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Foreword 

 

 
Tradition continues - the Faculty of Economics in Osijek organizes for the 17th 

year in a row an international scientific conference on Business Logistics in Modern 

Management 2017. Certainly the reasons can be found in the outstanding importance 

of business logistics for the European and world economy. In the past year, logistics 

once again adopted and implemented large technological advances, increased 

multidisciplinary and growing importance within individual companies. At the same 

time economy figures point to even more logistics service delivered and further 

growth of demand for new logistics and interdisciplinary services in future. On the 

other hand, the interest of the scientific community for the Conference is increasing, 

which is evident in a large number of participants - 92 authors from Estonia, Poland, 

Germany, Slovakia, Montenegro, Serbia, Hungary and Croatia presented the results 

of their research through 39 papers. 

 

Proceedings of international scientific conference Business Logistics in Modern 

Management, as a representative of scientific part of logistics and supply chain 

management, responds to all these challenges in the economy, and sets new scientific 

and professional standards for companies and countries in the region and across 

Europe. Proceedings publication is divided into 9 sections: transportation, production 

logistics, purchasing logistics, contemporary supply chain challenges, retail and 

distribution logistics, technology in logistics, maritime logistics, green logistics, and 

interdisciplinarity in logistics practice. Although section titles represent established 

logistics sectors, papers in them are contributing with new exciting unpublished 

research results from these areas. Actuality, significance and quality of issues raised 

and presented in scientific papers, and consistency and professional standards of the 

review process of earlier Proceedings of this Conference have also been recognized 

by relevant scientific databases like Thomson Reuters Web of Science Conference 

Proceedings Citation Index ï Social Science and Humanities, EBSCO ï Business 

Source Ultimate and Business Source Corporate Plus, Econlit Full Text, IDEAS, 

EconPapers, and Hrļak. 

 

All the papers went through two double blind international reviews thanks to 

enviable group of international scientist gathered in Review Committee who have 

significantly contributed to the quality of the Proceedings and Conference as a whole. 

Our appreciation also goes to all participants of the Conference, to Ministry of 

Science, Education and Sports of Republic of Croatia, and to Faculty of Economics 

for its support. 

 

This yearôs Conference was significantly enriched with plenary lecture from our 

keynote speaker, distinguished professor Stefan Seuring from Kassel University in 

Germany who talked about development and directions in sustainable supply chain 

management.  
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The success of the scientific conference is measured by the quality and quantity 

of papers that are being publicized through it, but perhaps even more by the people 

involved in it and the relationships they develop through it. Taking into account all of 

the above aspects of success, it is my pleasure to say that Business Logistics in Modern 

Management 2017 is a successful conference. 

 

Davor Dujak,  

Editor 
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TESTING GIBRATôS LAW ON CROATIAN FREIGHT 

TRANSPORT AND LOGISTICS FIRMS  
 

Helga Pavliĺ Skender 

University of Rijeka, Faculty of Economics, Croatia 

E-mail: helga.pavlic.skender@efri.hr  

 

Petra Adelajda Mirkoviĺ 

University of Rijeka, Faculty of Economics, Croatia 

E-mail: petra.adelajda.mirkovic@efri.hr  

 

Vinko Zaninoviĺ 

University of Rijeka, Faculty of Economics, Croatia 

E-mail: vinko.zaninovic@efri.hr  

 

Abstract  

 

Gibratôs law states that growth rate of the firm is independent of firmôs size. This 

paper tests Gibratôs law on the panel data of Croatian freight transport and logistics 

firms during the period from 2006 to 2015. The data from Bureau van Dijkôs Amadeus 

database is used to test the Law. The sample includes 565 firms. The aim of the paper 

is to analyze whether the growth of the freight transport and logistics firms in Croatia 

depends of its size. The number of employees and sales of the firm are used as 

independent variables, while yearly sales growth is taken as the depended variable.  

In analysis is also included the age of the firm in order to control for variable other 

than the size that affect the growth rate of the firm. Using econometric model (fixed 

effects estimator) we find that there is statistically significant proportional connection 

between size of the firms and their respective growth rates, moreover the results shows 

the growth in number of employees has a positive impact on the growth rate while the 

growth in sales and age of the firm have negative impact on the growth rate. It means 

larger and older firms have slower growth rate. That is why the Gibratôs law is rejected 

in case of Croatian freight transport and logistics firms. 

 

Key words: Gibratôs law, freight transport & logistics, panel data, fixed effects 

 

 

1. INTRODUCTION  

 

Logistics is one of the tools that play a key role in the change and improvement 

of the economy. Logistics and transport industry provides significant macroeconomic 

contributions to national economy by creating employment, and creating national 

income and foreign investment inflow. On the microeconomic level, logistics industry 

is a key industry in increasing the competitive power of firms. Moreover, the logistics 

and transport industry has an important mission in revitalizing and improvement of 

the competitiveness of other industries. Today, all industries are dependent on 

logistics sector (Sezer & Abasis, 2017). Considering the significant role of the 

mailto:vinko.zaninovic@efri.hr
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logistics and transportation firms in generating employment and innovations with 

which they contribute to their local economies, firm growth rates represent an 

important field of interest for researchers and growth support policy makers. One of 

the significant contribution to the firm growth theory was the one introduced by 

Robert Gibrat (1931) known as the Law of Proportionate Effects or commonly used 

Gibrat s law (hereinafter: the Law) where he states that the growth rate of a given firm 

is independent of its size at the beginning of the examined period.  

Many authors who are introduced in the Section 2 have tested the Law on diverse 

industries, in different countries using different models and the results were similar 

when it comes to the industry. The focus was mostly dedicated to the manufacturing 

industry while later papers included service sector in their analysis. The differences 

between distribution of firmsô sizes between manufacturing and service industry vary 

as well as the different structure of ownership relationship within firms in 1930s when 

compared to 21th century (Host & Zaninoviĺ, 2017). 

There is evident a considerable number of studies showing the relationship 

between size and growth of firms in the developed nations i.e. Italy, UK., US, Spain 

etc. However, the researchers have come across only a few studies that had analysed 

the growth pattern of firms in developing countries (Aggarwal & Chander, 2008). The 

Law brings interesting connotations for determining the intensity of industry 

concentration and the significance attributed to testing its validity is quite 

understandable (Vukoviĺ et al, 2014). 

The aim of this paper is to analyse whether the results of testing the Law on 

Croatian freight transport and logistics firms show the independents of the growth and 

firm size. The analysis was based on the panel data of 565 Croatian freight transport 

and logistics firms during the period from 2006 to 2015. It is important to emphasize 

that the time span of 10 years includes also the period before and after the EU 

accession which for sure had its impact on examined industry considering the dictated 

macroeconomic policies of the largest countries and integration by itself. 

The paper is divided into the 6 sections. After the Introduction, section 2 gives 

the review of the relevant literature covering the Gibratôs law. The methodology of 

the research is explained in section 3. Section 4 presents the description of the data 

and descriptive statistics while the results and discussion are contained in section 5. 

Finally, section 6 concludes and gives suggestion for the potential further 

development of the analysis.  

 

 

2. LITERATURE REVIEW  

 

 A common interpretation of the Gibratôs law presented in numerous paper is 

that a firmôs growth rate and its size are independent of each other. In other words, 

the Law states that small firms grow at the same rate as large firms. As mentioned 

above in the introduction, the considerable literature has rejected the Law, but various 

papers have found that the Law is valid for certain subsamples or time periods. Hence, 

the question is not whether Gibratôs law is valid, but rather when and in which industry 

it is valid. The main research question of this paper is whether the Law is valid for the 

Croatian freight transport and logistics firms. Robert Gibrat stated that ñthe 
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distribution of firmôs size which can be measured by sales and number of employees 

of firms, could be well approximated with a lognormal distribution, and the reason 

could be the nature of the firmôs growth process, that is multiplicative and independent 

of the sizeò (Gonzalez-Val, Lanaspa & Sanz, 2010). 

Earlier studies based on small subsamples of well-established and large firms 

tended to confirm the Law, because of the market structure which was mainly 

controlled by a smaller number of firms. This means that the earlier studies were 

showing faster growth of large firms than smaller ones (Teurel & Carrioza, 2008). 

The Law continued to receive more attention in the theoretical and empirical literature 

during 1960s and 1970s, but Sutton (1997) made a great contribution in understanding 

the Law clearer when stated that it is important to distinguish between absolute and 

relative growth of the firm and therefore the Law states only that the relative growth 

is independent of the firmôs size. Furthermore, in his work Gibratôs Legacy he stated 

that the reason for incompatible results lies in the systematic differences in the sample 

selection, for example in the case of manufacturing sector, the findings mostly show 

that the Law in not valid whilst it is valid in the case of the service sector (Nassar, 

Almsafirb & Al -Mahrouqc, 2014). Another important fact is that the papers were 

mainly focused on testing the particular industry, while ignoring the attributes of a 

given country or region. What is specific for Croatia freight and logistics firms is that 

firms which are operating in Croatia mostly have their own logistic networks for their 

needs therefore integrated logistic service specialist suppliers are not numerous. It is 

still a young and growing field of business in Croatia. 

After more than 70 years of Gibratôs seminal book, Bottazi et al. (2009) returned 

to the study of the French manufacturing sector. They examinated which properties 

of firm size distributions and growth dynamics characterize the aggregate dynamics 

and if they are, at the same time, robust under disaggregation, hence they analysed the 

size distribution, Gibratôs law, the growth rates distribution, and growth rate 

autocorrelation at both aggregate and disaggregate levels. The results rejected the 

Law, by showing that the growth process is independent of firmôs size. 

Audretch et al. (2004) examined whether Gibratôs law can be rejected for the 

services as it was for the manufacturing industry. His research was based on a large 

sample of Dutch firms from service industry. His findings showed that for the Dutch 

services industry, Gibratôs law was generally valid. Almus & Nerlinger (2000) tested 

the Law on the sample of West German manufacturing firms where they subdivided 

them into young firms which are technologically intensive and non-technologically 

intensive as well as in distinct size classes. The results showed the Law was rejected 

for both, technologically intensive and non-technologically intensive in all periods 

examined but there was no significant difference between both firm groups. This 

confirmed the thesis that smaller firms have larger growth potential than larger ones. 

Goddard et al. (2002) and Oliveira & Fortunato (2003, 2006) used panel data 

analysis to test if Gibratôs law holds for Japanese and Portuguese manufacturing firms 

and the results were not supportive, hence the Law was rejected. In the case of Turkish 

companies, the results were two-fold, Gibratôs law did not hold in the case of cement, 

plastic and pipe, textile, medicine and chemical, steel iron, automobile and other 

industries because results showed that firm size and firm growth were not independent 

of each other. In the case of food, electrical machinery, electronics and transportation 
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firms the Law was valid as the relationship between firm size and firm growth was 

independent. It important to emphasize that by using different approach, considering 

cross sectional correlation, the results were quite opposite because the Law was 

rejected in all industries except ceramics and electronics (Aslan, 2008). Calvo (2006) 

analysed whether small, young, and innovating firms have experienced a greater 

employment growth than other Spanish firms over the period from 1990 to 2000. The 

study was based on a sample of 1272 manufacturing firms in which only 967 of the 

firms survived for the entire ten-year period. In the case of Spanish young and 

innovative firms, the Law failed to hold since the results showed that old firms grow 

less than young ones, and innovating activity (both process and product) is a strong 

positive factor in the firmôs survival and its employment growth. Moreover, it is 

possible that firm, as it grows, loses flexibility and organizational efficiency which 

can lead to the more difficult growth for large firms than to the small ones (Kwangmin 

& Jinhoo, 2010). 

A significant number of empirical papers spanning an extensive range of 

countries, and including both small and as well large firms, resulted in a peculiar 

result; growth rates (of surviving firms) tend to systematically decrease with 

increasing firm size. The transport and logistics market in Croatia is quite young and 

in the process of growing. As far as we know, this is this first time that an analysis of 

the Law is tested on specifically freight transport and logistics firms. The conclusion 

of the analysis is that a considerable number of researches showed that small firms 

indeed grow faster than large firms. This is supported both by both theoretical and 

empirical evidence. 

 

 

3. DATA AND DESCRIPTIVE STATISTICS  

 

In paper is used panel data available from Bureau van Dijkôs Amadeus. The 

sample consists of 565 firms involved in the freight transport and logistics industry 

(Division 52 according to Nace Rev. 2) during 2006 to 2015 period. More specifically, 

division 52 consists of two groups and six classes and includes warehousing and 

support activities for transportation, such as operating of transport infrastructure, the 

activities of transport agencies and cargo handling. Group 52.1 includes operation of 

storage and warehouse facilities for all kind of goods while group 52.2 includes 

support activities for transportation (land, water and air transportation). Last class 

(52.29) of the group 52.2 is very broad and includes: forwarding of freight, arranging 

or organizing of transport operations by rail, road, sea or air, organization of group 

and individual consignments (including pickup and delivery of goods and grouping 

of consignments), issue and procurement of transport documents and waybills, 

activities of customs agents, activities of sea-freight forwarders and air-cargo agents, 

brokerage for ship and aircraft space, goods-handling operations, e.g. temporary 

crating for the sole purpose of protecting the goods during transit, uncarting, sampling, 

weighing of goods (NACE, 2008, p. 241). 

In order to test the Law, three variables were used; sales, measured in thousands 

of euros, number of employees and age of the firm. Original sample consisted of 735 

firms, but we eliminated all observations that had at least one missing value for any 
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of the three aforementioned variables during observed period (roughly 23% of the 

firms). As a robust check, it is tested the model that will be explained in the next 

section on the original sample and the results were not significantly different.  

 

Figure 1. Aggregate sales across industry classes 

 
Source: Authorsô calculations 

 

Figure 1 presents aggregate sales across industry classes, where can be seen 

positive trend of sales in division 5210 and 5223 e.g. air transport, which is quite 

obvious considering the trend in the world where air transport mark positive trend. 

Moreover, according to the International Air Transport Association (IATA, 2017) the 

global air freight markets are showing that the demand, measured in freight ton 

kilometers (FTKs) grew by 3.8% in 2016 compared to 2015. Furthermore, the 

industryôs average growth rate was 2.0% over the last five years. The trend regarding 

other two variables, 5222 and 5224 is relatively stagnant throughout the period, while 

the trend in 5221 shows significant decrease in the period after 2010, when the 

economic crises in Croatia was at its peak. 
Unlike the trend in aggregate sales, Figure 2, number of employees shows the 

stagnant trend in 4 out of 6 observed industries. The only industry where is evident 

oscillating trend is land transport, where, as in the previous figure can be seen 

significant drop in the period during 2011 and 2012. 
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Figure 2. Aggregate number of employees across industry classes 

 
Source: Authorsô calculations 

 

Table 1 contains descriptive statistics for division 52 in general, as well as for 

each of the particular classes within division. It can be noted that group 5229, other 

supporting industries makes the most important share in the division 52 while air 

transport makes the smallest share in division. The most employed persons are in air 

transport industry while other supporting industries have the smallest number of 

employees. When considering the average amount of sales, air transport with more 

than 12 million euros on average has the dominant position, while the land transport 

with 500 000 euros on average, the last position in observed sample. The highest 

standard deviation can be noted in land transport sales, as well as the coefficient of 

variation, while the lowest standard deviation is present in water transport sales, but 

coefficient of variation shows that standard deviation is 3 times higher than average. 

 

Table 1. Descriptive statistics of the three main variables across industry classes 
Division /Class No. of 

firms 

Variables Obs. Mean Std. 

Dev. 

Min Max 

52 

 

565 

employment 3,447 48.75 335.5 1 7455 

sales 3,447 2530 11593 0.0185 201598 

age 3,447 13.65 10.73 0 70 

5210 ï 

warehousing & 

storage 

 

48 

employment 231 48.24 149.0 1 919 

sales 231 4689 12936 0.980 100887 

age 231 13.32 8.414 0 32 

5221 ï land 

transport 

 

86 

employment 459 143.7 871.2 1 7455 

sales 459 500 25177 0.0185 201598 

age 459 14.31 10.07 0 69 

5222 ï water 

transport 

 

57 

employment 352 24.87 49.72 1 278 

sales 352 1748 4413 0.226 28397 

age 352 16.21 13.44 0 70 

5223 ï air  employment 119 220.3 276.5 1 878 



17th international scientific conference Business Logistics in Modern Management 

October 12-13, 2017 - Osijek, Croatia 

 

9 

   

transport 19 sales 119 12040 24528 6.409 147344 

age 119 15.94 12.14 0 53 

5224 ï cargo 

handling 

 

19 

employment 121 171.4 258.1 1 983 

sales 121 4556 6779 2.927 26689 

age 121 27.92 24.41 0 70 

 

5229 ï other 

supporting 

industries 

 

336 

employment 2,165 16.27 49.42 1 609 

sales 2,165 1267 3854 0.136 47060 

age 2,165 12.20 8.309 0 69 

Source: Authorsô calculations 

 

 

4. METODOLOGHY  

 

The most simplest way to test the Law is the one that includes regression with 

two variables, dependent (yit), that is the growth of the firm, usually proxied by the 

change in sales between years, in time period t and independent variable (xi,t-1), that 

is, the size of the firm in time period t-1 (proxied by the level of sales). Practically, 

this means estimating the following equation: 

 

ὰὲώ  ‍ ‍ÌÎὼȟ ‐             [1] 

 

We emphasize that we did logarithmic transformation of the variables in order 

to be able to interpret the ɓ1 as the elasticity, although this is not technically required. 

If ɓ1 is around 0, then the Law holds, while if ɓ1 is significantly different than 0, the 

Law doesnôt hold. We used [1] as the backbone of our econometric model, although 

we expanded it with two variables that affect the growth of the firm, namely number 

of employees (other proxy for the size of the firm) and the age of the firm, that can be 

proxy for competitiveness of the firm. 

If we were to use approach model in aforementioned process of econometric 

modelling, the basic econometric model could be the following: 

 

ὫὶέύὸὬ  ‍ ‍ίὥὰὩί‍Ὡάὴὰ‍ὥὫὩ ὥ ‗ ό       [2] 

 

Equation 2 presents our econometric model. Growth of the firm is calculated as 

the difference in the log of sales between t and t-1 period. Sales and employment are 

log-transformed while the age is in absolute terms. Individual effect is denoted with 

ai, aggregate time (yearly) effects are denoted with ɚt, while uit is a stochastic error 

term. 

In order to estimate it, we first employed both fixed effects (FE) estimator and 

random effects (RE) estimator, although even before using them, we suspected that 

FE will be more suited to our data, since it is plausible to assume that idiosyncratic 

component (ai) will be correlated with the regressors. Hausman test (results of the test 

are contained in Table 2) confirmed that RE is not consistent and that we should stick 

with the FE. 
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Table 2. Results of the Hausman test 

 (b) (B) (b-B) 

 FE RE Difference 

L1. lnsales -0.552 -0.317 -0.235 

L1. lnempl 0.0416 0.243 -0.201 

L1.age -0.0201 0.00335 -0.0235 

year    

2008 -0.0298 -0.0509 0.0211 

2009 -0.116 -0.174 0.0580 

2010 -0.108 -0.154 0.0454 

2011 -0.0424 -0.0916 0.0492 

2012 -0.0711 -0.182 0.111 

2013 -0.0720 -0.200 0.128 

2014 -0.0515 -0.212 0.161 

chi2(10) 474.2   

Prob>chi2 0   
Source: Authorsô calculations 

 

 

5. RESULTS AND DISCUSSION 

 

Results of the estimation of Equation 2, shown in Table 3, clearly indicate that 

the Law doesnôt hold for the division 52 as well as for each of the particular classes 

within division. Moreover, results indicate that smaller firms grow faster (this is 

noticeable from the sign of the coefficient lagged log of sales, which is negative). If 

the size of the firm grows by 1%, the growth of the firm will be lower by 0.5% on 

average. Regarding the variable number of employees, the coefficient is only 

significant for the support activities in the air transportation, higher the number of 

employees (by 1%), higher the growth of the firm (by 0.2%). Coefficient for the age 

of the firm is mildly negative and significant for the division 52. This indicates that 

performance gets worse with age due to organizational rigidities that are possibly 

developed throughout the years etc. 

Generally, we can see that the explicative power of the model (R-squared) is 

quite high, given the sample limitations and relatively low number of variables that 

are included in the model, it varies from 30 to 46%. 

 

Table 3. Results of the estimation of Equation 2 
 (1) (2) (3) (4) (5) (6) (7) 

 52 5210 5221 5222 5223 5224 5229 

VARIAB

LES 

growth growth growth growth growth growth growth 

        

L.lnsales -0.552*** -0.671*** -0.462*** -0.563*** -0.543*** -0.505** -0.574*** 

 (0.0462) (0.185) (0.0555) (0.130) (0.106) (0.203) (0.0637) 

L.lnempl 0.0416 0.0323 0.0557 0.228* 0.00437 0.124 0.0441 

 (0.0340) (0.0736) (0.156) (0.115) (0.0305) (0.149) (0.0421) 

L.age -0.0201*** 0.000480 -0.0385 -0.0442** 0.0296 -0.0128 -0.0169* 
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 (0.00754) (0.0153) (0.0239) (0.0183) (0.0215) (0.0217) (0.00987) 

2008.year -0.0298 -0.0166 -0.121 0.0800 0.176 -0.0665 -0.0411 

 (0.0473) (0.156) (0.187) (0.0715) (0.140) (0.0729) (0.0602) 

2009.year -0.116*** 0.00942 0.162 -0.162 0.0823 -0.247* -0.156*** 

 (0.0432) (0.117) (0.195) (0.0973) (0.148) (0.118) (0.0556) 

2010.year -0.108*** 0.0555 -0.0393 -0.0802 -0.152 -0.246 -0.127** 

 (0.0400) (0.120) (0.101) (0.123) (0.154) (0.145) (0.0558) 

2011.year -0.0424 -0.0236 0.176 -0.0380 0.187 -0.224* -0.0849 

 (0.0415) (0.127) (0.115) (0.0965) (0.140) (0.126) (0.0575) 

2012.year -0.0711** -0.0946 0.0654 -0.134 -0.0387 -0.301** -0.0753* 

 (0.0330) (0.149) (0.0904) (0.108) (0.144) (0.136) (0.0442) 

2013.year -0.0720** 0.0666 -0.0689 -0.0822 -0.00135 -0.233* -0.0822 

 (0.0363) (0.105) (0.0975) (0.0695) (0.107) (0.129) (0.0512) 

2014.year -0.0515 0.0636 -0.138 -0.00692 -0.0935 -0.178 -0.0433 

 (0.0403) (0.110) (0.124) (0.0769) (0.176) (0.232) (0.0553) 

2015.year - - - - - - - 

Constant 3.405*** 4.122*** 3.135*** 3.591*** 3.757*** 3.777** 3.308*** 

 (0.275) (1.248) (0.439) (0.674) (1.035) (1.714) (0.360) 

Observati

ons 

2,830 178 365 288 99 102 1,798 

R-squared 0.330 0.383 0.306 0.466 0.441 0.342 0.335 

Number 

of id 

513 43 74 54 19 16 307 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
Source: Authorsô calculations 

 

 

6. CONCLUSION 

 

Since Gibratsôs original formulation, the Law has been intensively tested. In the 

earlier researches, it was mainly focused on manufacturing industry and later on, on 

service industry. The results of testing vary across different countries, subsamples and 

market structures. In this paper is used panel data analysis to test the validity of the 

Law focused specifically on the Croatian freight transport and logistics firms. The aim 

was to analyse whether the holds in case of Croatian freight transport and logistics 

fi rms, namely if the growth is independent of the firm's size. The analysis was based 

on the panel data of 565 Croatian freight transport and logistics firms (division 52, 

Nace Rev. 2) during the period from 2006 to 2015. To test the Law, three variables 

were used; sales, measured in thousands of euros, number of employees and age of 

the firm. The results of the estimation showed that the Law doesnôt hold in the case 

of Croatian freight transport and logistics firms, namely for division 52 as well as for 

each of the particular classes within division. Furthermore, results indicate that in our 

case smaller firms grow faster than larger ones. The analysis showed the same results 

in most of the empirical works dedicated to service sector.  Hence Gibrat's law was 

rejected for Croatian freight transport and logistics industry as the growth rates have 

been found to be associated with firm size. As for the future research, there should 

contain more variables that best describe the structural relations between classes 

within the group. 
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Abstract 

 

Monitoring synergies of logistics processes in railway transport is currently 

considered a novelty and it is very actual. The main reason of solutions synergies are 

their growing importance in the case of necessary operational responses. Synergy is 

the creation of a whole that is greater than the simple sum of its parts. It is an 

innovative resolution because synergies in logistics processes related to the railway 

transport have not been addressed in research and scientific projects in the greater 

extent thus far. The integral part of the synergies is the quality in railway transport 

which includes the never-ending logistics processes. Railway undertakings in 

cooperation with other participants of the transport market and suppliers are 

constantly working on the quality of logistics processes and their improvement. 

Methods to improve logistics processes in railway transport are technical standards 

(ISO) or different methods: Total Quality Management, Deming cycle - PDCA cycle, 

Six Sigma, DMAIC Improvement Cycle and EFQM Excellence Model. Qualities of 

services in railway transport significantly affect all stakeholders in international 

transport chain. This paper is focused also on monitoring the costs of quality, which 

is done monthly and yearly with the exact division of the costs of this kind. The 

internal and external quality cost, prevention and evaluation costs are added to the 

total cost of quality. The result of the research should create a report about costs of 

quality logistics processes in railway transport. 

 

Key words: synergy, synergies, logistic process, costs of quality, railway transport 
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1. INTRODUCTION  

 

Choice, watching and efforts to manage parameters of logistics processes in 

railway undertakings depend on the conditions of internal and external business 

environment. These are processes that take place in space and time, at which 

increasing their dynamics and grows chaotic their course. It raises the quantity and 

quality of the interaction of these processes, which, if not controlled or regulated, can 

be deepened (Nedeliakova et al., 2015). These mentioned interactions are as one of 

conditions formation of synergies. 

The main reason for synergies in railway transport is their growing importance, 

and if required - operative interventions to railway operations that affect the quality 

of services. In these cases, there are a lot of dynamic factors that affect the quality 

negatively, which evolve constantly over time (Kampf et al., 2016). In most cases, it 

goes about unsatisfactory communication between managers infrastructure and 

carriers which significantly affects quality of services provided. This situation then 

ultimately affects satisfaction and the needs of existing customers of railway 

undertakings as decisions of potential customers about the use of railway transport for 

the future. 

It is about an innovative view on the issue of synergies because until now the 

synergy related to railway transport has not been researched to a greater extent in 

research and scientific projects. 

 

 

2. SYNERGY AND SYNERGIES 

 

Due to the very wide range of tasks and cooperative collaboration of two or more 

subsystems (external business partners, internal organizational units and teams and 

etc.), synergy in their management applications is very widespread with diverse 

content. Therefore, it is necessary to establish appropriate classification effects arising 

from their acts (Vod§ļek & Vod§ļkov§, 2009, p. 170). 

 

2.1. Research synergies of logistics processes in railway transport 

 

For the classification of the type of synergy that can be a source of inspiration 

for modern management, synergies are defined as a cooperation between manager 

infrastructure and carriers according to these prominent authors: 

A) Peter A. Corning (Corning, 2003, p. 468) 

Ÿ Synergy of functional complementarities - are the cases synergy that accrues from 

accouplement accessories. Nowadays, the emphasis is placed on the effective 

cooperation within the meaning of the communication between manager of the 

railway infrastructure and the carriers whose services for customers each represent 

complements, i.e. they are linked, unable to exist without each other. 

Ÿ Synergy of emergent phenomena - present in the cases of qualitative changes that 

occur due to mutual internal interaction of partial subsystems. In the implementation 

of the quality management system of railway undertakings, it is about an effort to 

improve services. Qualitative changes are necessary for the effective functioning of 
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railway undertakings on the transport market. Their implementation is difficult in 

terms of time and people factor but they bring significant effects in logistics processes. 

Moreover, it is usually difficult to convince managers railway undertakings and 

employees that change is necessary. 

Ÿ Synergy of augmentation or facilitation - in this category synergy are expectations 

about synergies that alter the character of existing logistics processes, as they activate 

their change respectively. When crossing railway undertakings on the process control 

has been a significant change their character compared with previous processes. 

Ÿ Synergy of joint environmental conditioning - can go about cooperative effects that 

arise from joint efforts by groups of people to influence both the internal and external 

environment in which they operate. An example is the cooperation between manager 

infrastructure and carriers in favour of railway transport in order to increase 

competitiveness. 

Ÿ Synergy of risk and cost sharing - it goes about the joint reinsurance against adverse 

effects respectively about the reduction of their occurrence and drop. On the railway 

network it gives rise to various risk situations that affect traffic flow, services of 

manager infrastructure, carriers and ultimately customer satisfaction. In this case, it is 

necessary to share the risk between individual participants of respective service 

providers so that customers do not perceive it in these situations. 

Ÿ Synergy of a combination of labour - the case of this synergy refers to the creation 

of conditions for the collection of the same or similar activities, so that individual 

activities is not conducted twice and so that the division of labour would stay fair. 

Ÿ Synergy of convergent effects - these are the cases that warn of the permanent 

effect of random phenomena and processes. This type of synergy can have large 

effects, and in railway operation stochastic effects (for example: failure of the drive 

railway vehicle, failure of wagon, failure of safety device, a suicide attempt an 

unnatural death, unplanned closures, adverse weather, natural disasters and etc.) can 

act on the necessity of demanding operative interventions. 

B) Igor H. Ansoff (Ansoff, 1990, p. 499) 

Ÿ Sales synergy - it arises when different services use shared distribution channels 

or selling points. In the case of railway passenger transport it is the sale of different 

types of travel documents on the whole railway network and transport alone. 

Ÿ Operating synergy - it results from the economical use of facilities and personnel 

of railway undertakings. 

Ÿ Investment synergy - this synergy category is the result of improved recovery of 

resources. In railway undertakings it refers to a more effective management of 

logistics processes (management of wagons, management of drive railway vehicles, 

management of invest resources to maintenance and repairs of railway infrastructure, 

and etc.). 

Ÿ Managerial synergy - it occurs when the new railway undertakings recover existing 

well-established management knowledge. 

C) Robert S. Kaplan and David P. Norton (Kaplan & Norton, 2008, p. 336) 

Ÿ Financial synergy - it is the integrated management of logistics processes in the 

value chain of business activities of the railway undertakings. 

Ÿ Customer synergy - creation and implementation of joint offers to customers. In 

relation with transport services it comes to getting and keeping satisfied customers. 
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Ÿ Synergy of internal processes - in this type of synergy goes about practical and 

effective changes in logistics processes railway undertakings for providing better 

quality services. 

Ÿ Learning and growth synergy - association of innovative technologies in the field 

of logistics processes and customer services. 

D) Michael Goold and Andrew Campbell (Goold & Campbell, 1998, p. 221) 

Ÿ Integration type synergies 

Ÿ Emergence type synergies 

Integration type synergies belong to the synergy whose effects can be 

quantitatively evaluated. They arise by the cooperation between minimally two partial 

processes of different levels of management railway undertakings. They are processes 

that can be objectively monitored using, for example, statistical methods of quality 

management. Projecting and using the integration type synergies and their effects are 

expected in the needed time period as it is characterized in the following figure. 

 

Figure 1. Projection and use of integration type synergies and their effects in a time 

sequence 

 
Source: authors 

 

The basic idea for the formation of models synergies of integration type is 

suitable distribution (allocation) or redistribution (reallocation) activities and 

considered resources subsystems and their use in favour of functioning of systems that 

create these subsystems. Contrario sensu emergence type synergies are synergies in 

which arising effects are completely or largely qualitatively different from resources 

subsystems. In one of their publications Goold and Campbell reported that ñthe results 

of emergence effects are manifested in the features, in the abilities to behave and in 

the results system of managerial work as a wholeò. 

The adoption of measures seeking to continuously improve the quality of services 
in the railway undertaking

Coordination / evaluation of logistics processes within a given time using 
objective methods of quality assessment

Ensuring efficient use of resources
in the railway undertaking

Creating interaction links between manager infrastructure
and carriers

Setting targets and restrictive conditions
in the railway undertaking
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There are various types of models closely related to this synergy. One of them is 

Model of Critical Success Factors (Zefreh et al., 2017). For modification logistics 

processes with focus on the railway transport see the following figure. 

 

Figure 2. Model Critical Success Factors railway undertaking and their book bands 

on the internal synergies 

 
Source: authors 

 

The purpose of the Model of Critical Success Factors is to focus attention of 

managers railway undertaking on those aspects of their work that are essential for a 

more efficient provision of services. As far as the outputs are concerned, there are 

suitable selected arrangements of indicators activities for this undertaking. These 

indicators are characterized by prosperity, stability, competitive position and others. 

The functioning of individual sub processes is modified depending on their 

interactions with each other. This interaction can vary in time, and emerging synergies 

may change over time, such as changing the quality of services. 

Synergies are closely linked to quality, which has origin in Latin and generally 

describes the ñvalueò of something or some object (Nedeliakova et al., 2016). 

 

2.2. Quality and costs of quality 

 

Quality is a matter of judgement made by customers or users of a product or 

service. It is the extent to which customers or users believe a product or service 

surpasses their needs and expectations. Howard Gitlow et al. inform that quality also 

encompasses the never-ending improvement of a firmôs extended process. This term 

refers to the expansion of the organization to include suppliers, customers, investors, 

employees, and the community. These are all integral parts of the firmôs extended 

process (Gitlow et al., 1989, p. 603). 

The extended process brings together all stakeholders in logistics processes and 

is of great importance for the monitoring of synergies that arise from the provision of 

services in railway transport. The following figure defines the view on the extended 

process of service provision. 
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Figure 3. Extended process provision of services 

 
Source: Gitlow et al. (1989), edited by authors 

 

Based on Figure 3, it is to be noted that the extended process begins 

communicating about the needs of the customer and it is important to realize the 

ultimate goal. Railway undertaking in cooperation with other participants of the 

transport market and suppliers work together on the quality of logistics processes and 

services, and on the improvement of the extended process. 

Qualities of services in railway transport significantly affect all stakeholders in 

international transport chain. Indispensable parts of the quality are its costs, whose 

monitoring is very important. Quality costs represent a sum of costs incurred in 

maintaining acceptable quality levels plus the cost of failure to maintain that level 

(cost of poor quality). 

 

2.3. Impact of international organizations on the quality in railway transport 

 

Quality of service and logistics processes in railway transport significantly affect 

international organizations whose members include railway undertakings in whole 

Europe. 

 

2.3.1. International Union of Railways (UIC) 

 

UIC is the largest worldwide railway organization with members from all five 

continents. It maintains and develops connection of the railway system and allows for 

interoperability. Its basic objective in the field of service quality in railway transport 

is the development of specific-railway methods for optimizing logistics processes - 

improving efficiency and economy. 

 

2.3.2. Organisation for Cooperation between Railways (OSJD) 

 

OSJD was established as the equivalent to the International Union of Railways, 

in order to create and improve the coordination of international railway transport. 

Concerning especially the transports between Europe and Asia, it has helped to 
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develop cooperation between railway companies and other international 

organisations. The members of this organisation issued an international transport law. 

OSJD is presently working in the following areas: 

Ÿ Specification of technical parameters for high-quality freight lines 

Ÿ Confirmation and simplification of legal regulations on procedures at frontiers 

related to transportation across the Eurasian continent, delivery terms, financial 

responsibility, and etc. 

Ÿ Creation of competitive conditions for acceptance and carriage of large freight 

volumes to improve OSJD members' financial conditions 

Ÿ Development of new forms of freight carriage by block freight trains from large-

scale senders to large-scale receivers in shortest possible time at competitive prices 

(OSJD, 2017). 

 

2.3.3. The Voice of European Railways (CER) 

 

The role of CER is to represent the interests of its members on the European 

Union policy-making scene, in particular to support an improved business and 

regulatory environment for European railway carriers and railway infrastructure 

undertaking. Its members and partners come from all states of the European Union, 

Norway, Switzerland, Albania, Bosnia and Herzegovina, Croatia, Macedonia, 

Montenegro, Serbia including Kosovo, Turkey, Japan, Georgia, Moldova and Ukraine 

(CER, 2017). CERôs vision for the European railway sector: 

Ÿ A competitive and viable first-choice transport mode in terms of price and service 

quality for both passengers and freight customers 

Ÿ The backbone of a seamless and integrated transport system ï in close cooperation 

with the other transport modes 

Ÿ An enabling factor for the competitiveness of the European economy, supporting 

economic growth and job creation, and contributing to an inclusive society 

Ÿ Central to the delivery of Europeôs goals of cutting greenhouse gas emissions, 

achieving energy security and relieving congestion. 

 

2.3.4. RailNetEurope (RNE) 

 

RNE was created in January 2004 on the initiative of a number of European 

railway Infrastructure Managers and Allocation Bodies, who wished to establish a 

common, Europe-wide organisation to facilitate their international business.  

Several business activities in RNE are related to the quality of services in railway 

transport. One of these activities is, e.g. collecting data about the current position of 

international trains in relation to timetable and the exchange of these data in real time 

i.e. already during running train with participating managers infrastructure and 

carriers. Parts of these logistic processes are the provision of data about estimated 

train arrival times. The same data is stored in the database and according to the 

requirements of managers infrastructure are used to create reports and analyses of the 

accuracy of the movement of trains in international transport. 
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2.4. The background and concept of quality logistics processes applied in terms 

of railway transport  

 

Railway undertakings and railway organizations are constantly working on the 

quality and improvement of logistics processes. Methods to improve logistics 

processes in railway transport are several. Set of ISO standards is a set of standardized 

procedures and recommendations in the field management of quality. 

 

2.4.1. STN EN ISO 9001 

 

The basic technical standard is standard ISO 9001:2015 ñQuality Management 

Systems. Requirementsò. Certification to ISO 9001 is typically used in private, as well 

as in public sector to increase confidence in the products and services that provide 

certified undertaking. It is also used to increase confidence between partners in 

business, for example, by the choice of suppliers in supply chains. Standard ISO 

9001:2015 builds on the foundation of ISO 9001:2009, which specifies requirements 

for quality management system for demonstration purposes that undertaking is able 

to consistently provide according to customer requirements. This standard applies 

process approach management and quality assurance in order to increase customer 

satisfaction. The requirements for this standard are generally useful in the creation of 

new logistics processes. 

Another important standard is standard STN EN 13816 ñTransportation. 

Logistics and services. Public passenger transport. Service quality definition, 

targeting and measurementò. 

 

2.4.2. STN EN 13816 

 

This European standard specifies requirements for defining objectives and 

measuring quality of service in public passenger transport. Its aim is to use providers 

services in presentations and monitoring of their services. The main purpose of this 

standard is to increase the level of quality in the operation of public railway transport, 

as well as to warn customer needs and expectations by establishing practices in 

logistics processes that will most likely: 

Ÿ turn attention to the competent sites 

Ÿ lead to substantial and deliberate decisions given on to division of competences 

Ÿ allow customers and other participants of transport market to reliably compare 

quality of services from different alternative suppliers 

Ÿ contribute to the introduction of continuous improvement quality of services 

 

2.4.3. Regulation (EC) no. 1371/2007 of the European Parliament and of the Council 

of 23. October 2007 on rail passengersô rights and obligations 

 

Regulation on the rights and obligations of passengers in railway transport was 

adopted on 23 October 2007 with a view of to ensure basic protection of passengers 

in railway transport throughout the European Union. The regulation entered into force 

on 3 December 2009 and applies to all services railway passenger transport 
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(international, national, regional, urban, suburban) in the EU, which provide licensed 

railway undertakings. 

The railway undertakings generally apply regulation relatively effectively. In the 

report compliance with regulation on the basis of ten fundamental rights passengers 

in the statement of the rights of passengers in all transport modes is assessed. These 

rights are no-discrimination, assistance for persons with disabilities or reduced 

mobility, information, benefits, rerouteing reservation or rebooking, assistance in the 

event of a stop-over, compensation, responsibility for the carriage of passengers and 

baggage, complaints handling, implementation and enforcement law. Different 

methods are used to improve logistics processes in railway transport in addition to 

technical standards and regulations. The first such method is management method 

ñTotal Quality Managementò. 

 

2.4.4. Total Quality Management (TQM) 

 

The concept of TQM came into use in the 1970s for systems enterprise-wide 

management quality in Japanese undertakings. Gradually, this concept was also in-

process in the American and European business environment. TQM is a new way of 

thinking that prefers quality over quantity. The common features of this method can 

be read from its abbreviation: 

Ÿ T = Total (full participation all employees of railway undertaking) 

Ÿ Q = Quality (concept principles of quality in whole railway undertaking) 

Ÿ M = Management (principles cut across all management levels and all management 

functions). 

As defined by the ISO, TQM is a management approach for an organization, 

centered on quality, based on the participation of all its members and aiming at long-

term success through customer satisfaction, and benefits to all members of the 

organization and to society (ISO, 2014). It is a very comprehensive technology that 

places emphasis on the quality control in whole dimensions of life railway 

undertaking. It exceeds the framework of management quality and it also becomes the 

method of strategic management and management philosophy for the entire conduct 

undertaking. The basic concept of TQM is focused on the customer, own employees 

in undertaking, processes, work environment, goals and results, forming the basis of 

ISO 9001:2000 (Quality management systems - Requirements) and ISO 9004:2000 

(Quality management systems - Guidelines for performance improvements). 

The most important part of TQM are its principles. These principles include: 

next process is your customer, quality first, speak with data and Deming cycle - PDCA 

cycle. 

 

2.4.5. Deming Cycle - PDCA cycle 

 

Deming stresses the importance of permanent cooperation between research, 

development, production and sales. To achieve better quality, such a cycle ,which is 

shown below, should take place permanently. 
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Figure 4. PDCA cycle 

 
Source: Moen, R. & Norman, C. 

 

Process approach is based on the PDCA cycle (plan - do - check - act) as follows: 

Ÿ Plan = set objectives and processes necessary to deliver results in accordance with 

customer requirements and policy undertaking 

Ÿ Do = introduce processes 

Ÿ Check = monitoring and measuring processes, comparing them with politics, 

objectives and requirements and the subsequent communication of the results 

Ÿ Act = realization activities for continuous improvement of process performance. 

 

2.4.6. Six Sigma 

 

The Six Sigma is a set of techniques and tools for process improvement. It has a 

positive effect on four central requirements of competition which are quality, time, 

costs and innovation. As a result, railway undertaking can be better, faster and cheaper 

slimmer than its main competitor. This method is particularly suitable for 

undertakings that provide services in innovation. 

Six Sigma uses a few basic tools to improve quality of logistics processes and 

services. Innovations are based on the DMAIC Improvement Cycle that is used for all 

improvements. It is aimed at finding and removing weaknesses in undertaking. Phases 

of this cycle include definition, measurement, analysis, improvement and control. 

Each phase of the entire cycle helps to achieve real improvement of customer services. 

 

2.4.7. EFQM Excellence Model (EFQM) 

 

The EFQM is a tool used to help organizations do the aforementioned by 

measuring where they are on the path to excellence, helping them to understand the 

gaps and stimulating solutions. The main advantage is its clarity and simplicity in 

applying new or existing logistics processes. It helps to reveal strengths of 

undertaking, as well as opportunities for improvement, and encourages solutions in 

the undertaking. It also allows us to get an independent view on the undertaking and 

its operation. 

ACT PLAN

DOCHECK
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This model is based on nine criteria: leadership, people, strategy, partnerships 

and resources, processes (enablers ï that which undertaking has) and people results, 

customer results, society results, business results (results - that, which undertaking 

achieves). The criteria for this model are very carefully sophisticated in whole railway 

undertaking, and similar for its surrounding. EFQM emphasizes the ethical principle 

that is essential for all undertakings. 

 

 

3. REPORT ABOUT COSTS OF QUALITY LOGISTICS PROCESSES IN 

RAILWAY TRANSPORT  

 

The railway undertakings have based conducted research on defined strategic 

goals which provide a number of basic goals on the enterprise level in time horizon 

one year and further specify on the lower organizational levels, i.e. departments, 

sections or other hierarchically below workplaces (Satanova et al., 2015). In this 

manner individual goals are divided in all railway undertakings. The results of the 

research state that classification and identification of costs of quality in respondents 

railway undertakings is not sufficient. It is based on personal consultation with experts 

(representatives of railway undertakings) that have expressed a clear need for 

monitoring and precise classification of costs of this kind. 

The result of research is presented in ñReport about costs of quality logistics 

processes in railway transportò which will be monitored in monthly intervals. A 

summary report about costs of quality will be compiled on an annual basis. Draft 

report has horizontal and vertical structure, which is depicted in Table 1 and based on 

the basic formula of calculating costs of quality by Harrington (Nedeliakova et al., 

2013, p. 184): 

 

ὔ ὔ ὔ ὔ ὔ  Ό 

where: 

 

NC ï total cost of quality 

NI ï internal cost of quality 

NE ï external cost of quality 

NP ï cost of prevention 

NH ï cost of evaluation 

 

Horizontal structure includes planned values of costs, actual values of costs, 

deviation in one month and cumulative value = deviation in one year. Vertical 

structure consists of costs of quality divided into internal and external costs, costs of 

prevention and evaluation. Costs of quality should be adjusted depending on what 

actual railway undertakings costs to ensure its operation. 
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Table 1. Report about costs of quality logistics processes in railway transport 

 
Source: authors 

 

Report about costs of quality logistics processes in railway transport will be 

processed due to increased costs, in the event of different disorders and other 

stochastic effects such as fire, war, riot, strike of employees railway undertakings, and 

etc. 

 

 

4. CONCLUSION 

 

The report created in this research highlights the gaps which give rise to higher 

total costs of railway undertaking. Its use leads every railway undertaking operating 

on transport market to economic understanding and enables cost reduction which 

significantly affects quality of services provided. Increased costs of quality arise 

because of frequent errors on the part of employees of railway undertaking but also 

employees of external environment. A report is versatile tool that will be worked out 

separately for each type. 
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Application of this methodology has been practically implemented in various 

railway undertakings of Europe and it is essential for it to continue in this process 

through further research and development. The report is prepared by the department 

of internal audit and serves the purpose of effective cost-cutting logistics processes in 

railway transport and their prevention. 

The railway sector in the European Union has carried out vertical separation of 

the system. On the one side are infrastructure managers (IM) and on the other side are 

railways undertakings. For both stakeholders, costs represent driving factor for future 

development. Further research will focus on the impact of railways undertakings costs 

with synergy effects associated with logistic processes. 
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Abstract  

 

Containers, as intermodal transport units, not only reduce loading time in sea 

ports; but they also help to protect cargo against its damage, loss and theft. Nowadays 

different types of containers are carried by cellular container ships among the 

continents. In maritime transport there are three main container trade routes that link 

the developed to developing countries located in Asia, Europe and America. One of 

these routes links top Asian and European container ports. Vessels, which operate on 

this route, have to sail through important maritime canals and straits. Some of these 

places are dangerous because of piracy or local war conflicts. 

The goal of this paper is to choose an appropriate method of cargo transport 

between a selected Asian container port and the Slovak Republic. At the beginning 

we will describe the container trade route Asia and Europe, Asian and European 

container ports that handle containers. Then we would like to identify the criteria such 

as transport time, transport costs, risks during transport which be used for the analysis 

of the proposed routes. At the end we will use the critical path method, one of the 

methods of Operation Analysis that will help to evaluate and identify the optimal 

container route between Asia and Slovakia. 

  

Key words: containers, container trade routes, critical path method, evaluation and 

identification, maritime transport 

(10 pt) 

(10 pt) 

1. INTRODUCTION  

 

Most of consumer goods that are sold in the shopping malls come from Asia, 

especially from the Far East. The developed countries have moved their production 

subsidiaries to the developing countries of the Far East due to cheap labour force or 

tax benefits. Most of these goods are transported into containers due to the protection 

mailto:Lukas.Hansut@fpedas.uniza.sk
mailto:Andrej.David@fpedas.uniza.sk
mailto:Andrej.David@fpedas.uniza.sk
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of goods against their damage, loss or theft during transport, transhipment and storage 

and better manipulation of containers in the sea ports (Klapita, 2015; Tengler et al. 

2015). 

The basic goal of this paper is to focus on transport of containers between Asia 

and the Slovak Republic and compare it from the different points of view. In the 

research we have decided to use the critical path method that is one of the methods of 

operation analysis. Loading of containers will be carried out in the port of Singapore 

that belongs to the top 20 world container ports. Then, they will be transported by 

container vessels to four different European ports (Rotterdam, Hamburg, Koper and 

Constantza), where they will be loaded on the wagons and will be transported to the 

container terminal Dunajsk§ Streda. We will compare these transport routes from the 

points of view such as transport time and price.  

 

 

2. THE CURRENT CONTAINE R TRANSPORT SYSTEM BETWEEN ASIA 

AND EUROPE  

 

In 2015 about 175 million TEUs (over 1.69 billion tons of cargoes) were carried 

by container vessels in the world. In maritime transport there are three main container 

trade routes that link the continents: 

Å Transatlantic (North America - Europe), 

Å Transpacific (Far East ï North America), 

Å Europe ï Asia. 

One of the busiest routes is the route that lies between Europe and Asia. It links 

Western Europe (the Netherlands, Belgium, Germany or France) with the Far East 

(West Malaysia, Singapore, Thailand, Hong Kong, the Philippines, Taiwan, South 

Korea, China and Japan). Vessels sail from the North Atlantic through the 

Mediterranean Sea, the Suez Canal, the Red Sea, the Indian Ocean, the Strait of 

Malacca, and the South China Sea to the North Pacific. On one hand this maritime 

route is the shortest route between Europe and Asia, on the other hand it is one of the 

busiest routes in maritime transport (Hanġ¼t, 2015; Ļern§ et al., 2017). 

 

Table 1. Containerized cargo flows on major east-west (millions of teu) 

 Trans-Pacific Europe-Asia Transatlantic 

Eastern 

Asia-

North 

Americ

a 

North 

America

-Eastern 

Asia 

Asia-

Europ

e 

Europe

-Asia 

Europe-

North 

Americ

a 

North 

America

-Europe 

2014 15,8 7,4 15,2 6,8 3,9 2,8 

2015 16,8 7,2 14,9 6,8 4,1 2,7 

Percentag

e change 

2014-2015 

6,6 - 2,9 -2,2 0,0 5,4 -2,4 

Source: (Review of Maritime Transport, 2016) 
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Most of containers are transhipped in the biggest European ports such as the port 

of Rotterdam or the port of Hamburg. For the countries of Central and Eastern Europe 

(also for the Slovak Republic) it is better to use the port of Koper or the port of 

Constantza because these ports are closer to the Asian markets than sea ports of the 

North Sea. After transhipment of containers in the sea ports they are transported to the 

container terminals located in hinterland by railway or road transport. We chose the 

container terminal Dunajsk§ Streda for our comparison because this terminal belongs 

to the best built terminals in Slovakia. It was built according to the criteria of AGTC. 

In spite of the fact containers can also be transported by railway transport from 

Asia to Europe through the Trans-Siberian railway (this transport route saves transport 

time about 50 %) most of containers are still transported by ultra large container 

vessels due to cheaper transport costs (Internal materials of the Ministry of Transport, 

2016). 

 

 

3. EUROPEAN MARITIME PORTS  
 

These days there are about 400 world container ports that handle containers; the 

top 60 ports handle about 98 per cent of world container port throughput 

(Grobarļ²kov§ & Sosedov§, 2014). 

The top 20 container ports usually handle about half of the worldôs container 

port throughput. In 2015 the list of top 20 container ports included 15 ports from 

developing economies, all of them were located in Asia. The remaining five ports 

were from developed countries, three of which were located in Europe (the 

Netherlands, Belgium and Germany) and two in North America (Los Angeles and 

Long Beach, California) (Review of Maritime Transport, 2016). 

In this part we focused on four European container ports that are important due 

to transport of containers from Asia to Slovakia. 

 

3.1. Port of Rotterdam  

 

The port of Rotterdam is the biggest port in Europe. It lies on the coast of the 

North Sea and the river Nieuwe Mass. Navigable network of this port is very dense 

with lots of canals.  

The port is largely located in the city centre of Rotterdam, which was caused by 

historical development of the city. The total length of the port is 42 km. Nowadays, 

the total area of the port is 12.603 hectares (ha), of which land area is 7.793 ha and 

water area is 4.810 ha. 

Ultra large container vessels and bulk carriers that carry iron ore from Brazil can 

enter the part called Maasvlakte. Water depth in this part is about 24 metres. The port 

of Rotterdam is connected with the other world ports through a large number of line 

companies. The port has got a very good connection with hinterland through road and 

railway transport (A 15 motorway and railway Betuweroute that links the Netherlands 

with Germany) (Port of Rotterdam, 2016). 

Transhipment and storage of containers is carried out in the different parts of the 

port of Rotterdam (Maasvlakte, Europoort, Botlek, Eemhaven and Waalhaven). 
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Container terminals are divided according to the size of container ships that anchor 

there. Ultra large container vessels are operated in the container terminals  

(ECT Delta and Euromax APM or APM 2) that are located in the parts Maasvlakte I 

 and II.  

Smaller container vessels are operated in the terminals such as ECT City, RST, 

Uniport and Barge Center Waalhaven that are situated in the parts Eemhaven and 

Waalhaven. These ships carry containers between the port of Rotterdam and the 

United Kingdom / Scandinavian states, respectively between the port and hinterland. 

The containers are stored in parts Botlek and Waalhaven (D§vid & Jurkoviļ, 2013). 

 

3.2. Port of Hamburg 

 

 The port of Hamburg (Figure 1) was the third busiest European port in 

transhipment of containers in 2015. It is located on the banks of the river Elbe, about 

115 km from its estuary into the North Sea. The total area of the port is 7.250 ha, of 

which land area is 4.331 ha. The maximum allowable draft of vessels is 12.8 metres. 

In the port bulk, general, liquid cargoes including containers are handled there. The 

port is directly connected with the hinterland of Germany by road and railway 

transport.  Road transport has the most important role in transport of cargoes between 

the port and hinterland (about 40 million tons of cargoes are transported by trucks), 

railway transport links the port with 15 countries. The port area has three main railway 

stations; the length of railway tracks is about 375 km. The port fills the function of 

collecting place. The part of containers that are unloaded in the port of Hamburg are 

transhipped on smaller container vessels. They transport containers to the 

Scandinavian or Baltic States. It is called feeder service. In the port there are four 

container terminals (Altenwerder, Burchadkai, Eurogate and Tollerot), two of them 

use automated handling devices in their handling systems (Port of Hamburg, 2016). 

 

Figure 1. Port of Hamburg and its container terminals 

 
Source: (Port of Hamburg, 2016) 
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3.3. Port of Koper 

 

The Slovenian port of Koper is located in the northern part of the Adriatic Sea. 

It links the countries of Central and Eastern Europe with the Asian and African 

countries. This port is intermodal centre; there are used different transport and loading 

systems such as RO-RO technology, handling devices for transhipment of different 

types of bulk, general and liquid cargoes (oversize cargo, containers, cars, livestock, 

and raw materials) (Port of Koper, 2016). 

The port of Koper has got 11 special terminals (Figure 2) which carry out various 

functions such as transhipment and storage of cargoes, and different additional 

services. Each terminal is equipped by transhipment; shipping and storage technology. 

Container terminal that is located in the southern part of the port is equipped by cranes 

Panamax and Post Panamax. It has got four berths where vessels anchor during 

transhipment of containers. The port of Koper has got a good connection with other 

modes of transport. Rail transport conveys about 70 % of cargoes, the rest is 

transported by road transport (Port of Koper, 2016). 

 

Figure 2. Port of Koper and its terminals 

 
 Source: (Port of Koper, 2016) 

 

The Port of Koper has an important role for import of the spare parts located into 

the containers from South Korea to the automobile factories KIA and Hyundai located 

in Slovakia and the Czech Republic. About 140 000 TEUs (1 250 000 tons of cargoes) 

are imported by ships every year, twice a week (Twrdy et al., 2012). 

 

3.4. Port of Constantza  

 

The Port of Constantza (Figure 3) that is the biggest Romanian port is located on 

the western coast of the Black Sea, 179 nautical miles (nm) from the Bosporus Strait 
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and 85 nm from the Sulina Branch. It covers 3.926 ha, of which land area is 1.313 ha 

and water area is 2.613 ha. The total quay length is 29, 83 km. The maximal allow 

draught for vessels is 19 metres. The port is part of the Romanian maritime port system 

under the coordination of Maritime SA Constantza. The south part of the port is linked 

with the Danube River by the Danube-Black Sea Canal. There are also located river 

port and Ro-Ro terminal and container terminal. In river port cargoes are loaded on 

inland vessels (barges, motor cargo vessels) that transport them to hinterland of 

Romania or other Danube countries. Constantza South Container Terminal was put in 

the operation in 2004. This terminal is equipped by container gantry cranes that 

tranship containers between the terminal and container vessels Panamax or Post 

Panamax. It provides the standard services such as other world container terminals 

(Port of Constantza, 2016). 

The Port of Constantza has got a good connection. The rail network of the port 

that is about 300 km long, is connected with the Romanian and European rail network. 

The Port is an important part of TRACEA corridor that provides connection between 

Europe, Caucas and the Middle East. The Port of Constantza (Figure 3) became Free 

Zone in January 2007. It allows operating all types of cargoes.  

 

Figure 3. Port of Constantza and its terminals 

 
 Source: (Port of Constantza, 2016) 

 

 

4. THE POSSIBILITIES OF TRANSPORT CONTAINERS BETWEEN 

ASIA AND SLOVAKIA AND THEIR COMPARISON  

 

During the proposal of a suitable way for transport of containers between the 

Slovak Republic and Asia (the Far East) we focused on the aspects which influenced 

mainly on transport processes that were carried out by sea and railway transport. 
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Containers are mainly transported by sea transport between the continents. In this part 

we analysed possible transport routes between Asia and Europe and four maritime 

ports that are important for Slovakia. After containers were unloaded in one of the 

ports they were transported by railway transport to the container terminal Dunajsk§ 

Streda in Slovakia. We used the critical path method (CPM) for the comparison and 

selection of the optimal transport route (Hanġ¼t, 2015). 

The critical path method (CPM) is one of the basic deterministic methods of 

network analysis. Its goal is to determine the duration of a project based on the length 

of the so-called critical path, which is the sequence of interdependent activities with 

the least time reserve. CPM enables to facilitate effective time coordination of the 

partial inter-related activities of the project.  

The critical path is defined as the longest possible path from the starting point to 

the endpoint of the graph. Each project has got at least one critical path. Each critical 

path consists of a list of activities which the project manager should focus on if he / 

she wants to ensure timely completion of the project. The end date of the last task on 

the critical path is also the completion date of the project. 

If the duration of the activities is not known with certainty, the Program 

Evaluation and Review Technique (PERT) can be used to estimate the probability that 

the project will be completed by a given deadline (Winston, 2004; Fan et al., 2016). 

 

4.1. Singapore ï Rotterdam - Dunajsk§ Streda 

 

Between the port of Rotterdam (Europe) and Singapore (Asia) there are five transport 

routes (Figure 4). One of limiting elements for choosing the best transport route is 

transport time that depends on the length of transport route and the speed of vessel 

that is 15 knots (kn). 

 

Figure 4. Transport routes between Singapore and Rotterdam 

 
 Source: Authors 

 

The shortest route from the point of time is the route that passes through the 

Strait of Malacca, the Indian Ocean and the Red Sea, the Suez Canal, the 

Mediterranean Sea, the North Atlantic and the North Sea. Transport time is about 23 
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days (Table 2). The price for transport of one TEU is 612 EUR. This price also 

includes charges for bunker adjustment factor, terminal handling charge, seaway bill, 

seal and report of goods in advance. We chose APL, one of the worldôs leading ocean 

carriers, for transport of containers (Hanġ¼t, 2015). 

 

Table 2. Maritime transport between Singapore and Rotterdam 

Route Distance (km) 
Vessel speed  

(nautical miles/hour) 

Time      

(days / hours) 

Suez Canal 15 349 15 23/1 

Cape of Good 

Hope 
21 770 15 32/16 

Panama Canal 28 400 15 42/14 

Strait of Magellan  31 295 15 46/23 

Cape Horn 31 414 15 47/3 
 Source: (Sea Distances, 2016) 

 

After arrival of the container ship in the port of Rotterdam containers are 

transhipped on railway wagons. The whole handling process takes about 36 hours. 

Then, they are transported by railway transport from the Netherlands through 

Germany, the Czech Republics to the terminal Dunajsk§ Streda located in the Slovak 

Republic. The total length of this transport route is 1 515 km and takes about 32 hours 

and 9 minutes. The price for transport of one TEU is 800 EUR (Hanġ¼t, 2015). 

 
4.2 Singapore ï Hamburg - Dunajsk§ Streda 

 

Figure 5. Transport routes between Singapore and Hamburg 

 
Source: Authors         
 

As in the previous case the shortest maritime route between Singapore and the 

port of Hamburg leads through the Strait of Malacca, the Indian Ocean and the Red 

Sea, the Suez Canal, the Mediterranean Sea, the North Atlantic and the North Sea 

(Figure 5). This voyage takes about 23 days 17 hours (Table 3); the speed of the vessel 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































