is the follows (the '' ; vr NY
&&
 derivatives 

are neglected, because they have very small values by rectilinear motion of common 
surface ships) 
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(6) 

From course keeping point of view the transversal velocity and acceleration and 
the angular velocity and acceleration are important. Moreover it is clear that the 
longitudinal equation is independent from transversal and angular velocity and 
acceleration. Thus the second and third equations are interesting to analyse course 
stability. 
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This equation system is a second-order homogeneous linear partial differential 
equation system with two independent variables (). Stability of the motion 

equation system (course keeping stability) can be investigated by the Routh-Hurwitz 
method [19].  

There are two criteria for certain course stability, which have to be fulfilled at the 
same time. 

1.st criterion:  
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2.nd criterion:  
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The dimensionless derivatives depend on the shape of hull. According to the ship 
design practice the values can be calculated by several approximation method [12], by 
recommendations of classification societies, or by model tests [19]. 

Based on this theoretical analysis, a new test method can be suggested to 
determine the dimensionless derivatives of inland vessels [6]. With the new test 
method the course stability inspection by an inland vessel could be objective. For this 
reason the following course stability test shall be carried out.  

1. The test starts from rectilinear motion of vessel with constant velocity. 
2. The helmsman keep the control (engine load and rudder at zero position) fixed. 
3. 1T time is measured until the ship exceed o3=β drift angle or min5 o=r  

angular velocity. 
4. 2T time is measured until the ship exceed o5=β drift angle and min8 o=r  

angular velocity. 
5. The course change ( )∆Ψ  can be also measured after a given time (e.g. T=5 

min.) 
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Fig. 6 Suggested course keeping test by inland vessels 

 

Source: authors 

Based on the measured data the course stability criteria can be calculated. 

It can be assumed until the ship exceed o3=β drift angle or  angular 

velocity that 0≈⋅ '' vNv  and 0≈⋅ '' rYr . With this assumption the motion equations are: 
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Because the weight (m') and moment of inertia( )'
zI  are given, the added mass ( )'vY
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and added moment of inertia ( )'
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 can be calculated (see before) and taking into 
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When the ship exceed o5=β drift angle and  angular velocity the 

'' vNv ⋅  and '' rYr ⋅  multiplications cannot be neglected. With the assumption that '
vY and 

'
rN  derivatives are the same as before, the '

rY and '
vN  derivatives can be calculated. 
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Using this test method and its evaluation, all of the unknown derivatives are 
determined. The course stability criteria in Routh-Hurwitz method can be calculated, 
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and the course keeping stability or instability (and its range) is defined in objective 
way. 

5 Simulation possibilities by inland port design 

In inland navigation the safe reaching or leaving a port basin are such kind of 
navigation tasks, which require appropriate controllability of a vessel. The safety 
depends not only on the ship but on the port design too. The difficulty is based on that 
the ship has to be navigated through the border of two different nautical area in a 
relative narrow channel. In the port basin the ship sails in a wind protected calm water, 
but on the other side of port entrance the vessel is in the river current and wind. Civil 
engineers and nautical experts try to design the port entrance so that the transition 
between the two navigation areas became as small as possible, but in some cases it is 
not possible because of the geographical location. For example a port basin was 
designed on the Danube, but the basin have not been able to plan on an ideal place 
from navigational point of view, because of the legal and geographical circumstances. 

Fig. 7 Location of a planned port basin 

 
Source: [10] 

By reaching or leaving the port difficult navigation conditions could rise due to 
the 

• typical wind conditions: The dominant wind directions in the area are almost 
perpendicular to the port basin entrance. 

• artificial structures in the fairway: 600m far from the port entrance in 
downstream direction are the pillars of a road bridge. 
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• fairway location and water depth: The official fairway is on the left bank (in 
front of the port entrance), because the water depth on the right bank is very 
shallow. 

• river curve and stream: The port entrance is planned in the middle of the river 
curve, at the outer arc of the curve. Because of this the mainstream (highest 
water speed) of the river is in front of the port entrance. 

The question of safe navigation was answered by navigation simulation in case 
of the mentioned example, because model tests would not be accurate due to the scale 
effect [10].  

Based on the results of the research it can be stated generally that by an inland 
port having difficult navigation conditions 

• all of the possible port reaching and leaving manoeuvres should be tested by 
simulations 

• the most adverse dominant wind direction and speed should be simulated 
• the tests should be fulfilled by river stream of lowest, medium and highest 

navigable water level, because significant water speed and water depth 
differences can appear 

• port navigation manual should be prepared with the most safe and unsafe 
navigation manoeuvres, advises for navigation (max. and min. speed, safe 
distances from banks and port entrance, optimal starting points of 
manoeuvres, etc.) 

The difficult inland port navigation simulation can also be helpful to define such 
manoeuvring behaviour of a ship, which would be too risky for a full scale trial. For 
example the mentioned port navigability research figured out that more than 50% 
difference of manoeuvring characteristics could be between the full and ballast load 
conditions by a 85m long, 11m wide usual general cargo vessel. 
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Resume 

The computer simulation of inland vessel manoeuvring has got a lot of practical 
opportunities which can improve the safety, increase the navigation behaviour of 
ships, reduce the delivery time and extend the crew practical training possibilities. 
This paper concludes that a 3 DoF dynamic model based simulation software can be 
enough accurate for manoeuvring behaviour prediction of an inland ship. The 
simulation program allows to specify the regulatory compliance of a vessel during the 
design stage, and based on the ship control theory a new test method can be suggested 
for full scale trials. The paper introduce that the motion simulation of an inland vessel 
is also helpful in inland port design, where the navigation difficulties can be predicted 
and port layout changes can be suggested for the safety. 
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REVERSE LOGISTICS WITHIN THE HOT-DIP 
GALVANIZING OPERATION 

Martina HLATKA, Larisa M. KAPUSTINA, Ondrej STOPKA 

1 Introduction 

People and the environment create a system. Therefore, they represent two 
interacting elements. Long-term negative effects of people on the environment 
negatively influence the health of individuals. Thus, man and the nature are mutually 
influenced and therefore they should create a synergistic effect in order to preserve as 
much natural wealth for future generations as possible. Enterprises have been 
accompanied by the waste production since the beginning of time.  

Currently, while constantly increasing productions, there is also increased the 
waste production. And therefore, more attention should be paid to this issue. The fact 
that waste cannot be almost nowhere dumped (stored) in the Czech Republic, and in 
relation to the natural resources, there is an increasing effort to dispose the waste.  

These days, reverse logistics has a cross-sectional nature and permeates through 
several functional fields in each company. Of course, the priority target is mainly to 
connect all the logistics activities such as an inventory management or an issue of 
integration with existing distribution channels. It is also apparent a relation to the 
enterprises information systems and environmental management [1]. Reverse logistics 
can be defined as the flow of used products, packages and other materials that come 
from the consumer. This field includes the waste disposal in the form of needed 
products and returned (claimed) goods [1,2]. 

At present, more and more experts deal with this issue, and thus, the range of 
questions concerning the waste handling in the context of sustaining the necessary 
environmental protection level, is extended. Due to the current legislation, 
manufacturers are responsible for the entire product life cycle, i.e. from the raw 
material acquisition to the waste disposal.  

The continuous increase in prices of all input raw materials leads, along with the 
globalization and competitive pressures, to a significant increase in the reverse 
logistics importance. Thus, it has become a source of cost savings of a number of 
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industrial chains. However, cost savings are conditioned by the proper application of 
logistics principles, methods and technologies in all reverse logistics processes [1,3]. 

2 Waste and reverse logistics in the Czech Republic  

Waste Management of the Czech Republic can be summarized as a set of 
activities that ensure the prevention of waste production, handling with it and its 
disposal. The hierarchy of these activities which ensures the maximum utilization of 
residual values of waste (or it even prevents its occurrence) is very important aspect as 
well. This is a young branch of industry which was founded in 1991 with the adoption 
of the first act on waste. 

Development of legislation governing the conditions for an existence of this 
industry then culminated in 2001 with the adoption of the Waste Act 185/2001 Coll. 
and the Packages Act 477/2001 Coll. The next step in waste management legislation is 
to approve a duty of a take-back (return) of products. The manufacturer must 
undertake, for selected products/packages, the responsibility for product/package 
throughout its life cycle (i.e. primarily for the processing or disposal at the end of this 
cycle) [2,4].  

Czech legislation divides the wastes into hazardous (dangerous) and others. It 
regulates the division into the waste categories which determine the features of 
hazardous wastes. In order that the waste management can perform its function, it uses 
the following instruments: normative (legal rule of the Czech Republic, Czech waste 
management plan, implemented EU Directives), economic (fees, fines, guarantees and 
insurance, the state environmental fund, EU funds), administrative (ecological aspects 
in tenders, development of projects supporting the Czech waste management plan, 
support of waste production prevention), information (information policy, databases 
system, support of information transfer among resorts, waste registration) and 
voluntary (system of environmental management, cleaner production) [3-5]. 

The waste management plan of the Czech Republic establishes the basic 
objectives and the ways to achieve them. Strategic objectives of the Czech waste 
management plan represent a prevention of the waste production and waste reduction, 
minimization of negative effects of the waste production and its management on 
human health and the environment, sustainable development of society in order to get 
closer to European recycling policy, maximum utilization of waste as a substitute for 
primary resources and transition into a circulatory economy [5,6]. 
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In terms of waste production, there is its decline in the Czech Republic both in a 
segment of hazardous wastes and also in a segment of other types of wastes [6]. 

Most industrial chains in the globalized environment are focused on optimizing 
the flows of their products towards customers. Then, reverse logistics processes, which 
may represent a significant potential of cost savings, remain relatively neglected field 
[7]. For recycled products, it is very important the used material and options of 
recycled materials separation from the rest of products. For reprocessed products, it is 
important an option to dismantle the individual parts. Among other factors which 
affect the sorting and processing the products can be included: modern technologies 
implementation, existence of demand for modified (reprocessed) products, 
components, materials, management of inputs into reverse flows, legislative 
requirements for recycling and handling with hazardous materials [7,8]. 

2.1 Recycling wastes from the hot-dip galvanizing 
Handbook for the hot-dip galvanizing describes that this kind of galvanizing 

belongs among the modern methods of protecting the steel against corrosion. 
Currently, demand for the hot-dip galvanizing has been raised. Firstly, iron must be 
chemically pretreated and subsequently immersed in the zinc bath. During this 
process, a coating composed of several layers is created. The coating is created 
depending on the immediate conditions of diffusion of iron and zinc atoms and their 
mutual relations. During the bath, the metallurgical reaction takes place and zinc is 
inseparably joined with steel [9]. During the whole process, wastes, which may have a 
negative effect on the environment, are produced. They include: emissions, zinc ashes, 
smear, and solid wastes from gas cleaning, solid zinc, HCL emissions, heat 
recuperation and water consumption.  

During the immersion of zinc components into the zinc bath, zinc ash is 
produced by combustion of the applied flux with the high content of zinc which is 
leached to the surface. Before emerging the zinc batch, ash is scraped using scrapers to 
the edge of galvanizing bathtub. From this place, ash is picked up and collected as 
other wastes under the catalog number 11 05 02 in order to be sold as an important raw 
material for further processing. Content of pure zinc in the zinc ash is about 70%, and 
zinc can be melted in a rotary drum furnace, and thus relatively easily recycled [9,10]. 

In its Handbook, Havránková (2007) states that the recycled zinc covers about 
35% of the annual zinc consumption today. Circulation time of zinc is 30 - 40 years, 
which means that approximately 80% of the available zinc is regained (recycled). Zinc 
can still be recycled without it depreciation. This means that zinc has its place in 
society with sustainable development [9].  
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Annually, corrosion inflicts considerable damage on metals. Hot-dip galvanizing 
protects these metals from corrosion. Since, the demand for hot-dip galvanizing rises, 
the waste production increases. For the production of one ton of zinc from the raw 
materials, up to 10,000 kWh of electricity must be consumed. For its production form 
secondary raw materials, the sufficient amount of electricity is just about 500 kWh. 
Annually, Czech galvanizing plants produces about 2,077,668 kg of zinc ash. In the 
past, most of the zinc ash was sold to abroad mainly to Germany and Belgium, 
regardless of possibility of using domestic processing lines. Domestically, we have 
successfully developed technologies with minimal environmental burden. Currently, 
trend of the zinc ash recycling increases and hot-dip galvanizing plants, which have 
several operation plants, procure this service themselves. There are several principles 
of zinc ash recycling. Method of rotary draining (decanting) represents the simplest 
zinc ash recycling way. Particles of metallic zinc are deprived the surface passivation 
layer in the "grinding" drum. At the same time, it is necessary to warm the drum to a 
desired temperature when the zinc melting occurs. The molten droplets are gathered in 
the lowest part of a drum and are drained away from this place. Despite the experience 
of Czech zinc experts and very careful selection of zinc ash, there is usually about 65 - 
75% of zinc in this waste [7,10,11]. 

2.2 Performed research 
In cooperation with the Czech enterprise dealing with the hot-dip galvanizing 

method, measurement of a zinc ash melting was allowed. For our measurements, a 
melting furnace with a rotary drum was used. This melting furnace is made of steel 
sheet. Body is placed in a steel welded frame. Inside the body, drum in a cone shape is 
placed. The furnace has following parameters: 

• burner, heating the furnace, has an output of 116-232 kW, 

• electric hood is part of this device as well, 

• useful capacity (volume) of furnace is 1 ton, 

• it is possible to spin up to 6 tons / day,  

• producer indicates the yield of zinc up to 60%, 

• melting time is 150 minutes, handling time is 40 minutes, 

• device lifespan is indicated up to 10 years, 

• one hot-dip galvanizing plant produced 147,223 kg of zinc ash in 2015, 

• if the yield is of 60%, 103 056.1 kg of recycled zinc will be gained from the 
total ash.  
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Price of pure and recycled zinc is determined according to the London Metal 
Exchange. Measurements took place from 10.8.2016 to 1.10.2016. At that time, 15 
melting operations were performed, as shown in Table 1. 

Tab. 1 Performed melting operations 

MELTING - ASH 

Date of 
import 

Import 
weight 

Melting 
number 

Date of 
melting 

Batch 
weight 

[kg] 

Zinc 
weight 

[kg] 

Ash 
weight 

[kg] 

% of 
zinc 

10. 8. 16 3 234 1 10. 8. 16 1 070 802 210 74.95 
    1 11. 8. 16 1 140 748 302 65.61 
    2 11. 8. 16 1 024 802 230 78.32 

18. 8. 16 1 934 1 18. 8. 16 1 062 764 235 71.94 
    1 19. 8. 16 872 616 208 70.64 

25. 8. 16 1 050 1 25. 8. 16 1 050 706 282 67.24 
3. 9. 16 1 214 1 4. 9. 16 1 214 723 333 59.56 
8. 9. 16 2 188 1 9. 9. 16 910 599 276 65.82 

10. 9. 16 1 620 2 9. 9. 16 1 278 777 315 60.80 
18. 9. 16 2 432 1 14. 9. 16 958 680 222 70.98 
20. 9. 16 932 2 14. 9. 16 662 422 297 63.75 

    1 21. 9. 16 766 541 268 70.63 
    1 22. 9. 16 758 629 267 82.98 
    1 23. 9. 16 908 604 256 66.52 
    1 1. 10. 16 932 593 269 63.63 

Total 14 604     14 604 10 006 3 970 69.75 
Source: authors 

3 Result obtained from the research  

Based on the performed measurements, in the time period 10.8.2016 – 1.10.2016, 
in total of 14,604 kg of zinc ash was melted down. Melting was carried out in the 
melting furnace with a rotary drum. Zinc ash was heated to 590°C. One melting 
operation was realized in a time period of 150 minutes and the ash was heated to this 
temperature in a rotary drum during whole this period. After the time expiry, the 
recycled zinc was centrifuged into prepared molds and residual ash cooled down to 
about 200°C in a rotary drum. After that, using the handling equipment, it was 
exported for final cooling. After solidification of the recycled zinc, it was weighed and 
its resulting weight was registered into a table. After the cooling down, ash was also 
weighed and moved into prepared containers (molds) intended for residual ash.  



 

-36- 
I/2016 

The measurement results show that, except a sample from 3.9.2016, the yield of 
zinc from zinc ash does not decrease below 60%. The highest measured value is 
reached for a sample from 22.9.2016 when the yield is 82.89%. 

The overall percentage yield of 14,604 kg of zinc ash is 69.75%, which 
represents the weight of 10006 kg of recycled zinc. From the amount of about 14 tons 
of zinc ash, 3970 kg of leftover ash was remained after the melting process. This ash 
can continue to be sold, since this product can be melted yet using technically 
advanced equipment. Or, it is disposed as a hazardous waste [12-14]. 

4 Conclusions  

On the basis of realized measurements, it is clear that the zinc recycling is very 
effective and desirable process not only for the technology of hot-dip galvanizing. 
Zinc can be continuously recycled without depreciation [8,12,15].  

Zinc ash recycling is an important part of reverse logistics chain primarily 
focused on the acquisition logistics cost-savings. At the same time, this activity 
significantly contributes to environmental protection and long-term sustainability of 
resources. Within cooperation with the Czech galvanizing plant, fifteen samples of 
zinc ash were selected. For these samples, measurement for yield of recycled zinc 
from waste was carried out [3,8,16].  

Our research confirmed that the yield of zinc ash is about 69%. Nowadays, zinc 
is a strategic metal in the world market and, of course, its price on the world stock 
market depends on this fact. Implementation of zinc ash recycling operations into a 
rotary furnace is focused on reduction of waste production as well as increase in 
economic efficiency when handling with zinc [17,18].  
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Resume 

Zinc has its place in society with sustainable development. Anti-corrosion 
protection of steel, which has a lifespan of several decades, saves the iron ore, energy, 
transport, as well as reduces the emissions especially carbon dioxide. For this reason, 
demand for the hot-dip galvanizing has been rising every year. Growth in waste 
production created by the hot-dip galvanizing process is inextricably related to the 
higher production. The paper deals with the reverse logistics in operation of hot-dip 
galvanizing. At the beginning of the paper, issues of reverse logistics are described. 
Subsequently, waste logistics in the Czech Republic is generally characterized. The 
most important part of this publication presents aspects of waste recycling produced 
from the hot-dip galvanizing and particular measurements within zinc ash melting was 
realized as well. 
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THE APPLICATION OF INVENTORY THEORY FOR 
MODELING THE SUPPLY PROCESS 

Maria CHOVANCOVA, Vladimir KLAPITA, Elena B. DVORYADKINA 

1 Introduction 

Modeling techniques with the application of operations research methods are 
often utilized within the inventory management. There is a separate discipline within 
operational analysis which is applicable in solving various economic and technical 
issues related to the inventory management - inventory theory. Inventory theory deals 
with the rationalization of marketing materials, semi-products and the overall 
effectiveness of their management. 

The differences among the models of the inventory theory are based mainly on 
the facts how to express the expected consumption and the level of risk, and test the 
consumption and delivery cycle. Within the operational analysis, there are two kinds 
of mathematical models - analytic and simulation models. This paper is focused on the 
practical application of the analytical models in the field of inventory management. 

2 Analytical models of the inventory theory 

In the enterprise, the inventory level and the inventory movement are determined 
by the way of their procurement, the demand for inventory and the interval of 
inventory order. Each particular case requires the individual approach. This contributes 
to create a number of mathematical models in the field of inventory theory [1, 2]. The 
basic division of the mathematical models is illustrated in the following figure (Figure 
1): 
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Fig. 1 Mathematical models in the field of inventory theory 

 
Source: [16] 

In the field of inventory theory, the mathematical models contribute to determine 
the decisions about order period, i.e. inventory replenishment and their necessary order 
quantity. Based on the nature of demand, the models can be divided into the 
deterministic and stochastic. In the case that the demand for the item is known in 
advance, it is suitable to apply the deterministic model. However, in practice, the 
demand for the item is usually a random variable, and therefore, the stochastic models 
are utilized mostly. In such a case, the input data is expressed as probabilities. Unlike 
the deterministic models, the stochastic models also take into consideration the 
possibility of creation the inventory deficit and the resulting need to maintain the 
safety inventory [3-5]. 

According to the way how the inventory are bound in time, the stochastic models 
can be divided into the static and dynamic. Issue of the one-time orders quantity is 
dealt within the static model. Static models place an emphasis on minimizing the 
losses resulting from redundant, and vice versa, the deficient inventory. In the case that 
the individual decisions are fixed in time, it is suitable to apply the dynamic model. 
According to the changes recorded in the consumption, the dynamic models are further 
divided into stationary and non-stationary models [6-8]. 

If the random variable does not show the fluctuations, it is the stationary model. 
These are classified according to the nature of the order periods into [2, 7, 9]: 
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• models with the fixed order periods, 

• models with the variable order periods. 

The fluctuations in consumption caused by seasonality or development trends are 
solved by the non-stationary models. These are divided into [3, 8]: 

• stochastic - deterministic dynamic models, 

• adaptive models. 

3 The stationary models of the inventory theory 

The basic approaches in the inventory management, used to absorb the 
probabilistic fluctuations in consumption, are called the P-System and the Q-System. 
These systems belong to the dynamic models, i.e., the individual decisions are fixed in 
time. The aim of these models is to find a suitable algorithm of orders, and thus, 
effectively manage the inventory. These models take into consideration all types of 
costs associated with the inventory - the costs related to procurement of inventory, the 
costs of inventory maintaining, the costs resulting from the inventory deficiency and 
the costs resulting from the inventory redundancy [2,4]. 

The dynamic models take into account the extent of storage period without limit. 
On that basis, the inventory redundancy, generated within one period, can be disposed 
by reducing the amount of the orders in the next period. After all, the costs resulting 
from the inventory redundancy are occurred in the form of inventory maintaining 
costs. And thus, the costs resulting from the inventory redundancy and the inventory 
maintaining costs are compared in these models. From the aforementioned, the 
determination of appropriate replenishment intervals represents a significant part of the 
inventory management [5, 12]. 

Inventory management can be performed by two ways: 

• by determining the order period, 

• by determining the order quantity. 

Determining the optimal order period is processed within the Q-System (Fixed 
Order Quantity System) and determining the optimal order quantity is processed 
within the P-System (Fixed Order Period System). The way how to capture the 
fluctuations in consumption represents the main difference between the Q-System and 
P-System [4, 15]. 
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In practice, application of the Q-System means a determination of constant order 
quantity and the signal inventory level. The order is realized in such a moment when 
the inventory level decreases to a predetermined signal level. The size of the signal 
inventory is determined according to the need of inventory for covering the 
consumption in the time period between the particular inventory item order and the 
given inventory delivery to the warehouse. In the case of fluctuation in demand during 
the interval of order execution, it is necessary to maintain the certain level of the safety 
inventory as well [12, 16]. Q-System is illustrated in the following figure (Figure 2). 

Fig. 2 Q-System for the inventory management 

 

Explanations: L- delivery time, Q-order quantity, R-signal inventory level 
Source: [8] 

For application of the P-Systems in practice, it is necessary to determine a fixed 
order terms. The size of individual orders is determined in order that the size of the 
actual inventory in the warehouse, in the order time period, was equal to a 
predetermined variable which takes into consideration the fluctuations in consumption. 
Using the model, it is possible to find the optimal order cycle extent and optimal order 
level for replenishing the actual inventory level in order terms. The size of the specific 
order is determined by the difference between the order level of the inventory and the 
actual inventory level in the order time moment [3, 5, 13]. Illustration of the P-System 
is shown in the following figure (Figure 3). 
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Fig. 3 P-System for the inventory management 

 

Explanations: L- delivery time, P-order cycle, Qn-order quantity, T-order point 
Source: [8] 

4 Modeling the supply process using the application of stationary models 
of inventory theory 

If there is an appropriate model for the type of inventory consumption and if it is 
possible to ensure the input data for the given model in the enterprise, it is possible to 
apply the optimization models within inventory theory. For using and applying the 
inventory theory, the input data can be divided into following groups [2, 3]: 

• the estimated consumption and its characteristics, 

• the delivery cycle and its characteristics, 

• the costs associated with inventory, 

• the purchase price, rebates, surcharges, etc. 

For the proposal of the optimization model, the input data is summarized below: 

Tab. 1 The input data of the model 

Parameter Unit Amount 
Average demand/year [units] 8 450 
Standard deviation of demand  [units] 50 
Unit price [€] 4 
Procurement costs/order [€] 20 
Cost rate/transportation/day [%] 20 
Average delivery time [weeks] 5 
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Source: authors 

4.1 Modeling the supply process using the application of the Q-System 
The Q-System works with a fixed order quantity which is predetermined based 

on the calculation of the optimal order quantity using the Harris - Wilson's equation 
(1) [8]: 

(1) 

 
where  Qopt ..... order quantity [units] 

Cp ......... procurement costs/order [€] 

D ........... averaged demand/year [units] 

Ct .......... cost rate/day [%] 

P ........... unit price [€] 

 

 

 

Buffer inventory are equal to the average demand during the delivery period (2) 
[8]: 

(2) 

 

where BS .......... buffer inventory [units] 

 LT .......... average lead time [weeks] 

 

 

Reserve is determined trough the standard deviation of the demand during the 
delivery period which is multiplied by the certain coefficient (3) [8]: 

(3) 

Maximum delay time [weeks] 2  
Probability of the delay [-] 0.1 
Coefficient [-] 1.64 
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where R ............ reserve [units] 

 k ............. constant [-] 

 s ............. standard deviation of the demand [units] 

 

Safety inventory are equal to the average demand for a maximum delay time 
which is multiplied by the probability of delay (4) [8]: 

(4) 

where SS .......... safety inventory [units] 

 TDmax......... max time of delay [weeks] 

 Pd ........... probability of the delay [-]. 

 

 

The sum of the buffer inventory, the reserves and the safety inventory represents 
the size of the required inventory level. Simultaneously, the required inventory level 
represents the order point: 

 

 

4.2 Modeling the supply process using the application of the P-System 
Monitored time period depends on the optimal order quantity and the average 

annual demand (5) [8]: 

(5) 

where T ............ monitored time period [weeks] 

 

 

 

Amount of the buffer inventory is equal to: 
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Level of the reserve level is equal to: 

 

 

Safety inventory level is equal to: 

 

 

Required inventory level (order point) is equal to: 

 

 

For a better comparison of systems, the following table (Table 2) provides the 
summary of data regarding the types of inventory and the required inventory level 
(order point) determined based on those systems. 

Tab. 2 The summary of data about the types of inventory and the required inventory 
level 

Source: authors 

Resulting from Table 2, using the P-system, the level of all the types of inventory 
is higher compared to using the Q-system. Therefore, the required inventory level is 
higher when applying the P-system than the required inventory level when applying 
the Q-system, which means, that the costs related to the inventory and bound capital in 
inventory are higher. On the other hand, the risk of inventory deficiency is reduced 
when using the P-system. For better illustration, the results are presented in following 
figure (Figure 4). 

Type of  inventory 
Amount of the  inventory   
Q-System P-System 

Buffer  inventory 812.5 1625 
Reserve 183.3576 259.31 
Safety  inventory 32.5 32.5 
Required  inventory  level (order point) 1028.358 1564.431 



 

-48- 
I/2016 

Fig. 4 Comparison of the models results 

 

Source: authors 

5 Conclusion 

Considering the fact, that there are fixed points in time of orders within the P-
System, even if the order quantity is variable, inventory level can be temporarily high 
which has an adverse impact on the financial side of the business. On the other hand, 
when using the P-system, a lower risk of inventory deficiency is ensured and it does 
not require the permanent control of inventory as within the Q-System [2, 7, 10-13]. 

In contradiction with the previous, when using the Q-system, the inventory level 
is reduced what cause the reduction in capital binding and costs in regard with the 
inventory (inventory). In case of unexpected increase in the consumption due to the 
variability of the order time period, interval of orders is decreased and the need for 
inventory during the delivery time period is covered by the safety inventory [4, 14-16]. 
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Resume 

All raw materials, intermediate products and products, which are moved within 
enterprise, are the subject of the inventory management. Inventory management is one 
of the most important enterprise activities and by their effective management can be 
achieved the significant improvement of enterprise position on the market. From that 
reason, the inventory needs to be managed, monitored, evaluated and affected. The 
paper deals with the utilizing the models of the inventory theory in the field of 
inventory management in terms of achieving the economic efficiency and ensuring the 
particular customer´s service level as well. These models of the inventory level 
management are focused mainly on cost-site management. 
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CALCULATION OF ENERGY CONSUMPTION 
AND GREENHOUSE GAS EMISSIONS FROM 

TRANSPORT SERVICES 

Vladimir KONECNY, Frantisek PETRO 

1  Introduction  

 In september 8, 2012 was the European standard EN 16258 Methodology for 
calculation and declaration of energy consumption and GHG emissions of 
transport services (freight and passengers) approved by the European Committee 
for Standardisation (CEN). This standard has been taken over in september 2013 by 
slovak standardization system in the slovak language under the name STN EN 16258: 
2013. The methodology of calculation and declaration of energy consumption and 
greenhouse gas emissions from transport services (freight and passenger traffic). 

The purpuse of this standard is to make it widely applicable across the transport 
sector and accessible to a very diverse user group. The use of standards provides a 
common approach to the calculation and declaration of energy consumption and 
emissions for transport services, irrespective of the difficulty of transportation 
technology and transportation process. The standard ensures that the declarations have 
greater consistency and transparency, and that the energy consumed and emissions 
produced correspond to the load, respectively occupancy of vehicles. 

2  Direct and indirect energy consumption and emission production 

 Standard specifies requirements and methodology for the calculation and 
reporting of energy consumption and greenhouse gas (GHG) emissions from transport 
services. The first edition of the standard focuses primarily on energy consumption 
and greenhouse gas emissions related to transportation (used on land, water and air) 
during the operational phase of the lifecycle. However, in the calculations of energy 
consumption and emissions associated with vehicles it takes into account energy 
consumption and related emissions and energy processes for fuels and / or electricity 
used vehicles (including for example the production and distribution of fuel). This 
ensures that the standard assumes the implementation calculations and in declaring the 
users of transport services approach "well-to-wheel".  
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Fig. 1 The life cycle of a vehicle 

 

Source: http://www.fuel-cell-e-mobility.com 

 

Well-to-Wheel (WtW) is an approach to monitor energy consumption and emission 
production from production of energy to its final consumptions. It consists of two 
parts: 

- Well-to-Tank (WtT) - energy consumption and emission production during energy 
production 

- Tank-to-Wheel (TtW) - energy consumption and emission production during 
vehicle operation 

3  Way of expressing quantity of GHG emissions 

 For the calculation of greenhouse gas emissions standard considers, the unit of 
CO2e (carbon dioxide equivalent) as carbon dioxide represents the largest share of the 
production of greenhouse gases. CO2e value indicates the influence of each 
greenhouse gas on global warming using the conversion amount or concentration of 
CO2, which would have similar effects. 

Compared with the current approach, to reporting greenhouse gas emissions 
standard provides: 

- unification of the calculation methodology used uniform emission factors 
(unified emission factors are given in Table 1) 

- Calculation of the production of all greenhouse gas emissions, calculated per unit 
of CO2e 
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- Taking into account both direct and indirect emissions and energy 
consumption of vehicle operation, allowing an objective comparison of their 
energy consumption and environmental impact 

Tab. 1 Density and energy factors of fuels 

Fuel type 

Density 
(d) 

Energy factor  

Tank-to-wheels (et) Well-to-wheels (ew) 

kg/l MJ/kg MJ/l MJ/kg MJ/l 

Gasoline 0,745 43,2 32,2 50,5 37,7 

Ethanol 0,794 26,8 21,3 65,7 52,1 

Gasoline/Ethanol blend 95/5 0,747 42,4 31,7 51,4 38,4 

Diesel 0,832 43,1 35,9 51,3 42,7 

Bio-diesel 0,890 36,8 32,8 76,9 68,5 

Diesel/bio-diesel blend 95/5 0,835 42,8 35,7 52,7 44,0 

Liquefied Petroleum Gas(LPG) 0,550 46,0 25,3 51,5 28,3 

Compressed Natural Gas(CNG)  45,1  50,5  

Aviation Gasoline (AvGas) 0,800 44,3 35,4 51,8 41,5 

Jet Gasoline (Jet B) 0,800 44,3 35,4 51,8 41,5 

Jet Kerosene (Jet A1 a Jet A) 0,800 44,1 35,3 52,5 42,0 

Heavy Fuel Oil (HFO) 0,970 40,5 39,3 44,1 42,7 

Marine Diesel Oil (MDO) 0,900 43,0 38,7 51,2 46,1 

Marine Gas Oil (MGO) 0,890 43,0 38,3 51,2 45,5 

Source: [8] 

Tab. 2 Emission factors of fuels 

Fuel type 

GHG emission factor 

Tank-to-wheels (gt) Well-to-wheels (gw) 

gCO2e/MJ kgCO2e/kg kgCO2e/l gCO2e/MJ 
kgCO2e/k

g kgCO2e/l 

Gasoline 75,2 3,25 2,42 89,4 3,86 2,88 

Ethanol 0 0 0 58,1 1,56 1,24 

Gasoline/Ethanol blend 95/5 72,6 3,08 2,30 88,4 3,74 2,80 

Diesel 74,5 3,21 2,67 90,4 3,90 3,24 

Bio-diesel 0 0 0 58,8 2,16 1,92 

Diesel/Bio-diesel blend 95/5 71,0 3,04 2,54 88,8 3,80 3,17 

Liquefied Petroleum Gas(LPG) 67,3 3,10 1,70 75,3 3,46 1,90 

Compressed Natural Gas (CNG) 59,4 2,68  68,1 3,07  

Aviation Gasoline (AvGas) 70,6 3,13 2,50 84,8 3,76 3,01 
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Jet Gasoline (Jet B) 70,6 3,13 2,50 84,8 3,76 3,01 

Jet Kerosene (Jet A1 a Jet A) 72,1 3,18 2,54 88,0 3,88 3,10 

Heavy Fuel Oil (HFO) 77,7 3,15 3,05 84,3 3,41 3,31 

Marine Diesel Oil (MDO) 75,3 3,24 2,92 91,2 3,92 3,53 

Marine Gas Oil (MGO) 75,3 3,24 2,88 91,2 3,92 3,49 

Source: [8] 

 

4  The principles of calculations of energy consumption and greenhouse 
gas emissions 

 For the calculation, it is necessary to know the operational characteristics of 
vehicles and transport services, such as fuel consumption of vehicles, transport 
distance, number of km of non-loaded vehicle, number of passengers, vehicles 
capacity. 

 
The calculation should include the following characteristics in consumption and 

greenhouse gas emissions: 

• WtW consumption of energy (EW), 

• WtW greenhouse gas emissions (GW), 

• TtW consumption of energy (Et), 

• TtW  greenhouse gas emissions (Gt). 
 

4.1  Calculations for the vehicle operation system 

If the transport service consists of several sections, it is necessary to identify the 
operation system of the vehicle (Vehicle Operation System - VOS) for individual 
sections, namely a number of categories, including working hours of the vehicle 

The calculation is based on the identification of a vehicle's consumption of a 
particular vehicle operation system (VOS). Conversion from total fuel consumption 
for the VOS into quantities of energy consumption and GHG emissions shall be made 
using following formulas: 

- for well-to-wheels energy consumption of the VOS: 
Ew (VOS) = F(VOS) × ew   (1) 

- for well-to-wheels GHG emissions of the VOS: 
Gw(VOS) = F(VOS) × gw  (2) 



 

-55- 
I/2016 

- for tank-to-wheels energy consumption of the VOS: 
Et (VOS) = F(VOS) × et  (3) 

- for tank-to-wheels GHG emissions of the VOS: 
Gt (VOS) = F(VOS) × gt  (4) 

where 

F(VOS) ........ is the total fuel consumption used for the VOS (examples: F(VOS) 
equals five thousand litres of diesel; or F(VOS) equals thirty thousand 
kilowatt hours); 

ew  ................ is the well-to-wheels energy factor for the fuel used (example: for diesel, 
ew = 42,7 MJ/l); 

gw  ................ is the well-to-wheels GHG emission factor for the fuel used (example: 
for diesel, gw = 3,24 kgCO2e/l); 

et  ................. is the tank-to-wheels energy factor for the fuel used (example: for diesel, 
et = 35,9 MJ/l); 

gt  ................. is the tank-to-wheels GHG emission factor for the fuel used (example: 
for diesel, gt = 2,67 kgCO2e/l).  

 

Values for energy and GHG emission factors shall be selected in accordance with 
Annex A., see Tab. 1 a Tab. 2. 

 

4.2  Calculations for the leg of transport services 

If the realized transport service consists of several sections (different customers, 
different numbers of passengers carried, the distance traveled with loaded and an 
empty vehicle and so on.), It is necessary to implement the conversion of energy 
consumption and emissions to stretch. The calculation is performed as follows: 

• Identifies the VOS used to implement transport service on the field in question 

• To quantify the total consumption of VOS 

• Calculate the total energy consumption and emission levels for VOS according 
to formula (1), (2), (3) and (4) 
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• Calculate the share of energy consumption and emissions attributable to address 
segment of transport services (a dimensionless number) as the ratio of power 
attributable to the segment of transport services and power system operation of 
the vehicle:  

S(leg) = T(leg)÷T(VOS)   (5) 

 

Subsequently, this proportion will be used to calculate energy consumption and 
greenhouse gas emissions for solving section of transportation services: 

Ew(leg) = Ew(VOS)× S(leg)   (6) 

Gw (leg) = Gw (VOS)× S(leg)  (7) 

Et (leg) = Et (VOS)× S(leg)   (8) 

Gt (leg) = Gt (VOS)× S(leg)   (9) 

Performance of vehicle operation system (T (VOS)) and the power of stretch  of 
transport services (T (leg)) must be in the same unit terms. The standard recommended 
for freight and passenger traffic to use transport capacity. That means multiplying the 
number of passengers and the actual transport distance in terms of passenger 
kilometers in passenger transport, freight transport multiplying the quantity of 
transported goods and the actual transport distance in terms of tonne-kilometers. 

 

5  The structure and content of the declaration of energy consumption and 
GHG emissions  

 The standard does not prescribe the form of the declaration, it only defines the 
requirements for their content. For declaring the recipient declaration standard user can 
use any medium that provides unambiguous results and related documents for the 
calculation such as web site. 

Declarations on energy consumption and GHG emissions of a transport service 
shall include: 

a) four results (EW, GW, Et, Gt) calculated according to previous clauses (when the 
energy in units of J, or MJ or GJ in CO2e emissions in g or kg or t) 

b) supporting information, which, among other things contain: 
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• transparent description of the method used, in case other factors of energy 
consumption and emission factors as listed in Annex A standards, they need to 
give reasons to justify the need to also use predefined values 

• basic description of the services (source and destination of the route, the 
number of persons transported) 

• description of the unit in the implementation of the transport service 

• used vehicle operation system (VOS) for each section 

• the size of the vehicle fleet, vehicle categories 

• converted the resulting power consumption and greenhouse gas emissions per 
unit of output 

• other information necessary for an understanding of the used method 

 

It is possible to develop so-called a simplified declaration which may consist of 
two parts. The first part contains WtW value of greenhouse gas emissions (GW) of 
transport services and the reference to the possibility of acquiring the remaining three 
values (Ew, Et and Gt), for example on the website. The second part of the declaration 
comprises the remaining three results and additional information, the second part of 
the Declaration within a reasonable period available to the beneficiary declaration. 

In formal terms, it is possible to create a declaration using the standard STN 
CEN / TR 14310 freight services. Designation and reporting of environmental 
performance in freight transport network. Standard is applicable in the Slovak 
Republic since 1 May 2003 and is compatible with ISO 14 000 on environmental 
requirements relating to the Environmental Management System (EMS). The aim of 
the standard is to provide guidance for preparing (creating) environmental declarations 
and reports. It contains recommendations on the content and structure of the 
documentation and evaluation of the impact of freight on the environment. It refers to 
road, rail and waterway does not apply to air transport. 

It is divided into 2 parts:  1. General recommendations applicable to all modes of 
transport 

    2. Specific section for specific modes of transport 

The general recommendations include: 

a) Transport profile 

• clear and unambiguous identification of the transport (e.g. period, 
assignment, customer covered by the declaration), 
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• weight/dimension/number of goods (e.g. l, kg, t, m, m3), 

• identification of the transport (from A to B), and the modes involved 
(road, sea, rail). 
 

b) Basic transport data, per mode 

• transport distance (km), 

• transport work (tkm). 
 

c) Calculated transport data, per mode 

• use of energy (t, kg, MJ, kWh), 

• emissions CO2, NOx, SO2, CO, HC, PM (g, kg). 
 

d) Documentation of calculation method and data used 

• data source and system boundaries for the use of fuel or energy (e.g. 
reference to own registered system, commonly known simulation models 
or key figures), 

• the specific data, on which the calculations are based, 

• if general or average data is used, description of calculation method and 
data origin (e.g. business average, adjusted country average, company or 
trade model). 
 

e) Issuer responsible for the declaration 

• clear and unambiguous identification of the company, or the person, 
responsible. 

 

Declaration for road transport should contain the following information: 

1) description of vehicle 

• EURO standard or year of production, and/or engine rating (kW), 

• type/weight/dimension (e.g. empty and gross weight, volume, etc.), 
 

2) capacity utilisation 

• (e.g. %, maximum load, m3 or load metre, average load, percentage of 
empty run, load metres, 

• state whether or not EUR pallets, containers and swap bodies are 
included in the weight of the goods). 
 

3) use of energy 
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• e.g. litres of diesel per km, km/l, kWh, MJ, 

• state type of fuel, sulphur contents (%) and/or energy contents (MJ/kg). 

 

Declaration for rail transport should contain the following information: 

1) description of train 

• make/model, year of construction of locomotives, number of axles on the 
wagons, empty weight, volume of wagons etc. 
 

2) capacity utilisation 

• e.g. %, maximum load, average load, percentage of empty run, etc., 

• state whether or not EUR pallets, containers and swap bodies are 
included in the weight of the goods. 
 

3) use of energy 
 

4) share of diesel traction (%, MJ or km) 

• diesel consumption (MJ per t/km), (state type of fuel, sulphur contents 
(%), and/or energy contents (MJ/kg)). 
 

5) share of electric traction (%, MJ or km). 

 

The need for transparency and fairness is needed in the case of electric traction, 
the calculations also include the energy required for the operation of power plants. 

 

Declaration for sea and inland waterway transport should contain the following 
information:  

1) description of ship 

• year of construction, length between pp, type of ship (e.g. container, bulk 
carrier; tanker, reefer, RO RO ferry, etc.), type of engine (slow, medium, 
high speed, gas turbine), type/weight/dimension (e.g. maximum capacity 
in TEU, ton payload or lane metre, etc.), 

• name and shipping company/operator of the ship. 
 

2) capacity utilisation 

• e. g. %, maximum load/TEU/lane metre, average load/TEU/lane metre, 
percentage of distance in ballast, etc., 
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• state whether or not EUR pallets, containers and swap bodies are 
included in the weight of the goods. 
 

3) use of energy 

• e. g. tonnes of oil per hour (t/h), MJ, etc., 

• state type of fuel, sulphur contents (%), and/or energy contents (MJ/ton).  

 

The following information can be included in the declaration, if regarded 
relevant: 

• use of energy and emissions for other handling than transport (e.g. loading and 
unloading of goods, containers and swap bodies), 

• environmental initiatives to obtain other reductions than in the transport chain (e.g. 
use of environmentally adapted paint, green cleansing agents, exhaust control 
systems, etc.), 

• environmental initiatives regarding optimisation of systems (e.g. use of IT for route 
planning, adjustment of capacity according to the transport assignment, use of 
specialists for city logistics, etc.), 

• use of energy and emissions for temperature controlled goods during transport 
(ATP), 

• congestions (e.g. traffic jam, terminal congestions, etc.). 

 

The standard does not prescribe the methodology and procedures for calculating 
emissions and no particulate emissions. For the calculation of emissions can be used so 
called emission calculators, which work with different emission factors. So far we 
managed to unite only emission factors for CO2. 

 Various fuel consumption is affected by: 

• various vehicle manufacturers, 

• different categories of vehicles,  

• different ages of emission limits,              

• varying conditions,                

• various capacity utilization of vehicles, 

• different driving style and other factors. 

 



 

-61- 
I/2016 

6  Design and application of emission and energy calculator according to 
standard STN EN 16258 

 For a sample calculation is applied energy consumption and emissions calculator 
designed for the direct transport by road. The calculator was designed and tested in a 
direct transmission on the route Bratislava - Žilina - Bratislava. Payload assembly is 26 
t, vehicle: N3 category, trailer of category O4. Parameters of a vehicle: Man TGX 
26.440 with trailer SVAN CHTP 18-22, 324kW, EURO V, year 2012, the vehicle was 
pumped with diesel fuel with bio-component content of 6 %. Average fuel 
consumption of the vehicle combination is 30.72 l per 100km. 

Input data for the calculation of greenhouse gas emissions and consumption for the 
direct transport of: 

Fig. 2 Information relating to the carrier and the input data in the calculator about 
proposed greenhouse gas emissions and energy consumption 

Information about carrier 

Business name of the carrier XXX 

Address Humenné 

Street Partizánska 38 

ZIP Code 066 01 

Contact Person YYY 

Telephone 0900 800 800 

Date 3.11.2016 

Input data for calculation 

Transport route 
Bratislava, Ivanská cesta – Žilina, Ul. Milana 

Rastislava Štefánika – Bratislava, Ivanská cesta 

Distance (km) 382 

Vehicle, engine power, emission 
limit, year of production 

Man TGX26.440 with trailer SVAN CHTP 
18-22, 324 kW, Euro V, 2012 

Average consumption indicated 
by the vehicle manufacturer (l/100km) 

30,72 

Gross vehicle weight (t) 40 

Product weight (t) 3,84 

Fuel Diesel 

Share of bio-components (%) 6 

Source:[3] 
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Fig. 3 Route of transport 

 

Source: author 

 Finally, it implements the actual calculation of the specified input data. 
Calculation results are presented in tabular form in the form of output reports (fig. 4). 

The resulting calculation of greenhouse gas emissions and energy use for the direct 
transport of: 

Fig. 4 Outputs of calculation of emissiion and energy consumtion for route in road 
freight transport 

Indicator Characteristic 

Transport route 
Bratislava, Ivanská cesta – Žilina, 

Ul. Milana Rastislava Štefánika – 
Bratislava, Ivanská cesta 

Distance (km) 382 

Vehicle, engine power, emission limit, year of 
production 

Man TGX26.440 with trailer 
SVAN CHTP 18-22, 324 kW, Euro V, 

2012 

Indicator  Result of calculations 

Average fuel consumption (l/100km) 30,72 

Gross vehicle weight (t) 40 

Product weight (t) 3,84 

Fuel Diesel 

Share of bio-components (%) 6 
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Fuel consumption (l) 117,35 

Energy consumption in the transport (et(MJ)) 4189,4093 

Energy consumption in the transport (ew(MJ)) 5186,8877 

CO2 emissions during transportation (gt(kgCO2e)) 294,5495 

CO2 emissions during transportation (gw(kgCO2e)) 370,8273 

Source: [3] 

 

7  Conclusion 

 Operation of the different age categories and different environmentally 
acceptable vehicles, the existence of several vehicle manufacturers, a variety of 
operating conditions and the impact of the driver on fuel economy were limiting 
factors that led to the need to generalize the method for calculating the energy 
consumption and greenhouse gas emissions from traffic. An important contribution is 
to unify energy and emission factors, resulting in a possibility to objectively assess 
energy consumption and environmental impacts of different transport systems. It is 
appreciable to take into account indirect consumption and indirect greenhouse gas 
emissions associated with the production of energy for the transport system. 

In the future, we can expect unification of emission factors for other pollutants 
along the lines of the exhaust emissions of greenhouse gases. 
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Resume 

Environmental acceptability of vehicle operation is currently an important 
criterion of quality in transport services. Increasingly carrier requires a declaration of 
the impact of their activities on the environment through the issuing of documents 
containing specific amounts of pollutant emissions from traffic, especially carbon 
dioxide (CO2) as the most widespread greenhouse gas. Different approaches to 
calculate energy consumption and greenhouse gas (GHG) emissions from traffic have 
led to the need to standardize their methodologies. 
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NEGATIVE EXTERNALITIES AFFECTING 
TRANSPORT 

Juraj KOPCANI 

1 Introduction  

 When pricing in logistics is not possible to forget even for the negative factors 
and risks that significantly may affect the future value of the transport. For maintaining 
at the market, the situation in road transport is becoming more and more difficult. 
Contribute to volatility, legislation, implementation of European standards and laws, 
fluctuations in the price of oil, the lack of qualified personnel. Other adverse factors 
can be noted here, such as raising of the excise taxes, increasing toll rates and 
constantly tighten ecological standards, what ultimately increases the price of the 
transport. Stricter controls and mandatory breaks for drivers (under the legislation of 
AETR/ERTA) and roadworthiness tests always affect the price of transport.
 These factors affect the final value of transport and can be described as negative 
externalities. They may be defined as factors that adversely affect the logistics and 
transport market and companies are not at all capable, or they may in a small degree 
affect the following emerging cost. Each activity of the enterprise is fraught with risk, 
which is necessary to face and prevent, or it is necessary to keep them in mind and in 
other activities to try their eliminate (1). 

 In general, in economics externalities are regarded as a market failure and 
inefficient behaviour of the market (8). In professional books appears a variety of 
definitions of the term externality. In short, it is possible to recall some of them. 

One of the definitions is that externalities is an event that brings a significant 
contribution (or causes significant damage) to any person or persons, or company, 
which did not show full agreement on the adoption of decisions which led directly or 
indirectly to the proposed event (7). 

 In other literature (Šalovská, B.), we can find that the externalities are external 
effects that take place outside the market mechanism and cause the inefficient 
behaviour of the market. Further states that externalities arise if a person does not bear 
the full costs of their activities, or if does not receive the full returns from their 
activities (13). 

Thirdly, we can mention the following definition (Stiglitz, J.), to which we could 
descend: "the Cases in which the activity of individuals or companies cause higher 
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costs for other consumers or producers, are called negative externalities. There are but 
also positive externalities, when the activity of individuals or companies bringing the 
benefit of others." (12) 

The various forms of transport are markedly different by their characteristics and 
hence by the diversity of creating positive and negative externalities. Each traffic 
activity may bring unintended expense, but also an unexpected benefit. 

Generally, it would be possible to select the following externalities in logistics: 

• Price of fuel – One of the most significant direct costs are costs for fuel. Some 
sources report (FRYDRYŠEK, M.), that fuel is involved in up to 40% of the total 
cost of the transport performance (3). The problem is fluctuating the price of crude 
oil, from which the fuel is produced. Its increase brings businesses immediate costs 
should the final price reflected. The practice is but another and for the company 
means increasing the price of diesel with immediate loss on the price of the 
transport performance. This factor also is also acted by the taxation of fuel in each 
of the states, when its price can be different. 

• The impact of tolling – this cost may be a logistics company or a carrier to affect 
the purchase of modern transport means, which has currently the most stringent 
emission standards. The price of the toll is that it derives from the relevant 
emission standard of transport means. The older the vehicle with the worse by the 
emission standard, the more expensive the price of the toll fee per kilometer 
highway, or highway 1.class. 

• the impact of the other legislative factors – here it is possible to mention for 
example the road tax, the high cost of training of the driver to be a professional, etc 
In these cases the company no opportunity to influence the amount of the costs. 

• The impact of grants – government and other forms of subsidies contribute to bad 
competitive environment and in a way, lost free competition. The problem is then 
well as the lack of definition and evaluation of the quality of transport of goods and 
persons, which is often based on a single factor, and that is the price! 

• Excessively long payment terms and non-compliance with agreed maturity – 
one of the big problems is the excessively long payment terms, when the carriers 
are getting paid for its performance for 60 days and in some cases 120 days after 
completion of the transport. Moreover, they must pay many costs (fuel, tolls, fines) 
immediately. 

• Large firms have an advantage – many large companies have a competitive 
advantage over small and are able to temporarily fund any losses on the transport. 

• Measurement of transport on a contractual basis – the question remains of the 
effectiveness of the contract valuation for the carrier. Small forwarder is not able to 
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stand up to compete with the large companies. It is also possible to ask a question, 
whether some part of the cost items in the price of transport should not be regulated 
(downtime for loading and unloading), in order to avoid distortions of the prices of 
transport (2). 

2 Methodology   

The research was carried out in the form of observations, questionnaire 
investigation and controlled interviews in selected transport firms in South Moravia in 
the Czech Republic. We distributed a questionnaire at the selected companies with 
questions on the perception of negative impacts – externalities in relation to transport. 

At the beginning of the questionnaire was formulated by the definition of 
externalities. This was followed by 5 short questions (11): 

• Have you ever heard the term positive/negative externalities? 

• Which factors or activities would you consider externalities? 

• Which activities will give you through no fault of increase costs? 

• Which of the above stated externalities represents the biggest problem for you? 

• What would you propose for reduction or elimination of the impact of 
externalities? 

 The response rate of questionnaires as well as course of the interviews with the 
selected companies was carried out in the first half of 2016, and its success rate was 
100%. 

3 Results 

 For many small businesses, it is expensive and many times impossible to fight 
with externalities. 

 In the questionnaires, all the surveyed representatives of the companies 
expressed that they have never met with the concept of "negative externalities". After a 
closer explanation of the concept, all the surveyed subsequently stated that they know 
what the negative externalities in transport express. A high percentage of companies 
(app. 88%) also reported that the problem is the complicated and inaccurate or bad 
legislation, but they hey understand it as a necessary evil. The high price of oil is 
another problem (stated 3/4 of the companies) and different toll system in the EU. An 
interesting survey result is that at least half of the companies do not considered the 
non-compliance with the maturity of the invoices as a problem. The survey also 
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showed that large companies cope better with negative externalities than small 
companies. 

 From the above results, it is clear that the externalities currently significantly 
interfere with the functioning of companies. In a long-term perspective, the views of 
the firms on the impact of externalities and their removal can be the basis for the new 
legislative standards and laws. Also, the area of the negative externalities in 
transportations may be the subject of further investigation. 

Fig. 1 The most significant externalities 

 

Source: author 

The explanatory notes to figure 1 

 Positive response: This externality has a harmful effect on companies. Running 
costs are increasing. 

 Negative or other response: This externality has no effect on companies. Some 
companies did not answer. 

4 Discussion 

The aim of the article was to define externalities, to identify them in companies 
and propose solutions for their minimization or elimination. 

As already mentioned, there are many definitions of externalities and in every 
area of life are experiencing the externalities, negative or positive affect to the circuit. 



 

-70- 
I/2016 

In corporate practice, it is impossible to avoid the negative externalities; it is possible 
to them only more or less successfully to face and to be to them ready. 

On the basis of the facts it would be possible to propose the following 
recommendation, or to propose a hypothesis: 

• If the company has defined its boundaries and possibilities, then is ready to better 
face any possible negative externalities. 

• Do not prepare for all the negative externalities that may occur.  

• When setting the price for transport it is appropriate to think about other risks and 
impacts that may occur and affect the final price (unscheduled repair of, change the 
price of diesel, the crash, foreign exchange differences etc) 

5 Conclusion 

Currently, the changes and the rapid adaptation to the market, it is not possible to 
refute, that for successful and permanent growth of the company it is necessary to 
know its possibilities and boundaries. The company sets out its offer with respect to 
their costs and a reasonable profit, so that in the competitive battle has withstood the 
best.  

What should the company also count, and at the same time can this factor affect, 
are negative externalities. Those every day interferes with the life of the company. To 
counter these pitfalls is difficult, but not impossible. The company must be prepared 
for any problems that may occur. 

One of the options, we still face is the purchase of items associated with running 
your business in larger quantities. This avoids, among other unforeseen fluctuations 
(e.g. seasonal fluctuations) of the acquisition price, which may significantly affect the 
final price. These items can consist of, for example, fuel, the spare parts, 
administrative remedies, etc. 

This option can be provided by outsourcing. This is one of the options from the 
transfer of less significant activities in the enterprise on specialised business and allow 
to fully devote to the key activities of the company – transport. 

Another option is to create the financial reserves of the company, which can help 
to overcome the adverse conditions that may occur. 

All the companies must already currently count with externalities and be to them, 
within its capabilities, is prepared. Although, it is sometimes difficult to prepare for 
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something that may not ever occur, the company must with these options in every case 
count. 
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Resume 

Important factors influencing the price of transport are the risks and adverse 
factors, the so-called externalities, which are not directly affected logistical 
company. Every company should partially count with negative externalities, which 
consists of unplanned expenses, but logistics and transport companies this applies 
double-times. In the field of logistics there are significant externalities, which in 
the long term they distort the market and many firms are not capable of these 
externalities further bear. 

The aim of the article is to identify the negative externalities according to the 
available theories, compare them with the findings in companies and propose 
solutions for their minimization or elimination. 
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THE PROVISION OF STORAGE SERVICES MAY 
BE RISK 

Jaroslava KUBANOVA, Sanjin MILINKOVIC 

1 Liability of the freight forwarder  

Freight forwarding is transport and logistic service. It does not mean only the 
procurement  of shipments, but it covers a range of activities related to transport, what 
freight forwarders performs under his own name, on his own liability and on behalf of 
third. [1] 

Offer of these services are very important in choosing the shipper. The customer 
is increasingly demanding and he requires in addition to ensuring the transport and 
something extra. This fact is based on the one hand the efforts of corporate 
outsourcing of selected activities (pulse of the customer), on the other hand it is a 
result of the efforts of freight forwarder on expanding the portfolio of services in 
connection with obtaining and customer retention (pulse from the freight forwarder). 
The first service that the freight forwarder offered in connection with transport was 
service related to customs clearance of transit. Freight forwarder featured as a 
guarantor of the customs debt, he issued a transit documents, equipped the customs 
administrations, he secured shipments insurance, etc. it was therefore an activity 
directly linked to the transportation. Gradually, these services were added to storage. 
The fact that freight forwarder initially focused on the following activities (storage, 
customs procedures) was associated with looking at logistics and its understanding.  
Logistics has been regarded as a service, mainly relating to transportation and storage. 
These activities basically still make up a sort of skeleton services provided by freight 
forwarders. In connection with the change of view on logistics and progressively 
involving the freight forwarder logistics chains, there were increasing demands on 
services provided by freight forwarders. Freight forwarders gradually expand their 
range of services, while focusing in particular on the area of shipment and storage.  

The storage can offer a variety of logistics services and operations with the 
consignment, such as labelling, packaging, respectively repackaging shipments, 
sorting, preparation for shipment, consolidation of shipments, etc. Freight forwarders 
build their own large logistics and distribution centres, which offer all of the above 
activities. In relation to transport freight forwarders offer their clients online tracking 
of shipments of high-technology, thus enabling to customer obtain accurate 
information about the current status of their shipments. [7] 
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Top forwarding services include all services, which are necessary for the 
distribution of the customer´s goods from the moment of its receipt from production to 
delivery to the final customer. The producer or the store can do outsourcing all 
activities related to the process of provision of logistics based on the forwarding 
contract to freight forwarders. Regarding transport, there may be procurement of road 
transport, rail, air, sea and multimodal transport within intra-continental or 
intercontinental.  

Freight forwarding trends: 

• focus on all modes of transport, 

• finding the optimal solution with the combination of transport options, 

• value added tax – customs clearance, liability of the customs debt, 
documents issuing, shipment insurance, storage, packaging, shipments 
labelling, consolidation and sorting of goods, on-line monitoring, 

• building your own logistics centres, 

• distribution of goods from producer to customer. [6] 
 
As mentioned above, the freight forwarder performs the full range of logistics 

activities for which he is also responsible. Under the provisions of the Commercial 
Code § 601 – 609 stems from freight forwarding contract for forwarder particular 
liability for: 

• timely procurement of transportation, 

• grant administrative available to the carriage (at loading, using a suitable 
vehicle, at unloading, etc.), 

• the adherence rate, 

• a warning in case of  incorrect information, 

• the liability for wrong decision of freight forwarder, 

• in case of default, 

• risk for the appropriate handling of the consignment, 

• for professional malpractice in negotiating conditions of carriage, 

• in case of failure shipment insurance, 

• for risks involved in storing the goods during the transportation, etc. [1] 
Availability can be partly or entirely transferred to the insurance company, which 

is described in Chapter 3. 

2 Legislation for warehouse services 

The goods shall temporarily be stored, at the Freight Forwarder's discretion, in his 
own warehouses or in those owned by third parties (either privately-owned or State 
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ones). If the Freight Forwarder temporarily stores the goods in a warehouse owned by 
a third party, the same conditions shall apply to his relationship with the Customer as 
the ones that apply to his relationship with this third party. The Freight Forwarder shall 
be obliged to send the conditions of storage to the Customer upon request. 

The Freight Forwarder is obliged to ensure the safety or the protection of the 
storage areas only if the same belong to him or are rented by him and only if such an 
obligation is dictated by good faith and business usage or at the Customer's request.  

Storage, as one of the main activities of freight forwarders and logistics providers, 
is the activity, in which the storekeeper assumes liability for the care of the goods. The 
liability starts with the adoption of goods to the store, followed by handling, through to 
removal from storage to the owner or other authorized person. So it is not only about 
property which may be damaged, but also the property of another person. [3] Storage 
as a forwarding activity can be modifying by several laws and regulations. 

Freight forwarding is a regulated trade under the Act no. 455/1991 Coll. on Trade 
Licensing (Trade Licensing Act). The rights and obligations of the Freight forwarder 
arise first of all on the basis of a contract of freight forwarding. Under a contract of 
freight forwarding the Freight forwarder undertakes to procure for the Customer the 
transport of goods (the consignment) in his own name but on the Customer's account 
from a certain place to another certain place, and the Customer undertakes to pay 
remuneration to the Freight forwarder. 

Freight forwarder is a manager of transportation and he has an obligation to make 
professional care in the implementation of obligation under the contract. His task is to 
ensure the optimal course of goods transport from source to destination and ensure 
minimize transportation costs and minimizing risks inherent in the transport. He is a 
connection between the sender or the recipient and the carrier, between producer and 
consumer, between exporter and importer. He is the creator of the price of transport. 
He provides insurance of goods during transportation and storage, he provides services 
in issuing the necessary accompanying and other documents, protects the interests of 
the customer. 

The basic document for the provision of storage services should be in writing 
(not prescript) storage agreement, where the parties define their position in the 
contractual relationship, rights, obligations and other requirement associated with the 
provision of storage services. [2] This contractual relationship is governed by the 
Commercial Code, section VIII, unless the parties agree otherwise. According to it, the 
storekeeper undertakes to accept the thing that saved it and prudent it and depositor 
agrees to pay him for revenge. 

Another important governs the rights and obligations under the General freight 
forwarder´s conditions of the Association of Logistics and Freight Forwarding of the 
Slovak Republic (hereinafter referred to as GFFC ALFF SR) in their currently valid 
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version. Storage is here given to Article 11. However, it should be noted that they are 
legally binding only if the parties expressly have withdrawn as such in the storage 
contract. Of course storekeeper can also create their own conditions with which the 
customer must be informed. 

3 Liability for damage of goods in warehouse  

One of the most important parts of GFFC ALFF SR is liability for damage of 
entrusted goods and its limitations. It should be noted that it is desirable to clearly 
define when and under what conditions the liability for goods is transferred to the 
warehouse provider, i.e. it is need to be noted the moment from which the warehouse 
provider is responsible for entrusted goods. If damage caused during storage, the 
liability for it is proven to the warehouse provider. Problems can arise during loading 
or unloading of cargo, when the liability of goods is transferred from carrier to 
storekeeper. This will prevent unnecessary problems and misunderstandings by 
appearing of such losses. If already damage caused and storekeeper is arguable 
response for it than he is obliged to pay for it to the other party. 

It must be clearly determined in which moment (e.g. passing of cargo from cargo 
space of vehicle for the warehouse ramp) starts the storekeeper’s liability. Under the 
Commercial Code, the storekeeper is responsible for all damage caused to the store 
goods. This is particularly the damage, destruction or the loss of entrusted goods. This 
means that the storekeeper is obliged to replace the damage in full. If the parties accept 
GFFC ALFF SR and it is listed in the contract of storage (or elsewhere), than the 
storekeeper´s liability is limited: 

• to 3,925 XDR per 1 kg gross weight of the goods damaged, lost or destroyed, 
however, the maximum amount being: 

• 3925 XDR for one case of damage (one consignment). 

• If damage caused to the depositor (the customer) consist of the difference 
between required and actual state of the stored goods, the liability is limited to 
19 625 XDR. 

• In cases of other damages the Freight forwarder's duty to compensate the 
damage is limited to the amount of 20 000 XDR per one damage case.  

• In case of a consignment of high value or in the case of special interest of the 
Freight forwarder on delivery, it is possible, in deviation from the provisions of 
point 7.2 of the present GFFC ALFF SR, to agree in the contract of freight 
forwarding on a higher amount of Freight forwarder's liability. 

• The lost profit and indirect damage shall not be compensated. 
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If during the performance of the contract of freight forwarding the Freight 
forwarder caused the damage intentionally, he shall be obliged to compensate it in full 
amount (that is without limitation, inclusive the lost profit). [4] 

If the parties agree on the acceptance of other general conditions, which include 
the issue of damages, they are governed by those conditions. The parties may, of 
course, the question of compensation to address directly in the storage contract or 
other agreement and negotiate the exact amount of damages. Such provision takes 
precedence over GFFC ALFF SR even if the parties agree them. 

It should be noted that not only the storekeeper is liable for damages. Paragraph 
11.1.4 of GFFC ALFF SR says the principal is liable for all damage caused by him, his 
staff or his authorized person at the entrance to the warehouse storekeeper or another 
third party (depositor).  

In figure 1 we can see the number of burglaries in shops, including stores in 
Slovakia in the last 10 years. Also, we can see the total loss calculated in € thousands. 
2016 is the period from 1.1.2016 to 31.7.2016. For a better display are the values 
referred to in figure 2. 

 
Fig. 1 Number of burglaries in shops, include stores in Slovakia 

 

Period 

The number of 

burglaries in shops 

include stores 

The number of 

solved cases 

The total loss in € 

thousands 

2006 2172 441 6469 

2007 1702 325 5654 

2008 1587 353 4916 

2009 1744 445 4448 

2010 1758 391 6106 

2011 1365 351 5045 

2012 1147 316 3411 

2013 1150 331 2919 

2014 986 232 3080 

2015 743 210 2757 

2016 345 98 1059 

           Source: [5] 
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Fig. 2 The number of burglaries in shops, include stores in Slovakia and the total lost 

in € thousands 
 

 
 
           Source: [5] 

4 Insurance products 

Companies spend a substantial amount of time evaluating their cargo insurance 
program for goods in transit, but securing adequate warehouse coverage is sometimes 
an afterthought. The depositor often wrongfully assumes that it has outsourced any 
risk associated with the goods. 

In addition to the normal business liability insurance coverages that most 
companies carry (e.g., commercial general liability (CGL), workers compensation, and 
motor vehicle), reputable warehouse operators also carry warehouse legal liability 
coverage. Warehouse legal liability coverage is a unique type of liability insurance 
policy that responds when a warehouse operator’s failure to exercise reasonable care in 
the handling and storage of a customer’s goods results in loss of, or damage to, those 
goods. What kind of insurance is appropriate for freight forwarder as a storekeeper? 

 

4.1 Warehouse legal liability insurance  
That means that if the warehouse operator is negligent in the care of the 

customer’s goods, the insurance carrier directly pays the customer for the loss 
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incurred. For that reason, a customer cannot be, and does not want to be, named as an 
additional insured under the warehouse operator’s warehouse legal liability policy. 

As a warehouse operator’s warehouse legal liability policy only pays a customer 
if the warehouse operator has been negligent in caring for a customer’s goods, the 
customer is still responsible for insuring its goods against other types of losses (e.g., 
fire, windstorm, etc.). [8] 

It is also important to note that virtually every warehouse legal liability policy 
excludes liability for loss or damage in instances where the warehouse operator has 
agreed to take on a higher degree of liability for the customer’s goods beyond what is 
legally required (i.e. “reasonable care”). This exclusion is necessary because 
warehouse legal liability policies are underwritten by insurance carriers on the basis of 
insuring the risks associated with the warehouse operator’s negligence. If a warehouse 
operator has agreed to assume greater liability for a customer’s goods, then the risks 
are obviously much more extensive than what the insurance carrier took into account 
when setting its premium. 

In the event of significant loss or damage to the customer’s goods attributable to 
the warehouse operator’s failure to take reasonable care of the customer’s goods, both 
the warehouse operator and the customer depend on the warehouse operator’s 
warehouse legal liability policy to respond to the claim. As such, if a warehousing 
services agreement contains any provision that requires the warehouse operator to 
assume liability for a customer’s goods beyond the standard of “reasonable care”, then 
such a provision may void the warehouse operator’s warehouse legal liability coverage 
thereby putting both parties in an unfavourable position. 

 

4.2 Property insurance 
For storeowners, Property Insurance may offer his business financial protection if 

something goes wrong. By providing the necessary coverage for damaged or lost 
property — including the property of others that is in his care — Property Insurance 
may protect his business space, equipment, inventory, and other business assets, 
depending on his policy. Property Insurance can help cover a range of property 
damage risks, from theft and vandalism to tornadoes and fires. It covers: 

• insurance of buildings and real estate, 

• insurance of moveable property, 

• insurance of machinery, 

• electronic equipment insurance. 
Such insurance is a standard insurance product for business. Property insurance 

policies normally do not cover water damage caused by floods, tsunamis, drain 
backups, sewer backups, groundwater seepage, standing water and many other water 
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sources. They also may not cover mold, earthquakes, nuclear events or acts of war, 
such as terrorism and insurrections. 

 
 

4.3 Other kinds of insurance linked with warehouse services  
 

• Business interruption insurance 
Also known as business income insurance is a type of insurance that covers the 

loss of income that a business suffers after a disaster. The income loss covered may be 
due to disaster-related closing of the business facility or due to the rebuilding process 
after a disaster. 

It differs from property insurance in that a property insurance policy only covers 
the physical damage to the business, while the additional coverage allotted by the 
business interruption policy covers the profits that would have been earned. This extra 
policy provision is applicable to all types of businesses, as it is designed to put a 
business in the same financial position it would have been in if no loss had occurred. 

This type of coverage is not sold as a stand-alone policy, but can be added onto 
the business' property insurance policy or comprehensive package policy such as a 
business owner's policy. Since business interruption is included as part of the business' 
primary policy, it only pays out if the cause of the loss is covered by the overarching 
policy 

 

• Environmental liability insurance 
Environmental liability insurance covers the cost of restoring damage caused by 

environmental accidents, such as pollution of land, water, air, and biodiversity 
damage. 

As a business, you will face various scenarios in which your business activities 
may cause environmental damage.  For example, damage caused by: 

• your property’s current land use or the historical use of the site, 

• a malfunction of holding tanks on your property e.g. an oil tank, 

• a product your business is transporting,  

• fire on your property, 

• poorly operating drains causing run-off of oil in water supply e.g. in a car park, 

• dust arising from construction work. 
Moreover, recent EU legislation has significantly increased the potential costs of 

remediating damage caused.  Environmental issues need to be dealt with rapidly to 
protect the reputation of your business. [9] 
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Environmental liability insurance covers the cost of repairing environmental 
damage arising from both common law claims, and claims arising from EU legislation. 

In particular, environmental liability insurance provides cover for: 
• both sudden pollution and gradual pollution, 
• first party (own site) clean-up costs imposed by regulatory authorities, 
• third party liability including impact on property value, 
• nuisance claims, 
• legal costs and expenses. 

 
Important steps for choosing business insurance: 
For choosing the right insurance, not only for the storekeeper, it is important: 

• define key risks to which the business is exposed, 

• accurately and clearly define the moment when the liability is transferred to the 
storekeeper, 

• agree with the limitation of liability, 

• configure an insurance policy or contract, not only from the financial pages 
(depending on the level of liability), but also depending on the agreed policy 
conditions. 
 
 The need to insure a business from the risks should be obvious for every 

responsible businessman, even the best protection from risks and threats are 
completely avoided. 

5 Conclusion  

A freight forwarding service utilizes established relationships with carriers, 
from air freighters and trucking companies, to rail freighters and ocean liners, in order 
to negotiate the best possible price to move shippers’ goods along the most economical 
route by working out various bids and choosing the one that best balances speed, cost, 
and reliability. Freight forwarders handle the considerable logistics of shipping goods 
from one international destination to another, a task that would otherwise be a 
formidable burden for their client. Freight forwarder services are now an integral part 
of international trade. Forwarding the same time becomes more precious and important 
part of the logistics process. It is therefore important that shippers realize this fact and 
were able to offer its customers the widest range of logistics services. And of course, 
all activities should be ensured so as to avoid potential risks that arise from their 
business and thus satisfy the needs of its customers. 
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Resume 

Everyone knows about risk. We generally think of risk in terms of unpleasant 
things that might happen. For managers, risk is a threat that something might happen 
to disrupt normal activities or stop things happening as planned. Risk is a fact of life 
for the supply chain. The aim of the article is pointed out the liability of freight 
forwarders when they provide warehouse services. There are also pointed out some 
insurance, which can help to freight forwarders in their business.  
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MODERN TRENDS IN THE USE OF PALLETS IN 
LOGISTICS 

Jan LIZBETIN, Ladislav BARTUSKA, Aleksandr RAKHMANGULOV 

1 Introduction  

Pallets were created in the field of storing goods as a means of efficient use of 
storage space and for economizing warehouse handling. The importance of pallets 
consists in the fact that they: 

• enable creating larger handling units, 

• allow quicker and more efficient loading operations using appropriate 
equipment, 

• make better use of loading space of vehicles and warehouse capacity, 

• save packaging, reduce packaging costs, 

• reduce the chance of goods loss, 

• increase safety when handling goods [6]. 
 

2 Modern pallet in logistics  

Pallet is a means of transport with loading and supporting floor for fork handling 
(by means of pallet stackers and pallet trucks) and, in general, the goods stored on 
pallets can be stacked.  

Pallets are manufactured according to technical specifications set by international 
standards and regulations. Standardized pallets include the exchange of pallets 
between shippers and carriers as well as among European carriers grouped in pallet 
society, i.e. pools [3, 7]. Euro Box Pallet and simple wooden EUR-pallet conform to 
these specifications. Simple wooden EUR-pallet is used in national and international 
transport of goods, especially within the pallet society [12]. 
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Fig. 1 Standard EUR-pallet 

 
Source: [15] 

3 Pallet Society  

The standardized EUR-pallet has existed since 1961 when the International 
Union of Railways (UIC) agreed on a standard pallet for use in rail transport. In 1991 
the European Pallet Association (EPAL) was founded as an association of national 
unions of manufacturers and repairers of pallets. In 1995 the EPAL association was 
named as an authorized organization for pallets by the UIC. Thus, new tasks occurred 
such as providing UIC standards for EUR-pallets and licencing manufacturers and 
repairers of pallets [10]. 

At the end of 2012 the EPAL terminated the contract with the inspection 
company SGS, which had carried out this activity since the mid-seventies, and based 
on the results of the international tender it authorized the company Bureau Veritas to 
do that. According to the EPAL, the reason was an effort to further enhance the quality 
of pallets and to find a partner who, with their experience and new ideas, will help to 
improve the system for quality assurance and supervision of manufacturers and 
repairers. The UIC, however, disagreed with this step and through its working group 
"Questions of palletisation" required the preservation of the original contract with the 
SGS despite significantly worse conditions [13, 11]. The EPAL refused this 
requirement.  In spite of more than a six-month struggle of the association for an 
agreement and preservation of at least full convertibility of pallets with EUR and 
EPAL logos, the longstanding cooperation was terminated by the UIC since 1 August 
2013  and the European Pallet Pool (EPP) was actually divided.    

One of the consequences of this step was a change in labelling pallets. Until then, 
EUR-pallets have been labelled with the logo of the respective railway, or EPAL logo 
on the left block, manufacturer’s number, the date of manufacture and IPPC number 
on the middle block, and the EUR symbol in the oval on the right block [9]. Since 
August UIC pallets are labelled with UIC logo on the left block, the middle block 
includes manufacturer’s number, the date of manufacture and the IPPC number, and 
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on the right block there is EUR symbol in an oval. EPAL pallets are now marked on 
all four blocks with EPAL logo in an oval, and the middle block contains 
manufacturer’s number, the date of manufacture and the IPPC number.   

The EPAL association has decided to continue to organize an open European 
pallet pool under the brand EPAL, while maintaining full convertibility of both the 
older pallets with the logos of national railways and EUR, and even of the new ones 
with logos of UIC and EUR.  On the contrary, during 2013 the UIC declared that the 
new pallets with EPAL logo on all the four corner blocks would not be convertible in 
the “railway” pool and tried to present EPAL as a “private” pallet pool.  However, 
since EPAL as an association does not pursue any commercial interests, it can base all 
its decisions on the interests of industrial, commercial and logistic businesses.  In 1995 
licenced manufacturers produced 15.1 million EPAL/EUR pallets with guaranteed 
quality. In 2012 they produced 66.8 million pallets.  Thus EPAL represents the largest 
open pallet pool in the world.  

Finally, in 2014 both sides (EPAL and EPP) signed an agreement on mutual 
convertibility of EPAL pallets with EUR pallets under a pallet pool. The agreement 
was signed after long negotiations under the pressure from the Austrian Chamber of 
Commerce and the German Chamber of Commerce.  The convertibility of EPAL and 
EUR pallets is therefore confirmed in the railway pool. The situation outside rail may 
not be quite so straightforward and it is a matter of the manufacturer of goods, shipper 
and retail chains.  

In practice there are often so-called blue pallets labelled CHEP. These pallets are 
the exclusive property of the Australian company CHEP (Commonwealth Equipment 
Pool), they are not freely tradable, but can only be rented. Trading in the pallets is 
unacceptable. CHEP has been offering services in the field of pallets and containers 
since 1954. CHEP is a global leader with more than 300 million pallets, crates and 
containers. Currently CHEP functions in 49 countries. In these countries it committed 
to meet the needs of customers in all major sectors of the economy. These include not 
only consumer goods sector and retailing but also the automotive, food or chemical 
industries. CHEP cooperates with its parent company Brambles which provides 
funding to support CHEP vision in providing pallets rental solutions in the most 
dynamic sectors of developed as well as in developing countries [14, 16, 5]. 
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Fig. 2 CHEP Pallet 1200 x 800 mm 

 

Source: [16] 

Currently there are 280 million of these pallets in circulation used by 300,000 
customers in 44 countries. The system of circulation is basically very simple. CHEP 
organizes transport, rents containers and, after unloading goods at the customer, pallets 
are collected to the closest CHEP centre or directly to another client interested in the 
rent. It is possible to connect into the system via websites and after registration inform 
about the possibilities of pool in the region. If such pallets appear in firms, they cannot 
be sold, and it is necessary to contact the nearest CHEP centre [14, 1]. 

Often, red pallets with white labelling can also be seen. These pallets cannot be 
traded as well; they belong to German company LPR and their use is governed by the 
same rules as in the case of CHEP. The LPR company is the world’s second largest 
one in this field. In 2008 its turnover from leasing and pallets management amounted 
to € 100.5 million [2]. 

4 Irreversible (one-way) pallets  

At present, irreversible pallets, intended for a single transport cycle, have grown 
in importance. They are made of various plastics, corrugated cardboard, chipboard etc. 

The introduction of irreversible pallets resulted from the fact that the 
manufacture of European simple exchange pallets requires large quantities of wood, 
which is becoming scarce raw material, and in the production of pallets the wood is 
not sufficiently evaluated. The problem of irreversible pallets is the material of which 
they are made. Their production from plastics brings the problem with their 
subsequent disposal. Production from chipboard is not economical. The most 
advantageous material for making irreversible pallets appears to be corrugated 
cardboard [17]. 

Corrugated cardboard pallets are designed to withstand with regards to the 
requirements of the supply chain. They also represent a solution regarding 
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international export restrictions that apply to the use of wooden pallets such as 
standard ISPM15 (International Standards for Phytosanitary Measures).  These pallets 
are 100 % recyclable and can be produced from 100% recycled corrugated cardboard 
which means that they do not produce any waste. They are 70 % lighter than wooden 
pallets, so they can reduce not only costs of transport but also carbon emissions. 
Thanks to their lower weight they can be easily handled by one person. Lower weight 
and easier manipulation significantly reduce the risk of injury and the number of cases 
of back pain.  

Advantages of pallets made of corrugated cardboard: 

• 100% recyclable – easy to recycle as corrugated cardboard boxes, 

• strong enough to replace wood, 

• the surface treated with an anti-slip device, i.e. interlayer sheets are not 
necessary, 

• moisture resistant (can be used in bad weather as well), 

• reduction in transport costs due to lower weight, 

• safer than wooden pallets – no nails, splinters, or broken boards,  

• cleaner than wooden pallets – no insects or mold, 

• in compliance with ISPM 15 restricting the use of wood in international trade 
[4, 8, 17]. 
 

5 Conclusion 

In recent years, the use of plastic pallets has spread, particularly in the food 
industry but also in the automotive, paper and chemical industries. These pallets are 
made of polyethylene resistant to moisture and chemicals and have insulating 
properties. In comparison to traditional wooden pallets, plastic pallets are preferred for 
longer lifespan (up to three times), greater carrying capacity, accuracy and stability of 
dimensions (better resistance against mechanical damage), washability, ability of 
disinfection, and resistance to soaking, and structural adaptability to basic handling 
units (grooves and projections for locking plastic crates) as well. Washability and 
possibility of disinfection are the main reasons for the more widespread use of plastic 
pallets (as opposed to wooden ones) in various types of logistic chains [6]. 
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Resume 

The article deals with modern trends in the field of pallets and their use in 
logistics processes. The general trend in recent years is represented by a gradual 
transition from multi-way packages to one-way packages. It is related to the field of 
palletizing. One-way (non-returnable) pallets achieve an increasing share and wooden 
EUR pallets are replaced by modern plastic pallets which main advantage is the 
possibility of washing (washability) and disinfection (ability of disinfection). 
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TOTAL SERVICE MANAGEMENT APPLICATION 
IN PASSENGER LOGISTICS 

Eva NEDELIAKOVA, Vladimira STEFANCOVA, Stefan KUDLAC 

1 Introduction 

In the current competitive environment of rapid development, constant changes 
and increasing requirements for quality, for each service oriented enterprise it is 
important to identify requirements and consistently apply to individual processes. 
Because an alternative of extinction is a change, there are several methods to achieve 
process excellence and maximum efficiency for maintenance and sequential 
improvement the situation of the enterprise in the market. The most recent is Total 
Service Management as one of the pillars of a methodology Total Change 
Management. This is a completely new approach to a better quality through 
continuous improvement in services. Simultaneously, it is necessary to achieve the 
specified goals by changing attitudes and an old paradigm. Focus on the problem as 
a new challenge and come up with a new solution that will create a better working 
environment for staff and provide more attractive services to customers. Passenger 
logistics consists of a wide range of services arising in passenger transportation by 
various modes of transport. The whole purpose of Total Service Management within 
Passenger Logistics is to provide transport services with required quality and positive 
customer satisfaction.  

2 Definition of services and Total Service Management 

Services can be defined as intangible activities that produce time and place. They 
are created and consumed simultaneously (or nearly simultaneously) [1]. Furthermore, 
we can define the service features as inseparability, complexity and uniqueness. 

Quality of services is defined as the degree of fulfilment of customer 
expectations by a service rendered or the disharmony between expectations and 
perceptions [2]. The definition of the quality of transport services is specific and it is 
perceived differently by user, who is the customer, a service provider or a transport 
operator, but also by the whole society [3]. 
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According to Schmenner, the services are categorized into four categories 
(service factory, service shop, mass service and professional service) in the service 
process matrix. Transport services are included in the group service factory, which fall 
under a low degree of interaction and customization and they also have a low degree 
of labour intensity, thereby the service quality is easier to manage [4]. 

Total Service Management is such a newly adopted philosophy that helps any 
organization to fulfill its goals, it is nothing but an aggregation of measuring, 
improving and controlling sets for any service organization. The main concern of the 
service organizations mean to have o good understanding on what exactly the people 
want and how the service should be ensured [5]. The evolution of a Service 
Management perspective begins with awareness that a rudimentary responsibility of 
service provider to understand what services it provides [6]. 

Total Service Management represents a formidable challenge for service 
providers seeking to understand what makes their services shine in the eyes of their 
customers [7]. Total Service Management is a comprehensive model that represents 
a particular sequence of steps to be followed in order to streamline performance and 
improve service quality [8]. Model should be built on the good foundations (people, 
organizations, system), and it is important to initially define a waste (MUDA), which 
means work without a product or it is defined as wasted effort. It is essential to 
eliminate these losses and gaps in all transport areas and improve processes. 

Fig. 1 Transport model TSM 

 

Source: authors 
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Standardization and process reengineering is another very important step of the 
transport model. It is important to ensure compliance with the standards and 
achievement positive feedback, that is needed to create it with the people concerned in 
this field. Interrelatedness of all carriers involved in the transport process, there are 
reflected synergies and thereby increasing customer satisfaction. The highlight of the 
whole process is to acquire the required goals, so called DANTOTSU known as the 
means to have an aim to be better than the one who is the best in the industry. 

3 Profitability through complex optimization model 

According the research solved at University of Žilina, the elimination of waste 
from the process has to be focused on the process of creating a service performance 
model. It defines the so-called potential factor of the service provider, comprising 
several components, where the service performance creation is affected, in particular, 
by the persons involved in the supply side, but also on the part of customers, and also 
the service's environment and processes. These dimensions are defined in more detail 
in the process of service performance creation in the transport sector in the Figure 2. 
The processes in the model have a connecting function, they are of superior 
importance, as they link all the elements into a plan. 

 



 

-94- 
I/2016 

Fig. 2 Example of distribution of the dimensions of service performance creation 
in the transport process 

 
Source: authors 

The model uses the "blueprinting" method, which is often used in the preparation 
of studies about the quality. It is a plan or a scheme, where a set of contact points is 
provided (figure 3), in which a customer comes into the contact with a potential 
performance of a service provider. On the basis of the contact points the customer can 
assess the qualitative strengths and weaknesses. The contact points are separated by 
"lines of perception" from processes that are involved in the creation of performance 
towards services on the one hand, but are hidden from the customer and the customer 
cannot evaluate them, only insufficiently. However, these effects may become visible 
in a later contact or in an outcome of the performance. 

In the model, the service provision process must be mapped and reconstructed. 
A customer responds in an open interview about his or her experiences, which can be 
critical or uncritical, positive or negative. A simplified diagram of a contact point for 
booking and selling travel documents is shown in the Figure 3. 
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Fig. 3 A simplified diagram of the contact points for reservations and selling 
travel documents 

 

Source: authors 

Even when a customer evaluates only the problems that he or she really 
remembers and considers appropriate to mention, this method proves to be 
advantageous because it can be used in the evaluation of service provision in the 
various phases of the logistics chain, of the carriage process as actually seen by the 
customer. 

Identifying, understanding and managing interrelated processes as a system 
contribute to greater efficiency and effectiveness in achieving the organization's 
objectives. Innovations should be process-oriented and create a new value for all 
stakeholders [9]. How everything changes, so the mismatch between the demands of 
the knowledge employees and their actual fulfillment are continually renewing and 
deepening. It is therefore necessary to introduce in enterprises repeated evaluation of 
conformity with the new requirements [10]. 
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Customer satisfaction with the provision of transport services closely related to 
the attitude of the staff. The climate in the workplace is therefore very substantial and 
significantly affects the quality of the service provided. 

4 Qualitative approach to increasing passenger transportation services 

Passenger transport moves people from where they are to where they need or 
wish to be. In addition, the system itself will need to have an operator responsible for 
resourcing, licensing and planning the operation. Every passenger transport system, 
then, to a greater or lesser extent, depends on there being a way, vehicle, motive 
power, operator and driver. [11]. 

Service chain is a system consisting of all activities, organizations, and facilities 
involved in the value adding transformation of inputs into outputs and delivery to final 
customer. A service organization's survival and prosperity depends on, its capability to 
create value for its customers, employees, suppliers, and shareholders [1]. 
Responsiveness, reliability, resilience and relationships provide the basis for 
successful logistics and service chain management [12]. 

It is necessary to enlarge the network of transportations by increasing the 
accessibility of services in order to manage passengers' transportation by coaches more 
attractive for passengers than it is done today as well as to increase the number of 
passengers. Nowadays, the good information system becomes the key moment of the 
development strategy of transport industry [13]. 

The gap model (SERVQUAL instrument) shown in Figure 4 is the most popular 
method of service quality measurement in almost all the services industry. It is very 
important to assess the quality of a service from the customer's point of view as the 
customer experiencing he service has some expectations and perceptions about the 
quality services. These gaps are the discrepancies or hurdles in the ultimate customer 
satisfaction [4]. There are differences between quality appraisal by many people so the 
measure of the extent to which the service delivered meets the customer's expectations 
and that means that perception of quality is influenced not only by service outcome but 
also by the service process. The gap between expectations and perceptions of a 
customer can be obtained by using the SERVQUAL questionnaire. 
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Fig. 4 The gap model related to the transportation process 

Source: authors according to [4]. 

Definition of following gaps: 

• GAP 1 (exists between the expectations of passenger and the perception 
of transport service provider), 

• GAP 2 (discrepancy between the characteristic of the service, which the 
transport undertaking produces and passenger expectations), 

• GAP 3 (exists by the failure of standards), 

• GAP 4 (arises from disharmony of perceived quality versus quality 
presented through advertising), 

• GAP 5 (the difference between what passengers expect and what 
transport undertaking provides). 

SERVQUAL consists of 10 basic aspects of service quality (reliability, 
responsiveness, competence, access, courtesy, communication, credibility, security, 
understanding the customer and tangibles [5]. 

Conclusion 

Passenger transport refers to the total movement of passengers using various 
modes of transport on a given network at which the quality of provided services is 
very significant. It is necessary to define the difference between customer expectations 
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and customer perceptions. The gap model allows to decompose the problem into five 
gaps of quality perception. Ambition of each manager should be to identify, measure, 
manage and minimize these five gaps. This research highlights innovative approach to 
a better quality through continuous improvement in services. 
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Resume 

The main aim of service oriented enterprise is to provide services with high 
customer satisfaction. This paper deals with the issue of increasing the quality of 
services, which is based on the Total Service Management. By using tools and methods 
such as the Gap model, the "blueprinting" method and TSM model, it can be applied 
within the process of transportation. Enhancing the working environment, thereby 
making employees more productive and improving access to customers. It is important 
to build solid customer relationships from initial contact through order acquisition 
and service. However, it is also essential to quickly resolving complaints concerning 
transportation service, thereby minimizing customer concerns and enhancing 
customer relations. Increase the effectiveness by eliminating the gap between the 
expectations of passenger and the perception of transport service provider. 
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PACKAGING DURING TRANSPORT OF FOOD 

Dominika ROVNANIKOVA, Marina ZANNE  

1 Type of packages in transport of foodstuffs 

Packaging is a process that is intended to preserve food against spoilage and 
contamination and extend shelf life.  

Food can be divided into perishable and nonperishable food. Perishable food 
have to be packaging in packages which can keep food in right temperature and 
humidity. This mean that must protect food against external influences and foods must 
stay in good and safe condition. This is important because change of temperature 
during storage or transport can affect safety of cold food chain.  

Food can be packaged by two main ways:  

• vacuum packaged, subject to controlled of modified atmospheric 
packaging 

• or be aseptically packaged.  
Functions of packaging are classified as: 

• Primary- is the bottle, can, drink box, aseptic processing (for example for 
liquid whole eggs or dairy products), bags (apples, rice), trays (portion 
fish or meat) and cartons.  

 

Fig. 1 Sample of primary function of packaging (from left to right- bottle, can, 
bag, tray) 

   Source: authors 

• Secondary- this offers additional food protection during storage and 
distribution where errors, such as dropping or crushing cartons, may occur 
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Fig. 2 Sample of secondary function of packaging (carton for group of yoghurts) 

 
Source: authors 

• Tertiary- pallets, wrappers (used to wrap the boxes on the pallet for 
transport) 

Fig. 3 Sample of tertiary function of packaging (palettes of bananas) 

  
Source: authors 

 

In Regulation (EC) No 852/2004 of the European Parliament on the hygiene of 
foodstuffs are stated this basic terms related to packaged goods: 

• "wrapping"  means the placing of a foodstuff in a wrapper or container in 
direct contact with the foodstuff concerned, and the wrapper or container 
itself 

• "packaging"  means the placing of one or more wrapped foodstuffs in a 
second container, and the latter container itself; [4]   

Consumer packaging is used on immediate protection of goods or group of 
goods, and therefore is need used only pre-approved packages for this purpose for 
direct contact with food.  

Group packaging (wrapping) for food is perceived by customers usually 
through boxes of corrugated cardboard or flexible film respectively plastic crates. 
However nowadays plastic crates are becoming for the modern customer rather a 
burden. Therefore they started coming to the fore packaging irreversible. These 
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packages are now known as SRP (shelf ready packaging). With these packages you 
must take into account the five basic requirements and a simple identification, easy to 
open, easy disposal, easy placement on the shelf and easy shopping. In terms of 
promotional function these types of packaging can be fully used as promotional 
material for the producer. 

Fig. 4 Sample of shelf ready packaging 

  
Source: authors 

Overpack must be made from materials which tolerate influence of temperature 
and humidity. In transport of food under controlled temperature this overpack must be 
durable against damage (under the influence of temperature and humidity) and 
bending corners. During transport of fresh fruit and vegetables is the most common 
used pallets and this complete transport unit is fixed with shrink film. An example 
would be the shipment in big bags. 

Fig. 5 Sample of overpack 

  
Source: authors 
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1.1 Food contact materials 
During production, processing, transport and storage of food in advance of the 

final consumption of food coming into contact with a number of materials and articles. 
This contact materials are called “food contact materials, FCM”. This group of 
material contain all materials and equipment which purposely come into contact with 
foodstuffs, food materials and meals during the production process (production, 
packaging, storage, transport administration). This group contain small container for 
transport of food, food processing machines and packaging materials too.  This 
materials must be sufficient internal, because in opposite site can be dangerous for end 
consumer and quality of food. This group of materials cannot be included film and 
film editing foods that are commonly consumed with food (the surface of cheeses and 
meet products). 

In general, it can be assumed that the choice of suitable raw materials and 
additives, compliance with the requirements of good manufacturing practices, 
compliance with the conditions of application depending on type of material 
(temperature, time, type of food, interface), transport and storage created prerequisites 
for safe material/articles and this eliminating the risk migration of harmful substances 
in food. [6]   

Microbiological criteria 

Materials on articles use for food contact particularly packaging materials must 
be microbiological inert. Thus, the food must be protected against microbial 
contamination from the outside, and at the same time must not be a source of microbial 
contamination, the packaged food and not contribute to a growth promoting medium 
and the propagation of unwanted microflora. This requirement is part of the 
observance of good manufacturing practices. The process of selecting raw materials, 
method of manufacture, storage and last but not least way of dealing with packaging 
materials is vital to eliminate microbial contamination of food. . [6]   

Chemical criteria 

The most intensive FCM is monitored for chemicals that can migrate out of the 
material used in the food or the object. They monitor not only the starting materials but 
also the compounds which may arise as a subsequent degradation products of the 
starting materials but also the compounds which may arise interaction each other.  [6]   

Sensory criteria 

Another requirement imposed on FCM is sensory indifference. Material or 
articles intended to come into contact with food is not to be the cause of changes in the 
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sensory properties of food with which it comes into contact caused both passage of 
substances from materials and articles to food and also in case of packaging materials 
passage of substances from the external environment through the packaging to the 
food. [6]   

1.2 Basic legal regulations  
Basic legal regulations valid for all groups of materials and articles are defined in 

two Regulations: 

• Regulation (EC) No 1935/2004 of the European Parliament and of the 
council on materials and articles intended to come into contact with food, 

• Commission Regulation (EC) No 2023/2006 on good manufacturing 
practice for materials and articles intended to come into contact with food 

 

Regulation (EC) No 1935/2004 of the European Parliament and of the council on 
materials and articles intended to come into contact with food It gives the basis for 
ensuring a high level of protection of human health and consumers. This Regulation is 
based on the principle that materials (packaging materials) and articles intended to 
come into contact with food either directly or indirectly, must be sufficiently stable to 
prevent the transfer of substances to food, each material and article intended to come 
into contact with food placed on the market should comply with the requirements of 
this Regulation This Regulation defines: the scope, general requirements, labeling 
requirements in the marketing, traceability, 

 Regulation shall apply to materials and articles which in their finished state: 

• are intended to come into contact with foodstuffs 

• are already in contact with foodstuffs and are intended for that purpose, 

• it can be with them reasonably be expected to come into contact with 
food. 

The type of materials, from which can be produce this products are define in 
annex of this Regulation.  

In the context of this framework Regulation it is necessary to mention the role of 
the European Food Safety Authority (EFSA), which is responsible for approving new 
substances for toxicological evaluation will be used to manufacture plastic materials 
and articles. 

In article 15 of this Regulation are information about labelling of packaging of 
food. Materials and articles, which are not yet in contact with food when placed on the 
market, shall be accompanied by: 
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• the words ‘for food contact’, or a specific indication as to their use, such 
as coffee machine, wine bottle, soup spoon, or the symbol reproduced in 
Annex II; 

• if necessary, special instructions to be observed for safe and appropriate 
use; 

• the name or trade name and, in either case, the address or registered office 
of the manufacturer, processor, or seller responsible for placing on the 
market established within the Community; 

• adequate labelling or identification to ensure traceability of the material or 
article, as described in Article 17 of Regulation 1935/2004; 

• in the case of active materials and articles, information on the permitted 
use or uses and other relevant information  [5]   

 

Commission Regulation (EC) No 2023/2006 on good manufacturing practice for 
materials and articles intended to come into contact with food establishes rules on 
good manufacturing practices, defines the obligations of the business entity in relation 
to quality control assurance system that ensures conformity of raw materials, 
intermediate and finished products with the properties specified in the system quality 
assurance. 

This Regulation shall be applied to all sectors and at all levels of: 

• production, 

• processing and 

• distribution of materials and articles 

2 Active and intelligent packages 

“Active materials and articles” means materials and articles that are intended to 
extend the shelf-life or to maintain or improve the condition of packaged food; they 
are designed to deliberately incorporate components that would release or absorb 
substances into or from the packaged food or the environment surrounding the food; 
[2]   

“Intelligent materials and articles” means materials and articles which monitor 
the condition of packaged food or the environment surrounding the food; [2]   

Application of intelligent materials 

The function of intelligent materials and articles is tracking / monitoring of the 
status of food or the environment surrounding the food in order to obtain information 
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on the quality of packaged food during transport and storage. Examples of smart 
packaging are, for example. : Temperature indicators, indicators of internal 
composition of the atmosphere, freshness indicators. 

• Indicators of temperature –These are marks on the outer surface of the 
casing capable of visually indicate temperatures that has been exposed. 
Indicators are used: mechanical, chemical, and enzymatic irreversible 
changes. Temperature and timing are used to change the physical or 
physico-chemical properties of the substances that are modified by time 
and temperature. Importantly, the time and temperature indicators change 
their properties irreversibly, to give evidence of a exceeded the maximum 
allowable storage temperature or information about total energy (heat) 
absorbed inducer. Temperature and timing are especially important in the 
case of frozen and chilled foods. Registering defrosting the products can 
color change labels. Similarly, in the case of chilled foods, when stored at 
a temperature above the optimum temperature, there is a color change 
label. This is very important information for consumers about the 
possibility of improper quality and the development of pathogenic micro-
organisms in the product. [3]    

Fig. 6 Indicator of temperature on foodstuff 

  
Source: authors 

• Indicators of atmosphere – We can divide the oxygen indicators 
(indicators of the integrity of the container) indicators carbon (microbial 
stability indicators) and humidity indicator. The principle of using 
atmospheric indicators are redox-sensitive color changes (methylene blue) 
due to a chemical or enzymatic reaction or change in color pigments due 
to pH shift. The food packaging on the inner surface of the packaging 
labels are placed with surfaces or tablet inserted in a transparent bag. 
Their color varies depending on the composition of the surrounding 
environment and read through the transparent packaging material. 

• Indicators of freshness – the principle of the detection of volatile 
metabolites (amines, ammonia, carbon dioxide, diacetyl), which are 
released during the aging of the packaged food (e.g. an indicator for 
monitoring the packaged fish). [6]   
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3 Transport equipment 

When transporting food under controlled temperature is required to carry out 
such operations special trailers or containers. Therefore, it is an integral part of 
packaging logistics for the transportation of food and location in such means of 
transport. 

In ATP are equipment divided into 4 categories: 

• Insulated equipment – this equipment has the body build with insulated 
walls, doors, floor and roof. This construction eliminated exchange heat 
between indoor and outdoor. The overall coefficient of heat transfer is 
such that equipment to one of these categories: 

IN = normally insulated equipment 

IR= heavily insulated equipment 

The overall heat transfer coefficient (K coefficient) is: 

 

       (1) 

where W ........... heating power or cooling capacity 

 S ............ surface area 

 ∆T .......... constant absolute temperature 

  

• Refrigerated equipment- insulated equipment with a source of cold other 
than mechanical unit. 

• Mechanically refrigerated equipment – insulated equipment with its 
own refrigerating appliance. This class is divided into 6 categories. This 
categories incurred from selected the right temperature (for example class 
A is equipment with option cooled space between + 12 °C and 0 °C 
include) 

• Heated equipment 
In the other hand, cold storages can be classified into different categories 

depending upon the controlling parameters inside the storage room. They are as 
follows: 

Control atmosphere cold storage: Control atmosphere cold storage mainly used 
for long-term storage of perishable fruits. In this type of cold storage, apart from 
temperature, concentrations of oxygen, carbon dioxide, ethylene and nitrogen are 
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maintained as per the requirement of the storage materials. These are mainly used for 
the storage of apples, pears, lemon, litchi, mango and other perishable fruits.  

Temperature controlled cold storage: This type of cold storage is mainly used 
for storage of grains, dry fruits and spices. In this type of storage constant pre-
determined temperature is maintained throughout the room. 

High humidity cold storage: This type of cold storage is mainly used for 
storage of fresh vegetables. In this type of storage, constant pre-determined 
temperature with high humidity is maintained throughout the room. Apart from 
temperature and humidity, carbon dioxide and air circulations within the products are 
maintained automatically.  

Fig. 7 Sample of regrigerated container and trailer 

 
Source: authors 
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Resume 

When foods are transported have to be complied numerous safety requirements. 
These have to be met in packaging of the goods so as to maintain food safety. 
Consequently, this article describes the use of package for the transportation of food, 
active and intelligent packaging used to improve food safety. It is necessary, know, 
which Regulations regulate requirements for packages and materials for packages. 
Packages have to be produce from safe and approve materials. For transport 
companies is important know, which mean of transport and transport equipment use 
for this type of goods. It is also necessary to ensure the transport of such goods is 
approved and designated vehicles, their description is also provided in this article. 

Key words 

package, foodstuff, package function 

Ing. Dominika Rovňaníková 

University of Žilina 

Faculty of Operation and Economics of Transport and Communications 

Department of Road and Urban Transport 

E-Mail: dominika.rovnanikova@fpedas.uniza.sk  
  

Marina Zanne  

University of Ljubljana 

E-Mail: marina.zanne@amis.net 



 

-110- 
I/2016 

TRANSPORT MECHATRONIC SYSTEM 
SIMULATION 

Maria TOMASIKOVA, Michal TROPP, 
Michal LUKAC, Frantisek BRUMERCIK 

1 Introduction 

The dynamic behavior of vehicles can be analyzed in several different ways. 
Vehicle models and their mechatronic components are often simulated with advanced 
controller designs provided as software in the loop (SIL) with controller design 
software such as Simulink, or with physical hardware in the loop (HIL). Simulation 
can be done as straightforward as a simple spring mass system or through a three-
degree of freedom (DoF) bicycle model. Multibody system simulation package such as 
MSC ADAMS or Modelica allow larger degree of mechatronic system model 
complexity [1, 2]. 

Simscape Driveline ™ provides component libraries for modeling and simulating 
one-dimensional mechanical systems. It includes models of rotational and translational 
components, such as worm gears, planetary gears, lead screws, and clutches. You can 
use these components to model the transmission of mechanical power in helicopter 
drivetrains, industrial machinery, vehicle powertrains, and other applications [3]. 
Automotive components, such as engines, tires, transmissions, and torque converters, 
are also included [4]. 

2 Vehicle model 

The presented vehicle model is created by Simscape Driveline blocks and 
connections. Each block represents another part of the simulated system (Fig. 1). 

Vehicle motions are largely due to the shear forces generated between the tires 
and road, and therefore the tire model is an essential part of the math model. The tire 
model must produce realistic shear forces during braking, acceleration, cornering, and 
combinations, on a range of surface conditions [5]. Many models are possible to use. 
Most are semi-empirical, such as the Pacejka Magic Formula model. 



 

-111- 
I/2016 

Fig. 1 Vehicle model in Simscape Driveline 

Source: authors 

3 Magic formula tire block 

There are different ways to describe the longitudinal slip behavior using tire 
models. We know two types of models - physical and empirical. A physical model 
describes the tire on the basis of the recognized physical phenomena during braking, 
usually in a simplified way. Such simplified models do not aim to give a quantitative 
description of the tire handling performance, but merely give an explanation of the 
qualitative phenomena (shape of the curve, trends in the sense that the impact of 
changing vehicle speed, road conditions etc. are well covered, etc.) [6]. 

The Tire block models the tire as a rigid wheel-tire combination in contact with 
the road and subject to slip. When torque is applied to the wheel axle, the tire pushes 
on the ground (while subject to contact friction) and transfers the resulting reaction as 
a force back on the wheel. This action pushes the wheel forward or backward. If you 
include the optional tire compliance, the tire also flexibly deforms under load. 

The Pacejka tire models are widely used in professional vehicle dynamics 
simulations, and racing car games, as they are reasonably accurate, easy to program, 
and solve quickly [7]. 

A more general Magic Formula uses dimensionless coefficients that are functions 
of the tire load. A more complex set of parameters pi, entered in the dialog box, 
specifies these functions: 
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Fx = f(κ,Fz) = Fz·D·sin( C·arctan[ { Bκ – E·[ Bκ – arctan(Bκ) ] } ] ) (1) 

where: 

dfz= (Fz-Fz0)/ FZ , 

κx= κ + SHx , 

Cx= pCx1  , 

Dx= μx . Fz , 

μx= pDx1+ pDx2. dfz , 

Ex= (pEx1+ pEx2. dfz + pDx3. dfz2)[1- pEx4 . sgn (κx )], 

Kxκ = Fz .( pKx1+ pKx2. dfz) . exp (pKx3 . dfz) , 

Bx= Kxκ/ (CxDx + εx), 

SHx= pHx1+ pHx2. dfz  , 

SVX= Fz. (pVx1+ pVx2. dfz). 

 

SHx and SVx represent offsets to the slip and longitudinal force in the force-slip 
function, or horizontal and vertical offsets if the function is plotted as a curve. μx is the 
longitudinal load-dependent friction coefficient. εx is a small number inserted to 
prevent division by zero as Fz approaches zero [8, 9]. 

Numerical values are based on empirical tire data. These values are typical sets 
of constant Magic Formula coefficients for common road conditions (Table 1). 

Tab. 1 Magic Formula coefficients 

Surface B C D E 

Dry tarmac 10 1.9 1 0.97 

Wet tarmac 12 2.3 0.82 1 

Snow 5 2 0.3 1 

Ice 4 2 0.1 1 

Source: authors 
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Vehicle model in Simscape Driveline is a simplified 4-wheels car. We can 
measure and explore some dynamic properties of the vehicle, like vehicle velocity, 
normal forces on tire, wheel speed. The input simulation data are presented in Table 2. 

Tab. 2 Simulation input data 

Mass 1500 kg 

Horizontal distance from CG to front axle 1.4 m 

Horizontal distance from CG to rear axle 1.6 m 

CG height above ground 1.2 

Tire radius 0.3 m 

Slide 5 % 

Slope 5 ° 

Tire damping 1000 N/(m/s) 

Tire stiffness 200000 N/m 

Wind 0 

Source: authors 

4 Simulation results 

The next figures show results of executed vehicle simulation. The engine power, 
speed, tire normal forces and slip and the car velocity progress are presented in Fig. 2 
to Fig. 6. 
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Fig. 2 Engine power progress during the simulation 

 

Source: authors 

Fig. 3 Engine speed progress during the simulation 

 

Source: authors 
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Fig. 4 Wheel normal forces progress during the simulation 

 

Source: authors 

Fig. 5 Wheel slip progress during the simulation 

 

Source: authors 
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Fig. 6 Car velocity progress during the simulation 

 

Source: authors 

5 Conclusion 

The vehicle model is applicable to various input simulation data. We can set 
input parameters into the simulation by defining them in Workspace and then the 
simulation can be run. The mechatronic system model control is simple and clearly. 
The model is proposed only for straight direction driving – it does not include the 
steering option. The tire Magic Formula block assumes longitudinal motion only and 
includes no camber, turning, or lateral motion. 
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Resume 

This article describes a vehicle model, which is created by Simscape Driveline 
software. The model is simplified and made by component blocks. The blocks represent 
basic parts of vehicle like engine, gear, differential and tires. The model contains 
elementary information about vehicle geometry- dimensions and center of gravity 
(CG) position. This information about vehicle is sufficient for mathematical 
description of the vehicle. 
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TRANSPORT SYSTEM PARTS MADE OF 
UNCONVENTIONAL MATERIALS 

Michal TROPP, Maria TOMASIKOVA, 
Ronald BASTOVANSKY, Frantisek BRUMERCIK 

1 Introduction 

According to the statistics data from 2012, there were produced annually about 
84 million vehicles worldwide. This number has been increasing every year [1, 2]. 
This number is close related to problems of environmental pollution and at the same 
time reducing of oil reserves, which is the main source of fuel for more than 99% of 
the vehicles. Manufacturers and governments want to reduce fuel consumption. One of 
the current trends is called "Downsizing". This is about engine downsizing strategy 
and improvement of their energy balance, for example, with ingestion of turbocharger. 
Other manufacturers are moving towards the use of alternative energy sources, hybrid 
technology or going the way to reduce the weight of vehicles using unconventional 
materials such as aluminum alloys, high strength steels and the use of carbon and other 
composites [3]. 

The article describes a calculation of vehicle body strength made from 
unconventional material, specifically carbon fiber. Design and calculations are made 
by using the CAD system Creo Parametric 2.0, Catia and FEM software ANSYS 
Workbench, which includes the necessary functions to calculate the composite 
structural FEM model. 

2 Preparing of surface model and boundary conditions definition 

In the first part of this section of paper, a process of creating a 3D model with 
next necessary modifications are described. 

2.1 3D models 
The model and shell structure was created as a first step in the Creo Parametric 

2.0 software. Shell thickness was the same as the thickness of composite, which was 
the component made from. 



 

-120- 
I/2016 

2.2 Extracting 3D surface model 
By using of CATIA V5 software, the outside surface of 3D part models was 

extracted. 

Fig. 1 Shape of surface model used for calculation 

 

Source: authors 

Extraction was performed using the feature named "Multiple Extract". 
Consequently, it is necessary to save this area in STEP format and define it in ANSYS 
Workbench as the basic geometry [4, 5]. 

Second part of this section describes the procedure of definition of boundary 
conditions in ANSYS Workbench software. 

2.3 Defining the boundary conditions 
After transferring areas extracted from the 3D model into the ANSYS 

Workbench, defining of boundary conditions of component-size or location of a 
burdensome power and the location and number of degrees of freedom withdrawal of 
component is needed (Fig. 2). 

Fig. 2 Boundary conditions of calculation 

 

Source: authors 
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2.4 Definition of material properties 
The Component was simulated as a component made of carbon fiber composites. 

There is need to select a predefined material from the software library whose 
characteristics correspond with used carbon fabric [6]. The next step is to create a 
fabric with a thickness corresponding to the thickness of the carbon fabric offered by 
different manufacturers. Creation of laminate follows after defining the type and 
thickness of the fabric (Fig. 3). 

It is important to correctly choose the order of layers and the orientation of the 
carbon fibers, when entering the laminate in it [7, 8]. 

The next part of article describes the procedure of strength calculations 
components in ANSYS Workbench. In order to obtain the values of tension and 
deformation of the desired structure, there is needed to follow these steps: 

2.5 Selecting the direction of orientation of the layers of laminate 
It is necessary to select the area that will define the shape and orientation of the 

neutral axis of the filaments. 

Fig. 3 Layers and stiffness diagrams 

 

Source: authors 

 Fig. 3 shows the distribution of fibers within the laminate and directional 
laminate stiffness which depends on the angle of rotation of the individual layers of 
fabric neutral axis. Dimensions of layers are on the left side of picture and the stiffness 
characteristic on the right side. 
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Fig. 4 Distribution of fibers in the material 

 

Source: authors 

Fig. 4 shows the direction vectors coating the selected surface in the laminate. 
Yellow arrow shows the neutral axis (direction) orientation of the fibers of each layer 
of the laminate, purple arrow represents the direction normal storage layers with 
respect to the selected face. 

3 Conclusion 

The simulation results of classical strength calculations of stress of material (Fig. 
5) and total deformation of the component, are necessary to achieve the aim of 
research, (Fig. 6.) 

Fig. 5 Von Mises stress in material 

 

Source: authors 
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Fig. 6 Total deformation of the component 

 

Source: authors 
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Resume 

The article deals with the usability analyses of alternative materials in 
construction of vehicles. The paper contains process of force and FEM analysis of 
components from carbon composite. The used 3D model is a part of axle from 
alternative small electric vehicle. The analysis was made with help of MSC Adams and 
Ansys Workbench software. Color maps of von Mises stress in material and total 
deformations of the component are the results of calculation. 
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