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Purpose: Major seaports consist of several terminals with different functions. The 

different locations of terminals in relation to each other influences the organization 

of inter-terminal transportation as well as transports into the hinterland. The focus 

of this study is to understand how terminals are arranged in relation to each other to 

draw conclusions about the effect of the terminal locations on processes and trans-

ports. 

Methodology: The paper provides a comprehensive overview for the locations of 

terminals and depots within a port. Based on this, a detailed analysis is carried out 

to develop a classification scheme for ports, which categorizes them according to 

their geographical characteristics. 

Findings: Based on the examples of characteristic ports and terminals, we provide 

findings regarding advantages as well as barriers to transport containers within 

ports. The aim is to determine the impact of geographical characteristics of ports for 

handling port-internal traffic. 

Originality: The existing literature provides an overview of ports and maritime net-

works, as well as various port concepts. Furthermore, different approaches for the 

design of container transports between terminals are discussed. However, there is 

no overview of the geographical location of terminals and depots in ports and their 

impact on inter-terminal transportation. 
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1 Introduction 

Global maritime trade keeps growing and underlines its importance for the 

global economy. The United Nations Conference on Trade and Develop-

ment (UNCTAD) expects average annual growth of 3.4 percent between 

2019 and 2024, largely driven by the increase in containerized goods 

(UNCTAD 2019). In this context, a sustained growth in the size of container 

vessels has been taking place in the last few years. By deploying even larger 

vessels, shipping companies are profiting from the economies of scale by 

saving operating and personnel costs. As a result, only selected container 

terminals (CT) in the major seaports, which have sufficient space and depth 

on the quay as well as suitable equipment for handling the container giants, 

can be called at. However, large seaports typically consist of multiple ter-

minals with different handling equipment as well as different types of hin-

terland connection (Tierney et al. 2014). Terminals that are suitable for han-

dling large container vessels often serve as so-called transshipment nodes, 

from where the containers are transported to adjoining terminals for on-

ward shipment. These transports between terminals as well as terminals 

and other logistics nodes in a port are called inter-terminal transportation 

(ITT), in which trucks are the dominant transportation mode (Kopfer et al. 

2016). 

A further consequence of growing vessel sizes is the decrease in frequency 

of terminal calls and the increase in handling volume per call, which results 

in an additional coordination effort to handle ships in the terminals. In ad-

dition, different geographical and structural characteristics affecting intra 

and inter terminal operations have to be taken into account when handling 

container vessels at terminals (Ramírez-Nafarrate et al. 2017). 
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This paper compares and classifies large seaports with regard to their geo-

graphical structures and creates an approach to draw conclusions about 

ITT based on this classification. First, chapter 2 provides drivers for the de-

velopment of seaport container terminals and gives an overview of the rel-

evant literature. The method by which the relevant seaports are selected is 

introduced in Chapter 3. Chapter 4 presents the literature classification, in-

cluding possible forms of the individual categories. Furthermore, the anal-

ysis of seaports is given in chapter 4, followed by a detailed presentation of 

selected ports in chapter 5. The paper closes with an analysis of the results 

obtained by applying them to the performance of ITT. At the end, a conclu-

sion is given and future research topics are outlined. 
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2 Seaport Container Terminals 

Seaports with their container terminals are a central part of this research. 

Chapter 2 introduces the development of seaports in port industries to an-

alyze the relationship between the terminals and to identify useful catego-

ries for classification. This includes the presentation of relevant papers and 

related works. 

2.1 Developments of seaport terminals in port econom-

ics and competition 

Seaport Container terminals are important nodes in the maritime supply 

chain and operate as an interface between the modes of transport water, 

rail, and road (Gharehgozli et al. 2016). Especially large seaports are in 

tough international competition with each other. The performance of a sea-

port depends on its contribution to the successful operation of the overall 

supply chain. One criterion for success is the competitiveness of ports, 

which is strongly determined by their accessibility, besides other factors 

(Notteboom et al. 2005). However, increasing handling volumes also re-

quire an adjustment of port management and hinterland processes. There 

are three main aspects that are currently influencing the port industry 

(UNCTAD 2019):  

(1) Globalization and supply chain integration of the port industry 

(2) Pressure to reduce costs and optimize processes 

(3) Trend of growing ship size 
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Ship routes mainly run along large hubs. Even though ports have been up-

graded in recent years and new CT have been built in many areas, the num-

ber of dominant ports is limited. The position of a seaport in international 

competition is also determined by its vertical integration of upstream and 

downstream logistics processes (Ducruet 2015). 

The existing competition between terminals requires fast and smooth han-

dling of containers to and from ships. Due to the continuing growth of 

global maritime trade, many terminals worldwide are operating at their ca-

pacity limits and at the same time there is considerable pressure to increase 

terminal throughput and shorten ship turnaround times. To overcome the 

geographical limitations of many ports, a continuous optimization of their 

performance is necessary. Thus, the relevance of optimizing terminal inter-

nal processes is constantly increasing (Bish et al. 2005). 

Aspects such as the ability to handle ultra-large container ships are increas-

ingly important. The largest container ships currently have a loading capac-

ity of just under 24,000 TEU (Moore 2020), although an end to the size trend 

is still not in sight. Experts estimate that the ships could reach a size of up 

to 30,000 TEU by 2025 (Malchow 2017).  

2.2 Background 

Several publications have dealt with different aspects of the development 

of seaports and terminals in port economies and in the field of competition. 

A well-known conceptual model of port development is Bird's Anyport 

Model, which describes the spatial and temporal development of tradi-

tional ports. According to this model, port development takes place in three 

phases: settlement, expansion and specialization. Historically, most ports 
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were built adjacent to the city center and have been increasingly expanded 

through maritime development and improved cargo handling facilities. 

Due to the specialization in cargo handling and the incipient growth in ship 

sizes, the areas had to be further expanded and, due to lack of space, ex-

tended to remote locations (Bird 1980). This model has been extended over 

time by various scientists, such as Notteboom et al. (2005), to include addi-

tional phases. 

A number of publications also deal with competition between terminals or 

seaports. For example, Malchow and Kanafani (2004) examine the question 

of which factors influence the choice of ports and how ports compete with 

each other. In addition, the authors analyze in their paper which strategies 

ports pursue in order to increase their market share. Furthermore, Notte-

boom (2016) examines the capacity expansion of container terminals along 

rivers to maintain their competitiveness (Notteboom 2016). Sanchez et al. 

(2011) investigated the attractiveness of ports based on a factor analysis, 

whereas Ng (2006) applied an extended survey analysis (Ranking and 

causes of inefficiency of container seaports in South-Eastern Europe). 

Geerlings et al. (2017) offer a general overview of ports and maritime net-

works including definitions, functions and the presentation of different 

port concepts. Steenken et al. (2004), or Gharehgozli et al. (2016) give an 

overview of the operation of seaport container terminals and describe their 

logistical processes and procedures including further information on 

transport and handling equipment. 

In addition, several studies have examined container transport within ports 

and container terminals (see Heilig and Voß 2017; Gharehgozli et al. 2017; 

Tierney et al. 2014). 
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3 Methodology 

Given the background described in the last section, this paper addresses 

the follow-ing research question:  

(1) Which regional similarities and differences exist in the structure of con-

tainer ports? 

(2) How do regional characteristics effect transports between the terminals 

(ITT)? 

In this section we present the procedure by which we have selected and an-

alyzed the most important global container ports.  

The most important trade routes in global container traffic run along the 

east-west container trade lane. The three main trade routes as shown in 

Figure 1 are Asia-Europe, the Trans-Pacific route, and the Transatlantic 

route (UNCTAD 2019). This can also be seen from the location of the major 

container ports (Figure 2).  

Figure 1: Main global trade routes 
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Both figures illustrate that Asia plays a central role in global maritime trade. 

Accordingly, 15 of the top 20 container ports are located in Asia. In order to 

obtain a comprehensive overview of the characteristics of container termi-

nals, we analyzed the major seaports of the world. The study focuses on 

industrial and emerging countries whose ports have a state-of-the-art 

standard in terms of handling volume and technical equipment. As there 

are large regional differences in the volume of containers handled, we have 

structured the analysis according to continents. The 10 largest ports in Asia, 

Europe and America, as well as the four largest ports in Australia, are taken 

into account. On the African Continent, we chose the three most relevant 

ports. Figure 2 illustrates the location and shipping volumes of each port 

included in the investigation (Lloyd's List 2019). 

The methodology of the paper is structured as follows:  The first step was 

to carry out a data analysis, in which the total transshipment volumes of 

ports on each continent were determined by TEU. Thus, the 10 ports with 

Figure 2: Selected ports and their TEU throughput in 2018 (in million TEU) 
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the highest turnover per continent could be determined. For Africa and Aus-

tralia, we identified three, respectively four ports which showed a signifi-

cant transshipment volume. All the collected datasets refer to the reference 

year 2018. Datasets were collected for each of the 37 ports. In the second 

step we used satellite images using material from OpenStreetMap (Open-

streetmap 2020). The analysis of the satellite images was supported by 

online search, i.e. by visiting the homepages of each port. Based on our 

findings we have developed a classification scheme with individual charac-

teristics for each category. 
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4 Analysis of Port Layouts 

This section shows the classification of the analyzed container ports, so 

that a continental comparison can be made. The classification scheme is 

divided into six categories, shown in Table 1. The individual specifications 

of the categories are assigned to numbers, which are used in the classifica-

tion table. Whenever several criteria are applicable (e.g. a port has termi-

nals at the river and the coast), the criterion with the highest level of agree-

ment is highlighted and the other criterion is marked with a dotted line. 

Table 1: Classification categories with their specifications 

The Number of CT is categorized in up to three terminals, four to six and 

more than six. The largest port (Busan) contains ten container terminals.  

The Annual Container Volume in TEU gives an overview of the shipping 

volumes per year. We categorized them in the following clusters: Less than 

5m TEU; 6m-10m. TEU; 10m-20m TEU; more than 20m TEU.  

The Location of the CT can be classified depending on whether they are 

located on the coast-side or a river. Some ports have terminals that match 

Category # S pec ific ation Category # S pec ific ation

1 Les s  then four 1 Adjoining

2 Four to s ix 

More than s ix

2 Lined up

3 More than s ix 3 S pread out

1 Les s  then five 1 Les s  then ten

2

3

Five to ten

Ten up to twenty

2

3

Ten to twenty-five

More than twenty-five

4 Twenty or more

1 Along coas t / river 1 Mos tly public  

2 Around bay 2 Mos tly dedicated

N um b e r of C T P ositioning of 

C T

A ve rage  

distance  (k m ) 

b e twe e n C T

Infrastructure  

b e twe e n C T

A nnual containe r 

volum e  

(Million TE U )

L ocation of C T



                                    Impact of Port Layouts on ITT Networks 191 

 

with both categories. In these cases we have marked the criterion that the 

majority of terminals meet and the other criterion is marked as being par-

tially fulfilled. 

With regard to the Positioning of the CT, three main types can be distin-

guished. The first type consists of a continuous row of terminals, this means 

that there are no clear lines between the terminals and the terminals ap-

pear as one large terminal. However, most of these types involve different 

operators and have several entrances and exits. The second type comprises 

connected terminals. We defined terminals as generally connected when 

they are located in less than 1 km linear distance to each other. Above 1 km 

distance, we considered the terminals as spread out. 

The average distance between CT considers the distance when using 

transport infrastructure, i.e. road transport. We categorized the terminals 

in the clusters: less than 10 km; 10-25 km; more than 25 km. 

Furthermore, we categorized the terminals whether the used infrastructure 

is public or private (Infrastructure between CT). 

In the following, the individual ports, sorted by continent, are analyzed in 

detail (see Table 2 to Table 6). 

Container port handling in Africa will grow by 1.8 percent in 2018 compared 

to 2017 (UNCTAD 2019). Nevertheless, African ports play a subordinate role 

in international container traffic, as can be seen in Table 3. Africa has three 

major ports with more than one container terminal, all of them with annual 

throughput of around 3m TEU in 2018.  

Tangier Med, Africa's largest container port is located in Morocco on the 

Strait of Gibraltar and has four lined up container terminals. Port Said is no-

table for its location and the distance between its terminals. Durban is the 
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only port in Africa considered to have dedicated infrastructure between ter-

minals (see Table 2). 

Table 2: Classification of African ports 

1 2 3 4 1 2 3 1 2 1 2 3 1 2 3 1 2
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Comparing the ports of America, it is apparent that container handling on 

the continent is largely dominated by the United States: Six of the ten larg-

est ports are US ports. These include New York/New Jersey, Savannah and 

Virginia on the Atlantic coast and Los Angeles, Long Beach on the Pacific 

coast. With regard to the annual transshipment volume, none of the ports 

meets the category 3 or 4 (10m. or more TEU per year) (UNCTAD 2019). Most 

of the ports have few terminals – Los Angeles is the only port that contains 

7 CT. The terminals at the port of Savannah are located in line and directly 

adjacent to each other. Therefore, the terminals are connected via non-

public roads. Every other port uses public infrastructure for inter-terminal 

transportation (see Table 3). 
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Table 3: Classification of American ports 

1 2 3 4 1 2 3 1 2 1 2 3 1 2 3 1 2
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In recent years, Asian ports have grown rapidly. In 2018, Asian container 

ports will increase at a rate of 4.4 percent, with throughput rising by 7.6 per-

cent compared to 2017. With Shanghai, Asia has the largest container port 

in the world. In 2018 Shanghai had an increase of 2m TEU in container port 

traffic (UNCTAD 2019).  

The importance of the Asian ports is highlighted by the container through-

put in 2018. Six of the ten ports in Asia have an annual container throughput 

greater than 20m TEU. Shanghai has by far the largest throughput with 

42m TEU, followed by Singapore with a throughput of 36.6m TEU. Ports 

seven to ten still have a high container throughput with a minimum of 

14.95m TEU (Dubai) (Lloyd's List 2019). 
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It can be seen that the Asian ports all have more than four container termi-

nals and almost half of the analyzed ports have more than six (see Table ). 

The terminals are mainly spread out, which can be explained by the growth 

in throughput and the associated expansion or relocation of ports. Thus, 

average distances of more than 25 km between the ports occur in some 

cases. Only three of the ports analyzed have (mainly) dedicated infrastruc-

ture between them, as shown in Table 4. 

Table 4: Classification of Asian ports 

1 2 3 4 1 2 3 1 2 1 2 3 1 2 3 1 2
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As shown in Table 5, the major Australian container ports have a compara-

bly small container throughput. Melbourne, Australia's largest container 

port, is ranked 59th in the world in 2018 with a throughput of 3,018,671 TEU. 
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In total, Australia has only four container ports with more than one termi-

nal. However, all Australian ports have less than four terminals, which are 

located close to each other. The terminals in each port are linked by public 

roads (see Table 5). 

Table 5: Classification of Australian ports 

1 2 3 4 1 2 3 1 2 1 2 3 1 2 3 1 2
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The ten largest ports for container handling in Europe are listed in Table 6. 

The largest port is Rotterdam (Netherlands) with 14.51m TEU in 2018 fol-

lowed by Antwerp (Belgium) with 11.1m TEU (UNCTAD 2019). Both ports are 

located at river mouths on the North Sea coast of their countries. In addi-

tion, the ports are located relatively close to each other - the distance be-

tween the ports is slightly less than 100 km via the main transport routes. 

The ports of Hamburg, Bremerhaven, Felixtowe also have a connection to 

the North Sea and are located close to economically strong regions in Cen-

tral Europe (e.g. Greater London in Britain or the Ruhr Area in Germany). 

The ports of Valencia, Piraeus, Algeciras, Barcelona and Marsaxlokk, on the 

other hand, are located in the Mediterranean and thus have a direct con-

nection to the important sea route to Asia via the Suez Canal. Except the 
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port of Rotterdam, which has two small terminals located in the city center 

and most of its deep-sea terminals at the coast, all of the European ports 

have terminals that are located less than 10 km to each other.  

Table 6: Classification of European ports 

1 2 3 4 1 2 3 1 2 1 2 3 1 2 3 1 2
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5 Selected Terminal Examples 

In chapter 5, one selected seaport each from Asia, America and Europe is 

presented in detail. The positioning of CT has a major influence on logistic 

activities, like the ITT. Differences in the ITT occur because of the properties 

of a seaport, e.g. positioning, location, infrastructure between CT. In order 

to underline the impact on the ITT, specific characteristics of the seaports 

are discussed and the location of the terminals is illustrated in detail. Fur-

thermore, local concepts for the ITT are outlined by means of the given ex-

amples. 

5.1 Port of Rotterdam 

The Port of Rotterdam is the largest port in Europe. It contains seven con-

tainer Terminals. Five of the terminals (1-5) are located on a man-made 

peninsula at the mouth of the river Nieuwe Maas which is part of the Rhine 

delta (Figure 3).  

Figure 3: Location of Container Terminals in the Port of Rotterdam 

https://de.wikipedia.org/wiki/Nieuwe_Maas


198 Nicole Nellen et al.  

 

The terminals 6 and 7 are located near the city center. The average distance 

between the terminals at the peninsula is 7.2 km. Including the terminals 6 

and 7, the average distance increases to 20.3 km. 

The deep sea terminals are connected to the city of Rotterdam via the N15 

highway. The N15 then becomes the A15 motorway, which forms an im-

portant link between the port of Rotterdam and the German Ruhr area. The 

A15 is an important import and export axis and is therefore used to a large 

extent by commercial traffic. Furthermore, over 400 international rail con-

nections run from and to Rotterdam. Especially for the transport of contain-

ers, general cargo, dry bulk and, chemical products the rail connection is 

suitable. The goods can be transferred directly onto a train at various ter-

minals.  

Short transit times also make the connection attractive. By rail, the goods 

reach the German border within 3 hours. Other European destinations can 

be reached within 24 hours. Within Rotterdam, the port offers a neutral rail 

solution for the exchange of containers between the deep sea terminals 

and the intermodal terminals (Port Shuttle service). For the exchange of 

containers between the deep sea terminals, the port is currently construct-

ing a container exchange route that links the container companies and fur-

ther reduces the costs of container exchange. The container exchange 

route is used to transport containers on the Maasvlakte using a dedicated 

road network. Autonomous vehicles move the containers between all ter-

minals, container depots, and distribution centers and customs facilities 

through the dedicated network. The container exchange route is expected 

to handle over one million containers per year when it opens in late 2021. 

(Port of Rotterdam Authority 2020) 
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5.2 Port of Busan 

Busan Port is located on the southeastern tip of the Korean Peninsula. With 

a throughput of 21.7 million TEU, Busan Port is the largest container port in 

Korea and the sixth largest container port in the world in 2018. The Port of 

Busan has ten container terminals in total, divided into two areas: Five of 

the terminals are located in Busan New Port (1-5) and five in Busan North 

Port (6-10) (see Figure 4).  

Due to lack of space and limited geographical expansion possibilities of 

Busan North Port, Busan New Port was opened in 2006. The distance be-

tween the two port areas is 25 km straight line. Busan New Port is located 

to the west of the Naktong River estuary in a deep, protected bay, outside 

Figure 4: Location of Container Terminals in the Port of Busan 
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the city center, and Busan North Port is located to the east of the river estu-

ary in the middle of the city center of Busan.  

A "hinterland road" connects both port areas. It runs from Busan New Port 

to Busan North Port via the South Port Bridge and the North Port Bridge. 

Both bridges were built especially for port traffic, the overall hinterland 

road runs outside the city. In addition, Busan New Port has its own road and 

rail network for the transportation of containers.  

5.3 Port of Savannah 

The Port of Savannah is the fourth largest port in America, behind the ports 

of Los Angeles, Long Beach and New York/ New Jersey, with a throughput 

of 4.1m TEU in 2018. The port is located at the east coast of the USA in the 

state Georgia at the Savannah River. It consists of one CT, the Garden City 

Terminal, which includes nine berths. The berths are lined-up along the 

river over an approximate length of 3.2 km and connected through a road 

network. 

Berth 7 - 9 Berth 4 - 6

Berth 1 - 3

Figure 5: Location of Container Terminals in the Port of Savannah 
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Transports between berths take place via internal transports, no additional 

processes like registration and weighting are necessary (Georgia Ports 

2020). The layout features of the Port of Savannah represent the category 

‘lined up’ which are designated because of their private road network and 

united resource usage. However, lined up ports differ in the amount of op-

erators. In the Port of Savannah one authority is responsible for the termi-

nal. The Port of Bremerhaven and Felixstowe are further examples of this 

category of ports. 

From the container terminal of the Port of Savannah the interstate 16 

(east/west) and interstate 95 (north/ south) are reached within a few kilo-

meters. In addition, an on-terminal railway service is available for trans-

ports e.g. to Atlanta or Chicago. Per week the Port of Savannah handles 35 

trains of import and export containers (Georgia Ports 2020). The port of Sa-

vannah is planning an expansion of the ports capacity of 45 percent over 

the next decade. The increase in capacity includes enhanced container 

storage capacities, further container cranes as well as an improvement of 

the berths. 
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6 Impact on ITT 

Based on the classification of the world's largest seaports, the influence of 

port layouts on ITT in ports is discussed below. Overall, the analyzed ports 

show a wide variety in terms of size or handling volume, number of termi-

nals, location and dis-tance between terminals. These differences can be 

observed both between conti-nents and within continents. 

The classification shows that container throughput is significantly higher in 

the top ten Asian ports than in the other ports. All analyzed Asian ports 

reach at least level three; the first six ports were even classified as level four, 

corresponding to an annu-al throughput of more than 20 million TEU. In 

contrast, only two European ports were able to reach level three in this cat-

egory, which means an annual throughput of more than 10 million TEU. The 

throughput of ports in Africa, America and Australia is clearly behind. Fur-

thermore, it is noticeable that Asian ports all have four or more CT, whereas 

in Australia none of the ports has more than three terminals. Overall, a cor-

relation between annual container throughput and number of terminals 

can be seen. Besides, there are probably more additional nodes in large 

ports, such as empty container depots or packing stations. Between these 

nodes, containers will also be transported. Accordingly, the infrastructure 

network around the ports is affected by different levels of pressure, de-

pending on the volume of cargo handled, the number of terminals and the 

number of other service nodes. 

Especially in Asia, the terminals are spread around the port, whereas in Eu-

ropean ports the terminals are often in line or adjoining. This could be be-

cause European ports play a historic role in maritime transport and have 

grown continuously with the increasing handling volumes. On the other 
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hand, the growth of Asian ports has only begun in recent years, so that ex-

isting space and resources are no longer suffi-cient and locations have to 

be expanded or alternative locations with sufficient space availability have 

to be built. Large port areas or geographically separated terminals within a 

port area complicate the performance and coordination of ITT. The planna-

bility of container transports by truck decreases with distance and at the 

same time the risk of delays increases. One possibility to improve planning 

reliability and minimize the risk of delays is to use dedicated infrastructure 

for container transports in the port. The classification shows that 28 out of 

the 37 analyzed ports use public roads for ITT. Only nine ports (partly) have 

dedicated infrastructure for ITT and four of the nine ports are located in Eu-

rope. It is notable that a dedicated infra-structure in Africa, America and Eu-

rope is only used in ports with less than four CT. Here the distances between 

terminals with such infrastructure are limited to less than 10 km. In Asia, 

ports with more than four terminals are also connected by a (partially) ded-

icated infrastructure. Apart from the fact that a dedicated infrastruc-ture in 

ports is less sensitive to traffic congestion, autonomous systems can be 

used to transport containers. Especially ports that fall into the categories 

"lined up" and "adjoining" with regard to the position of their CT are suita-

ble for a connection through a dedicated infrastructure using autonomous 

vehicles. It should be noted that autonomous systems usually mean struc-

tural challenges for the port and the terminals. In addition, these concepts 

often have a strong impact on port processes. Overall, a lack of available 

space on route sections, geographical or structural barri-ers and long dis-

tances between terminals make the integration more difficult. 
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All in all, it shows that the performance of ITT depends strongly on the geo-

graphical characteristics of the ports. No general solution can be found. In 

fact, the systems and their organization have to be adapted to the specific 

situation.  
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7 Conclusion and Outlook 

Seaports are facing great competitive pressure due to increasing transport 

volumes, which makes it necessary to optimize internal terminal processes 

as well as the processes that run along the maritime supply chain. This pa-

per has provided an approach to identify geographical similarities and 

specifications in the design of container ports. Based on comprehensive re-

search, a classification scheme was developed to classify the ports. Later 

on, the impact of port layouts on ITT networks were examined. 

In total 37 seaports from Asia, America, Australia, Africa, and Europe could 

be classified. The amount of annual container throughput and the number 

of container terminals were taken into account for the selection of the 

ports. Thus, only the largest seaports of each continent or seaports with 

more than one container terminal are relevant for the classification. In sum-

mary, ports are characterized by great diversity in terms of size or volume 

of container handling, number of terminals, location, and distance be-

tween terminals. 

It can be seen that the major ports are located in Asia and Europe. Further-

more, it is noticeable that the terminals are mostly located close to each 

other and are connected by public infrastructure. Overall, it is shown that 

terminals located far away from each other can have negative effects on 

ITT. The ability to plan road transports decreases with distance and the risk 

of delays increases. It can be seen that a dedicated infrastructure only ex-

ists between terminals that are close together. Therefore, autonomous ve-

hicles can be used for the transport of containers between terminals and 

further nodes in the port, as it is planned in Rotterdam. 
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For future research, the function of the port could be taken into account. It 

will be interesting whether the structure of transshipment ports differs 

from typical import - export ports. Furthermore, the preferred mode of 

transport for ITT, as well as the expansion of the rail network and the share 

of rail transport in the port area, should be included. It should also be ex-

amined how "value added services" can be located in ports in order to op-

timize ITT. Finally, it is to mention that we have only analyzed container 

terminals. The inclusion of other terminals in the study could also be inter-

esting. 
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