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Abstract

Background: In 2017, smaller container ports handled approximately 22% of total containerized cargo. Nowadays
liner operators are calling on those ports with larger ships and demanding fast and efficient turnaround of the
ships in port. This is possible only if the berth has the right capacities, is working properly and achieves a good
productivity level.

Methodology: Productivity level does not depend only on the quay crane capacities but also the transfer
mechanisation, of which the main function is to serve quay cranes on one side and yard cranes on the other side.
Choosing the correct type and number of vehicles to transfer container units from berth to yard has become a very
important decision in every container terminal.

Results: In small container terminals yard trucks represents the most common type of transfer mechanization. That
is why this research is based on the allocation of the right number of yard trucks to quay cranes in order to assure
better productivity levels in the berth and yard subsystems. For this purpose, a discrete-event simulation modelling
approach is used. The approach is applied to a hypothetical small container terminal, which includes operations on
the berth-yard-berth relation.

Keywords: Container terminals, Yard tracks, Berth productivity, Operational efficiency

1 Introduction
A seaport container terminal is a transit point for
containerized goods between sea vessels and land
transportation modes, such as truck and trains [26].
Although seaport container terminals differ consider-
ably in size, function, and geometric layout, they
principally consist of the same subsystems [19].
These are the berth, yard and gate subsystems [2, 17].
The coordination among the three subsystems, the as-
signment of handling resources to the necessary activ-
ities and the scheduling of the different movement
tasks are the main aspects to be managed and opti-
mized in a seaport container terminal [26]. In con-
tainer terminals, there are three types of handling
equipment involved in the loading/discharging
process: quay cranes-QCs, transfer mechanisation

(the choice is between: yard trucks–YTs, straddle
carriers-SCs, shuttle carriers-ShCs, automated guided
vehicles-AGVs), and yard cranes-YCs (the choice is
between SCs, rubber-tired gantry cranes-RTGs, rail-
mounted gantry cranes-RMGs, and reach stackers) [6,
13, 22, 41]. QCs handle quayside operations, YCs are
deployed in yard stacking operations, while transfer
mechanization is used for transportation between
quayside and yard. As the berth subsystem is the one
that actually defines the size of the ship that can be
accepted at the terminal and mostly affects the turn-
around time of ship in the port, the focus is in the
first phase made on the operational time and utilisa-
tion of that area, while the operations in the yard area
have an indirect influence on the time that the ship
will spend in the port [34]. According to Carlo et al.
[8] transport operations in both subsystems should be
designed so that bottlenecking in container terminals
is avoided. In this context a correct choice of transfer
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mechanisation is crucial. A very commonly used type
of equipment in small ports and the most common
one in the small northern Adriatic (NA) ports are
YTs. YTs are manned vehicles that pull chassis carry-
ing the containers. They represent a technologically
modest means of container transport, as they are un-
able to lift containers - thus a crane is required for
loading and unloading operations. This means that if
there is not a good synchronization between QCs and
YTs and between YTs and YCs, congestion can occur.
The problem of smaller container terminals is that,
on the one hand, they have space problems and, on
the other, they have already established workflows for
container handling. It is therefore financially more
advantageous for a container terminal already in op-
eration to purchase additional YTs than to restructure
the terminal and purchase handling equipment of a
different type. According to He et al. [14], the effi-
ciency of container terminals depends to a large ex-
tent on the effectiveness of the allocation of terminal
resources in the various phases of container handling.
However, according to Meisel [24] YTs are economic-

ally attractive and can provide high flexibility regarding
the workload of a terminal. In our research, simulation
processes will therefore be based on different numbers
of YTs serving QCs. The scope of this research is to de-
fine the correct number of YTs that will reduce the
turnaround time of the ship in a small container port.
To achieve that, numerous computer simulations using
Flexsim CT 3.3 software were performed on a hypothet-
ical container terminal (CT). During the simulations,
terminal characteristics like berth length, number of
QCs, and type of ship were changed (Table 2) in order
to gradually increase the annual traffic and capacity from
630,000 TEU to approximately 1 million TEU and evalu-
ate how such an increase of traffic would influence the
productivity of the berth in the first place and of the
yard in the second place.
Since our research was not focused on a specific port,

we combined the elements of various small size ports
with similar properties. The basic criteria for the simula-
tion terminal layout were represented by the NA ports
of Koper, Trieste, and Rijeka, from which the most com-
mon factors were taken. The largest share of data was
obtained from the port of Koper.
We note that there is a knowledge gap in the litera-

ture when we try to define the type and number of
transfer mechanization for transferring container units
from berth to yard in small CTs. The research is
based on allocating the right number of YTs to the
QCs to ensure better productivity levels in the berth
and yard subsystems. We develop a model for berth-
yard operation with emphasis on proper allocation of
transfer mechanization. The objective was to provide

optimal berth function and thus faster transfer of
the vessel in the port. The developed model is easy
to use and allows a quick identification of the re-
quired mechanization in relation to the capacity of
the CT.
The structure of the paper is as follows. Section 2 pro-

vides a literature overview, Section 3 provides the devel-
opment of the methodology with four subsections
explaining the framework and characteristics of the basic
hypothetical CT, followed by the analysis of the basic
model and the further methodology of the simulations
performed to determine the optimal number of YTs in a
small CT. The simulation results can be found in Sec-
tion 4, while Section 5 provides a discussion and conclu-
sion with the suggestion for further research.

2 Literature overview
Nowadays it is extremely important that a ship leaves
the port as soon as possible, which means that high effi-
ciency is required from the CT. This is usually measured
in terms of operational productivity; such as ship turn-
around time or yard utilization. According to Gharehgo-
zli et al. [10] it is important to enable efficient work
processes on the sea side, but that the yard stacking sys-
tem also has a significant impact on the overall capacity
of the terminal. The right choice of transfer mechanisa-
tion between the sea and land sides of the terminal,
therefore, plays a very important role. In this context, a
lot of research has been done in recent years on the use
of YTs, as they have achieved great efficiency when
properly planned [36].

2.1 Terminal operating system (TOS) and terminal
planning
The basis for further research on container terminal op-
eration systems was provided in the early 2000s by
Steenken et al. [33], Stahlbock and Voß [32], Vis and De
Koster [37] and Kim and Günther [19]. Later Böse [5],
published a handbook of terminal planning, while Sing-
gih et al. [30] have proposed a TOS design that includes
integrated scheduling and various decision-making mod-
ules related to different aspects of operations in a new
conceptual rail-based CT. Kourounioti et al. [21], on the
other hand, focused on the container dwell time in the
terminals. In 2019 Hervás-Peralta et al. [15], were the
first to use the AHP (Analytic Hierarchy Process) to
identify and hierarchize the TOS functionalities. A spe-
cial role in measuring the efficiency of TOS in CTs is
also played by the KPIs, which are decisive for the plan-
ning and further optimization of the CTs. An interesting
study was conducted in this respect by Hinkka et al.
[16], who analysed the indicators required for terminal
planning and compared them with existing KPIs to
measure the performance of ports and terminals.
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Although CT problems are related to each other,
authors often address the specific issues of an individual
segment of the terminal. That is why below some inter-
esting studies on berth and storage productivity - reflect-
ing interrelationships in ports - that pertain to our
research are presented.

2.2 Berth productivity
The berth subsystem represents the most important
part of the CT; since all subsequent processes in
other subsystems of the terminals are connected to
it. The arrival of ever larger container ships has led
to a reduction in berth productivity, which is
reflected in longer ship times in the port and higher
costs for the ship operator. Seyedalizadeh Ganji
et al. [29] pointed out that the length of time that
the ship waits for berth availability and the ship’s
handling time are considered to be the most import-
ant measures of effectiveness for a CT, so reducing
each of these times enhances the productivity of the
terminal. Most researchers therefore have focused on
the optimal berth allocation problem (BAP) and the
quay crane assignment problem (QCAP) by using
generic algorithms [3, 4, 11, 18, 23].
An important factor that affects ship handling time

is QC productivity. This is measured by the number
of moves per hour. Bartošek and Marek [1] pointed
out that terminals are able to achieve maximum
productivity to 80% of the computed number, due to
productivity losses caused by operational disturbances.
QC efficiency and impact on possible bottlenecks has
been explained in detail by Goodchild and Daganzo
[12]. Beškovnik et al. [2] also investigated QC prod-
uctivity and its influence on berth utilisation. For this
purpose, a comparison model of twenty selected glo-
bal CTs was used to compare productivity in the
process of subsystem productivity analysis. However,
the productivity of QCs largely depends also on the
type and number of the horizontal handling equip-
ment used; this can be allocated to a specific QC or
to more QCs simultaneously. The types and oper-
ational characteristics of the horizontal equipment
were analysed by Carlo et al. [8]. In the classification
according to the size of the ship, QCs are divided
into several categories. In this study two of those cat-
egories are used [1]:

� Panamax QC – able to serve Panamax ships, 11–13
containers wide (rows).

� Post-Panamax QC – able to serve Post Panamax
ships, 17–19 containers wide.

Our aim is to select the number of YTs so that despite
the disorder in the storage area the QCs are able to

achieve 20 moves/hour (Panamax QC) and 25 moves/
hour (Post-Panamax QC), respectively.

2.3 Storage problems
In the issued works that discuss storage problems most
of the researchers are focused on optimizing tranship-
ment operations and improving the utilization of storage
space. An insight into the area’s current research, as well
as the precise description of the yard layout and the
transhipment operations there, was provided by Carlo
et al. [7]. Zhang et al. [40] and Woo and Kim [38] dealt
with the problem of allocating storage space for con-
tainers, focusing mainly on the allocation of storage
space to export containers. On the other hand, Zhao
and Goodchild [42] analysed the impact of transfer
mechanization on the transhipment effects of the
terminal.

2.4 Computer simulations
Sometimes it is easier and more feasible to use built-in
simulation programmes like ARENA software, Micro-
Port, AnyLogic, FlexSim CT, etc., that enables the de-
tailed simulation of one terminal subsystem or the
interoperability of two subsystems. A detailed review of
the available research literature on the application of
simulation models in port development over the last 54
years (1961–2015) was presented by Dragović et al. [9].
Sislioglu et al. [31] used Data envelopment analysis

(DEA) in combination with ARENA software to develop
a DST (decision support tool), the aim of which is to
find the optimum investment to improve the CT prod-
uctivity. They focused on minimizing the average turn-
around time of the ship in the port while maximizing
the container throughput. The same software has also
been used by Kotachi et al. [20] who have modelled gen-
eric port operations to study how various different in-
puts can influence the outputs that include throughput,
resource utilization and waiting times. AnyLogic soft-
ware was used by Yang et al. [39] to create a simulation
model of the AGV transport system that would effect-
ively increase the utilization rate of QCs and YCs and
reduce the time to task completion. On the other hand,
Gamal Abd El-Nasser A. Said and El-Horbaty [27], have
chosen FlexSim CT software to optimize solutions for
the storage space allocation problem, taking into ac-
count all various interrelated CT handling activities. The
proposed approach is applied on a real case study data
of CT at Alexandria port. Stojaković and Twrdy [35]
have used FlexSim CT software to determine how a dif-
ferent number of YTs assigned to a single QC can affect
the productivity of that crane and the productivity of the
entire berth subsystem in a small CT. In this study we
chose to take a step forward and build a hypothetical CT
in FlexSim CT software and monitor only the
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interrelations of the berth and yard subsystems, focusing
primarily on the berth productivity by coordinating the
number of YTs. In that way it was possible to obtain ori-
ginal data on the necessary number of YTs per QC ac-
cording to the volume of annual throughput in order to
achieve maximum productivity at the berth and thus the
more rapid departure of large ships.

3 Methodology development
The methodology can be divided into four main steps:

� Presentation of the Framework. In the first step
the framework of the simulations is presented. That
section explains which data have been selected and
included in the simulation software to build a basic
CT simulation model. Furthermore, it contains the
sequence of all the operations performed during the
simulation.

� Terminal layout. After explaining the framework of
the simulations, a terminal layout of the basic CT
model is presented. In this step the physical
characteristics that have been chosen to build the
CT (berth and yard subsystems) are provided. As
the performed simulations are based on real port
data, the ship arrival schedule that has been used in
the simulation is given.

� Analyses of the simulation performed on the
basic CT. In the third step the results that were
obtained with the simulation of the basic CT model
are provided and discussed. The results have shown
that YTs were crucial for the achievement of higher
berth productivity and they also have significantly
influenced the yard operations. Those findings
therefore formed the basis for further simulations

that enable us to determine the optimal number of
YTs at the terminal of smaller sizes.

� Simulation running. The final step explains how
the simulations have been run. To be able to
determine the optimal number of YTs for a small
CT the simulations were performed in three sets
with a different number of YTs per QC. In each set
seven different scenarios have been performed,
changing several terminal characteristics and
increasing the annual throughput of the CT up to 1
million TEU.

3.1 Framework
For the purpose of this research, a hypothetical CT,
which is a Discrete Event Simulation (DES) model based
on real data from the ports of Koper, Rijeka and Trieste,
was built with the software FlexSim CT. FlexSim CT is a
powerful “what-if” analysis tool used to model systems
that change their state at discrete times as a result of
specific events. Our research is based on the models de-
veloped by Gamal Abd El-Nasser A. Said and El-
Horbaty [27] and Gamal Abd El-Nasser A. Said et al.
[28]. Therefore, stochastic, dynamic and discrete prob-
lems were addressed in this simulation study.
The performed simulation covers all the berth–yard–

berth operations. The model was entered with all actual
data regarding the containers that arrived at the terminal
with the ship (import) and the data about the containers

Table 1 The basic CT model

Quay QC

Berth 1 250m 4 Panamax (P)

Berth 2 350m 4 Post Panamax (PP)

Fig. 1 Operation sequence at the CT
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that had to be loaded on the ship to leave the port (ex-
port), while the number of containers entering and exit-
ing the terminal by land has been performed virtually
(by the software) according to the input parameters. All
the simulations included the ship arrival at the terminal,
the unloading of the inbound containers, container
transfer to yard and their positioning in the final slot
and vice versa. The sequence of the performed opera-
tions in the CT is shown in the Fig. 1.
For vessel simulation a real vessel arrival schedule has

been used in which each ship service has a fixed planned
arrival time that is the same each week, making realistic
simulations possible (the window is shown in Fig. 3).
The data regarding the transfer area, storage capacities
and yard equipment were taken from the available data
of the selected ports and combined for the purpose of
the research.

3.2 Terminal layout (input data)
The basic simulation model was entered with the follow-
ing input data: berth length, QCs, ships, incoming and
outgoing containers, YTs, yard area, and YC.
The basic CT model captures one continuous quay of

600 m divided into two berths (Table 1, Fig. 2). In that
way, the large vessels may occupy more than one berth,
while small vessels may share a berth.
All QCs perform single cycling operations, which is

usual in medium-sized and smaller ports. Transfer oper-
ations between the sea and storage area are done by
YTs. Initially 5 YTs are assigned to every QC, meaning
that 40 YTs are placed at the terminal. The capacities of
the variables changed during the seven scenario simula-
tions are presented in Table 2.
The yard area has a storage capacity of 20,160 TEU and

is placed parallel to the quay. It is divided into three

Fig. 2 Basic terminal layout

Table 2 Performed scenarios

Scenario sequence
number

Scenario description

SCENARIO 1 Basic model with 630,000 TEU of annual throughput.

SCENARIO 2 The quay of the basic model was extended by 100m and ships were served by 6 PP and 2 P QCs. The annual throughput
remained unchanged.

SCENARIO 3 To the previous model a weekly service with a PP ship was added. The annual throughput rose to 689,000 TEU.

SCENARIO 4 Another weekly service with a PP ship was added to the previous model, while one feeder service was eliminated. The
annual throughput changed to 768,000 TEU.

SCENARIO 5 The QC layout was changed to 7 PP and 1 P. The ship schedule changed with one new PP service instead of a small one.
The annual throughput rose to 844,000 TEU.

SCENARIO 6 The weekly schedule changed with the purpose of increasing the annual throughput to 899,000 TEU.

SCENARIO 7 In the last scenario only PP QCs were placed on the quay. The weekly schedule changed in order to increase the annual
throughput to 990,000 TEU.
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stacking zones; import, export and a zone for empty con-
tainers. Every block for full containers is served by an RTG,
while a block with empty containers is served by a reach
stacker. All the resources of the same type have the same
specifications. No replacing of containers has been done at
the storage once they have been placed in their final slot.
The terminal’s traffic in the basic model consists of

thirteen services that cover the following types of ships:

� 46.15% feeder ships (up to 1500 TEU)
� 23.08% Panamax ships (1500–5000 TEU)
� 30.77% Post Panamax ships (over 5000 TEU)

Despite the fact that Post Panamax ships represent
only 30.77% of all ships that arrive at the terminal, they
account for 66.20% of the terminal throughput. The ini-
tial annual throughput amounts to 630,000 TEU per
year. Simulations were conducted for a period of 1 week
or until the completion of the transhipment operations
on the last scheduled ship. The ship schedule for every
day of the week and the placement at the individual
berth is illustrated with grey squares in Fig. 3.

3.3 Analyses
The chosen schedule foresaw every day berth occupation
for a duration of 1 week (shown in Fig. 3). At the first

berth, ships of up to 2300 TEUs and lengths of up to
220 m called, while the second berth is primarily
intended for the larger Post Panamax ships, the length
of which is approximately 300 m.
During the analysed week, P QCs handled 3306 TEUs,

accounting for 27.25% of transhipped TEUs, while the
remaining three quarters of total weekly throughput
were performed by PP QCs. The average occupancy of
all QCs in the analysed week was 43.47%, while the aver-
age working time of PP QCs reached 62.88%. A very sig-
nificant output for the implementation of the assigned
manipulations was the QCs waiting time for YTs to ar-
rive. On average all eight QCs accounted for 11.44% of
waiting time, which is not much, but if we focus only on
the PP QCs, the waiting time rose to 19.56%, meaning
that they required more YTs or faster operations in the
yard area. This greatly affects the whole time of the ships
in the port as the QC can’t drop the container on the
surface and move to another manipulation, rather must
wait. On the other hand, P QCs accounted for only
3.32% of waiting time, meaning that five YTs were suffi-
cient for them.
On average, QCs transhipped slightly fewer than 20

moves/hour, which is acceptable for the small QCs
and also in line with actual achievements in nearby
ports, while such a small achievement for large QCs

Fig. 3 CT weekly schedule
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is unacceptable. This affected the berth occupancy,
which amounted to 62.70%. Though, as the maximum
limit to still achieve optimal results on the berth is
set at 65%, it is still within an acceptable range.
Nevertheless, at the second berth where large ships
are mooring the actual occupancy (74.06%) exceeded
the allowed limit. With such results, the optimization
of the quay should be considered by the terminal
operators.
The simulation has shown that for the current an-

nual traffic the storage area of the terminal is still
sufficient or even underutilised. The average
utilization of the yard space amounted to 31.21%,
while the maximum recommended is up to 60%. The
RTGs placed on the import blocks waited much lon-
ger for the arrival of YTs than those placed on export
blocks. The average utilization rate of the YCs there-
fore showed that there is currently a surplus of YCs

at the terminal. Nevertheless, in case of their reduc-
tion higher congestion would occur, as there is a lack
of YTs for transporting containers from berth to yard
and vice versa to help to achieve optimal results.
With the selected inputs, the working time of the sim-

ulated terminal lasted 210.65 h. If we would consider
only the berth subsystem in the simulation (excluding all
the yard operations), that time would be reduced to 140
h, as QCs would achieve higher productivity. The simu-
lation showed that in our case the biggest problem is in
the transfer area where YTs are operating.

3.4 Simulations
The results of the basic model showed that the insuffi-
cient number of YTs were the principal cause for poorer
efficiency of QCs and longer ship stops at the terminal.
For that reason, further simulations were conducted by
increasing the number of the YT.

Table 3 Results of the operations at the berth subsystem (three simulation sets) with different number of YTs
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Initially, we increased the transfer mechanization by
one on every QC, but relevant results were not
reached until we allocated ten YTs to every QC. The
most suitable results (comparable to that achieved in
ports) were obtained only by placing sixteen YTs on
a QC. Even though that is not common in small size
terminals it allowed us to obtain the desired product-
ivity of the QCs when yard productivity was not at
its highest.
Further simulations were therefore divided into the

following three sets:

� Set 1: each QC served by 5 YTs,
� Set 2: each QC served by 10 YTs,
� Set 3: each QC served by 16 YTs.

Thus it was possible to determine how a change in the
number of YTs affected the productivity of QCs and
ship serving times.
In each of the three sets, the same simulations

were effectuated covering seven scenarios where
container throughput gradually rose to near 1 mil-
lion TEUs. At the same time, berth and storage cap-
acities were optimized in order to enable the
reception of such traffic. The scenarios are de-
scribed in Table 2.

Due to the use of probability distribution different
simulation runs of the same scenario did not give us
identical results. Consequently, several simulation runs
were performed for each scenario. The reported results
are the average of the simulation runs of each scenario.

4 Results
The simulations included the comparison of each sce-
nario with different criteria and with different numbers
of YTs. The results are shown in Table 3 and in Fig. 4 to
Fig. 9. The best obtained results are marked with a green
dot, while the worst have red dots. The yellow dot de-
notes cases where the obtained results were not much
different from the best one and were therefore also very
favourable.
The study included P and PP QCs, as this is the equip-

ment of most medium and small ports which are in-
cluded in both feeder and deep sea services. Primarily,
the simulations were focused on the berth subsystem, as
that area in connection with the transfer mechanization
was identified as the one affecting most the time of the
ships in port.
The results in all scenarios showed that when the

number of YTs per QC had been increased to the
maximum, the working time of QCs and the QC
waiting time for YTs to come decreased (Figs. 4, 5).

Fig. 4 QCs working time (%)

Fig. 5 QCs waiting time (%)
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This has had a positive effect on the QC productivity and
on the reduction of the berth occupancy ratio, which is
crucial if the port wants to increase annual traffic, acquire
larger ships and assure them fast operations (Figs. 6, 7).
The exception was scenario 6, where the best results in all
criteria were achieved by increasing the number of YTs to
10 (Figs. 4, 5, 6 and 7). It is also clearly shown that in sce-
narios 3, 4 and 5 PP QCs achieved very favourable results
with 10 YTs on each QC (Figs. 4, 5, and 6). Those are sig-
nificantly similar to the results of the 3rd set of simula-
tions, which indicates that 10 YTs would be sufficient to
achieve good transhipment effects on ships in case of traf-
fic increase to 689,000 TEU or more. In almost all scenar-
ios the 3rd set of simulations provided the lowest berth
occupancy rates (Fig. 7). Nevertheless, in the 2nd set very
favourable results that did not exceed the recommended
critical point of 65% were achieved (Fig. 7), which means
that a financial investment in 16 YTs would not make
sense. In addition, under such conditions, storage prob-
lems would be exacerbated. They were significantly worse
with 16 YTs than with 10 YTs on a QC (Figs. 8, 9). After
numerous simulations, it was clear that the best results on
the yard were achieved in the 1st set of simulations with 5
YTs on each QC (Figs. 8, 9). We are therefore dealing with
an extremely complex problem that requires important

decisions. For ports it is essential to determine the point
of balance, where the berth productivity required by the
ship-owners can be achieved with the least negative effects
on the storage operations. Storage problems decrease the
efficiency of the berth subsystem, that is why ports cannot
ignore berth requirements and choose the number of YTs
that corresponds primarily to the yard.
The survey showed that with a terminal of such

dimensions it is possible to achieve optimum results while
reaching a throughput of 850,000 TEU. With a million
TEU the productivity is significantly reduced, and the
overall system becomes overloaded. A graphic overview of
the changes in the results obtained during stage simula-
tions are emphasised in the following Figures.

5 Discussion and conclusion
The article presents the results of a study conducted on
a hypothetical small CT using Flexsim CT 3.3 software.
The analysis covered all berth-yard-berth operations
with the emphasis on the correct allocation of transfer
mechanization to allow the optimal functioning of the
berth, and, consequently, a faster turnaround of the ship
in the port. As nowadays ship-owners are utilizing ever
larger ships even in smaller ports, such ports are faced
with increasing amounts of containers and requirements

Fig. 7 Berth occupancy ratio (%)

Fig. 6 QCs moves per hour
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for faster ship operations in order to reduce costs in
ports.
We based our study on the work of Gamal Abd El-

Nasser A. Said and El-Horbaty [27], in which a 54%
reduction in container turnaround time at the port was
achieved by applying the optimization model for storage
space allocation at the Alexandria container terminal. In
our case, we used the data of a hypothetical terminal
with the capacity of 630,000 TEU and the simulations
were divided into seven scenarios that allowed a gradual
increase in traffic up to about one million TEU. The
simulations were run in three sets, each using a different
number of YTs per QC.
The results showed that, on average, the QCs in all

seven scenarios achieved the most favourable results
with 16 YTs, but the simulation set with 10 YTs serving
a single QC is not significantly different. Therefore, the
investment in 16 YTs per QC (according to the results
obtained) is not worthwhile, and without an

exceptionally good strategy for allocating operations to
YTs, congestion would occur on both subsystems con-
sidered. However, the situation was reversed in the yard
area. Therefore, in our case, increasing the number of
internal transfer mechanization has a negative impact on
the operation in the yard area. Regardless, due to the
poor results obtained at the berth with 5 YTs on one
QC, the number of YTs had to be increased, even with
the risk of a slight deterioration of the productivity in
the storage area. Our aim was to achieve a QC product-
ivity and berth occupancy that meets the requirements
that ship-owners have today in smaller ports. This is
why we opted for the higher number of YTs per crane.
In addition, choosing the wrong strategy for assembly
can lead to congestion in the berth area - especially in
the storage area - which in turn has a negative impact
on operations at the quay.
In summary, the competitiveness and operating level

of CTs currently depends on the global demand for

Fig. 9 Yard utilisation (%)

Fig. 8 YCs waiting time (min)
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container transport and, consequently, on the decisions
of ship-owners to use larger vessels. In this context,
medium and small ports are in a very difficult position
as they are subject to a cascade effect, which according
to Merk et al. [25] means that ships that have become
redundant due to very large new vessels are used in
direct services that include medium and small ports.
The results of this study are important for operators of
smaller CTs as they can use this model to find the right
number of handling mechanizations to increase annual
throughput. The main limitation stems from the fact
that not all CTs were included in the analysis, but only
one smaller terminal. Therefore, the conclusions pre-
sented here are limited to providing an answer to the
main question of how to ensure fast and efficient hand-
ling of ships that now reach 6000 to 8000 TEU and how
to meet the main demand of ship-owners - fast handling
at ports to reduce costs. The focus was on performance
metrics and operating times, which depend on mechan-
isation in each subsystem. Since the results of the 2nd
set of simulations gave quite good results for both sub-
systems in scenarios with increased annual traffic, it
would be most beneficial for a small container port to
choose 10 YTs per individual QC.
The potential of many models is limited by data

availability. The lack of detailed data remains a major
challenge, also for determining the right number of
YT to QC to ensure better productivity in the berth
and yard subsystems. However, the evaluated results
show that the presented concept would lead to a sig-
nificant improvement in the overall productivity of
the small CT. The results obtained proved to be au-
thentic; however, we are wondering whether a ter-
minal of such capacities can achieve even better
results in both subsystems using alternative transfer
mechanization. Our further research will thus focus
on upgrading the presented model, where transfer op-
erations will be accomplished by another type of
transfer mechanization. In that way it will be possible
to compare the results and create some good guide-
lines for efficient optimization of operation in small
container ports.
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