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Abstract 
 
The operations and decision making at a container terminal have been simulated. A Berth Allocation 
Management System – (BAMS) has been built which consists of two parts: a container terminal 
simulator modelling the operations and a management simulator modelling the various actors 
involved in the allocation of container ships to berths. Together these two parts generate berth 
schedules for arriving container ships. Two berth assignment policies are evaluated in different 
scenarios, with various quay lengths, berth spacing lengths, and ship arrival sequences. The decisions 
in assigning ships with different loading and discharging demands to a limited amount of resources, 
such as berth space and cranes are analysed with the BAMS. The berths at the container terminal are 
modelled by the BAMS to be dynamic in the sense that berth segmentation is based on the current 
situation rather than being static. The policies are evaluated in terms of turn-around time and 
distance travelled by the straddle carriers. The simulation results indicate that an informed choice of 
berth assignment policy can provide better use of the available resources, e.g., by reducing turn-
around time and/or distance travelled by the straddle carriers. 

1. Introduction 

This paper investigates the use of simulation as the basis for a decision support system in analysing 
the assignment of berths to arriving container ships at a CT (Container Terminal) under various 
constraints and policies.  The underlying aim of the research has been to increase CT performance 
without physical expansion by utilizing the available resources more efficiently. Through CT visits 
and video taping the operations and the managers, policies that were used in the daily operations have 
been codified, simulated, and analysed.  The CT simulator and the management system are unique in 
that the decision processes used in the planning of the operations are recognized, modelling the CT as 
a system of decision makers. The proposal is to assist CT managers in the assignment of container 
ships to be berthed by using BAMS (Berth Allocation Management System) as a part of a Decision 
Support System (DSS). The BAMS consists of a simulated representation of a CT (cranes, berths, 
quays, transport equipment, containers, and ships). In addition, the BAMS includes a management 
system that represents the managers by issuing and sending documents (i.e. ship schedule, resource 
schedule, waiting time, crane schedule, etc.) Together, the two parts of BAMS assist in creating berth 
schedules for arriving ships under various conditions. 
 
The aim of the BAMS is to efficiently use the resources available during the operating time that the 
container ship is occupying the berth.  According to Nishimura et al. (2001), the berth allocation plays 
a primary role in minimizing the turn-around time, the time that a container ship is worked, because 
the container ships being berthed do not have the same handling times. Turn-around time is one of the 
main performance measure used in port operations. Different berthing points may influence the 
handling time and distances being travelled by the transporters in order to “work” a container ship.  
According to Eric D´Hondt at HesseNordnatie in Antwerp, Belgium; “…as container ship size 
increases, the berth productivity becomes ever more important to ensure that the container ships can 
adhere to their sailing schedules.” The CT managers interviewed all mentioned that berth planning is 
a complex task and is critical before container ships can start the loading and discharging operations.  
Majority of the managers interviewed, interestingly mentioned that they do not use any tools in the 
assigning of container ships to berths, but have developed routines, contracts and “rules of thumb”.  
All of the managers agreed that they would benefit from having a decision support tool like a BAMS 
to help determine berth allocation and analyse their decisions or policies. 
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The application of discrete event-driven simulation where there exists queuing and scarcity of the 
number or availability of resources is viewed as a valid approach in simulating a CT Bruzzone (1999). 
The CT is seen as a system and its ‘state’ changes according to discrete points of time, which can later 
be simulated for evaluation. We believe that the use of simulation by CT managers in solving the 
berth assignment problem, such as considering the impact of yard configurations may assist CT 
managers in developing interesting solutions, i.e. assigning incoming containers to stacks locations in 
the CT according to type, ship, or destination. As mentioned by Ojala (1992), simulation used in 
connection with Decision Support Systems can be beneficial to port organizations. According to 
Leathrum and Karlberg (2000), the primary purpose for the use of simulation is to determine the 
necessary resources in order to complete the processes (e.g.,  loading and unloading a container ship) 
within certain constraints. Though much research has concentrated on optimising the resources at the 
operational level, this paper seeks to examine strategic planning and tactical decisions that are made 
by the CT managers.  Many of the decisions that are made in the execution of the CT operations are 
generated from set plans, established layouts or procedures and policies. The simulation of assigning 
berth with the BAMS is not expected to provide an optimal berth solution; it does provide an 
interesting means of testing and evaluating berthing policies. 

In the next section the background and problem is described. This is followed by the presentation of 
the model and experiments performed with BAMS. Finally, conclusions and pointers to future work 
are provided. 

2. Background  

The base model for the CT is the Skandia Harbour (SH) located at the Port of Gothenburg, Sweden, 
which is approaching its current per annum capacity, 750 000 TEU (twenty-foot equivalent unit steel 
container).  There has been plans to increase the capacity through physical expansion and has recently 
been awarded 450 million SEK by the Swedish government in 2003.  The methods to increase CT 
capacity of containers when limited to the present physical size are changes in types of equipment, 
yard and terminal layout, and policies. Currently, the capacity level target has not yet been decided 
 
A preliminary data collection analysis of thirty international sea ports and CTs invoked several 
questions, such as whether quay length and number or size of berths have an influence to ship turn-
around time and/or throughput of containers, (analysis showed that there is no direct correlation solely 
between quay length and throughput, please refer to Appendix 1.)  Much data and information is 
difficult to obtain, such as ship turn-around times at the various ports for a given year. Total quay 
length and number of berths was collected and derived from Containerisation International and from 
the current research work in order to evaluate the number of TEU per m of quay handled, a widely 
used industry standard for benchmarking CTs. There appears to be great differences with respect to 
throughput in relation to size of the quay and the number of berths, which may indicate the potential 
of increased utilization by for example improved policies.  The number of TEU per m handled 
specifically motivated the research on berths, e.g. Hong Kong and Singapore have similar quay 
lengths but different number of berths (refer to Appendix 1).  The reasons for these differences are not 
covered in this paper but do provide background to the problem, e.g. can alternative methods to 
satisfying customers be realized without having to increasing berth length and add resources.  Most of 
the CT managers interviewed stated that fast CT operations at a low cost were demanded by the 
customers and in turn effected the management of the berths and the rest of the CT.   

3. Problem Description 

For the customers of a CT (owners of the ships and the shippers), it is paramount to minimize turn-
around time, i.e. the waiting, loading and discharging of containers should be done as quickly as 
possible, in order to save on terminal costs. According to Kia et al. (2000), an average container ship 
spends nearly 60% of its time berthed in a port at a current daily cost of $65000 or more for a larger 
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ship. To shorten the time spent by container ships, terminal operators spend special emphasis in 
resource allocation and berth assignments to ships. The objective of the solutions employed by the 
observed terminals is to increase capacity at the CT by reducing the turn-around time. Some solutions 
used are: 

1. Increase the length or number of berths 
2. Increase the productivity at the berth by acquiring new technologies or machinery 
3. Increase the time that berths can be operated (i.e. 24 hours, 7-days a week) 
4. Improve the efficiency in allocation of resources  
5. Improve policies and management decisions, which often have non-optimal objectives 

 
In this paper the potential of the last solution will be investigated. 
 
The major factors influencing both berth occupancy rates and turn-around time are: the number and 
size of arriving container ships; configurations of containers in the ship’s bays; number of cranes; 
length of the berth and navigation constraints. Usually berth occupancy is based on the length of a 
container ship and the time it spends at the berth. However, high berth occupancy may result in 
congestion where container ships are queuing to be served, which would lead to high turn-around 
times equating to bad service for the container ships.   
 
In the berth allocation task, each container ship that arrives at a terminal is assigned a berth and a 
location where it can dock in the terminal usually by a ‘port captain’. The port captain has to balance 
two major objectives, ensure that a high berth occupancy rate is achieved and that the arriving ships 
are serviced according to the ship’s demands. The port captain must also take into consideration that 
the resources assigned to the berth are allocated efficiently. The CT managers indicated during the 
interviews that in berth planning, placing the ship closest to the target stack on a first-come-first-
served-basis was the method most commonly employed for berth allocation. From a strategic view, 
Frankel (1987) states that “The objective of berth planning by evaluation of congestion and cost as 
suggested by Nicolaou is to arrive at an optimum port capacity while incurring minimum capital 
cost”.  Thus, many CT managers are keen to minimize turn-around time with the resources that are 
available. CT managers are aware that in the “foot-loose” industry of shipping, that if customers are 
not satisfied they will seek other ports.  There is a trade-off between the positive effect of serving 
ships faster and the substantial costs associated with investments in resources. Investments may for 
instance concern the berths, straddle carriers (SCs), and gantry cranes.  Usually, every gantry crane 
will be served with a fixed number of transport machinery, i.e. SCs, which can transfer the containers 
in the terminal and can stack them to a certain height depending on the type of transport machinery 
employed and/or policies dictated by a yard manager. 

4. The BAMS model and Policies 

The decision to build a CT simulator stems from the limited amount of available working CT simulators 
to conduct research experiments. The model of the CT system built is an abstraction of a real world CT 
handling over 50,000 TEU per annum. According to Jeffery (1999), CTs with more than 50,000 TEU 
per annum require an information system to help manage the processes and operations. We believe 
that BAMS would be a useful tool for such CTs where large numbers of containers are handled and 
CT managers need assistance in developing berthing decisions.  
 
In building the CT model, input to the simulator was collected and data synthesized from Skandia 
Harbour with additional data and information from Norfolk International Terminals (NIT) in Norfolk, 
US and Seagirt Terminal (SGT) in Baltimore, US. These ports provided assistance and data in 
developing the configuration files of actual container ships to be simulated in the model.   
 
As illustrated in Figure 1, BAMS consists of two components: the CT simulator modelling the 
physical entities and the management simulator modelling the managers. The decision processes of 
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the management simulator are sent as requests to the CT. The CT sends its state to the management 
simulator so that the simulated managers can develop a berth assignment schedule.   
 
 
 
 
 
 
 
 
 
 

Fig 1: Simplified view of the BAMS model 

 
In the management system simulator, a port captain is responsible for the allocation of resources at a 
dynamically changing part of the berth. Upon the request by a ship manager, the port captain assigns the 
berthing location of a container ship to a series of berth points. The ship manager sends the arrival time 
of a ship (ship schedule) for a container ship, a loading list and manifest (list of containers to be 
discharged) to the port captain. The stevedore provides a “snap shot” of the resources available to the 
port captain, additional information such as: capacity, cost, and type are included. In addition, the yard 
planner sends the properties of the yard stacks (height, position, type) to the port captain  
 
The number of cranes assigned to work the container ship is fixed and determined by input data. In the 
model, two cranes are allocated to each ship.  Also, the number of straddle carriers are fixed and 
connected to a particular crane to reflect the real-world practices set by various dockworker unions (the 
number of straddle carriers assigned to a crane varies from three, e.g. SH to six, e.g. NIT and SGT). 
There are a number of additional aspects that effect the berthing assignment, such as: 

• The configuration of the stacks in the yard. 
• The number of containers and their configurations in the bays (stacks) of a ship. 
• The number of available berthing points are varied, e.g. 1000 for a 1000 m quay.  

 
The time that a ship waits to be served is called Waiting Time and the time to be served is called 
Service Time. In order to have a low turn-around time, both Waiting Time and Service Time must be 
kept minimal.  Both the Time and Service Time are effected by the berth assignments.  
 
The Service Time is generally known through the following computed information, which are classes 
(documents): 

• Ship Schedule: The estimated time of arrival and departure for a ship as sent by the Ship 
Manager. 

• Berth Schedule: The time needed to work ships are calculated and the distance to the stacks 
for each container. 

• Gantry Crane Schedule: Set the allocations for the available cranes by calculating last 
position, time available and waiting time.  

• Resource Schedule: Reports which machines are available and times that they can work.  
 
 
The Waiting Time is calculated during the simulation, from a potential set of berth points that a ship in 
a system of ships would occupy. The number of possible of berth points depends on the berth spacing 
as well as a ship’s length plus a buffer distance.  The ship Waiting Time may include time left in 
serving another ship that is occupying a part of the quay. 
 
The computation of the Service Time is based on the number of SCs employed, the routes covered by 
SCs and their average speed. A route is calculated from the Berth Point along the quay, x to the far 
left position of a stack, z (see Fig. 2.).  The routes are measured in meters. The sums of all the routes 

CT Simulator 

• Quay 
• Berths 
• Ships 
• Cranes 
• Etc. 

Management Simulator 
 

• Ship manager 
• Port captain 
• Yard planner 
• Stevedore 

Requests

CT State 
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travelled by each SC are totalled to provide the distance being covered by the SCs for each ship.  
 
An “ideal” berth position is closest to a stack where most containers are to be loaded or discharged to. 
An interesting case is illustrated in Fig. 2 since the arriving ship’s ideal berth position t is occupied by 
another ship. Depending of which policy is used, the arriving ship either will have to wait until the 
other ship leaves the berth, or an alternative berth position is determined, for instance the one that 
minimize the distance travelled by the SCs. Based on interviews of CT managers and from 
observations of CTs, it is assumed that the SCs always travel around the upper left-hand corner of the 
stack, i.e., the point z in Fig.2. Also, the SCs travel in one way directions in order to avoid collisions. 
The choice of berth position presents many possible options in limiting distances travelled and/or 
minimising the turn-around time. Given the input data for ships and CT configuration, berth (point) 
allocation, crane allocation, the distances travelled by the SCs and service time can be computed  
 

Fig. 2: The entities and distances involved in the assignment of a Berth Point.  
 

Two berth allocation policies are evaluated: Berth Closest to the Stack policy (BCSP) and the Shortest 
Turn-around Time policy (STTP).  The policies are used in the simulation experiments to determine 
the following: 

• Where a container ship should be berthed? 
• When should a container ship be serviced?  

 
The BCSP places a ship closest to a ‘target’ stack. The target stack is the stack that will be most 
visited by the SCs during the operations. The BCSP will wait until a berth that is closest to the stack is 
available. The STTP objective is to place ships to berth positions in order to minimize the total turn-
around-time for all arriving ships. In addition to Service Time, the STTP is considering the Waiting 
Time when determining the berth point for a ship. From the sum of the Service Time and Waiting 
Time, the STTP will place a ship wherever the shortest turn-around-time is achieved.  The STTP can 
be characterised as considering the time dimension, where as BCSP is considering the space 
dimension when determining to place the ship.  
 
The CT simulator was developed in the Java programming language and will be used for additional 
research, e.g. the implementation of agents in the BAMS and the market-based approach.  The number of 
variables used for the configuration of the CT is over 50. The most important variables include: quay 
length; berth spacing; CT capacity; utilisation factor of the gantry cranes and straddle carriers; and yard 
stack positions and types. The communication between the CT simulator and with the management 
system is facilitated by the RMI facility of Java.  The managers that are seen as objects in the software 
program are the following: ship planner; stevedore; yard planner; ship manager and port captain. 
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5. Description of the Experiments 

The purpose of the experiments is to evaluate policies under various conditions. The manager system 
produced berth assignment schedules using the two policies described above for each of the case 
scenarios (described below), 5 quay lengths and 4 berth spacing allotments. Thus, the total number of 
berth assignment plans generated and examined was 120. The number of ships is 6 and their physical 
characteristics (lengths, number of bays, and container characteristics) were configured into each case. 
The ships are being worked on first-come-first-served basis 
 
The input to a simulation experiment includes the following: 

• Policy: Shortest Turn-around Time Policy (STTP) or Berth Closest to Stack Policy (BCSP).  
• Sequence of arriving ships: The differences between the configuration files were in the arrival 

time intervals of the 6 container ships (4 x 260 m and 2 x 105 m) and the number of 
containers of the three different types, e.g. reefer, hazard, and standard, to load and discharge 
from each bay. The three cases  were based on data provided by NIT and SGT. A general 
description is given below and the full details can be found at 
http://www.ipd.bth.se/lhe/Simport:  
- Case 1: The case is considered a best case because there is no ship congestion at the 

berth, thus, no need to decide in placing a ship into a waiting queue or locating an 
alternative berth. No two ships loading/unloading at the same time will “demand” the 
same berth location. The intervals between arrivals are set for the first ship to be served 
before the second one arrives. 

- Case 2: This case is characterized by CT managers as an “average case” in that some 
conflicts arise (minor ship congestion). Only one ship of the six has to be given an 
alternative berth. 

- Case 3: This case is characterized by short time intervals between the arriving container 
ships resulting in a queue of ships. A ship will typically have to wait in order to be 
berthed closest to the target stacks immediately, because the berth may be occupied.  

• Quay length: The length in meters along the CT that is able to serve docked container ships 
tested at 400 m, 600 m, 800 m, 1000 m and 1200 m. 

• Berth spacing: The spacing in meters between segments or berth spots along the berth from 
increments of 1 m, 100 m, 200 m and 300 m. 

 
The output from the simulation experiment includes the following: 

• Berth assignment plan: Schedule for assigning ships to berth points along the quay. 
• Crane Assignment: Which cranes are assigned, their starting and final positions. 
• Service time: The total time turn-around time, measured in hours, for all ships.  
• Distance: Measured in meters the distance travelled by straddle carriers in order to move the 

containers (the ones to be discharged) from the gantry cranes to the yard stacks and to move 
the containers to be loaded from the yards stacks to the gantry cranes 

 
Thus, the simulation experiment compares each policy (STTP and BCSP) for the three cases, where 
various quay lengths are tested with different berth spacing lengths to determine the berth position for 
arriving ships.  The user of the simulation is able to produce a berth assignment plan for all arriving 
container ships based on either policy. The performance is measured in turn-around time and SC 
distance travelled. 

6. Results 

The main objective is to evaluate which policy is best under various conditions for each case. In 
Figure 3, the simulation experiment results compare the two policies under 5 quay lengths with 1 m 
berth spacing. The results are summarized from Appendix 2.  When Case 1 had the quay set at 400 m 
the results of the simulation showed that distances travelled by the SCs are the longest and the turn-
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around time is the highest against the other 4 quay lengths. As the quay is extended, the distance and 
time are decreasing for both policies until at 800 m. When the quay length is set at 800 m or longer 
for Case 1 the results are similar.  In Case 1, where the traffic is low, the results indicate that there is 
no significant difference between choices of policies.  
 

 

Fig. 3: Simulation Results in Experimenting Policies with Different Quay Lengths 
 
In Case 2 and Case 3 the difference in the results between choices of policies is more apparent. In 
Case 2, the BCSP is resulting in shorter distances travelled then the STTP. In turn-around time, the 
STTP is better then the BCSP. The BCSP´s best results for distances travelled are from 800 m to 1200 
m. As the quay is lengthened the BCSP has ample capacity after 800 m to place ships closest to the 
target stacks. Thus, after 800 m the simulation will have similar results at 1200 pointing to 
overcapacity at the CT.  The STTP´s shortest distances travelled are when the quay is set at 600 m. 
The STTP is placing the ships to the berth based on turn-around time, when the quay is set at 600 m 
the number of ships placed at the quay is a maximum of 2. As the quay is lengthened, the number of 
ships to be given berths increases, however there are moved further from the stacks and are thus, 
increasing the distance travelled. In turn-around time the BCSP had its lowest turn-around time at 
600m and STTP had its lowest turn-around time from 800 m to 1200 m.  The BCSP is utilizing the 
resources much more than the STTP in order to have a fast turn-around time.  
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The most acute differences between BCSP and STTP are found in Case 3. As one would expect, 
BCSP is better with respect to distance travelled by SC, where as STTP is better with respect to time. 
For the STTP in Case 3, the best results for distance travelled were at 800m and for BCSP, it was 
from 800 m to 1200 m. In the best turn-around results for Case 3, BCSP was fastest from 800 m to 
1200 m and for STTP, best time was at 800 m. The distance travelled when the quay is 800 m are 
much less for the BCSP than the STTP for the turn-around time the BCSP is achieving a faster turn-
around time at 800 m quay length.  The difference is attributed to the characteristics of the ships, e.g. 
ships having different lengths, number of bays and all are loading or unloading the majority of the 
containers to one stack. 
 
In addition to testing the two policies under various quay lengths, the experiments with varying berth 
spacing were also conducted and analysed. The results are summarized in Figure 4. The choice of 
policies at 400 m has no influence on the output; basically 400 m is too small a quay to serve 6 ships 
in one day.  Of the container ships arriving, four ship are set at 260 m in length, thus at a small berth 
there will be congestion for the CT under both policies.   
 

 
Fig. 4: Simulation Results in Experimenting Policies with Different Quay & Berth Spacing Lengths 

 
In experimenting the two policies with different berth lengths and berth spacing (100 m, 200 m, and 
300 m), the simulation results in Case 2 and Case 3 differ widely.  The CT managers may want to 
change policies under those two Cases in order to realize their objectives, i.e. BCSP would result in 
less distance but higher Ship Service time. With respect to Case 2 and Case 3, a port captain seeking 
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to reduce turn-round time may view the STTP as the best choice, so that the ships will be positioned 
to alternative berths instead of placing them in a queue.  The draw back to the STTP policy is that 
significant distance will be travelled by the SCs. 
 
In Case 2 and Case 3, the BCSP indicated that the distances travelled by SCs are lower compared with 
STTP. However, ship service time is increasing, which may lead to further waiting time or 
congestion; resulting in poor turn-around time for the ships.  In Case 2, as the Berth Spacing is 
increased from 200 m the results for the BCSP and STTP show a difference in the distance travelled 
and ship service time required to turn-around a ship.  The distance travelled in Case 3 is 9226 km, a 
result of the quay length set at 1200 m and the Berth Spacing set to 300 m.  This differs much from 
the BCSP, in that in the same case, 7542 km are travelled with an added ship service time of nearly 10 
hours. 
 
The general conclusion is that both distance and turn-around time is improved when finer berth 
spacing is used. A berth spacing of one meter is best to use when positioning an arriving container 
ship as opposed to berth spacing of 100 m or more, which is often used in the port industry. However, 
such an approach may require additional investment and increase the complexity of the organisation. 
 
The resulting crane allocation varies between the two policies.  The cranes that are assigned are 
different between the two policies as well as their positions. Not surprising as they are closest to the 
stacks, the middle cranes are assigned the most often, while the end cranes are working the least.  
During the process of loading and unloading, the final position for the cranes may indicate the amount 
of distance that they have travelled along the quay. In the STTP, the cranes assigned are more 
“balanced” along the quay then the BCSP. On the other hand the distances travelled are much further 
compared when using BCSP. The choice of policy is certain to influence the crane allocation and 
assignment. 
 

7. Conclusion and Future Work 

The results of the simulation experiments indicate that simulation as a backbone for a DSS can be 
useful for evaluating policies for berth allocation.  The choice of policies has a strong influence on 
both the turn-around time and distances travelled by the SCs. The experiments indicate that the 
shorter length of the berth spacing the better. This suggests that a dynamic berth allocation is better 
than using fixed berths, which is a common practice. In addition, the results indicate that an informed 
choice of berth assignment policy can provide better use of the available resources, e.g., by reducing 
turn-around time and/or distance travelled by the SCs. 
 
In order to compare the policies in monetary terms, costs could be introduced for SC distance 
travelled and to the Ship Service Time. The use of such costs may assist CT managers further in 
developing better routines and policies.  
 
The BAMS tool is addressing only one subsystem, marine side, of a CT system. Future work would 
include extending it to model also the other subsystems, such as the yard or “land” side. The CT 
managers have explained, through personal interviews and an informal questionnaire that the 
configuration of container stacks in the yard can also determine the turn-around time.  
 
The development of BAMS has provided much experience in attempting to model and simulate a 
system as complex as CT.  The original strategy of modelling a whole CT system proved to be quite 
daunting, thus the strategy of modelling and simulating the sub-systems of the CT has proven to be 
more manageable.  The BAMS is but one module that will be coupled with additional CT models, in 
developing a full DSS for CT managers. 
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Appendix 1: Data Collected from Containerisation International and Author’s own work 
 

Ports Geographic Area Total TEU Terminals 

Total 
Quay 

length m 
Number of 

Berths 

Number of 
TEU per 

m of Quay 
Per Year 

Hong Kong  East Asia 17 900 000 8 6 791 22 2 636
Singapore  South East Asia 15 520 000 5 6 453 44 2 405

Busan  North East Asia 8 072 814 10 11 040 62 731
Kaoshiung East Asia 7 540 524 5 6 047 22 1 247

Shanghai  East Asia 6 340 000 3 2 281 11 2 779
Rotterdam Northern Europe 6 102 000 13 12 375 20 493
Shenzhen  East Asia 5 076 435 3 5 600 21 907
Hamburg  Northern Europe 4 688 669 7 8 843 31 530

Long Beach  North America 4 462 958 9 7 806 38 572
Antwerp  Northern Europe 4 218 176 8 13 080 72 322

Bremen/Bremerhaven  Northern Europe 2 896 381 3 4 000 15 724
Gothenburg  Scandinavia/Baltic 697 000 2 3 065 8 227

Gdynia Scandinavia/Baltic 217 024 1 978 5 222
Copenhagen-Malmö Scandinavia/Baltic 129 000 2 1 300 6 99

Riga Scandinavia/Baltic 101 023 1 445 3 227
Hamina Scandinavia/Baltic 93 851 1 699 7 134
Rauma Scandinavia/Baltic 83 850 1 2 542 16 82

Helsingborg Scandinavia/Baltic 82 000 1 1 000 3 82
Lübeck Scandinavia/Baltic 81 300 3 1 775 8 46

Klaipeda Scandinavia/Baltic 51 675 2 840 4 62
Stockholm Scandinavia/Baltic 35 637 1 480 1 74

Vasteras Scandinavia/Baltic 30 400 1 540 6 56
Gdansk Scandinavia/Baltic 20 476 1 275 1 74

Szczecin-Swinoujscie Scandinavia/Baltic 19 960  1 473  1 27
Esbjerg Scandinavia/Baltic 17 300 1 700 2 25

Wallhamn Scandinavia/Baltic 15 782 1 709 4 22
Ghent Northern Europe 15 590 1 560 4 31

Karlshamn Scandinavia/Baltic 3 000 1 500 2 5
Rostock Scandinavia/Baltic 1 450 1 743 4 2

Venstpils Scandinavia/Baltic 256 1 454 2 1
Iskenderun East Med/Black Sea 30 1 1 008 6 0
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Appendix 2: Results of Simulation Experiment 1 and Simulation Experiment 2 
 

 Straddle Carrier Distance 

 
Berth Closest to the Stack policy 

 (BCSP) 
Shortest Turn-around Time policy 

(STTP) 
 CASE 1: Best Scenario 

Berth Spacing x 1 m X 100m x 200m X 300m x 1 m x 100m x 200m x 300m 
length (m)  400m 7 981 660 7 902 072 8 439 200 8 633 140 7 981 660 7 902 072 8 439 200 8 633 140

600m 7 329 344 7 444 216 7 691 072 7 628 264 7 335 332 7 688 132 7 885 012 7 760 572
800m 7 178 544 7 299 216 7 340 816 7 628 264 7 178 544 7 299 216 7 421 632 8 138 624

1000m 7 178 544 7 299 216 7 340 816 7 628 264 7 178 544 7 299 216 7 421 632 8 138 624
1200m 7 178 544 7 299 216 7 340 816 7 628 264 7 178 544 7 299 216 7 421 632 8 138 624

 CASE  2:  Avg.  Scenario 
Berth Spacing x 1 m X 100m x 200m X 300m x 1 m x 100m x 200m x 300m 

length (m)  400m 7 578 400 7 708 056 8 201 152 8 395 092 7 835 244 7 708 056 8 201 152 8 395 092
600m 7 339 184 7 437 800 7 634 656 7 783 420 7 415 168 7 769 316 7 828 596 7 841 756
800m 7 261 600 7 363 200 7 443 200 7 709 448 7 805 320 7 518 000 7 640 416 8 219 808

1000m 7 261 600 7 363 200 7 443 200 7 709 448 7 805 320 7 942 832 7 640 416 8 397 928
1200m 7 261 600 7 363 200 7 443 200 7 709 448 7 805 320 7 942 832 7 640 416 8 397 928

 CASE 3:  Worst Scenario 
Berth Spacing x 1 m x 100m x 200m X 300m x 1 m x 100m x 200m x 300m 

length (m)  400m 8 145 132 8 419 092 9 022 140 9 448 400 8 655 992 8 419 092 9 022 140 9 448 400
600m 7 364 340 7 489 320 7 837 328 7 541 284 7 939 272 8 376 672 8 428 352 8 575 832
800m 7 088 012 7 207 120 7 229 120 7 541 284 7 548 894 7 816 236 8 004 572 8 393 016

1000m 7 088 012 7 207 120 7 229 120 7 541 284 8 165 364 7 766 280 8 602 360 8 670 348
1200m 7 088 012 7 207 120 7 229 120 7 541 284 8 165 364 9 020 984 8 268 080 9 226 240

         

 Ship Service Time 

 
Berth Closest to the Stack policy 

 (BCSP) 
Shortest Turn-around Time policy 

(STTP) 
 CASE 1: Best Scenario 

Berth Spacing x 1 m x 100m x 200m X 300m x 1 m x 100m x 200m x 300m 
length (m)  400m 44,34 43,9 46,88 47,86 44,34 43,9 46,88 47,96

600m 40,74 42,7 43,79 43,1 40,71 41,32 42,72 42,34
800m 39,88 40,54 41,22 45,2 39,88 40,54 40,77 42,34

1000m 39,88 40,54 41,22 45,2 39,88 40,54 40,77 42,34
1200m 39,88 40,54 41,22 45,2 39,88 40,54 40,77 42,34

 CASE  2: Avg. Scenario 
Berth Spacing x 1 m x 100m x 200m X 300m x 1 m x 100m x 200m x 300m 

length (m)  400m 43,52 42,84 45,56 46,63 42,1 42,82 45,56 46,63
600m 41,19 43,16 43,48 43,56 40,68 41,32 42,41 43,6
800m 43,35 41,75 42,43 45,66 40,34 40,89 42,4 42,83

1000m 43,35 44,1 42,43 46,61 40,34 40,89 42,4 42,83
1200m 43,35 44,1 42,43 46,61 40,34 40,89 42,4 42,83

 CASE 3:  Worst Scenario 
Berth Spacing x 1 m x 100m x 200m X 300m x 1 m x 100m x 200m x 300m 

length (m)  400m 48,08 46,77 50,12 52,49 45,25 46,77 50,12 52,49
600m 44,08 46,52 46,8 47,63 40,9 41,6 43,64 41,89
800m 41,92 43,41 44,46 46,62 39,37 40,03 40,16 41,89

1000m 45,35 43,13 47,78 48,15 39,37 40,03 40,16 41,89
1200m 45,35 50,1 45,93 51,24 39,37 40,03 40,16 41,89

 


