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Abstract. The article deals with a current problem faced by all ports: how to enable container terminals to keep up with 
the development of container ships, which, due to economies of scale, are constantly increasing in size. One solution 
that can help small container ports solve this problem is a use of a Decision Support Tool (DST). The DST is based on 
simulations and identifications of the container terminal components that require optimization for the reception of the 
desired ship size in a given port. It consists of the six parts of the terminal that define the operational ship-to-shore 
system that determines the quality of service when a ship is in the port. A DST was tested on the real data of twelve 
Mediterranean container terminals. Special focus was made on the optimization possibilities of the container terminal 
in the port of Koper.
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Introduction 

The port container terminals represent the points where 
containers are transferred from container ships to inland 
transporters and vice versa. Terminals are therefore try-
ing to satisfy all the users of the sea-transport services 
with their infrastructural and equipment compositions 
(Dragović et al. 2006b). Its main functions are to receive 
outbound containers from shippers for loading onto ves-
sels and to unload inbound containers from vessels for 
picking up by consignees, and, of course, the temporary 
storage of containers between ocean and land transpor-
tation (Van Hee, Wijbrands 1988; Murty et al. 2005).

Ship operation usually begins with the ship’s ar-
rival at the port area. After berthing, the ship-berth link 
handling operation begins with preparing the ship for 
loading/unloading and with the assignment of the prop-
er number of quay cranes to the ship (Dragović et  al. 
2006b). Processes of the operations of the berth subsys-
tem, as well as of two other subsystems of the terminal 
have been detailed by Vis and De Koster (2003), Murty 
et al. (2005) and others.

The number and capacity of ships able to enter a 
terminal in selected time is dependent on the techni-
cal equipment, layout and performance of a port, which 
may be judged by yearly throughput and position in the 

marketplace. Ports should therefore pay particular atten-
tion to the capacities and possible optimization of their 
container terminals, principally taking into account the 
size of the container terminal itself, its features, as well as 
the port’s financial capabilities. In this context, the berth 
subsystem plays an important role as the factors of this 
subsystem are the first that ships encounter when arriv-
ing at the terminal and are therefore the most important 
indicators regarding the number and size of ships that 
can be accepted at the terminal, as well as the require-
ments for storage yard space and land equipment (Gün-
ther, Kim 2006).

The perpetual striving for cost cutting and the aim 
to achieve economies of scale has led ship-owners to 
construct ever larger container ships (Sys et al. 2008). 
Currently, the largest ship on the market is 18000 TEUs, 
while in a few years ships are expected to reach capacities 
of 22000 TEUs. Those trends also raise the demand for 
smaller (feeder) container vessels which have also been 
increasing over the last ten years and are now reaching 
sizes of 2800 TEUs (UNCTAD 2011, 2012). Today ship 
dimension represents a major problem for smaller con-
tainer ports that do not have adequate equipment for 
the reception of such ships, yet at the same time, ship-
owners will demand facilitation of rapid transhipment 
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and reduced costs in the ports. Since both container 
ships and container port facilities are very expensive, 
it is desirable to utilize them as intensively as possible 
(Dragović et al. 2006b). In fact, not all ports will ever 
be attractive for services that employ large ships; some 
of them simply do not have basic maritime conditions 
and enough cargo. Nevertheless, even if their aim for the 
future will be to remain ‘just’ a feeder port, they will be 
interesting for ocean carriers only when they will be able 
to offer their ships fast and efficient service.

Ports will therefore have to increase the capaci-
ties of their existing terminals. A key facet to improv-
ing the capacity of terminals will be making the correct 
decisions regarding the necessary changes. This paper 
focuses on the role that containership size has on termi-
nal operations, especially on the berth subsystem, which 
with its restrictions has to enable rapid development of 
the port. The paper therefore presents the factors that 
play a key role in terminal optimization regarding the 
acceptance of larger ships. 

In order to facilitate those decisions, a Decision 
Support Tool (DST) was created. The tool was originally 
built to support terminal operators (the decision maker) 
in their decisions regarding future investments in the 
improvement of the existing terminal capacities. The 
DST incorporates several terminal parts. The first three 
are the most important for determining the size of the 
ship that the port is able to accept, while all parts togeth-
er are essential for the smooth processing of containers 
at the terminal. However, each has its own purpose, to 
function as an efficient whole a high level of interaction 
and consistency between them is necessary. 

The DST is therefore suitable for use when the de-
cision maker has to make strategic decisions and deter-
mine what the appropriate capacities of the elements at 
the berth subsystem are (sea depth, optimal quay length, 
adequate number of quay cranes) as well as to decide 
the right size of the storage area for the accommodation 
of a larger ship and for the optimal processing of the 
containers at the terminal. 

The proposed DST is an analytical tool but at the 
same time, it is also an interactive tool as it enables the 
decision maker to vary the input of parameters to cor-
rectly arrive at his decisions.

The structure of the paper is organized as follows. 
The review of literature is discussed in Section 1. Sec-
tion 2 presents the creation of a DST with a description 
of criteria and data. An analysis of the selected ports 
using a DST is provided in Section 3. The results of the 
analysis for ports evaluation using a DST are illustrated 
and discussed in Section 4. Optimization results for the 
port of Koper are provided in Section 5. Conclusions are 
presented in the last section.

1. Review of Literature

The literature reveals that many authors have investi-
gated container terminal optimization. Steenken et  al. 
(2004), and Stahlbock and Voß (2008), focused their 
research on container terminal operations and handling 

equipment. Vis and De Koster (2003), and Günther and 
Kim (2006), divided the container terminal into three 
decision-making levels and analysed the sequence of 
the terminal operations. Vacca et  al. (2010), grouped 
the container terminal operations and decision prob-
lems into four main classes, namely berth allocation 
and scheduling, quay crane allocation and scheduling, 
transfer operations and storage and stacking. The paper 
provides a comparative analysis between a hierarchi-
cal and an integrated solution approach to two highly 
interdependent decision problems: the berth allocation 
problem and the quay crane assignment problem. Van 
Hee and Wijbrands (1988) developed a decision support 
system for capacity planning of container terminals. The 
DSS incorporates three models, each describing parts of 
the process of container handling at the terminal. While 
they focus more on the design phase, Murty et al. (2005) 
have developed a DSS for optimizing daily operations at 
Hong Kong container terminals. Dragović et al. (2006b) 
have, in their research monograph, pointed out some 
current problems in container terminals, including op-
erations on the ship-berth link, and container yard mod-
elling. They have developed and described simulation 
and analytical methodology to study the performance 
evaluation of the ship-berth link and a methodology 
for optimizing container yard operations. In the last ten 
years also other researchers have focused their stud-
ies on these specific operational problems at container 
terminals (Dai et al. 2008; Dragović et al. 2005, 2006a; 
Seyedalizadeh Ganji et  al. 2010; Álvarez et  al. 2010; 
Liang et al. 2012; Salido et al. 2012; Bierwirth, Meisel 
2010), as well as storage space allocation (Zhang et al. 
2003; Lee et al. 2006; Froyland et al. 2008). 

On the other hand, Le-Griffin and Murphy (2008) 
analysed the productivity of the container terminal. 
Based on capacity statistics, four productivity measures 
have been used as initial points of comparison between 
numbers of leading container ports around the world. 
The authors have proved that these parameters can be 
used by port authorities for comparison with competing 
ports, and as a tool for making correct decisions regard-
ing the optimization of their existing terminal capacity 
and ensuring greater productivity. Port efficiency and 
port competitiveness were also investigated by Tongzon 
and Heng (2005). Based on the existing literature they 
proposed eight key determinants of port competitive-
ness. Yeo et al. (2008) also studied container port com-
petitiveness. They limited their study to the compari-
son between Korean and Chinese ports and selected 38 
components for measuring the competitiveness between 
ports. Because of their generality, the components can 
be used in any port. By analysing those factors, it is clear 
that many of them are related to the terminal infrastruc-
ture and superstructure, which can be a limiting factor 
in increasing vessel size.

There has also been extensive literature on the 
relationship between containership size and terminal 
operations. Sys et al. (2008) in their paper gave a brief 
overview on the increasing container fleet market and 
explained the reasons for the deployment of ever larger 



container ships. They proved that the link between ship 
size and container terminal operations is very strong. 
Ports and terminals will therefore be facing new chal-
lenges and dealing with large investments in order to be 
able to accept the future post-Panamax ships. Jansson 
and Shneerson (1982) have done studies related to op-
timal ship size, while Cullinane and Khanna (1999) fo-
cused on the impact of ship size on unit costs; and later 
Kassembe and Gang (2011) focused on the economies of 
scale in large container ships. 

Our study is based on the available data about new-
ly ordered container ships, their characteristics in regard 
to draft, quay length and cranes necessary in the ports in 
order to be able to accept them. 

Through the performed simulations, we created a 
decision-making tool that will indicate the parts of the 
container terminal that need to be optimized for a re-
ception of the desired ship size in a single port. This tool 
consists of the six parts of the terminal that define the 
operational ship-to-shore system, which determines the 
quality of service when a ship is in the port.

2. Setting up a DST

Through a review of literature, we found that bottlenecks 
at container terminals can occur on the sea side as well 
as on the land side of the terminal, which includes stor-
age areas and handover space. However, in this article 
we will focus only on the berthing area, as according 
to Sys et al. (2008) most related problems occur at the 
terminal in ship-to-shore relations.

It should be noted that smaller container terminals 
achieve lower productivity on the berth and storage sub-
systems, and are therefore at a position of disadvantage 
in the fight for attracting larger ships. This is directly re-
lated to the efficiency of cargo handling equipment and 
adequacy of the infrastructure on the berth and storage 
subsystem. 

To determine the necessary measures that would 
provide greater capacity for container terminals in 

smaller ports and improve their competitiveness on the 
market we created a tool that supports ports in their de-
cisions regarding future optimization.

The DST consists of real data and detailed research 
of infrastructure and cargo handling equipment in se-
lected ports. Basic data were collected for twelve Medi-
terranean ports of different sizes. In order to develop a 
useful tool we selected some of the most successful ports 
in the Mediterranean, which in the last fifteen years had 
the highest growth in traffic and have similar charac-
teristics (the first five ports in Table 1). These five ports 
served as an example for the medium and smaller ports 
(from 6 to 12 in Table 1) on which we tested the tool. 
The choice of ports was also conditioned by there being 
a sufficient amount of available primary data necessary 
for the tests. 

The tool was therefore designed specifically for me-
dium and smaller ports and serves as a support for the 
planning of future improvements and for adopting good 
practices from successful competitors.

For appropriate use of the tool, the characteristics 
of the determined ship size in the port are necessary. 
The key elements that define the size of the ship that 
can enter the port are thus sea depth, berth length, quay 
cranes, storage areas, land equipment and hinterland 
connections. 

Although seaport container terminals differ con-
siderably in size, function and geometrical layout, they 
principally consist of the same subsystems (Günther, 
Kim 2006). For the optimal functioning of the contain-
er terminal a high level of productivity and connection 
between the subsystems is of vital importance (Twrdy, 
Beškovnik 2008). According to Sys et al. (2008), besides 
the larger and deeper berth dimensions larger vessels 
will require container terminals to invest in larger cranes 
and also larger terminal areas; this illustrates that the 
berth subsystem is the first to take into account when 
optimizing the terminal capacities for the reception of 
larger ships. All the further processes on the other sub-
systems are therefore related to it.

Table 1. Technical characteristics of the ports

No Port Throughput in 2012 [TEU] Sea depth [m] Berth length [m] No of quay cranes Storage area [ha]

1. Marsaxlokk 2540000 15.5÷17 2308 23 (pp + spp) 68
2. Piraeus 2734014 12÷18 2370 14 (pp + spp) 72.4
3. Barcelona 1749974 14÷16 2460 23 (pp + spp) 96
4. Gioia Tauro 2721000 12.5÷18 3,391 25 (pp + spp) 155
5. Taranto* 263461 14÷15.5 2000 10 (pp + spp) 25
6. Koper 570744 11.4÷12 600 8 (p + pp) 18
7. Rijeka 129680 11÷12 464 4 (p) 5.4
8. Trieste 408023 18 770 7 (pp) 40
9. Ravenna 208152 10.5 640 4 (p) 15

10. Varna 128390 7.5÷9 838 3 (p) 11.5
11. Odessa 459720 11.5÷12.3 1160 5 (p + pp) 4
12. Novorossiysk 624000 8÷13 566 2 (p) 14

Notes: p – Panamax crane; pp – post-Panamax crane; spp – super-post-Panamax crane; *despite its low throughput, the port of 
Taranto was placed in a group of major ports due to its important transhipment function.
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Since the call of the ship in the port is conditioned 
mainly by the cargo handling equipment and work pro-
cesses at the berth, those are the factors that determine 
the importance of the terminal on the market and the 
factors that directly define the size of the ships that can 
enter a port. The storage subsystem provides temporary 
storage of full and empty containers as well as their fur-
ther shipment by sea or land, while the handover area 
is directly connected to the storage subsystem and is in-
tended for loading and unloading of containers by or on 
road vehicles or railway wagons (Vis, De Koster 2003).

The first three elements of the DST are therefore 
part of the berth subsystem, while the other three be-
long to the storage subsystem and the subsystem of the 
handover area, which indirectly influences the size of the 
ship that can be received in port.

Vis and De Koster (2003) provide a detailed de-
scription of the processes at the three subsystems pre-
sented in Fig. 1. The figure illustrates the unloading and 
loading process at a typical modern container terminal. 
The processes can be divided into different sub-process-
es that explain the movement of containers when the 
ship enters the terminal, or, in the reverse order, when 
the export containers enter the port on the landside and 
have to be loaded onto a ship. The correct understanding 
of those sequences is of vital importance for understand-
ing the sequences of the elements in the created DST.

2.1. Choice Criteria 
For ocean carriers the selection of a container termi-
nal or container port is a complex process. Wiegmans 
et al. (2008), define the basic criteria for the port choice 
as follows: port physical and technical infrastructure; 
geographical location; port efficiency; interconnectivity 
of the port; reliability, capacity, frequency and cost of 
inland transport services by truck; quality and costs of 
auxiliary services; efficiency and costs of port manage-
ment and administration; availability, quality and costs 
of logistic value-added activities; availability, quality and 
costs of port community systems; port security and en-
vironmental profile of the port; and the port reputation. 
However, the most important factors that influence the 
ocean carriers in choosing a port remain the require-
ments of service quality, time at berth (transhipment 
time) and costs for loading and discharging (Steenken 
et al. 2004; Beškovnik 2008). On the other hand, a termi-

nal operator aims to achieve a higher container through-
put with fewer berths and less manipulation equipment. 
The decisions taken by the ocean carriers therefore have 
direct impact on the terminal system productivity and 
efficiency, in that, mostly, they are measuring the com-
petitiveness of different maritime container terminals 
(Beškovnik 2008). The most frequent evaluating factors 
are related to the berth subsystem (water depth, berth 
availability, berth productivity, spent time on the berth 
and service capacity for the ship’s size) and after that to 
the other subsystems. 

Sea depth is the first and the most important fac-
tor in determining the size of the ship in the port, and 
therefore takes the first place in the DST. The historical 
development of container vessels shows that with the in-
crease of ship capacity their draft also increases. It can be 
assumed that the larger the ship capacity, the greater the 
draft and, obviously, the greater the depth required at 
the terminal. Exceptions to the aforementioned rule are 
ships exceeding 14000 TEUs capacity. From here, draft is 
no longer increasing in proportion to the ship capacity. 
The characteristics of today’s biggest ships and the new-
ly planned ULCC ships (up to 18000 TEUs and 22000 
TEUs) clearly show that the essential differences in this 
class will no longer be related to the draft but to the ship 
length, which is visibly increasing (Sys et al. 2008). The 
second limiting factor is therefore the berth length. This 
factor will be crucial for the biggest container terminals 
that already can accept ships of 10000 TEUs or more. 
Smaller terminals will still depend on sea depth. For 
them berth length will be important only if they obtain 
a larger number of direct services with bigger ships. In 
that case, the terminal will have to be long enough to 
accept two larger ships simultaneously. The third fac-
tor in the tool is related to the number of quay cranes 
and their dimensions. These are extremely important for 
the productivity of container ports. The productivity of 
container cranes is directly related to the time that ships 
spend at the berth and are therefore considered to be 
the most important machinery at the terminal (Wata-
nabe 2001). For smaller ports, the purchase of new, more 
powerful, cranes is essential; otherwise, they would not 
be able to serve large ships due to the insufficient arm 
length of the existing cranes. 

Storage areas and land equipment represent the 
fourth and the fifth factors of the tool. They are espe-

Fig. 1. Processes at a container terminal
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cially important for the origin-destination ports, as they 
significantly affect the level of the port efficiency (Le-
Griffin, Murphy 2008). The arrival of larger ships means 
a consequent increase in the trade flows in the port for 
which terminals need greater storage capacity and better 
equipment. We can confidently say that when the port 
needs a larger storage area this will almost certainly re-
quire more powerful land equipment as well. Therefore, 
these two factors are closely related and often insepa-
rable. An increase in trade flows means also a need to 
improve hinterland connections of the terminal. In the 
opposite case, the terminal is exposed to productivity 
reduction, congestion and delays in the delivery of con-
tainers to the final costumers, or, in the reverse, to the 
terminal. Smaller ports are therefore often forced to op-
timize their existing connections with the hinterland in 
order to receive larger ships at the terminal; otherwise, 
the terminal will be subject to bottlenecks. 

To use the tool correctly, the port or terminal op-
erator must know the size of the ship he wants to receive 
in the port and the characteristics that the selected ship 
requires at the terminal. The proposed vessel has to be 
larger than the size of the ship that already can enter the 
port (Fig. 2). 

It starts with the existing situation of the terminal. 
The parts of the terminal to examine are in order of 
importance so the terminal operator must focus firstly 
on the existing situation of the first factor. If the factor 
has the required capacity, it means that optimization in 
this part of the terminal is not needed and the operator 
moves down to examine the following factors of the tool. 
If the situation at the selected part does not have the re-

quired capacities the operator moves right to determine 
which are the necessary measures to take, and only after 
that moves down to the following factor. When coming 
to the end the measures that have to be take into account 
for the reception of the desired ship size will be known.

On the bases of the technical characteristics of the 
ship’s size and with the help of the tool it can therefore 
be established whether the capacity of the individual 
part of the container terminal is in a sufficient condition 
for the reception of the selected ship, or the capacity is 
insufficient and requires optimization.

The presented tool was created to facilitate the 
operator’s work in order to rapidly arrive at the right 
solutions. Each port has its own requirements and pri-
orities, but those are the factors that are common to all 
ports. Some ports will stop at the first criterion, when 
they realise that they do not have sufficient depth, when 
there follows a series of measures of which the main aim 
is deepening as soon as possible. We did not focus on 
those measures in the article, as we wanted only to pres-
ent a tool that illustrates the sequence of criterion and 
their relations with each other. 

With the help of the tool, ports can quickly iden-
tify those requirements that they are meeting today and 
what they have to improve to be interesting for the ship-
owners in the future. 

2.2. Data
As previously mentioned, the simulation tool was devel-
oped using twelve Mediterranean ports. The choice of 
this area was conditioned mainly by the fact that ocean 
carriers prefer to use direct services with post-Panamax 
ships rather than operate on the hub and spoke principle 
on lines between the Far East and the Mediterranean 
Sea. For the smaller ports the adjustment of their ex-
isting capacities is therefore of vital importance if they 
want to preserve or improve their position on the mar-
ket place. 

For the purpose of the study, twelve ports of differ-
ent sizes that cover different Mediterranean area (west-
ern and eastern part and the Black Sea) were chosen 
for which relevant data were available. The first five 
ports serve as a successful example for the smaller ports 
as they represent major ports of which throughput in 
2012 exceeded one million TEUs, as well as tranship-
ment ports. They are acting on the market as important 
regional and global shifting points (Beškovnik, Twrdy 
2010). The second group mostly consists of the ports of 
which throughput in 2012 did not exceed 500000 TEUs 
and are therefore considered as smaller container ports 
with a regional transport function. 

For decision-making on the basis of the DST we 
used a vessel of capacity 6000 TEUs. Due to the charac-
teristics of the analysed ports, we came to the conclusion 
that this size is the most acceptable for all the ports and 
the one to be used in a direct line in the Mediterranean, 
even if a large number of ports lack adequate conditions 
for receiving this capacity.Fig. 2. Container terminal DST (in terms of ship capacity)
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According to Sys et al. (2008), the requirements in 
a port for the acceptance of 6000 TEU ships are the fol-
lowing:

 – sea depth – 13÷14 m;
 – channel depth – 13÷14 m;
 – berth length – 350 m; 
 – storage area –16 ha per berth;
 – quay cranes – post-Panamax (45 m outreach).

With the help of the presented DST it can be quick-
ly determined at which part of the container terminal 
the port will need improvements to be able to accom-
modate ships of this size. Nevertheless certain obstacles 
(barriers) and challenges may arise. For appropriate use 
of the tool, it is in the first place necessary to assess the 
real capacities of the container terminal and to set the 
correct and current positions of the given terminal on 
the marketplace as well as to correctly predict the future 
development of the sector. If the estimates prove incor-
rect (the terminal is overrated), this could result in sig-
nificant costs, which may affect the competitiveness of 
the terminal on the market. The implementation of the 
DST also depends on support received and resources. 
It is important, therefore, to have a good regulated fi-
nancial construction. The port has to take into account 
factors such as terminal and hinterland capabilities, as 
the incorrect assessment of this situation may represent 
the danger that the terminal could develop faster than 
the hinterland. If the port plans are not coordinated with 
those of the development of infrastructure in the hinter-
land, it is likely to lead to bottlenecks and congestion in 
the port (or, perhaps worse, the opposite extreme).

3. Analysis of the Selected Ports Using a DST 

The capacities of individual parts of the terminals in 
the above-listed ports were therefore analysed using the 
DST. The tool was tested first for the arrival of one 6000 
TEU ship at the terminal and later for the simultaneous 
arrival of two ships of the same capacity. The results are 
shown in the following tables. In the fields with a value 1 
the optimization of a certain part of the terminal is not 
needed as the current capacity is sufficient for the adop-
tion of one 6000 TEU capacity ship, while fields with the 
value 0 indicates that optimization in a specific part of 
the terminal is necessary for the adoption of the men-
tioned ship capacity.

3.1. Acceptance of One Vessel (6000 TEUs Capacity) 
in the Port
Capacities of the major ports such as Piraeus and Bar-
celona, and transhipment ports such as Taranto, Marsa-
xlokk and Gioia Tauro, are entirely sufficient for accom-
modating ships of 6000 TEUs. Optimization for them 
is not necessary at any point of the tool. The results for 
these ports were actually expected, since in practice they 
serve as transhipment points in the Mediterranean. Their 
role is extremely important for smaller ports which do 
not have conditions for the reception of large ships and 
due to insufficient trade flows and natural-geographic 
properties of the ports they will be exposed to the same 

problem in the future. The results obtained using the 
DST are shown in (Table 2).

The results in the bottom part of the table, where 
smaller container ports were analysed, shows a slightly 
different situation. The sea depth is insufficient and must 
be increased in almost all of the analysed ports. 

Capacity in the second factor – berth length – sat-
isfies the conditions for the adoption of one large ship 
(approximately 300 m) and at least one smaller ship (ap-
proximately 200 m) at the same time, in the majority 
of the analysed ports. Extension of the berth under the 
above data is therefore not necessary if the pier length is 
at least 600 m. The exception in the table is the Odessa 
port where the pier length is 1160 m and consists of four 
short berths (310 + 230 + 270 + 350 m), of which only 
the first two are used regularly for container traffic. The 
other two berths are allocated for container traffic only 
in exceptional cases. For these reasons, we estimated 
that with the current pier facilities the port is unable to 
receive 6000 TEU vessels, so the value in the field is 0. 
New quay cranes are required in all those ports, except 
for Koper and Trieste, which are the only ports where a 
sufficient number of post-Panamax cranes already exists. 

The results in the column of storage area and land 
equipment are in the case of the adoption of large ships 
exactly the same. The results showed that the optimiza-
tion of the storage capacity and land equipment are not 
required in the ports where the current storage capacity 
is over 15 ha. Those are in our case only the ports of 
Koper, Trieste and Ravenna. In most ports, with the in-
troduction of a new weekly direct service with a ship of 
6000 TEU, the existing links with the hinterland would 
be sufficient. The exceptions in this case are only the 
ports of Rijeka and Odessa, which have problems with 

Table 2. The results of the analysis according to the DST  
(one 6000 TEU ship)
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1. Marsaxlokk 1 1 1 1 1 1

2. Piraeus 1 1 1 1 1 1
3. Barcelona 1 1 1 1 1 1
4. Gioia Tauro 1 1 1 1 1 1
5. Taranto 1 1 1 1 1 1
6. Koper 0 1 1 1 1 1
7. Rijeka 0 0 0 0 0 0
8. Trieste 1 1 1 1 1 1
9. Ravenna 0 1 0 1 1 1
10. Varna 0 1 0 0 0 1
11. Odessa 0 0 0 0 0 0
12. Novorossiysk 0 0 0 0 0 1

Notes: ‘0’ – current capacities are insufficient, optimization is 
required; ‘1’ – current capacities are sufficient, optimization is 
not required.
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the storage area. In such cases, the introduction of a new 
service with such a large number of containers would 
almost certainly represent a bottleneck in the transport 
of containers to the hinterland.

The study confirmed that smaller container ports 
would actually have to expand and optimize their exist-
ing capacity if they want to be more competitive and be 
able to accept larger container ships at the terminal. Our 
tool has shown that the key roles in terminal optimiza-
tion will be played by the sea depth, quay cranes and 
storage areas. In cases where ports do not opt for the op-
timization of their terminal capacities, the most reason-
able choice for them would be a specialization in feeder 
service, as the largest ships received would be limited to 
a maximum of 5000 TEUs. Due to the growing trends 
in container transport, this ship size will in the future 
be completely uninteresting to insert in a direct service. 

3.2. Acceptance of Two Vessels (6000 TEUs Capacity) 
in the Port
In the second phase, the proposed tool was used to 
check the situation in selected ports with the arrival of 
two 6000 TEUs container ships at the terminal simulta-
neously. This situation could actually occur if the port 
acquired more direct services with ships of this size. The 
results obtained using the DST are shown in (Table 3).

The results for the group of the first five ports would 
remain the same. Even with the arrival of two 6000 TEU 
ships those ports would not require optimization at any 
point of the tool.

On the other hand, the results obtained in the 
smaller ports show that in the future those ports would 
have to continue to invest significantly to upgrade their 
facilities. The column of the sea depth remained the 
same as it was in the previous table, since the size of 
the ship has not changed, while the situation in the col-
umn of the berth length is quite different. The analysis 
shows that six ports would have to extend their quays. 
The exception is the port of Trieste, where the current 
quay length exceeds 700 m. Varna and Odessa were also 
treated differently. In the case of Varna, the total length 
of the quay amounts to 838 m, and is divided into two 
separate terminals (500  + 338 m), which prevents the 
reception of two large ships at the terminal simultane-
ously, while at Odessa the problem remains the same as 
in (Table 2). For those reasons, the value in the table is 0.

The simultaneous work on two large container ships 
requires a considerable number of quay cranes (from 3 
to 5 cranes per ship) at the terminal (Sys et al. 2008). It 
is therefore clear that all the analysed ports (with the 
exception of Trieste) would have to purchase new quay 
cranes. This applies for the ports that do not have ad-
equate cranes yet, as well as for those that actually have 
these cranes (Koper and Odessa), but not in sufficient 
numbers given the arrival of two ships at the terminal. 
In the case that new cranes would not be purchased, the 
productivity at the berth subsystem would be dramati-
cally reduced, which would consequently mean queues 
and lengthy stays of the ships at the berths.

Table 3. Results of the analysis according to the DST  
(two 6000 TEUs ships in the port)
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1. Marsaxlokk 1 1 1 1 1 1
2. Piraeus 1 1 1 1 1 1
3. Barcelona 1 1 1 1 1 1
4. Gioia Tauro 1 1 1 1 1 1
5. Taranto 1 1 1 1 1 1
6. Koper 0 0 0 0 0 0
7. Rijeka 0 0 0 0 0 0
8. Trieste 1 1 1 1 1 1
9. Ravenna 0 0 0 0 0 0
10. Varna 0 0 0 0 0 0
11. Odessa 0 0 0 0 0 0
12. Novorossiysk 0 0 0 0 0 0

Notes: ‘0’ – current capacities are insufficient, optimization is 
required; ‘1’ – current capacities are sufficient, optimization is 
not required.

With the possible rise of trade flows, storage area 
would represent a problem. The number of containers 
would increase to the level that without new spaces the 
terminal would be exposed to congestion and redundant 
movements of containers. Land equipment is again re-
lated to the storage areas so the purchase of additional 
equipment would be necessary. The decision about the 
equipment that will be used at the terminal depends on 
several factors. According to Steenken et al. (2004), the 
most important factors are related to space restrictions 
and economic and historic reasons. The situation in 
the column of the hinterland connections has changed, 
too. If the value in the preceding table for almost all the 
ports (with the exception of two) was 1, the results in 
this table shows almost everywhere a value of 0, which 
reflects that a large number of containers at the terminal 
means the necessity for more powerful connections with 
the hinterland.

4. The Analysis for Ports Evaluation Using a DST

At the end of the simulation, the evaluation of the ports 
on the basis of the presented DST has been completed. 
Estimates obtained thus reflect actual situations of the 
container terminal capacities in the twelve analysed ports.

For the basis of the port assessments, all six factors 
of the tool were used. For each factor, a grading scale 
was made (Table 4). The scale was based on the condi-
tions that are necessary for the acceptance of 6000 TEU 
ships in the port. 

Estimates range from 5 to 10, where 10 is the 
maximum possible score, and 5 is a minimum estimate. 
Maximum estimates were determined by the character-
istics that a 6000 TEU ship needs at particular part of 
the terminal, and adapted for the reception of two ships 
of this size at the terminal simultaneously. 
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The maximum score was therefore assigned to the 
port that meets or exceeds the required capacity that two 
6000 TEU ships need in a particular part of the terminal. 
The estimates were than divided proportionally up to 
the lowest value of 5. This score were received in case 
the capacities at the particular part of the terminal were 
completely inadequate for the reception of two ships of 
this size.

The performed analysis allowed us to determinate 
how many ports are actually ready to accept two such 
ships at the same time and are therefore in a position to 
become a port of call for more than one direct service.

The final estimates based on the analysis made are 
shown in Table 5. 

As expected, the five largest ports have the best es-
timates. The highest were reached in the first four fac-
tors of the DST, as those are mainly transhipment ports 
where the level of productivity depends mainly on the 
performance of the berth subsystem. In this case, the 
column with the storage areas and land equipment do 
not have similar ratings. In storage areas, the estimates 
for all the ports are very high, which shows that the ports 
have the proper surface for the movement and storage 
of greater numbers of containers. In the field of land 
equipment, the ratings are different, which is attributable 
mainly to the fact that ports are using different types of 
equipment, that in the end (on average), brings them a 
lower score in the table. Such an example is the port of 
Marsaxlokk, while in the case of Piraeus it turned out 
that the port is actually using all the analysed equipment 
(transtainer, straddle carrier, reach stacker, fork lift), but 

the current capacities are not reaching the desired value. 
The ports of Gioia Tauro, Barcelona and Taranto also 
have achieved very high values in this case. Larger ports 
have very modern links with the hinterland; however, 
the highest rates were not reached by any port, since 
none of them can deal with inland waterway connec-
tions. The exception in this column is the Marsaxlokk 
port, which had the lowest score due to its exclusive 
transhipment function.

Table 4. Grading scale

Sea depth [m] Grade Berth length [m] Grade
>13 10 >800 10

12÷13 9 700÷800 9
11÷12 8 600÷700 8
10÷11 7 500÷600 7
9÷10 6 400÷500 6

<9 5 <400 5
Gantry cranes (No) Grade Storage area [ha] Grade

>10 10 >30 10
8÷10 9 25÷30 9
6÷8 8 20÷25 8
4÷6 7 15÷20 7
2÷4 6 10÷15 6
<2 5 <10 5

Land mechanization (actual/ideal) [%] Grade Hinterland connection Grade
>90 10 two railway track; highway; inland waterway 10

80÷90 9 two railway track; highway 9
70÷80 8 one railway track; highway 8
60÷70 7 two railway track; regional road 7
50÷60 6 one railway track; regional road 6

<50 5 regional road 5

Table 5. Ports evaluation
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1. Gioia Tauro 10 10 10 10 10 9 59
2. Barcelona 10 10 10 10 9 9 58
3. Taranto 10 10 10 9 9 9 57
4. Trieste 10 9 8 10 10 9 56
5. Piraeus 10 10 10 10 6 9 55
6. Marsaxlokk 10 10 10 10 8 5 53
7. Koper 8 8 7 7 7 8 45
8. Ravenna 7 8 5 7 8 8 43
9. Rijeka 8 6 5 5 8 8 40
10. Novorossiysk 7 7 5 6 6 8 39
11. Odessa 8 5 6 5 5 8 37
12. Varna 5 6 5 6 5 8 35
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Smaller ports generally scored low. The notable ex-
ception is the port of Trieste, which reached very high 
scores in all the factors considered and is therefore in the 
fourth place. The analysis shows that among all smaller 
ports, Trieste already has the most appropriate condi-
tions for receiving 6000 TEUs ships. The second highest 
ranked small port Koper, in the seventh place. Its esti-
mates ranged between 7 and 8 in all fields. The port has 
thus very good possibilities to accept more 6000 TEUs 
ships simultaneously in the future, although optimiza-
tion in some parts of the terminal is required. Most 
negative scores (5) were reached by the ports of Odessa 
and Varna. Ranked lowest, Varna has the most work to 
do to become a port capable of receiving simultaneous 
stops of 6000 TEU ships. 

The data obtained in (Table 5) shows that for most 
ports the biggest problems are related to insufficient 
number of quay cranes, and inadequate land equip-
ment, although through the complete study performed 
we found that the primary factor that is causing prob-
lems for smaller ports in receiving larger ships remains 
the shallow draft. We can clearly say that only the port 
of Trieste currently has the capacity and the ability to 
accept such ships at the terminal without trouble.

Fig.  3 shows the individual assessment that the 
ports received for each analysed factor. The classification 
of ports was made according to the calculated average 
(based on all the estimates obtained).

5. Optimization Results for the Port of Koper

Luka Koper is the only Slovenian and the main north-
ern Adriatic container port; in 2012 Koper reached a 
throughput of 570744 TEU. Compared to the year 2011 
this represents a 3.2% drop (589314 TEUs)  – the first 
after the drop in the year 2009. 

The terminal business consists of two direct lines to 
the Far East, a few direct lines with the Mediterranean, 
but mostly is represented by feeder lines (Stojaković, 
Twrdy 2010). The current throughput capacity of the ter-
minal is limited to 750000 TEUs, which ranks the termi-
nal in the class of smaller container terminals (detailed 
characteristics of the terminal are described in Table 6). 

The largest container ships currently entering the 
terminal have a capacity of 6500 TEUs (they are not fully 
loaded); however the acceptance of such a large ship in 
port often represents a problem due to the shallow draft 
of the terminal (it is possible only with high tide). The 
capacities of the terminal are therefore sufficient for the 
reception of one larger vessel (up to 300 m in length) 
and one smaller vessel (up to 200 m in length) at the 
same time. 

The main objective of the port is to increase pro-
ductivity of the terminal and obtain more direct services 
with larger vessels. With the existing terminal facilities 
that would actually be possible; however the large ships 
should not arrive at the terminal simultaneously. Due to 
the unforeseen delays in schedules and long unloading 
times (2–3 days per 6000 TEU ship) this often presents 
a problem.

In order to obtain new deep-sea services at the 
terminal and be more competitive with neighbouring 
ports, the port of Koper should increase their capacities 
in several parts of the terminal. 

To determinate which those parts are we used the 
previously presented DST (Fig. 2). 

The simulations were made again on the basis of 
the 6000 TEU ships. At the left side of the DST we in-
serted the current capacities of the Koper container ter-
minal (Table 6) and confronted (analysed) them with the 
requirements that two ships of this size would need at 
the terminal. By following the sequence of the DST we 
obtained the results that are shown on the right side of 
the tool (Fig. 4). 

The results:
The simulation showed that in order to accept two 

larger ships at the terminal simultaneously the port 
would have to increase the capacities of the terminal in 
all points of the DST.

Table 6. The values of the input data for the port of Koper

Sea depth Berth length Quay cranes Storage area Land equipment Hinterland connections

11.4÷12 m 600 m 4 pp + 4 p 18 ha 14 transtainers;
9 reachstackers;
6 forklifts

one railway track;
modern highway

Notes: p – Panamax crane; pp – post-Panamax crane.

Fig. 3. Final ports assessment
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The current sea depth would have to increase by 
a meter or two, as ships of such dimensions require a 
depth of at least 13 m to enter a terminal without dif-
ficulty, while the pier would have to be extended by 100 
to 150 m in order to provide optimal throughput opera-
tions for two (300 m in length) ships simultaneously. The 
appropriate extension of the terminal quay would also 
result in the need to purchase new gantry cranes. The 
current number of cranes is sufficient for the current ter-
minal capacities, as when the largest ship (6000 TEUs) 
arrives the 4 post-Panamax cranes are available to at-
tend her, while the other 4 Panamax cranes are used to 
serve smaller ships at the terminal (Panamax and feeder 
ships). With the actual terminal capacities the reception 
of two large ships (6000 TEUs) simultaneously would 
cause slower operations and consequently delays, and 
extension of the time the ship spends at the terminal, 
which would result in increasing costs. As mentioned 
before, 3 to 5 cranes are necessary for the optimal opera-
tion of the 6000 TEU ships. Therefore, the purchase of a 
minimum of 2 post-Panamax cranes would be necessary. 

The arrival of two large ships simultaneously would 
certainly affect the operations of the other terminal sub-
systems. The current storage capacities are now barely 
sufficient, while with the acquisition of new deep-sea 

services the cargo flows would increase and the storage 
area would be too small for all the additional containers 
that would pass through the terminal. The port would 
therefore have to increase the capacity by approximately 
25%. The current equipment at the storage area might 
be sufficient after the enlargement of the area, but there 
would exist real risks of delays, which would conse-
quently mean a loss of port efficiency and the risk of 
losing customers. It would be absolutely necessary to 
optimize the railway hinterland connections of the port. 
Today the link from the port to its hinterland is possible 
by road and rail traffic; although the railway capacities 
are already fully exploited (60% of containers comes/
goes to the hinterland markets by rail). The construc-
tion of another railway track would therefore be of vital 
importance.

The analysis showed that with the current capaci-
ties the port is able to accept one ship of 6000 TEUs and 
one smaller ship of around 3000÷4000 TEUs at the ter-
minal simultaneously, while the acceptance of two larger 
ships at the same time is still not possible. The port will 
therefore have to improve several parts of the terminal 
in the near future if it wishes to compete effectively with 
the neighbouring ports of Trieste and Rijeka. 

Conclusions

With the done survey we came to the conclusion that 
constant growth in container transport and in container 
fleet rendered a large number of ports in this part of the 
world (Mediterranean) insufficiently prepared for the 
reception of post-Panamax ships. In particular, smaller 
ports (from 6 to 12 in the table) have great difficulty in 
accepting ships of 6000 TEUs capacity. They are there-
fore unable to compete with larger Mediterranean ports. 
If these ports do not upgrade the capacities of their ex-
isting terminals in time, their positions will be even 
more difficult in the future. Larger ports will therefore 
become even more important, while smaller ports will 
became relatively even smaller, which in the end will 
lead to the loss of a significant market share and com-
petitiveness in the area. Therefore, smaller ports have 
to organize themselves and invest in their infrastructure 
and suprastructure to remain competitive at the market. 

Ocean carriers, in establishing links with smaller 
Mediterranean ports, still prefer direct services with 
larger ships (5000÷8000 TEUs); for that reason, the 
adoption of such vessels for them is absolutely necessary. 
Carriers cannot wait – they require rapid transhipment 
and reduced costs for their ships in the port immedi-
ately.

Our study intended to illustrate the main problems 
facing smaller Mediterranean ports today in accepting 
larger ships at the terminal and to identify the problems 
that will arise if they would like to be a port of call for 
more direct services that employ post-Panamax ships. 
The results showed that most problems are caused by 
inadequate sea depth and inadequate quay cranes, while 
in the case of the acceptance of two or more larger ship 
at the terminal simultaneously the problems extend 

Fig. 4. Optimization results for the port of Koper
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to all the analysed factors. Among the ports only the 
first five (Marsaxlokk, Piraeus, Barcelona, Gioia Tauro 
and Taranto) and the port of Trieste currently have the 
means to accept two or more large ships at the terminal 
simultaneously, as only their capacities satisfy the re-
quirements in all the factors of the DST. It is thus clear 
that the ‘battle’ will be between those smaller ports that 
are in close proximity and have similar capacities, as 
competition with larger ports would make no sense in 
that it will have been lost early on.

The tool created, along with the survey, proved to 
be good and reliable for decision-making, as it has en-
abled the analysis with the application of real data of 
the selected ports and consequently the identification 
of the weaknesses in capacities of each analysed port 
(terminal). It was therefore possible to determinate the 
major problems in the terminal capacities that are facing 
smaller Mediterranean ports today when they strive to 
become a port of call in a carrier’s direct service. 

This paper has presented the DST for the deter-
mination of the measures that will be necessary for the 
ports if they want to increase their current terminal 
capacities and be competitive in the marketplace that 
requires from them constant adaptation to the market 
trends. To achieve even more accurate and detailed re-
sults that will facilitate the decisions of terminal opera-
tors and satisfy their needs it would be necessary to do 
some further research and develop the presented opti-
mization methodology. Furthermore, container termi-
nal optimization offers significant potential for research, 
which can be obtained through different applications. 
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