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Abstract 
 
 
Today, freight volumes on roads have gone up to a level that there is a need for alternative transport 
modes. Short Sea Shipping (SSS) is one alternative with a potential that can help reduce the high 
traffic on roads. Most SSS systems use vessels whereby cargo is rolled on and off using a ramp with 
very small capacities usually less than 500 TEU, but with increasing cargo traffic, it is not clear if such 
solutions will be efficient. For ports involved in SSS to meet up this new wave of change, the 
challenge to make appropriate investments and analysis tools is important. The type of vessel suitable 
for a SSS operation (such as roll-on roll-off (RoRo), lift-on lift-off (LoLo) etc) has been addressed in 
this thesis based on their compatibility and cost effectiveness with the terminal equipments 
 
The purpose of this study is to develop an optimization model that can be incorporated into a 
Computer Decision Support System (DSS) for selecting equipments including ships at a strategic level 
for investments in handling unitised cargo at port terminals in the context of Short Sea Shipping 
(SSS).  The main contribution of the thesis is the application of computer science techniques in the 
domain of strategic decision making related to the configuration of complex systems (e.g. 
interrelationships between ships and equipments) with choices of handling equipment. 
 
From modelling the selection of port terminal equipments for SSS, we realised that while integer 
linear programming is a promising approach for studying such systems, it remains a challenge to 
handle complex issues in depth especially in relation to the quay crane due to interdependencies 
between time, cost and capacity of equipments. Model results indicates that a LoLo vessel with a 
capacity between (500 and 1000 TEU) capable of completing a SSS voyage such that handling is done 
within 48 hours will be less costly than a RoRo that does it with multiple voyages or one voyage each 
for multiple RoRo vessels for TEU volumes greater than 1000. But RoRo vessels remain useful for 
trailers that cannot be transported by LoLo vessels. 
 

 
Keywords: modelling, optimization, handling equipments, containers. 
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Chapter 1 
 
 
 
 

1 Introduction  
This section introduces the thesis work. It begins with a motivation, purpose and discussion of the research problem. The 
research question, scope and layout of the work are presented. 
 

1.1 Background of the Thesis 

The purpose of this study is to develop an optimization model that can be incorporated into a 
Computer Decision Support System (DSS) for selecting equipments at a strategic level for 
investments in handling unitised cargo at port terminals in the context of Short Sea Shipping (SSS). In 
the simplest of terms SSS is the transport of passengers or cargo by water without crossing an ocean. 
The type of vessel suitable for a SSS operation (such as RoRo, LoLo etc) has been addressed based 
on the compatibility and cost effectiveness with the terminal equipments. We consider unitised cargo, 
in comparing handling systems based on the cost, and capacity vectors. We therefore combine all 
these and model as a single system in order to formulate an integer linear optimization model (ILP) as 
a first step toward realising a decision support tool for terminal handling.  

 
In trying to model equipments selection for the entire container terminal a large number of 
constraints and variables needs to be taken into account. The challenge with modelling such a system 
is that constraints and variables have interdependencies with logical connections that require 
intuition. By modelling different problem segments as sub systems, and solving in an integrated 
model, such difficulties can be minimised.  
 
The thesis contributes to the modelling of equipments in container terminals using the linear 
programming method of optimization, building the body of knowledge on unitised terminal handling 
performance, especially in the interdisciplinary area of logistics, computer science, operational 
research and engineering. The thesis is developed from an applied computer science perspective. The 
main contribution of the thesis is the application of computer science techniques in the domain of 
strategic decision making related to the configuration of complex systems (e.g. interrelationships 
between ships and equipments) with choices of handling equipment.Such an approach could be 
useful in applying computer science to model similar areas such as cargo handling in the air plane 
industry, facility usage for industrial production planning processes, product life cycle along a supply 
chain etc. An integrated approach for the distributed segments of a transport chain will cumulate into 
a synergic cohesion of the entire chain. This is of relevance in integrating the supply chain which 
needs to continuously adjust in order to coup with increasing globalization.  
 

 

1.1.1 Some Foot Prints of Globalisation   
 
The dawn of the 21st century has ushered in new business opportunities alongside new challenges. 
The discrepancies separating national economies have received significant attention under the 
umbrella of globalization with the international community mobilising resources to alleviate the 
underprivileged nations of the world. There is so much trade in the world today especially between 
developed or “privileged” nations, that is exacerbating the need for new techniques. Changes in the 
structure of the global economy, e.g., out-sourcing, Just-in-time, more focus on supply chain 
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management, etc and the ever widening free trade zones resulting from the dissolution of national 
boundaries (e.g. EU, EFTA, and NAFTA etc) has led to increasing needs for superior logistic 
solutions. Real time logistic solutions are increasingly becoming an important issue on many business 
agendas due to such practices as Just-In-Time (JIT), Supply Chain Management (SCM) etc.  

 
Within Europe, geographic conditions, (as in the UK) cause them to be dependent on shipping for 
trade. For EU member states SSS is increasingly becoming an important mode of transport e.g. over 
three-quarters of the unitized cargo shipped in the UK today is by, bound for, or originated from 
short sea.   The use of intermodal transport networks is approximately 70% road, 20% rail and about 
8% SSS and the rest distributed between pipeline and air1. This indicates that the potential of SSS is 
yet to be fully exploited. The evolution of international shipping since the introduction of the 
container has affected ports than any other terminal. The marine side is increasingly creating a 
capacity imbalance with the land side, adding more problems to handling operations. Consequently, 
SSS is gaining much attention due to its potential use in alleviating some of the problems of 
congestion, pollution, increasing cargo volumes, and related negative environmental impacts as a 
result of road transport.  

1.1.2 Problem Background 
 
Numerous challenges (bottle necks) have been encountered in suggesting SSS solutions e.g. the lack 
of intermodal liability regime, unequal distribution of incentive measures, lack of comparable 
statistical data on SSS and other issues in relation to vessels speed and capacity, up to terminal 
handling and management issues2. Managing cargo flows between ports and inland destinations has 
remained a challenge for terminal operators (Chadwin & Talley, 1990, Notteboom, 1997).  Often, 
terminal operators need to overcome congestion issues when serving huge ships loaded with 
thousands of containers. The ships have huge capacities that are reaching nearly 10,000 TEU+ 
whereas the capacities of trucks are between 1-2 TEU. This situation is fast becoming a common 
occurrence in many parts of the world. For shippers, delay in ports means rising costs, adding to 
customer pressure for goods to be delivered just in time. Clearly, there is much attention on terminal 
operators to solve these issues. In order to reach their goals or objectives many terminal operators 
need technical assistance when selecting handling equipments from a strategic level (for investments), 
tactical and operational level (for deployment) in order to handle their operations. This necessitates 
the use of computer support in managing operations. 

 
Numerous books and scientific articles have been written about managing problems in a container 
terminal. So far; M. Katta et al (2005), presents a Decision Support System for operations in a 
container terminal, and discusses the mathematical models and algorithms used in designing the DSS.  
A literature survey of container terminal problems by H. Rashidi & E. P. K. Tsang (2005) indicates 
that most problems in a container terminal can be formulated as constraint satisfaction and 
optimization problems. The conclusion from the study is that most container terminals place a high 
level of importance on efficient use of their terminal equipment. One important decision that 
terminal managers must consider is the efficient allocation of quay cranes so as to satisfy a ship time-
window or minimize the waiting times of ships in the port. The decision on whether to invest on 
quay cranes or not  becomes even more critical, especially when comparing the handling performance 
of a quay crane and its impact on the entire handling process with the cost of investing in a quay 
crane. An Intelligent Decision Support System for crane scheduling using optimization techniques 
has been proposed by Guohua WAN (March 2004). This study indicates that the operations of a quay 
crane needs significant attention from terminal management in order to evaluate their handling 
capability well in advance to make intelligent investment decisions.  
 

                                                 
1 EU Director General Report 2005 
2 European Comission DG for Energy and transport, Synnoptic table of bottlenecks in SSS 
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Techniques of simulation and optimization along with other Information and Communication 
Technology (ICT) related tools have offered significant contributions in addressing some problems in 
container terminals (H.O. Gunter and K.H. Kim; 2005). A mix integer based optimization approach 
to study the interactions between  Quay Cranes (QCs),  Automated Guided Vehicles (AGVs)  and  
Automated  Yard  Cranes  (AYCs)  in  an integrated model by Henry  et  al.  (2005) indicates that a 
single optimization model can be rather complex when considering different problems due to 
problem variation and constraints in a container terminal. Therefore one has to consider few but 
sufficient issues to address in an integrated model. An attempt to an integrated study of scheduling 
various types of equipments in an automated container terminal using a beam search heuristics 
algorithm has been provided by P. J. Meersmans & A. P. M. Wagelsmans (2001). The study shows 
that a long term planning horizon for scheduling problems is important so as to take account of 
information updates. Given another look one may say scheduling problems should be addressed from 
the point of an investment decision, to take account of optimising facilities. The technical 
performance of RoRo vs. LoLo has been compared (J. Igeilska; June 1996) leading to a RoRo 
preferred choice. Little attention has been given to the comparison of their performance with respect 
to the handling configuration at terminals. J. A. Ottjes et al (May 2006) has come up with a proposed 
generic simulation model structure for the design and evaluation of multiterminal systems for 
container handling which has been applied to the Rotterdam port terminals. The simulation helped 
determine the handling requirements for deep-sea quay lengths, storage capacities, as well as 
equipments for interterminal transport systems 

 
A similar study carried out by S.Francesc et al (2006), to analyze the internal transport subsystem in a 
marine container terminal and investigates the effect of the type of handling equipment used, came 
up with the conclusion that “assignment of the handling equipment resources to an individual wharf 
crane in a particular berth is not advisable, since any decentralized decision system involves more 
resources. The handling equipment resources must be assigned to the berth as a whole to obtain 
greater efficiency, but then a focus on operation planning and reliability is required”.  

 
From the above studies it can be seen that a lot of research work has been carried out in developing 
models of container terminal operations that are or can be incorporated into DSSs. Most of the 
studies indicate that it is difficult to model the entire container terminal in a single integrated 
optimization model. Consequently, most of the studies have focused on developing models to solve 
individual problems related to specific terminal equipments (especially the quay crane) and not 
integrated or combine problems relating all handling equipments. On the other hand L. M. 
Gambardella and A. E. Rizzoli (2000) argue that it is necessary for the terminal yard and quays to be 
managed in an integrated fashion i.e. with simultaneous regard for parallel processes.  D. Steenken et 
al (2004) identifies the need to focus on investigating ‘integrated optimization’ problems since few 
studies as at now have addressed ‘integrated problems’ with an optimization perspective. 

 
Such problems, as selecting which equipments to invest on or to deploy, may need to be approached 
from an integrated perspective since they concern the entire terminal. The decision about which 
equipments to invest on may not be difficult for terminals handling small volumes of cargo. However 
such a decision can be difficult to consider for different types of equipments, with increasing cargo 
volumes and stricter customer requirements, when several factors, such as congestion, performance, 
safety etc needs to be taken into accounts. Since the decision about selecting which handling 
equipments to use have a Boolean (true or false) character, this makes such a system suitable for 
modelling with an Integer based optimization model. To make use of advanced optimization tools 
(e.g. CPLEX), the model can be formulated using linear relationships, thus we model the entire 
system using Integer Linear Optimization Model (ILP).  

 
With ILP based models, the modelling task can greatly be reduced since ILP models have a natural 
and accurate representation of many practical optimization problems (R. Fourer et al; 2003). Partly 
due to their simplicity, and partly because of their potential in arriving at solutions for problems with 
a multitude of constraints (of the order of hundreds), container terminals can be a land of 
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opportunities for applying ILP based models. One important thing to consider in the use of such 
models is their high computer memory resource demand.  

 
An ILP model for selecting handling equipments will enable port terminals such as Karlshamn and 
Klaipeda to preview what kind of handling tools shall be required as freight volumes increases at a 
strategic level. Based on demand forecast the tool can be suitable for choosing handling systems to 
deploy at tactical level.  
 

1.2    Scope of the Study 

The study is focused on terminal operators as well as shipping lines involved in SSS practices. We 
hope to improve their understanding of the effects of cost, capacity and time on the different 
handling systems employed. In particular, we will focus on two ports in the context of a case study. 
The port of Kalshamn, situated in the South East of Sweden, west of the Baltic Sea, and the port of 
Klaipeda that lies along the Eastern coast of the Baltic Sea, south of Lithuania, considered an 
important link involved in SSS between the east and the west in the Baltic Sea Region. 

 
In addition to a systematic literature review on SSS and handling systems that has been carried out, 
the goal of the study has also been to use appropriate optimization tools and techniques to address a 
“real-life” practical problem. Thus relevant assumptions necessary to apply these techniques have 
been made in developing the model following the Operational Research process (L. Radon 2000) 
while minimising the gap from physical reality.  

1.3  Purpose of the Study 

The purpose of this study is to develop an optimization model that can be incorporated into a 
Computer Decision Support System (DSS) for selecting equipments used in handling unitised cargo 
at port terminals in the context of Short Sea Shipping (SSS).  The type of vessel suitable for a SSS 
operation (such as RoRo, LoLo etc) has also been addressed based on the compatibility and cost 
effectiveness with the terminal equipments. We consider unitised cargo, in comparing handling 
systems based on the cost, and capacity vectors. We therefore formulate this in an optimization 
model as a first step toward realising a decision support tool for terminal handling. 

 
It is our aim to model and represent the process of selecting terminal equipments including choice of 
ships in a unitised3 cargo terminal (ports of Karlshamn and Klaipeda) as an ILP based model to 
exploit the advantages of such models (e.g. ease of real world representation). The goal is to develop a 
model which can be incorporated into a decision support tool that can assist terminal managers in 
selecting handling equipments. Based on this model we expect to be able to compare the 
performance of different handling systems by considering their cost and capacity. Based on the 
performance of the handling systems we expect to be able to suggest suitable shipping systems 
between LoLo and RoRo for SSS at different capacity levels.  

1.4 Discussion of the Problem 

The operations in a unitised terminal can basically be classified into three main phases; 
loading/unloading of ships by Quay cranes, transfer of cargo units to and from yard area (primary 
and secondary) between yard crane and quay crane and the handling of inbound/outbound cargo 
units between yard cranes and external trucks and train. The cyclic movement is initiated each time a 
ship arrives a terminal for loading or unloading, however most of the work needs to be completed 

                                                 
 3Unitised cargo embodies containers and trailers 
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before the actual operations begin i.e. a tactical plan, at best operational plan, needs to be put up, to 
be able to manage the resources in compliance with capacity demands and customer requirements 
efficiently. 
 
Our interest is in previewing the requirements for handling imposed by different levels of TEU 
demand i.e. TEU capacity, useful for strategic decision making. The nature of handling requirements 
considered includes the type and number of ships, cranes, yard vehicles and other terminal facilities 
such as berths, ramps, and yard area. We consider the set of equipments used at the terminal level for 
handling a particular level of TEU capacity as a handling system. Our optimization model is intended 
to select between different equipments and hence different handling systems based mainly on their 
cost and capacity. We formulate an ILP model to consider the entire set of equipments together. 

1.5 Research Questions 

1.5.1 Main Problem 
 
Which optimization model is suitable for developing a Decision Support System that can be 
used in selecting handling equipments, at different demand levels, in a port terminal involved 
in SSS?  
 
The question has a broad scope; therefore we have narrowed it down to several specific issues (sub-
questions) and considered a practical case.   

1.5.2 Sub Problems       
 

I. Which optimization models are used in port terminals and which could be used for 
developing a decision support tool? 

II. Which handling equipments, used by sea ports involved in SSS, can be modelled using 
integer linear programming? 

III. What are the requirements of SSS on sea port terminals? 
 

The purpose of the first question is to help us understand the necessary optimization techniques in 
used by terminals today. The second question helps us understand the current handling situation and 
narrow our scope to equipments suitable for SSS and the associated problems that can be addressed 
using an ILP approach, while the last question helps in understanding the context within which such 
problems exist. 

1.6 Lay out of the Thesis 

Section two of the thesis presents the scientific methodology, while section three consists of a 
literature review on SSS. Section four addresses terminal handling related problems as well as 
Information and Communication (ICT) technology commonly in use at port terminals, existing 
categorisations of handling systems, the different approaches for measuring handling performance 
and a description of some handling equipments commonly in used by port terminals for handling 
unitised cargo. In section five, is a brief introduction to the main elements of the case study (ports of 
Karlshamn and Klaipeda). Section six presents a description of the proposed Integer Linear 
Programming Optimization (ILP) model for unitised cargo terminals. Model results, analysis and 
validation are presented in section seven while section eight ends with a conclusion and a proposal of 
future work.  
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Chapter 2 
 
 
 

2 Research Design  
 
This chapter explains the scientific methodology that is used in this thesis. The research design is presented.  
 

2.1 Introduction 

In designing a research, one tries to formally address the primary issues of aims, purpose, intentions 
and plans within constraints of location, time, money and availability of other resources. It is also 
important that the chosen research design clearly makes it possible to differentiate solid traditional 
ideas from innovative ideas and makes clear the preferences of those who pay for the research work 
and have to live with the finished results (Hakim, 1987). The main target is therefore to select 
strategies and methods or techniques appropriate for the question to be answered, which eventually 
sums up to a research work (C. Robson 2002). 

2.2 An Overview of the Research Method 

The research has been designed following a system thinking view of the real world, with the entire 
system sub divided into three sub systems; Port of Karlshamn, Port of Klaipeda and the marine link 
between the two ports. The ILP model is developed following the operational research process. First, 
a literature review of current research on SSS and handling systems has been conducted. This helped 
understand the context and conditions under which terminal operators take decisions about handling 
equipments. We then develop an optimization model that can support such decisions, in the context 
of a case study. We proceeded by iteratively modelling the real world system (case study), developing 
a computer model of the system, obtaining the output, interpreting the results, and then comparing 
these results with the real world case and adjusting the model accordingly.  This process is repeated 
iteratively until a point where model behaviour is seen to represent a reasonable approximation of the 
real world behaviour. 

2.3 Research Design 

The research design describes the framework that has been used to address the research problem in 
order to establish facts which can be verified and/or used to build new ideas. In order to answer the 
research question, developing a computer model to select handling systems at different capacity 
levels, it was thought necessary to treat capacity demand as an independent variable, and the rest of 
the variables (e.g. handling equipments) as dependent variables for developing such a model. Such an 
approach is similar to a parametric research design which involves incorporating a range of several 
levels or values of an independent variable into an experiment so that a complete picture of it effects 
can be obtained (C. Robson 2002). However in developing our model, we applied the operational 
research methodology (L. Radon 2000) on a case study (see figure 2-1) consisting of the following 
steps: 

• Observe the real world (case study) to identify decision problem and collect relevant 
information. 

• Formulate an optimisation model of the real world decision problem. 
• Run the model using computer system and obtain the results. 
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• Interpret the results and compare with real world observations (analysis & inference)  
• Adjust the model accordingly until it behaviour and output can reasonably be approximated 

to real world observation. 
• Perform a sensitivity analysis and validate the model with relevant data from different 

sources. 

 
Figure 2-1 OR Process Radon (2000) 

 
Our observation of the real world was with focus on our cases study. One way of conducting case 
studies is to identify the basis of the level of unit of analysis. A study where the concern remains at a 
single global level will be considered as a holistic case study (Yin, 1994). In our study we are 
interested on how a given combination of handling systems meets the handling capacity requirements 
of the terminal while keeping cost minimal. We consider such a case study to be holistic. The 
appropriateness of a holistic case study lies in the theoretical understanding of a clear, unambiguous 
and non-trivial set of circumstances where predicted outcomes are likely to reside (C. Robson 2002). 

 

2.4 Data and Information Collection 

Data is a key issue in developing optimization models.  How well the model behaves depends to a 
greater extent on the type of data used during model development.  It is therefore necessary to get 
accurate data as much as possible. Most of the data used in this thesis is collected through interviews 
and discussion with persons involved with the issues addressed. In particular port authorities and 
representatives of shipping lines was our main sources of primary data. Literature reviews of scientific 
publications and other documentation (e.g. annual reports) enable us with secondary data. Our 
interest has been on empirical data. 

2.4.1 Secondary Data Collection 
 
Secondary data consists of data collected from both internal and external data sources. Data collected 
from sources outside the case studied e.g. books, academic journals, publications and other scientific 
literature are considered as secondary data. One advantage with such data lies in the ease of 
acquisition.  

2.4.2 Primary Data Collection 
 
Data a researcher sets out to collect, for the purpose of conducting a research, using a suitably 
designed approach can be regarded as primary data. An empirical researcher set as target to establish 
evidence based on empirical data collected using methods such as interviews, questionnaires, surveys 
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etc. Priority is usually given to primary than secondary data sources. However it is difficult to obtain 
data from primary sources. Besides the scarcity of primary data, where available, it is most often 
considered confidential thus building a barrier between the researcher and the data. Where an 
empirical approach does not fit well, there is every reason to consider a qualitative approach. The 
main approach we used to obtain primary data was through formal as well as informal interviews. 
Discussions (informal interviews) were seen to be valuable where the subject(s) freely express his/her 
views. 

2.5 Research Evaluation  

Practically, several limitations are encountered during data collection. Some data turns out to be 
missing either because it is not available or it is available and treated as confidential. In other cases 
data that was collected for different purposes such as accounting data has to be made use of. The 
result of these difficulties is that some data end up in the form of estimates thereby compromising 
data accuracy.  Evaluating the validity of data sources could minimise the risk associated with data 
inaccuracies.  

2.5.1 Evaluation 
 
The credibility of research wok lies in the evidences established to support the facts generated. The 
evidences can be built as logical arguments with references to concrete facts or as pointers to trivial 
issues that can be verified. Therefore in evaluating data sources one needs to ascertain these evidences 
by considering the following; 

 
Validity; Lekvall and Wahlbin (1993)4 argue that the validity of a study addresses the question as to 
whether the researcher is actually measuring what he intends to measure. In mathematical 
programming, the validity of a model is the degree to which inferences drawn from the model hold 
for the real world (L. Radon 2000).We evaluate the internal validity of our model by running the 
model and comparing output results for different scenarios. While data has a direct impact on model 
development and behaviour, some data inaccuracies can be detected from model behaviour. 
Therefore model development and data collection and validation needs to be taken simultaneously. 
 
Reliability; reliability is concerned with the accuracy margin in relation to consistency. If research 
findings can guarantee consistency, then predictability can be made, based on the findings. To ensure 
that data sources are reliable it is necessary to ensure that the sources used are relevant for the 
question addressed in context. Further, such data can be compared with data obtained from similar 
cases outside the scope of the study. In the case of optimization models, consistency in model 
behaviour may help detect inaccuracies and hence question the reliability of some data sources.  
Focusing on persons directly involved in terminal handling operations as a reference we hoped the 
information obtained is reliable. 

 
 
 
 
 
 
 
 
 
 
 

                                                 
4 Lekvall & Whalbin, 1993, p. 211 ff. 
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Chapter 3 
 
 
 

 

3 The Structure of  SSS; A Problem Perspective 
 
In this section, we consider problems associated to SSS especially for port terminals and shippers. We find out the 
definition of the concept of SSS, bottlenecks and some proposed solutions with special interest on capacity, cost, and 
performance. To coup with SSS, terminals and shippers have to meet some basic requirements that needs corporation e.g. 
delivery speed. 
 

3.1 How is SSS Defined? 

The concept of SSS has been widely acclaimed for it potential in combating congestion and other 
road traffic related problems. This means that any SSS solution has to meet some minimum 
requirement. Other specific qualifiers such as linking particular marine channels with given corridors 
do exist and varies from one region to another. As a result of these, the concept of SSS lacks a 
classical/coherent definition as suggested by the Canada-U.S. Memorandum of Cooperation (July 
2003). The European Union (EU) Commission5 has chosen to define it as follows; (1) SSS means the 
movement of (2) cargo and passengers by sea between ports situated in geographical Europe or 
between those ports and ports situated in non-European countries having a coastline on the enclosed 
seas bordering (3) Europe. SSS includes (4) domestic and international maritime transport 
including (5) feeder services along the coast to and from the islands (6) rivers and lakes. The 
concept of SSS also extends to maritime transport between the member States of the union and 
Norway and Iceland and other States on the Baltic Sea, the Black Sea and the Mediterranean. This 
definition suit fairly well, in line with the expectations from SSS in geographical Europe. 

 
On the other hand the US Maritime Administration (MARAD) presents a working definition for SSS 
as “the commercial waterborne transportation that does not transit an ocean. It is an alternative form 
of commercial transportation that utilizes inland and coastal waterways to move commercial freight 
off already congested highways, thereby providing more efficient and safer roadways for car 
passengers while alleviating congestion at critical choke points. Beyond this, MARAD include the 
following specific requirement; a secondary effect of SSS would be reduction of air pollution and 
overall fuel consumption through economies of scale. Without building more highways, SSS can 
provide additional capacity with the National Transportation System through greater use of 
waterborne carriage and can enhance linkages to our North and South American trading partner 
(Mary R. Brooks et al; March 2006).  

 
Worth noting, is the fact that while the definition presented by the EU uses a regional geographic 
criteria, the MARAD definition is based more on a functional criteria, showing how the same concept 
has been given different views all correct within their respective contexts. Thus, in it generalised form 
and for the purpose of this study we consider SSS to embrace all movement by water of passengers 
and/or cargo that do not include a trans-oceanic voyage and offers a feasible intermodal connection. 
This includes marine transport across lakes, peninsular, seas and coastal water ways shuttling between 
major and/or feeder ports with feasible intermodal connections. The Karlshamn-Klaipeda shipping 

                                                 
5 European SSS Network (August 2006); site http://www.shortsea.info/ last access 2006-08-06. 
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link can therefore be considered as a SSS link. SSS is more than just a simple marine transfer, since 
the intermodal connections makes the operations sophisticated with a myriad of complex dimensions 
(Mary R. Brooks et al; March 2006), each of which needs examination and resolution in order to 
render the service viable. Therefore any good attempt in characterising SSS should not only be based 
on the marine leg but should as well consider port terminals and particularly with regards for 
intermodality (integrated), which is vital in achieving a seamless flow of goods in a transport chain. 

3.2 What are the Current Problems Associated With SSS? 

The cost incurred in investing and operating a given type of equipment is a key determinant factor 
considered by most terminal operators, such cost affects the price of services rendered to customers. 
Therefore most handling problems are closely attached to cost e.g. cost of quay crane is so high that 
terminals find it difficult to invest in when they are not sure of sufficient cargo traffic. This makes it 
necessary to consider a cost perspective in addressing some handling related problems.  

3.2.1 The Cost Dimension for SSS 
 
Cost may be difficult to estimate but the main challenge lies in calculating the benefits which are not 
always obvious (J. Törnquist, 2006).  Although port authorities do understand SSS from an 
operational stand point, they often find it difficult to quantify the benefits and cost6. Not only are 
shippers and terminal operators unwilling to share their vital costs information, but pricing of such 
aspects as environmental effects, quality of service, handling performance etc may lack standards and 
consequently could be rather subjective. Cost estimates seem to indicate that the establishment of 
new regular shipping links would be considerably less costly than the construction of corresponding 
new land infrastructure7.  S. P. Strandenes, P. B. Marlow (2000) argues that with regard to port 
operations, advocates of cost based pricing who point out that the basis for efficient pricing should 
be marginal instead of the traditional average cost pricing, take the economic point of departure.  
Since economies of scale exist both in providing port infrastructure and for cargo handling 
equipments, this pricing rule requires subsidies for ports to cover the total costs unless capital 
expenditure is recouped with the fixed element representing a substantial share of total cost, 80% for 
containers and 60% for break bulk.  

 
In their work on the competitiveness of SSS, A. C. Paixao Casaca and P. B. Marlow identified some 
factors on which to develop a robust strategy for SSS, sighting cost of service (freight rates) and 
reliability/quality as a key factor (C. P. Casaca & P. B. Marlow;  December 2005). Within the context 
of the U.S. industry standard cost model, the U.S. transport research board8 identifies some key cost 
components in a SSS projects including, cost of vessel, terminal, equipments, administration and 
sales, empty repositioning. These components form an operating ratio that may be used as a 
reference, though not unique relative to other modes of transport. Beyond this, other components 
such as cost of fuel, environmental effects, security, and IT systems do contribute to total cost 
incurred in SSS operations at the terminal level.  

i. Cost of Vessel  

 
While the capital cost of a ship is always difficult to estimate in general it can be divided into fixed 
cost and variable cost. Fixed costs include construction (capital), crewing, maintenance, and 
insurance. Whereas cost such as fuel, depreciation and amortization, can be regarded as variable cost. 

                                                 
6 Technical Memorandum 1, Technical findings (June 2005); Short-Sea and Coastal Shipping Options Study, Site; 
http://144.202.240.28/pman/projectmanagement/Upfiles/reports/summary278.pdf last access 2006-08-06. 
7US Government Accountability Office (GAO, July 2005); Freight Transport: Report to Senate site; 
http://www.gao.gov/new.items/d05768.pdf last access 2008.08.07 
8 I-95 Corridor Coalition (November 2005); Short Sea and Coastal Shipping Options, site;  
http://144.202.240.28/pman/projectmanagement/Upfiles/reports/full343.pdf  last access 2008.08.07 
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The part of the capital varies between 20% to 70% and employment (operation) between 5% to 30% 
(P. Beverskog, et a;l December 2003). Acquisition of a vessel goes beyond determining such key 
pointers as vessel yard, type, quality, size, performance and terms of delivery up to key market 
competitive factors and taxation policies. Most stake holders involved in SSS are of the opinion that 
high-speed vessels (capable of attaining speeds of 25 to 30 knots) are necessary to support short-sea 
shipping operations, but these vessels are expensive to construct and maintain, requiring a long-term 
commitment by shippers who would use a short-sea service9. By the very fact that it takes about 2 
years to build and deploy a vessel in water, whereas market dynamics incrementally fluctuate with 
respect to infinitesimal time changes, the decision to acquire a vessel is highly strategic. As an 
example, within the European market standards the cost estimate for RoRo Vs LoLo 
vessel/operation carried out by A. Sjöris on the port of Gävle indicate is shown below (Table 3.1). 

 
 LoLo RoRo 
Capital Cost of Vessel (MSEK) 375 380 
Port Service (MSEK/yr) 54 100 
Ships (operational cost) (MSEK/yr) 143 194 

Table 3-1 Cost estimates for RoRo Vs LoLo Source; third European Research Round Table Conference on 
SSS, pages 86 & 138 

 
However, such a cost structure will vary on a case by case base for different regions but investment in 
vessels remains attractive from a cost perspective owing to the fact that payment is usually distributed 
over a considerable time window. 

ii. Cost of Terminal 

 
Due to geographic and economic variations port terminals can vary greatly. Such variations could play 
a great role in shaping the investment strategy and the type of handling systems suitable for the given 
terminal. More generally some points to consider include; types of facilities and equipments to service 
vessels and move cargo, difficulties of constructing berths and acquiring ramps, staging and stowage 
area required, terminal access and gates, security, containers stacking patterns, environmental effects 
and intermodal compatibility. B. Zigic and V. Renner 1996 highlight the cost of some of these 
determinants within the Swedish economic standards: terminal access (track); 10,000 SEK/metre, 
staging and stowage area (ground work); 450 to 650 SEK/square meter, equipments and facilities; 1.5 
to 3.5 MSEK/ piece. These figures are indicative of the fact that in the case where land isn’t very 
expensive to acquire (as in Sweden), the cost of investing in a new terminal is largely shifted to the 
type of equipments and facilities required by the terminal and hence handling. The U.S. transport 
research board gives an estimated operating ratio for a terminal to stand at 32.5%10, representing the 
largest cost component for a SSS investment project.  

 

iii. Cost of Equipments and Handling 

 
As a result of diverse environmental fluctuations, cargo of different types and quality, handling 
systems are the centrepieces of today’s modern terminals with an increasing need for accurate, 
rational and rapid movement of material with the need to also benefit from scale economies. Among 
all port activities, cargo handling is of special relevance since the cost of this service generally 
represents about 80% of the costs incurred by a ship loading or unloading goods at a port (De Rus et 
al. 1994; Suykens 1996). Viewed from a SSS perspective, it has been argued by some stake holders 
that since shipping operators must pay dockworkers to lift cargo on or off ships, the cost of these 

                                                 
9 I-95 Corridor Coalition (November 2005); Short Sea and Coastal Shipping Options, site; 
http://144.202.240.28/pman/projectmanagement/Upfiles/reports/full343.pdf  last access 2008.08.07 
10 I-95 Corridor Coalition (November 2005); Short Sea and Coastal Shipping Options, site; 
http://144.202.240.28/pman/projectmanagement/Upfiles/reports/full343.pdf  last access 2008.08.07 

Gideon Mbiydzenyuy Master Thesis BTH 2007 
 

19

http://144.202.240.28/pman/projectmanagement/Upfiles/reports/full343.pdf
http://144.202.240.28/pman/projectmanagement/Upfiles/reports/full343.pdf


“lifts” will make SSS services less competitive with other modes11. It therefore follows that the 
decision to configure a given type of handling system for sea ports which need to derive the benefits 
of SSS is highly critical. Estimates from the US transport research board12 put the operating ratio for 
equipments in a SSS investment project to stand at 12 % including maintenance and repairs. 

 

iv. Cost of Administration and Sales 

 
Administrative procedures, besides imposing other bottlenecks (e.g. item declaration) at terminals on 
the seamless flow of goods that SSS seeks to achieve, have also been shown to constitute a significant 
share (estimated at 21.5% by the US Transport Research Board) of the cost structure for a SSS 
project. In defining the maritime policy for the EU the European Maritime Pilot Association (EMPA) 
included measures that encourage short sea shipping and the use of inland waterways. In particular 
they propose that administrative burden should at least be reduced to a level comparable to other 
modes of transport used for intra European traffic. However cost of administration is not an issue 
for ports that simply restructure to adapt to SSS, since such ports may rely on the already existing 
administrative body. 

v. Environmental Effects 

 
Due to their special features, sea ports are very complex systems with a wide range of environmental 
issues such as releases to water (e.g. waste waters, accidental releases during loading/unloading 
operations etc), releases to air (including gases, solid particles, energy etc) (R.M. Darbra et al; 2005). 
These call for a much stricter measure on ports and shipping as a whole regarding the environment, 
which in it natural sense has no boundaries, and thus should be approached from a corporate/global 
perspective. While a SSS implementation can be capable of redirecting as much as 2400 containers or 
6400 truck trips from highly congested corridors, it associated high frequencies may contribute 
significantly to occasional discharge of pollutants (diesel, and related hydrocarbon products) from 
ships. Thus, to secure the environmental advantages of SSS on a regional basis, care should be taken 
to ensure that the diesel emission reductions gained in the urban corridors are not simply shifted to 
an equal or even greater amount of diesel emissions at the ports (H. D. Le-Griffin & J. E. Moore 
2006). Such goals can only be attained through strong environmental pricing, and political regulations. 
Of 13 projects selected from 92 proposals by the EU Marco Polo program to promote government 
initiative for SSS, the average environmental efficiency for the 13 projects is 15 i.e. for every 1 EUR 
of subsidy spent 15 EUR of society external costs are saved13.These policies may vary greatly among 
different port and organizations, making it difficult to evaluate environmental cost parameters in it 
generalised sense. However for a procedure for identifying and prioritizing relevant environmental 
aspects in a sea port see R. M. Dabra et al (2005).

3.2.2 The Capacity Dimension for SSS 

 
The growth in world sea-born trade of containerized cargo has outstripped the growth in world trade 
in general since the introduction of the container in the 1950s. The sea-born volume reached an 
astonishing 73 million TEU in 2001, which in turn generated 230 million lift in the ports. With an 
average growth in container friendly cargo of 7%, it is not unlikely to expect a doubling of sea born 
shipment during 2001 to 2010 (P. Beverskog et al; December 2003). While this capacity growth may 
not pose a major challenge for maritime transport, competing market forces may impose a trade off 

                                                 
11 Transport Research Board (Washington, January 2004); Alternative Freight Capacity: Opportunities and Challenges. Site; 
http://onlinepubs.trb.org/onlinepubs/security/144/Richardson.ppt 
12 I-95 Corridor Coalition (November 2005); Short Sea and Coastal Shipping Options, site; 
http://144.202.240.28/pman/projectmanagement/Upfiles/reports/full343.pdf  last access 2008.08.07 
13 Transport Research Board (Washington, January 2004); Alternative Freight Capacity: Opportunities and Challenges. Site; 
http://onlinepubs.trb.org/onlinepubs/security/144/Richardson.ppt 
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between capacity and speed. Increase in capacity will attain scale economies and generally lead to 
reduced speeds, which in some cases could be an obstacle for JIT.  

 
In the case of the Baltic sea region with a total of 516 sea ports, a total throughput of 700 million tons 
was recorded in 1998, and a forecasted annual growth rate between 4% to 6% whereas the Swedish 
maritime administration expect the international shipping volume to-and-from Sweden to grow by 
2% (P. Beverskog et al; December 2003). Thus terminals as well as vessels need to steadily evolve in a 
bit to adapt to these forecasted growths. Key capacity issues to consider include the following; 

 

i. Vessel Capacity 

 
As a result of the need for intermodal solutions and scale economies, container ships will be the 
delivery vessel of choice. In particular, the design of high capacity ships as much as a 1000 TEU has 
march fairly well with cargo growth, though speed has remain a serious challenge for these high 
capacity vessels14. While the ship’s capacity is more important for determining freight transport cost 
vis-à-vis the speed, the importance of speed decreases with increasing size of the ship. This means for 
the same speed increase in a small size (capacity100 to 500 TEU) vessels as well as large size (above 
1000 TEU) vessels; there is a significant unit price increase in cost for the smaller vessel than the 
larger vessel (N. Wijnolst & M. Hoek; 1993). Therefore there is a necessity for even advanced 
technology that is capable of attaining either speed and capacity utilities or a better way of utilising 
what is available. 
 

ii. Handling Capacity Dimension 

 
The significant capacity difference between land based transport equipments (trucks and trains) and 
marine based transport equipments (ships), lays a serious constraint at terminals. The terminal needs 
to offer a solution that balances this capacity difference.  Matters are made worse if we consider the 
high frequency demand for SSS services. There is a likelihood of congestion and rising cost if the 
terminal is not properly managed. Advances in crane and cargo storage and retrieval technologies 
such as mega cranes, robotic cranes, smart spreaders, cell elevators and others have a significant effect 
on the efficiency of terminal operations, with estimated throughputs of the most advanced cranes at 
75 to 100 moves per hour (P.A. Ioanou et al; 2000). The high throughput increases the terminal 
capacity to balance cargo flows between land side and the marine side.  

 
From the above review it can be seen that despite it steady growth in the recent years in Europe and 
the U.S., the SSS industry has a difficult cost structure with an undesirable time line in terminal 
handling that need to be improved upon. This forces one to question if the large capacity volumes 
capable of being transported over water ways in SSS operations earlier forecasted is going to 
successfully transit through terminal networks? Improving handling through optimization will 
contribute to improving SSS services. Should existing terminals be modified to improve handling 
equipment performance or should emphasis be placed on modifying equipments to suit existing 
terminals?  Most attempts are directed toward bringing the SSS to a more competitive level with other 
transport mode (particularly road) by upgrading equipments (LoLo, RoRo, Combined 
Passenger/Freight vessels, AGVs etc). Emphasis has been placed on regulatory issues (such as the 
creation of TEN-T, Marco Polo), vessel and equipment design, but little has been done in evaluating 
and comparing how these handling equipments perform relative to other parallel/concurrent systems 
in an intermodal terminal, so as to select the right combination at strategic level thus finding a space 
for the rest of the work on this study.  

                                                 
14 According to an analysis carried out at the Marine Faculty of the University of Delft in Holland. 
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3.3 What are the Requirements Imposed by SSS Practices on Sea 
Ports? 

The flexibility of SSS operations extends as well to its physical location at a port, where it can be 
arranged in a number of configurations and facility types. Technically, SSS facilities can be located at 
any existing port, at a newly developed port, or at areas of a port redeveloped specifically to handle 
SSS. In any of these circumstances, SSS facilities could be developed as a separate terminal, or at a 
designated area within an existing terminal already serving ocean-going vessels. “With the current 
high demand for container terminal space, however, it is most likely that separate SSS facilities would 
be located at a redeveloped area of an existing port” (H. D. Le-Griffin & J. E. Moore 2006). 

 
On the other hand, current port infrastructure is often designed to accommodate large and deep-draft 
ocean-going vessels and may not be compatible with ships designed for SSS operations. Therefore, 
starting a SSS service might require ports to build ramps that allow trucks to move on or off the ship 
or additional dock-side space where truck trailers wait to be loaded and unloaded from the ramp. SSS 
vessels are also smaller than ocean-going ships, and this size difference has raised concerns that SSS 
ships will not be compatible with docks designed for larger ocean going vessels. 

 
Thus one cannot strictly answer  the question as to whether existing port terminals need to be 
reorganized to fit the SSS demands or complete new terminals need to be constructed to 
accommodate SSS infrastructural requirements. Either way could be a potential solution on a case by 
case basis; however potential short-sea ports (domestic or international) must fulfil some basic 
requirements such as the ability to load and off-load ships quickly and efficiently, ensure that 
adequate and appropriate cargo handling capacity exists especially for intermodal cargo handling and 
a possibility to partner with smaller, non-load centre ports that could act as “reliever” facilities. These 
smaller ports could help relieve the burden at the congested load centres, make them more efficient, 
and allow them to attract more traffic hence a “win/win” for both ports for both ports. 
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Chapter 4 
 
 

 

4 Terminal Handling Technologies for SSS 
 
The first part of this section (4.1) is devoted to study the existing trends in addressing terminal handling related 
problems as well as Information and Communication Technology (ICT) commonly in use at port terminals. The second 
and important part for this study (1.2) surveys the different existing categorisations of handling systems, the different 
approaches for measuring handling performance and adopts a categorisation framework as well as a performance 
measure approach for the purpose of this thesis. The section ends with the description of some handling equipments and 
their different performance measures. 
 

4.1 Literature Review 

From the previous chapter we can see that SSS practices are sensitive to cost and capacity. Therefore 
proposed solutions seek to minimise cost and increase capacities to achieve scale economies. But to 
achieve such solutions at the level of handling, it is necessary to select equipments and vessels with 
regard to their output in an integrated operation. This can only be done if we can lay a performance 
benchmark that enable comparison of the different equipments outputs. The lack of performance 
standard makes such an approach difficult. However if we chose a given time window under similar 
conditions we can compare how two different combinations of equipments will perform with respect 
to output and cost incurred. Taking a closer look at these equipments can enable us understand how 
they work, problems they pose and how those problems are overcome, and hence establish a bench 
mark for comparison. 

4.1.1 What Are the Current Trends toward Handling Problems for SSS? 
 
Generally, the problem of handling has been approached from two major dimensions; either by 
serving time, cost and capacity utilisations efficiently through the use of standard cargo units (unitised 
cargo e.g. container, pallets, trailers, cassettes etc) or through the design of handling equipments with 
capabilities to efficiently manage different cargo variations (e.g. general purpose cranes, spreaders, 
RoRo technology etc). Other approaches tackle the problem from both dimensions (e.g. mega cranes 
operating unitised cargo).  

 
Regarding the first approach (cargo standardisation),  B.O. Hansen, (1996) addressed a new concept 
for an automatic, high capacity ship/shore loading system, suitable for two sea ports engaged in high 
frequency shipping such as SSS. In particular, to meet the high speed requirement by minimising 
time, the TTS15 group came up with the design for a Container Pallet Transfer System (CPT) based 
on preloading containers and trailers on mega-pallets capable of carrying up to 20*20 ft containers 
with a total weight of 400 tons B.O. Hansen, (1996). It was claimed that this system can handle an 
optimal capacity of up to 900 TEU, operate independent of tides and draught conditions, and can be 
tailored to actual vessel specifications. Advancing the pallet concept, B. Zigic and V. Renner (1996) 
presents another concept for reloading on inland waterways vessels that could lead to energy savings 
(and hence cost savings) as well as time savings, making it suitable for SSS operations. Both papers on 
the bases of standardised units (container pallets) favour the use of RoRo vessel system for high 
frequency shipping.  
                                                 
15 TTS Group- International technology-based company creates and supplies innovative systems and equipments to the marine industry, in 
Sweden they are based in Goteborg, site http://www.tts-marine.com/default.aspx last access 2006-09-03 
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There is also the standard I.S.O container16 with units that can be transferred between road vehicles, 
rail cars/wagons or ships. The most prevailing sizes are the standard I.S.O. series1, 20ft and 40ft 
length containers. Additional efforts towards the standardisation of the cargo unit has been 
demonstrated by the EU when in April 2003, the EU adopted a text toward the creation of European 
intermodal loading units (EILU), a unit optimised for the transport of palettes making use of 
container and swap body utilities. Therefore, it now remains to compare these systems (RoRo and 
LoLo) on the ease of the associated terminal handling processes, which is one of the goals of this 
thesis. Only then can a suitable conclusion be reached regarding the vessel choice for SSS given the 
significant cost of handling in a complete intermodal transport service.  

 
On the other hand, the second approach (design of handling equipments with capabilities to 
efficiently manage different cargo variations) is addressed in a report on Cargo Handling 
Technologies prepared for the Centre for Commercial Development of Transportation Technology 
in California. P.A. Iouanou et al (October 2000) presents in the report the state-of-the-art in handling 
technologies. Iouanou et al assesses the quantitative performance of existing, emerging and 
conceptual, commercially developed technologies for terminal operations. The use of multi-agents in 
managing a container terminal has been shown to provide a suitable potential for addressing some of 
the complexities in a container terminal such as using Multi-Agents in enhancing stake holder 
relationship so as to improve terminal productivity (Henesey L., 2004).   

 
Overall, the handling task has often eventually sum up to a pair-wise complementary task, both for 
the type of vessel (RoRo or LoLo) and the complementing technology at terminals as well as for the 
terminal operator and the ship operator. Thus a good approach should be one that addresses the two 
sides of the task and hence should stir toward a win-win solution for both parties. 
 

4.1.2 ICT Technology and the Marine Industry-Case of Ports and 
Terminals 
 

Information and communication systems play an important role in port terminal operations. 
Information systems have been described as the means by which the elements of logistics system are 
integrated (T. Higgins et al February 1999). As TEU capacity increases the complexities involved in 
identifying and handling containers need to be addressed with the help of ICT technology. As a 
result, efficient information flow for container terminals provides a greater potential for improving 
productivity. “Information exchanged or not exchanged before, during and after an operation has a 
significant impact on performance” (J. Törnquist & I. Gustavson, 2004).  

 
Consequently strategies aimed at optimising the selection of handling equipments can make use of the 
potential provided by ICT technology especially in tracking data to run models i.e. efficient 
management of information technology can improve the use of optimization models. If information 
flows in container terminals are managed efficiently (T. Higgins et al February 1999), it can be 
possible to improve; 

 
• The assignment of containers to storage locations to minimize difficulties in locating 

containers. 
• The scheduling of equipments and containers in a manner that minimizes empty moves 
• A sequencing strategy representative of the priorities associated to containers. 
• Synchronizing the dispatch of vehicles from terminals with the arrival of cargo and 

containers. 

                                                 
16 A container complying with the international standard organization (ISO) requirements at the time of it manufacture. 
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• A reduction in inspection time resulting from poor information flow about the nature of 
goods. 
 

Regardless of the several attempts and already successful applications of ICT technology in the ports, 
(e.g. Navis, SPARCS, OPTIMA etc) the maritime industry in general, according to T. Higgins et al 
February (1999), is yet to fully utilise automated data entry technologies in achieving the goals 
mentioned above. In the case of terminals engaged in high frequency shipping (SSS), one possible 
reason is the need for all partners in the entire chain to wholly engage in the use of common 
technologies with standards. For example a terminal that makes an investment in radio frequency 
technology (RFID), applications may run into conflicts when trading with a terminal or shipping line 
that uses bar codes. On the other hand, ICT technology needs to be developed from a corporate 
perspective, since it aims at integrating the flow of information across the entire transport chain.  

 
According to G.A. Giannopoulos (2004) ICT technology can be classified into the following 
categories within the maritime industry; 

• Ship communications and management information, 
• Interoperable maritime traffic management and navigation services 
• Improved resource management at ports and terminals. 

 
Our interest revolves on the third option, improved resource management at port terminals. In order 
to improve resource management for intermodal port terminals different types of ICT systems are in 
use, in this perspective much interest is given to logistics information and communication systems for 
intermodal cargo terminals, Electronic Data Interchange (EDI) systems, Radio Frequency 
Identification (RFID) Transponders, Global Positioning Systems (GPS) and increasingly popular 
DGPS (Differential GPS). A survey of 12 maritime terminals carried out by Holguin, Veras & Walton 
(1996) indicates that these systems together with  EDI are in use by shipping companies to enable 
physical flow of containers in operations such as  bills of lading, clearances etc Most of these systems 
seek to mimic port operations (using simulation models) and optimise resources (using optimisation 
models) to improve performance in intermodal port terminals e.g. cargo pre-notification to speed up 
gate procedures (EDI), container identification and location processes (RFID), etc In the area of 
RFID tags the main challenges have been to apply the technology to intermodal cargo containers.  
 
Since SSS lay strict restrictions in terminal operations e.g. it high frequency requirement, the attempt 
to handle time sensitive cargo, vessel speed requirements etc the need for ICT technology in SSS 
terminals will even be more important. Therefore SSS presents a challenge that will influence the 
development of ICT technologies. The emergence of such systems as container terminal management 
system using smart card technology and Geographic Information Systems (GIS) technologies17, have 
come closer to addressing the type of ICT systems required by SSS terminals today.  

4.2 Handling Systems for Port Terminals 

In order to minimise transport cost, achieve maximum flexibility and reliability under different 
existing circumstances, different types of handling systems has been developed. In order to compare 
how these systems work, they have been classified into different categories (e.g. wheeled and 
grounded systems, automated and non-automated, LoLo Vs RoRo etc). However Most of the 
systems are developed as tailor made solutions to meet particular needs of terminals and hence lack 
suitable standards for categorising them.   

                                                 
17 Developed for the port of Thessaloniki in Greece, offering both container terminal and freight transport operators a reported time saving of up to 83% (G.A. 
Giannopoulos; 1996) 
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4.2.1 A Literature Review of Handling Systems; Categorisations 
 
The storage and retrieval of containers from the storage area can be done by manned and automated 
equipment. While different handling systems may operate on different principles and control systems 
to improve handling (based on the type of cargo), the primary technical objectives are built on a four 
coordinate vector dimensional space x, y ,z locating the container position (at any given point) p in 
space and time t. Complex and more advanced systems may have capabilities of rotating cargo e.g. 
cranes such as the versatile self propelled floating crane, whereas most traditional systems use two 
basic reloading principles (B. Zigic and V. Renner; 1996), namely  “vertical” (load-on/load-off) and 
“horizontal” (roll-on/roll-off). Once the right container to be moved has been located, the first 
principle aims towards an application that will achieve a vertical container displacement at the lowest 
possible cost (both in space and time).   Thus it basic sequential rule system is: 

 pick-up container 

 perform vertical displacement 

 drop container 

This naturally leads to a load-on/load-off or LoLo acronym. In the same way the horizontal reloading 
principle aims at achieving a horizontal displacement, leading to a roll-on/roll-off or RoRo acronym. 
Since intermodal cargo handling demands both vertical and horizontal displacements, both 
applications have proven useful in port terminals with the need to achieve a seamless flow of cargo.  
General primary rules governing these systems can be shown graphically below (figures 4-1); 

 
Figure 4-1 Displacement time graphs for vertical and horizontal ship reloading systems respectively 

  
Besides categorising handling systems with respect to their operating principles (LoLo and RoRo), 
there is yet another categorisation that regards these systems as wheeled and non-wheeled or 
grounded systems (P.A. Ioanou et al; Octorber 2000). In the case of wheeled systems, there is a need 
for containers to run horizontally on chassis and then lifted off these chassis onto the vessels. A 
major pit fall with such systems is that efficient stacking on yard is made difficult, due to the presence 
of wheels. As a consequence, wheeled systems are bound to sweep up more space than grounded 
systems making them undesirable in terminals where land is a critically limited utility. However, it has 
been argued (P.A. Ioanou et al; Octorber 2000) that where these systems are possible, they are more 
efficient than grounded systems. This is because the cost for labour, equipments and technology for 
wheeled systems is low relative to grounded systems. Examples of wheeled systems includes, trailer 
trestles, semi-trailers, wheel chassis, mafi, terminal trailers etc 

 
On the other hand grounded systems require containers to be lifted and transferred without the use 
of chassis. This makes it possible for containers to be stacked. Though stacking may utilise land 
efficiently, the trade off is in the overheads involved in lifting containers. There is sometimes a need 
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to reshuffle containers in order to pick up a container deep in the stack. This could be costly and time 
expensive. Such equipment includes, but not limited to hostlers, gantry cranes, straddle carriers, reach 
stackers. In addition to their efficient land utilisation, grounded operations have been argued to have 
a higher throughput than wheeled operations (P.A. Ioanou et al; Octorber 2000). However they 
usually require complex expensive lifting equipments and high labour cost, and high investment cost. 
In some cases terminals may use both wheeled and grounded systems depending on the goal to be 
achieved (e.g. Delta terminal in Rotterdam).  

 
Several other categorisations of handling systems do exist (e.g. on the bases of their mechanical 
properties), and also handling systems have been classified based on their operations (Henesey L. E, 
2004) as;  

 delivery/receipt or yard loading/unloading equipments,   

 ship-to-shore or ship loading/unloading equipments,  

 transfer or mobile equipments, 

 storage equipments 

In this study we consider handling systems mainly as service equipments, and thus we give regards to 
equipments used in loading/unloading, and transfer systems. 

 

4.2.2 Handling Systems and Performance Measure 
 
How well a terminal is performing can be a difficult issue to address since terminals share variable 
goals especially public oriented terminals with a public welfare interest as opposed to private oriented 
terminals with a profit oriented interest. As pointed out by L. Ramstedt 2005, different types of 
performance measures could be used for different purposes, identifying here the quantitative (e.g. 
costs) and the qualitative (e.g. environmental) elements. In the case of container terminals high 
productivity has been an attractive performance aspects but often these are associated with rising 
costs which is less acceptable. The gap between these two aspects (cost and capacity) can be used as a 
measure of the competitiveness of the entire terminal, the greater the gap, the more competitive and 
better off is the terminal and vice versa. However several approaches have been used over the years 
to estimate terminal performance, the most remarkable (J. Holguin-Veras, C. M. Walton; 1996) of 
which are: 

• Moves Per Hour; Within known geometric distances, the performance of handling 
equipment can be estimated as the number of TEU moved in one hour. This is often the 
preferred performance measure associated to equipments by production industries. 

• Ship Distribution at Ports (SDP): SDP relies on the assumption that the berth occupancy 
analysis can be performed using the observed ship distribution at ports and, consequently, the 
number of ships at port is an independent random variable.  

• Queuing Theory (QT): In general, the majority of QT applications consider only the ship-
berth interface. In these applications basic QT, i.e., birth-dead processes in equilibrium, has 
been used to provide performance estimates. Other classes of QT models, e.g., queuing 
network and cyclic queues, have only been sporadically applied 

• Simulation Applications: Simulation is increasingly being used today as a powerful tool to 
estimate the performance of port terminals. However, the time demanded by simulation 
models and the limited depth to which physical reality lends it self to abstraction has limited 
efforts on simulation. Some recent port simulation studies include Multi-Agent Based 
Simulation (MABS) to enhance terminal performance (L.E. Henesey, 2004), simulation of 
container queues for port investments (M.A. Alatar et al  2006) etc 
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Apart from the first, the rest of the above performance measures aim at evaluating performance for 
the entire terminal. A more generalised performance measure for ports has been suggested to be “the 
average number of calls and the average flow volume or weight of goods over a standard period of 
time; number of calls per berth and per year, volume or weight of cargo handled per hour, per call or 
per day, per gang or per crane” (P. Fourgeaud, Nov. 2000). In addition to these, other important 
factors worth considering in trying to estimate the performance of container terminals includes ratio 
of loaded to unloaded containers at any one point in time, unproductive moves (e.g. reshuffling of 
containers), level of automation of gantry cranes, average weight of containers, berth length, total 
waiting time of equipments as well as environmental effects such as quality of fuel or use of electric 
energy.  

 
All the above factors cannot be considered simultaneously, in a practical situation one has to choose 
few but sufficient factors necessary to meet the goals in consideration. Our interest however is on the 
performance of the individual equipments, how it affects the performance of the terminal at large. 
Consequently, in this study we consider mainly relative performance of equipments measured in 
moves per hour by introducing cost penalties involved in handling when various equipments are used, 
then formulating the problem as an integer linear optimization (ILP) model, and solving to determine 
which equipment types perform better at different capacity levels. Since we use this to compare the 
equipment the choice of performance measure has little effect on the comparison.  

4.3 The Concept of Automated Handling 

Another steadily growing and increasingly important application in terminal handling revolves around 
the concept of automated operations. With increasing demand for accurate and fast intermodal 
solutions, automated handling at terminals is becoming an important aspect worth considering by 
terminals with the capability and willingness to automate handling.  “The majority of the innovative 
maritime technologies are based on special/dedicated vessel types, innovative quay-to-ship 
transhipment devices and aims at a high automation level” (Dr A. Ballsi; 2000).  

 
Automation is used here to refer mainly to the control mechanism of the handling equipments i.e. 
how much degree of attention the equipment or system demands from a human operator. An 
automated system will be autonomous with respect to the right container location, p(x,y,z), at the 
right time, t, within a given field of operation. Such a system usually receives an initiating command 
from a human operator (e.g. successful vessel berthing) and proceeds with subsequent operations 
with very little or no interference from the human operator until a terminating criterion or criteria is 
reached, Automated Guided Vehicles (AGVs) provides a classical example. The output depends very 
little on the operator as opposed to manually operated systems whose output depends to a greater 
extent on the operator. Different handling systems are automated to different extents. Proponent of 
automated handling argues that successful automation does not only boast performance but goes a 
long way to alleviate capacity constraints associated with manned operations e.g. the Delta Sea-Land 
Terminal at Rotterdam has invested in a fully integrated and automated system between ships and 
stacking areas with an expected performance of about 50 TEUs per hour, almost doubling the usual 
output of 15 to 35 TEUs per hour (P. Fourgeaud, Nov. 2000). 

 
The situation with SSS is difficult since different technologies developed independently must come 
into play. Often, there turn to be a need for more automation in handling systems competing among 
each other to reduce operational cost and time delay at terminals. Consequently depending on the 
extent of automation, we can categorise handling systems into various levels automated, semi-
automated, non-automated. However, to keep it simple and for the case study we have considered, 
we shall only consider automated and non-automated handling systems.  
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4.3.1 Automated Handling Equipments 
 
Systems output performance does not depend much on the operator. Some examples includes but 
not limited to; 

 
i. Automated Guided Vehicle Systems (AGVS). 

 
AGVs enable material movement across a wide variety of industries such as chemicals, hospitals, 
paper, food, pharmaceutical etc and are increasingly in use today by the maritime industries for 
transferring containers. Some AGVs move along a guide-path which can be modified easily. They are 
driverless, automatically controlled, capable of loading, transporting, and unloading without human 
intervention. The primary advantages of AGVs over manually operated vehicles are labour reduction 
and enhanced ability to route and track cargo (T. Higgins et al; February 1999). AGVs have been seen 
to be useful for horizontal material handling between AS/RS and ship cranes on one hand, and 
between AS/RS and truck and train docks on the other hand.  Figure 4-2 is a picture of a fleet of 
AGVs in operation at Terminal Altenwerder Hamburg. 

 

 
Figure 4-2 A fleet of fully Automated Guided Vehicles transporting containers from quayside to stack 
yard at Container-Terminal Altenwerder (CTA) in Hamburg, Germany. 

 
One main disadvantage with AGVs, is that it is difficult to attain high system safety when AGVs 
operate at high speed and are intermixed with pedestrians or, perhaps, non-automated vehicles adding 
to the initial high investment cost” (T. Higgins et al February 1999).  

 
ii. Automated Storage and Retrieval Multi-Storey Systems AS/RS in Container Terminals 

(Computainer). 
 

This is a storage system that uses fixed-path storage and a retrieval machine running on one or more 
rails between fixed arrays of storage racks. AS/RS can also interface directly with an AGV system, so 
as to reduce manual labour requirement. Though AS/RS systems have been widely used for 
warehousing operations cargo (T. Higgins et al; February 1999) they could be a major priority for 
ports with limited space due to their efficient space utilisation. They are used at the Hamburg CTA 
terminal. The technology is distinguished by shorter cycle times, automatic retrieval and reshuffling of 
containers in yard, efficient space utilization (reducing by 1/3 to 1/2), easy expandability and 
flexibility. B. Khoshnevis & A. Asef-Vaziri (December 2000) simulates the implementation of 
automated container terminals to analyze the impacts on in land transport.  
 

iii. Automated Crane Systems   
 
They are unmanned rail mounted stacking cranes which span a number of rows with containers. They 
can either be used for loading/unloading (quay cranes) or in the yard (yard cranes). An example is the 
Automated Stacking Cranes (ASCs) and some types of Rubber Tyred Gantry Cranes (RTGs). The 
ACSs systems are equipped with sensors such as cameras and machine vision systems. Several 
terminals make use of ASCs such as container terminal Altenwerder in Hamburg and Europe 
Combined Terminals in Rotterdam. The use of GPS technology also provides RTG with auto 
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travelling and auto steering capabilities. The figure (figure 4-3) below is the latest design by Shangai 
Zenhua Port Machinery (ZPMC) of RTG with GPS for automatic container management. Such 
systems are currently applied in the ports Hong Kong, Oman and Shanghai ports. 

 
Figure 4-3 RTG with GPS system in HIT, Hongkong. 

 
Most container gantry cranes can perform between 35 and 40 moves per hour whereas fully 
automatic systems (such as the Delta Sea-Land terminal Rotterdam), may go as high as 50 TEUs per 
hour (P. Fourgeaud, Nov. 2000). Paralleling sequential activities in other to reduce cycle times is the 
idea behind new crane technologies such as the dual hoist crane (T. Higgins et al; February 1999).  
 

iv. Krupp Fast Handling System. 
 

An automated system designed specifically for intermodal rail terminal but which can be adapted to 
marine terminals. Claims from the manufacturer18 regards the system’s handling capability as fast, 
(short waiting time for trucks), comparatively less space requirements with a high rack channelling 
device and a channelling vehicle.  

 
v. August Design Robotic Crane. 
 
A crane with a horizontal reach of about 140 feet and a vertical reach of 150 feet essentially made of 
SCARA robot (Selective Compliant Articulated/Assembly Robot Arm), rigid hoist and a 6 degree of 
freedom spreader bar. By using machine vision it is capable of automatically tracking the target, 
guiding the spreader into the appropriate position to pick up or place the container. Such a system 
will allow for telerobotic control by human operators in the control loop. The 140 foot long Robotic 
crane is estimated (according to the designers) to have a throughput of 75 containers per hour. 

4.3.2 Non-automated Handling Equipments 
 
These are equipments with output performance depending much on the operator. Some examples 
include; 
 
i. Mafis and Semi-trailers 

 
Mafis are wheeled metal platforms with simple mechanism and no engine (figure 4-4). The platforms 
are made with such a strong metal that heavy containers (2 TEU) can be placed on top and hooked 
up to a tractor (tugmaster) that can drive the container without any need for lifting. Such systems are 
economically cheap in terminals with sufficient land. Over a distance of about 400 meters and no 
congestion, a mafi can transfer one container in about 8 minutes reaching a performance of about 7 
to 8 moves an hour19. The low performance is associated to the time used to hook the mafi with the 
tractor. Semi-trailers are similar to mafis, except that they have rubber tyres instead of wheels and so 
can be hooked up to a road truck. 

                                                 
18 Krupp group, German: yhttp://www.thyssen.de/en/index.html last access 2006.11.05 
19 Operations management port of Karlshamn 
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Figure 4-4 Mafi Platform showing position for securing a tugmaster 

ii. Tugmaster 
 

A tugmaster is a type of yard vehicle in the form of a tractor used to operate passive equipments such 
as mafis or semi-trailers. The mafi or semi-trailer is secured to the tugmaster which can be used to 
tow the mafi and it payload on and off the ship for loading and unloading operations. It performance 
is therefore similar to that of the mafis described above. 

 
iii. Rubber-Tired Gantry-RTG  

 
A crane specifically used in moving, positioning and sometimes loading/unloading containers. They 
are mainly designed for accurate vertical displacements of containers within a given field.  If gantries 
are mounted so as to run on rails then they are referred to as rail mounted gantries (RMG). We have 
seen above that some of these cranes are automated, but most are manned. 

 
Figure 4-5 RMG crane source; Int. Equipments Exchange Inc. 

 
Non-automated RTGs have an average performance estimate of 28 moves per hour while RMG 
(figure 4-5 above) can perform at 32 moves per hour on average (P.A. Ioanou et al; October 2000) 
assuming both equipments are at the stack of interest with the chassis properly aligned. 

 
iv. Straddle Carriers (SCs) 

 
Manually driven rubber tired lifting units capable of picking and placing containers from stacks at a 
height of about 4-6 containers (standard ISO container size). SCs are usually manned equipment, 
which can be used at processes in the container terminal varying from quay to rail (Iris F.A. Vis; 
January 2006). A good example is the new Kalmar CSC Straddle Carrier (shown in figure 4-6). 

 

 
Figure 4-6 Kalmar CSC Straddle Carrier. Source Kalmar Industries website 
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If it is assumed that the SC is within a distance of 40 feet away from the container to be picked up, 
then it average performance could be estimated at 32 moves per hour (P.A. Ioanou et al; October 
2000). SCs are commonly found in terminals in the US. 

 
Kalmar has equally designed SHC Shuttle Carrier with the concept based on combining Shuttle 
Carriers with stacking cranes to better serve ship-to-shore cranes. This has resulted to the claim that 
when shuttle can replace terminal tractor & trailer combination in horizontal transportation the 
productivity of both ship-to-shore cranes and reach stacker is increased by 20-30% when waiting time 
is reduced between machines in the terminal20. 

 
v. Conventional Yard Cranes (e.g. Contchamp) 

 
Conventional mobile crane operators service and operate booms that are mounted on wheeled 
frames as well as travelling, fixed or climbing type hoisting equipment with a vertical tower. Some 
examples are the rope-towed trolley (RTT), contchamp etc. The rope-towed RTG has been the 
traditional design of dock cranes. However, in Europe, the machinery-on-trolley (MOT) design has 
been widely in use (T. Higgins et al; February 1999).  

 
Improvements to the MOT crane by the American President Lines (APL) enables a reduction in cost 
of maintenance (30%), with an average performance of 25 moves per hour at a speed of 800 feet per 
minute compared to the RTT speed of 600 feet per minute (Bhimani & Hoite; 1998). 

 
vi. Container Handling Forklifts 

 
Forklifts are used in container lifting operations in yards, such as loading, unloading or relocation. 
Examples include KALMAR fork lift series (e.g FANTUZZI CS75). Figure 4-7, shown below is a 
photo showing the side view of a container forklift lifting a container. 
 

 
Figure 4-7 Side view FLT's lifting a container, Source Kalmar Industries website 

 
Some forklift such as PPM-TEREX TFC45h designed by Kalmer can lift as much as 45 tons. Their 
performance in terms of number of containers lifted can vary from 15 to 25 TEU per hour21.                         

 
Several types of handling systems do exist especially as tailor made for particular terminals. It is 
therefore difficult to find a suitable frame that classifies handling systems into various categories. We 
have simply considered the most common but yet highly useful equipments in terminals. One 
interesting aspects resulting from the above review is that there is no cut and dry method that can be 
used to estimate performance. Several mathematical equations and probabilities have been used to 
attempt to estimate performance. Usually attention is given to the performance of the entire terminal 
without much attention for the individual equipments or the different combinations that may 
perform better than others. Most equipments are design with focus on minimising time, hence 
performance given as number of moves per hour. We shall therefore consider the issue about 
different combinations of handling equipments in an optimization model. 

                                                 
20 http://www.kalmarined.com/show.php?id=673 last access 2006.12.15 
21 Operations management port of Karlshamn 
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Chapter 5 
 
 
 
 

5 Karlshamn-Klaipeda Case Study 
 
In this section we present a brief introduction to the main elements of the case study. We have considered a system 
approach for understanding the different elements of the system and how they interrelate. Section 5.1 introduces the entire 
system, 5.2 describe the port of Karlshamn, 5.3 describe the port of Klaipeda and in 5.4, a description of the marine leg 
between the two ports is presented. 
 

5.1 The Case Study 

We aim at developing a decision support tool that addresses a real life practical decision problem 
(selecting handling equipments) in the context of a case study, ports of Karlshamn and Klaipeda 
which is part of the East West Transport Corridor Research Project. The diverse physical scope of 
the problem made it necessary to consider a system approach in addressing the case study. The 
system approach provides a global rather than local view of the entire problem so as to concentrate 
on the structures and patterns of events rather than the events themselves (G. Ossimitz, 1990). Our 
interest mainly was on unitised cargo transported between the Port of Karlshamn (Sweden) and the 
Port of Klaipeda (Lithuania) (figure 5-1). For the interest of our study, we have focused on the 
transport link between the port of Karlshamn and Klaipeda. There is also traffic flows between the 
port of Karlshamn and other ports such as Ventspils in Latvia, Kaliningrad in Russia, Århus in 
Denmark etc. Among other things the two ports actively engage in passenger traffic, rendering cruise 
services, dry bulk transportation (timber, fertilizers, gravel etc), liquid bulk transportation (mainly 
hydrocarbon products) and unitised cargo (trailers and containers).  

 

 
Figure 5-1 Karlshamn-Klaipeda link over the Baltic Sea 

 
By 2003, the growth in trailer volumes has gone well over 19,000 TEU per year between Karlshamn 
and Klaipeda. With an estimated growth rate of 8%, it is expected that this will be more than 50.000 
TEU per year by 201522. Transportation between the Ports of Karlshamn & Klaipeda is operated 
mainly by DFDS Tor Line AB. Both ports are at the point of considering investments to gain an 
attractive market position with the port of Karlshamn planning activities to facilitate full intermodal 
services while the port of Klaipeda has taken a three face investment approach, to upgrade existing 

                                                 
22 Baltic Gateway Quick Start Programme Promoting Maritime Related Intermodal Transport in the South Baltic Sea Area, June 2006 
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infrastructure, improve hinterland connections and develop it deep sea port area west of the city 
centre23. 
 
Due to differences in policies and economic structure, the cost parameters and charges for the two 
ports varies significantly. This makes the internal dynamics that depends on these parameters rather 
complex to model as a single system. Such complexity makes it necessary to identify the key elements 
for modelling especially since a system approach allows for consideration of key system models from 
the view point of radical constructivism (Grassfield; 1995). Thus it was thought necessary to consider 
the subsystems consisting of, Port of Karlshamn (Sweden), Port of Klaipeda (Lithuania) and the 
marine leg (Baltic Sea) through which traffic flows between the two ports is transmitted. 
 
 

5.2       Port of Karlshamn – Sweden 

Sweden has a foreign domestic traffic of approximately 152 million tons as at 2005 (SCB, 2005), and 
hence constitutes one of the backbone economic forces within the Baltic region. The port of 
Karlshamn is one among the top five ports in Sweden and situated in the South Eastern part of the 
country. 

5.2.1 General Description 
 
The port of Karlshamn, owned 100% by the Karlshamn municipality, with an annual turn over of 
about 5 million tons as at 200524, average growth rate of about 20% to 30%, has a strategic location 
at the centre of a fast industrialising South Eastern part of Sweden with easy access to the rest of the 
Baltic States. The availability of infrastructures such as harbour area (over 3Km in length), deep water 
channels (about 14m depth), road (E22) and rail connections, proximity to the city centre and the 
absence of icebergs round the year add to this strategic location to give the port a unique potential to 
connect Sweden with most of the Baltic States.  

 
With the present need to facilitate sustainable business, intermodal transport, stake holder 
cooperation etc, along the East-West transport haul (East West Transport Corridor)25, the potential 
of the port of Karlshamn to handle its own share of the expected to double traffic volumes in Europe 
by 202026, is not to be doubted. The growth in RoRo container traffic (figure 5-2) from a timidly low 
value of about 16500 in 2001, witnessing a triple score of about 45000 as at 2005, is a strong positive 
indicator of the potential of the port of Karlshamn to handle unitised cargo. The overall rapid growth 
rate is supported by the port’s placement position within Sweden in cargo turn over, moving from the 
7th position in 2004 to the 5th position in 2005.27

                                                 
23 Baltic Gateway Quick Start Programme Promoting Maritime Related Intermodal Transport in the South Baltic Sea Area, June 2006 
24 Port Of Karlshamn Web site; http://www.karlshamnshamn.se/eng/boardofdirectors.html last access 2006-11-09
25 East West Transport Corridor Project, site http://www.eastwesttc.org/websites/eastwest/sd_page/23/1/index.php? last access 2006-11-09 
26 Eurostat; 2006 http://epp.eurostat.ec.europa.eu last access 2006-11-09 
27 Karlshamn Hamn Årsredovisning 2005 
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Figure 5-2 Growth in RoRo container traffic for the port of Karlshamn 2001 to 2005 
Source Årsredovisning Karlshamn Hamn 2005 

 
With a vision of achieving it previewed goal as the Baltic logistic centre by 201528, there is a necessity 
for the port of Karlshamn to have a clear picture of it handling capabilities. One way to achieve such 
a view is to develop and deploy IT tools capable of supporting the analysis and decision making 
about different handling requirements in the phase of increasing cargo capacity. 

5.2.2 Infrastructure and Port Equipment 
 
The port of Karlshamn is established on a total of six harbour area (amounting up to 3 Km quays and 
750 000 Sq. m) with less congested connections to rail and road. There are available ice breaking tugs 
to ensure secured navigation channels into the port while access to the port is ice-free all year round. 
The port is equipped with facilities for both general and unitised cargo. Unitised cargo is handled 
both as containers and semi trailers. Four harbours specialised in handling unitised cargo and are 
equipped with facilities as shown on the table below (table 5-1); 

 
Equipment Number 
Crane 3 (2x35t & 1x20t) 
Tug master 8  
Container Spreaders 2 (20’, 40’-42’) 
Forklifts 3 (42t) 
Terminal Trailers 3 (25t, 40t & 130t) 
Ramps 2 (width 24m & 6 m) 

Table 5-1 some handling equipments in the port of Karlshanm 
source; Karlshamn Hamn home http://www.karlshamnshamn.se 

 
Other supporting facilities includes pilot station, stuffing/stripping and storage of consolidated cargo, 
refrigerated warehouses, customs warehouse, local trucking companies that handle trailers, truck 
repair and maintenance, scaling and cargo inspection.   

5.3   Port of Klaipeda – Lithuania 

With the collapse of the Soviet Union, came the ultimate independence of Lithuania (September 
1991) along with other Baltic states (Latvia, Estonia) and subsequent joining of the EU (May 2004). 
This rapid political restructuring has opened the doors for new business opportunities within and 
between the Baltic States and the rest of Europe, with a remarkable influence on the movement of 

                                                 
28 Karlshamn Hamn Årsredovisning 2005 
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cargo. Lithuania has witnessed a steady economic growth rate in the recent years from 7.3% in 2004 
to about 8.4% in 200629, with transport constituting one of the main economic backbones. 

5.3.1 General Description 
 
The port of Klaipeda is the largest port in Lithuania and has an annual port cargo handling capacity 
of over 21.8 million tons at the end of 200530 which amounted up to 23.5 million tons during the 
third quarter of 2006. Figure 5-3 shows the growth of container cargo volume in the port of Klaipeda 
from 1997 to 2006. The port of Klaipeda is owned and managed by the Klaipeda State Seaport 
Authority, and thus the state government plays a key role in shaping regulatory policies.   
 

 
Figure 5-3 Container growth, port of Klaipeda 1997-2006 
Source http://www.portofklaipeda.lt/en.php 

 
While the growth in container freight can be seen as successful in Klaipedia, attaining more than 47% 
by 200431 it has witnessed a decline during the first half of 2006, partly as a result of stiff increase in 
competition among the East Baltic ports and partly due to the emergence of new players in the 
container handling market32. If nothing is done such fierce competition will remain a threat to 
container growth for the port of Klaipeda especially as most ports are looking to upgrade, and 
improve their services. The situation becomes even more complex with rising freight volumes. One 
way to go about such problems is to optimise resource usage and deployment, to help reduce 
unnecessary expenses and improve service quality.  

5.3.2 Infrastructure and Equipments 
 

The port of Klaipeda occupies a land mass of about 415 hectares with port waters covering some 623 
hectares. Other infrastructures includes warehousing facilities (both open air and cold storage), berths 
occupying 19.216m and a maximum allowed draught of 13.5m. The potential of the port to offer a 
spectrum of services from stevedoring, ship building and repairs, handling of unitised cargo, break 
and dry bulk makes it a multipurpose sea port. About some 1832 000 of cargo handled in the port 
during 2003 was with Sweden accounting for 8.6% of the total cargo handled with foreign countries. 
Unitised cargo is handled in the form of containers and RoRo units (trailers). A significant share of 
the RoRo units traffic flow is with the port of Karlshamn and is on a steady rise reaching 49 000 units 
in the third quarter of 2006 as against 53490 units in 200533 showing more than a 20% growth.  
                                                 
29 Department of Statistics to the Government of the Republic of Lithuania; Change of GDP 2002-2006 
30 Report; Activity of Klaipeda and Neighbouring Ports in 2005 (http://www.portofklaipeda.lt/) 
31 The statement was made in a Seminar of ministers of Transport and the World Bank by Mr. Alminas Maciulis, State Secretary of the 
Lithuanian MoTC. 
32 Report; Cargo Turn over for the port of Klaipedia for the first half of the year 2006 (http://www.portofklaipeda.lt/) 
33 Report; Cargo Turn over for the port of Klaipedia for the first half of the year 2006 (http://www.portofklaipeda.lt/) 
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Two terminals, each with 2 container berths are involved in handling container/RoRo cargo units, 
namely Klaipedos Konteineriu Terminalas, Klasco Terminal and Smelte Container Terminal, but for 
our interest we focus on the Klaipedos Terminalas used by DFDS Tor Lines, which is involved in 
traffic flows with port of Karlshamn. Some of the equipment used for cargo handling in this terminal 
are shown on the table (Table 5-2) below: 
 

Equipment Number 
Quay Crane 2 kirovek (32t, 10t) 
Mobile Crane 1 Leibherr (64t) 
Reachstaker 1 Kalmar (45t) 
Front ended handlers 2 Kalmar (42t) 
Yard tracktors 7 Terberg 
Yard Trailers 11 MAFI (40ft) 
Chassis 5 (40ft) 

Table 5-2 some handling equipments used in the port of Klaipeda 
Source; Containerisation International Yearbook 2006 

5.4 Marine Leg Karlshamn-Klaipeda 

For a ship with an average speed of 18 Knots, it takes approximately 15 hours to cover the 223 sea 
miles distance, from the port of Karlshamn to the port of Klaipeda and vice versa, thus completing 
one round trip every 48 hours.  Presently, a minimum of two ships (LISCO Patrias & Kaunas) owned 
and operated by AB DFDS LISCO34 offers RoPax services between Karlshamn and Klaipeda. The 
two ships are scheduled such that one ship makes a call at the port of Karlshamn while the other calls 
at the port of Klaipeda almost daily.  

 
Several reasons accounts for the importance of the Karlshamn Klaipeda shipping link: 

• Connects Sweden and the Baltic States 
• Meet the EU SSS goals 
• Connect several old important transport routes, such as Corridor IX running south from 

Klaipeda to the Black Sea and Iran and also the Trans Siberian Corridor running East via 
Moscow towards India and China.  

• The link connects to a strategic SSS network over the Baltic that offers a considerable 
potential suitable enough to support effective trade within the Baltic States and Europe.  

• The link can be regarded as part of the most active waterways across the Baltic given that it is 
cutting across high traffic shipping links connecting Russia with other European countries 
such as Holland, Germany and Denmark etc.  

 
The figure below (figure 5-4) gives a sample of shipping traffic network over the Baltic Sea of which 
Karlshamn Klaipeda is a part.  

 

                                                                                                                                                         
 
34 DFDS LISCO is a subsidiary of DFDS Tor Lines which offer shipping services in several other European countries, Germany, UK, Denmark, Holland etc. DFDS 
LISCO is the owner of 7 ships and 4 multipurpose vessels. 
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Figure 5-4 Ships traffic over the Baltic Sea and the Karlshamn Klaipeda East West Shipping Network 
Source AIS-Website Skåne/Blekinge  

 
The steady growth in traffic (figure 5-5) and passengers making use of these services makes it 
necessary to consider either the need for an increased number of vessels, or increased vessel capacity 
or both. In addition, there is a need to consider alternative form of shipping, such as a LoLo choice 
(due to it high capacity) which is not presently used within this link.  
 

 
Figure 5-5 Forecast of freight growth units in the Karlshamn-Klaipeda link  
Source, Motorways of the Sea Karlshamn-Klaipeda 
 
The strategic decision is not obvious since several factors, (such as handling requirements) must be 
taken into consideration, especially with respect to the economic and environmental benefits for the 
chosen system. Even more difficult is the fact that market dynamics are continuously changing within 
very small time windows but the decision to build and deploy a vessel in water can take as much as 
two years to materialise. In addition to all these the construction of port terminals including 
infrastructure, dredging and building etc takes about ten years. These calls for a careful pre-analysis to 
support strategic decision that merit the attention of a computer decision support tool to compensate 
for our limited analytical skills. 
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Chapter 6 
 
 
 
 

6 Model Development  
 
In the following section we present a description of some mathematical modelling approaches for optimization, and the 
proposed Integer Linear Programming (ILP) Optimization model for unitised cargo terminals, which can be built into a 
DSS. The entire model (implemented as sub models, yard model, terminal discharge model etc), consists of the 
fundamental assumptions, parameters decision variables, one objective function and constraints. 
 

6.1 Mathematical Modelling Techniques 

Several classes of mathematical formulations can be (and have been) used for developing 
optimization models. The choice of the formulation depends on the domain of the problem and the 
possibility of solving the problem using an optimization method (i.e. an algorithm). It depends on 
characteristics of the domain, such as, purpose (strategic or operational decision making) available 
time for performing the analysis, required accuracy. The success of mathematical models in handling 
complex industrial production plans, route scheduling problems, air plane scheduling etc is not to be 
doubted with increasing computational capabilities and development of new algorithms. Because of 
the variation in problem domains, researchers have developed different classes of mathematical 
modelling approaches. Some of these are: 
 
i. Non Linear Programming (NLP) Models 

 
Mathematical models involving either a non linear objective function and/or non-linear constraint(s) 
are regarded as non-linear models. Several problem domains can be modelled using NLP, but only a 
few of these can realistically be solved due to problems associated to non linearity (especially the 
exhibition of local optima solutions). Researchers have developed several heuristic approaches (e.g. 
Newton based methods, gradient search etc) to handle specific problem domains with no guarantee 
of optimality.  
 
ii. Linear Programming (LP) Models 

 
LP models, as first mathematical applications developed, have been used in formulating and solving a 
variety of business problems such as production planning, lot sizing etc. Though such formulations 
have been regarded as “an art” with respect to the problem domain, the availability of appropriate 
computer software packages, greatly improves the ease of solving once successfully formulated (M. 
Wisnieswski, 2001). With today’s computational capabilities and access to efficient algorithms, any 
well formulated real world LP problem is solvable and guarantees optimality (M. Wisnieswski, 2001). 
This makes LPs suitable in some areas where NLP are difficult to handle. A good example of a 
successful application of LP models is in managing operations in the Santos Sea Port in Brazil, in 
which an LP model was designed to handle labour and equipment requirements, scheduling of 
operations for cargo handling and forecasting of peak demand periods to determine additional labour 
requirement. In addition to serving the port hundred of thousands of dollars, the model made it easy 
for the port of Santos to carryout ‘what if’ analysis.  
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iii. Integer Linear Program (ILP) Models 
 

A specific variant of LP models with an added requirement that all variables are binaries or/and 
integers. For a problem domain where decisions have a Boolean character e.g. invest in equipment or 
not, ILP models have presented a suitable modelling approach. For large problem sizes ILP 
exhaustive search is computationally expensive due to the large search space. An alternative to reduce 
the search space is by use of heuristics algorithms but heuristics does not guarantee optimality and 
practically may not be faster than ILPs. However a number of advantages in using ILP models are in 
relation to their ease of generalisation, flexibility in representing different types of constraints, and 
guarantees an optimal solution if well formulated.  
 

iv. Mixed Integer Linear Programs (MILP) Models 
 

The nature of some problem domains is in such a way that requires the use of both LP and ILP e.g. 
modelling the number of workers required in a refinery together with the quantities of different 
products to be produced. In such domains MILP can be useful. Often MILPs have run times 
growing exponential to the number of variables and constraints that make them difficult to handle. 
Optimality is not guaranteed since they often make use of heuristics. 
 
v. Software Package: AMPL/CPLX 

 
Generally, commercial packages are build using two main approaches, algorithmic codes (using 
algorithms e.g. SIMPLEX) and modelling systems enabling model building. As at now, a large 
number of commercial packages for building optimization models exist. Most modelling systems 
support a variety of algorithmic codes, while the more popular codes can be used with many different 
modelling systems.  
 
Some examples of modelling systems include AMPL, AIMMS, EZMod etc.  AMPL is a modelling 
language for linear and nonlinear optimization problems, in continuous or discrete variables35. It 
supports the use of common notation to formulate optimization models and examine solutions. 
AIMMS means Advanced Interactive Mathematical Modelling Software and a modelling system that 
supports interactive modelling. From the commercial perspective manufacturers claims that the 
software has a high ability to execute but relatively expensive when compared to AMPL36.  EZMod 
has been developed purposely to support the building of optimization models for DSS37.  
 
CPLEX is one example of an algorithmic code build using C++ programming language. It can handle 
linear programs using the simplex algorithms (primal, dual or network simplex). CPLEX uses a 
branch and bound strategy in which the bounds on optimal objective values are tightened by adding 
constraints until a global optimal solution is reached. As a result of it branch and bound capabilities, 
CPLEX can solve ILPs with about 13 million variables and constraints within 5 minutes on a 
P3 800MHz38. CPLEX can be used as a stand alone system or connected to a modelling system such 
as AMPL. Typical application areas include large models in refining, manufacturing, banking, finance, 
transportation, logistics and academic research. For more about different types of solvers see NEOS 
online guide39. 
 
While it is difficult to judge the suitability of commercial software packages from the manufacturer’s 
perspective, any of the above can be used to model the domain investigated in this thesis. However 
due the high cost involved in purchasing the licences to try different options we had to consider 
AMPL, first because it is available as student version and also because of ease of modelling problems 

                                                 
35 AMPL at www.ampl.com last access 2007-01-22 
36 AIMMS at http://www.aimms.com/aimms/index.cgi last access 2007-01-22 
37 EZMod at http://www.modellium.com/English/eng/Ezmod.htm last access 2007-01-22 
38 http://l2r.cs.uiuc.edu/~cogcomp/LX/CoNLL04.ppt#256,1,A Linear Programming 
39 NEOS online guide http://www-fp.mcs.anl.gov/otc/Guide/SoftwareGuide/Categories/linearprog.html last access 2007-01-22 
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of the type addressed in this thesis. Modelling the variation in number of equipments with demand 
levels, cost and other restrictions generally exhibit a linear character. Though problems formulated as 
ILP are generally hard, the most “accurate” model to represent the problem studied in this thesis is 
certainly an integer non-linear programming model. This class however is regarded as a rather 
difficult problem class to solve. Often ILP or MILP are used as approximations. Therefore an ILP 
model is practically suitable to handle problem domains characterised by several constraints and 
Boolean decisions e.g. invest in equipment or not. With ILP constraints and variables as the ones 
investigated in this thesis can properly be formulated using commercial software packages such as 
AMPL and solved using CPLEX algorithmic code since AMPL offers an interactive command 
environment for modelling that allows prototyping and interaction with solvers.  

6.2 Integer Linear Programming Optimization Model (ILP) for 
Port Terminals 

With a given demand of inbound/outbound TEU volume at a container terminal several decisions 
regarding different equipments needs to be considered. These decisions are interconnected and in 
most cases decisions about given equipment usually has a direct or indirect influence on decisions 
about other equipments. One of the very early decisions is the vessel choice with respect to the type 
and capacity appropriate for transportation. Once the appropriate vessel or vessels have been chosen, 
it then becomes necessary to provide complementary facilities at the port of call that can service the 
vessel upon arrival. Thus a given choice of vessel will influence a decision on berth usage in case the 
vessel is a LoLo and ramp in case the vessel is RoRo or RoPax.  

 
For the chosen berth(s), the appropriate type and number of quay cranes will be selected. Quay 
cranes will need yard vehicles to move the containers, thus a decision about quay cranes will have an 
influence on the decision about yard vehicles. Yard vehicles will require yard or mobile cranes to off 
load the containers, thus selecting yard vehicles enforces the decision about yard cranes and the 
whole process can be followed way down the handling chain until the cargo units are loaded into the 
truck for outbound transport or onto the ships in case it is inbound. In an optimization model we 
combine all the different restrictions about the entire system and seek for non-conflicting optimal 
decisions values. Figure 6-1 is our proposed simple generic ILP model represented as a tree.  The 
entire process has been simplified to enable model clarity given that there are a multitude of 
constraints which must be satisfied before a solution can be obtained. 
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Figure 6-1 Simple generic ILP Model represented as a tree 

 
The generic model as shown above can possibly be applied to most port terminals since the main 
handling systems for SSS are either RoRo/RoPax or LoLo services and handling operations are 
roughly in the same order, except for some cases that employ use of special purpose tools e.g. in 
automated terminals using RS/AS system. The tree can be expanded to incorporate a wide range of 
terminal equipments. However, the parameters under which the equipments selection is optimized 
can vary greatly from one port to another, likewise the constraints governing operations.  

 

6.3 Model Description 

Optimization models represent problem choices as decision variables and seek values that maximise 
or minimise objective function of the decision subject to constraints on variable values expressing the 
limits on possible decision choices (L. Radin 2000). If such a model can be described using a linear 
objective function together with linear constraints then it is termed a linear program. If in addition all 
decision variables are discrete (binary or integers), then the model is referred to as an integer linear 
program. Nearly all optimization models are based on some assumption justifiable enough to 
represent a good approximation of physical reality. The validity of the optimal solution will depend 
on how well or to what extent the assumptions hold. 

6.3.1 ILP Fundamental Assumptions 
 
i. Static Parameters; All parameters used in the ILP model are assumed static and deterministic with 

respect to different capacity changes and also with respect to time.  
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ii. Demand; In particular, we assume that the demand (in TEU), for which equipments are needed is 
deterministic. Our goal is to select suitable equipments on a strategic base, that can handle a given 
demand volume (TEU). 

iii. Loading/Unloading; We assume both processes of loading and unloading to be the same, practically, 
the handling of loading and unloading of cargo slightly differs. The reason is because our interest is 
on capacity issues which demand the same handling equipments both in loading and unloading. 

iv. Equipment Performance; The average performance of each equipment has been estimated based on 
three factors, namely the distance to which the equipment has to move when in operation, the load 
carrying capacity of the equipment, and the preferred total number of hours the terminal operate. 
Where the terminal has a 24 hour operation in a day, the equipment is regarded to perform at it 
maximum output. 

v. Yard Capacity; We assume the total area of yard allocated for stacking inventories can be calculated 
vi. Time Window t; While the model time window can be adjusted, we assume that for SSS operations it 

is necessary to consider small time windows (e.g. 48 hours) for handling. 
vii. TEU Calculation; Vessel’s carrying capacity has been considered in TEU units, and each trailer has 

been converted to TEU equivalent (in this case 2 TEU). 
viii. Full Load and Half Load; Since it is difficult to consider any load utilisation of a ship in the model we 

chose to consider 50% and 100% utilisation levels. 
ix. Distance travelled by yard equipments in yard; we assume that all yard equipments used to transport 

containers travels approximately the same distance in estimating their performance. 

6.3.2 Decision Variables 
 
At a given value of TEU demand D, we decide on the optimal values of the following: 

 Type and number of equipments to use at terminal e.g. Quay cranes, Yard cranes, 
Fork lifts, Yard Vehicles etc 

 Type, number and load utilisation of vessel (ship) to use for transportation e.g. 
RoRo/RoPax ships, LoLo ships etc 

 Number of trucks to use for outbound TEU 
 Number of train blocks 
 Number of berths and ramps to use 
 Number of yard blocks required to line and/or stack containers 

 

6.3.3 Objective 
 
Our objectives include the following; 

 Minimise the total cost incurred as a result of the different choices of equipments 
needed, by selecting the most cost effective system. 

 Minimise cost of transport from both shipper and terminal perspective by suggesting 
vessel choice that incur minimal cost at terminal e.g. an all RoRo solution, or all LoLo 
solution or a combination both.  

 
Hence summing all these together we get: 
 

Minimize Z = handling cost + transport cost 
Where we suggest considering; 
Handling cost = fuel cost + administrative cost + insurance cost + labour cost + 
Transport cost = fuel cost + berth cost or ramp cost + insurance cost + consumables + 
Several other parameters can be included to the above. 
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6.3.4 Constraints  
 

I.  Demand; All TEU demand should be satisfied by the chosen transport 
II.  Demand Equipments; All TEU demand should be satisfied by the chosen set of handling 

equipments 
III.  Demand Trucks and Train; Based on TEU demand, there should be sufficient truck and train 

capacity to serve the terminal 
IV.  Quay Cranes per Vessel; There is a limit to the number of quay cranes that can service each LoLo 

vessel at a time and no quay crane is used to handle cargo transported in a RoRo vessel. 
V.  Accompanied RoRo Trailers; If TEU volume is accompanied, handling equipments are not used. 

VI. Ships per berth; There is a limited number of ships using one berth at the same time 
VII. Ships per ramp; There is a limited number of ships using one ramp at the same time 

VIII. Yard Vehicles per Quay crane; There is a limit to the number of yard vehicles that can be served at 
the same time by each Quay crane 

IX. Yard Vehicles per RoRo; There is a limit to the number of yard vehicles that can serve a RoRo 
vessel at the same time. 

X. Yard Vehicles per Yard crane; Only a certain number of yard vehicles are allowed to serve a yard 
crane at the same time. 

XI. Trucks per loading equipments; loading equipments such as yard crane can only process a certain 
number of trucks at a time. 

XII. Train per loading equipments; The number of loading equipment processing each train blocks at a 
time is limited due to congestion.  

XIII. .Non-stacking equipments per container block; in using equipments to lay container blocks, only a 
certain number of equipments can be selected for use in one block at the same time. 

XIV. Stacking equipments per container block; in selecting equipments to stack containers, only a certain 
number of equipments can be selected for use in one stack at the same time. 

XV. Blocks allocated to containers; If yard is not full, then unaccompanied containers and those not 
transported by truck and train has to be aligned in blocks. 

XVI. Stack Blocks allocated to containers; If yard is full, then unaccompanied containers and those not 
transported by truck and train has to be stacked in blocks. 

XVII. Container blocks limited by yard: The number of container blocks lined in yard depends on the 
allocated yard area 

XVIII. Usage of equipments; If equipment is used a fixed cost is incurred 
XIX. Usage of facilities; if berth or ramp is used then a fixed cost is incurred. 

 
Since the model is complex, it was studied more as sub models consisting of terminal model (main 
model), yard model (for yard utilisation), and yard discharge model (for intermodality) all build into a 
single model shown above.  

6.4 ILP Mathematical Formulation  

We consider the sets represented by the following; 
Set I represents the set of all handling equipments used in the terminal. 
Set QC I⊂ represents the set of quay cranes used in processing ships. 
Set YC I⊂ represents the set of all yard cranes used in terminal.  
Set L I⊂ represents the set of all loading equipments used in terminal. 
Set M I⊂ represents the set of all terminal equipments used in stacking containers 
Set P I⊂ represents the set of all terminal equipments used in laying blocks, no stacks  
Set YV I⊂ represents the set of all yard vehicles used in terminal 
Set J represents the set of all vessels or ships used for transport  
Set LOLO  represents ships used in transportation that are only LoLo J⊂
Set RORO  represents ships used in transportation that are only RoRo J⊂
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For each given equipment Ii∈ , we consider parameters represented by 
• : Costs of equipment iCE Ii∈  based on; fuel consumed, labour, fixed cost 

(administration, energy, etc), insurance, repair and maintenance etc., all within a 
given time window (e.g. 24 hours). 

• Avi := (TEU moves per hour) *( Time Window) for equipment i     Ii∈
• fi  := fixed cost incurred in using equipment i, Ii∈  

 
For each vessel j ∈  J we consider parameters represented by 

• : Costs of vessel j jCV ∈  J based on crew costs, consumables, port dues, cost of 
fuel, repair and maintenance, insurance etc within a given operation. 

• Asj :=  average TEU capacity for vessel j, Jj∈  
• fj := fixed cost incurred in using vessel j, Jj∈  

 
We further consider the following parameters; 

• D := TEU demand   
• Time Window := the length of time in hours to complete handling 
• AT := ratio of accompanied TEU volume in RoRo vessel                                                         
• B Bmax := number of vessels per berth for the time period 
• Rmax := number of vessels per ramp for the time period 
• VQmax := number of quay cranes that can load/unload each vessel at a  time 
• QVmax := number of yard vehicles a quay crane can load/unload at a  time 
• RVmax := number of yard vehicles per RoRo vessel 
• YVmax := number of yard vehicles per yard crane 
• RT := number of trucks allocated to loading equipment at the same time 
• RN := number of train allocated to loading equipment at the same time 
• TC := average truck capacity 
• NC := average capacity for each  train block 
• EG := allowed number of equipments per container block, no stacks 
• ES := allowed  number of equipments per container block with stacks 
• CY := container yard allocated to lining and stacking containers 
• CA := area occupied by one container block 
• Z := number of containers in one block lined in time t 
• ε := 0.0001, a small number to minimise number of trucks and train  
• M := arbitrarily large number (e.g. 1000000), to control binaries 
 

The following variables are used in the model (i.e. determined by optimization):  
0 ≤  Yj integer, vessels or ships, Jj∈  
0 ≤  Xi integer, terminal handling equipments Ii∈  
0 ≤  R integer, number of ramps 
0 ≤  B integer, number of berths 
0 ≤  K integer, number of trucks required 
0 ≤  N integer, number of train blocks required 
0 ≤  G integer, container blocks on yard, no stacks 
0 ≤  S integer, stacked container blocks on yard 
0 ≤  binary, is 1 when transport YjBr j is used and zero otherwise,  ROROJj :∈

0≤  binary, is 1 when transport YjBl j is used and zero otherwise,  LOLOJj :∈

0 ≤  binary is 1 when equipment XiBe i is used and zero otherwise,  Ii∈
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Minimize (ILP)  
 

Z=∑      +
∈Jj

YCV jj * ∑
∈Ii

XCE ii * + i
Ii

Be*fi∑
∈

+ j
ROROj

j Br∑
∈

*f      + j
LOLOj

j Bl∑
∈

*f    + )( NK +ε         

 
Subject to the following constraints; 

i. Demand transport                   D  * ≥∑
∈Jj

jj YAs  

ii. Demand Equipments:           ∑
∈Ii

ii XAv *    D ≥

iii. Demand Trucks and Train:            K + N  ≥  (D - (1-AT)* )     ∑
∈ROROj

jj Y*As

iv. Quay crane per vessel :               VQmax*  jY ≤ ∑
∈QCi

iX ,                LOLOJj :∈

v.   Accompanied RoRo Trailers i
YVi

i XAv *∑
∈

   (1-AT)*  ≥ ∑
∈ROROj

jj Y*As

vi. Ships per berth:                         ∑
∈LOLOj

jY  ≤  Bmax*B 

vii. Ships per Ramp:                            ∑
∈ROROj

jY ≤  Rmax*R 

viii. Yard Vehicles per Quay crane:    QVmax* jX ≤ ∑
∈YVi

iX ,  QCj∈

ix. Yard Vehicles per RoRo:              RVmax * jY ≤ ∑
∈YVi

iX ,                            ROROj∈

x.  Yard vehicles per yard cranes     YVmax * jX ≤ ∑
∈YVi

iX ,  YCj∈

xi. Trucks per loading equipments:      RT*  iX ≤   K ,     Li∈    

xii. Train per loading equipment :        RN*  iX ≤   N,            Li∈
xiii. Non-stacking equipments per container block : EG*G ≤    ∑

∈Pi
iX

xiv. Stacking equipment per container block:             ES*S ≤   ∑
∈Mi

iX

xv.  Blocks allocated to containers :         G*Z ≥  (D - (1-AT)* )    ∑
∈RoRoj

jj Y*As

xvi. Stack Blocks allocated to containers;  S *Z ≥  (D - (1-AT)* )  ∑
∈RoRoj

jj Y*As

xvii. Container blocks limited by yard;       G*CA ≤  CY         
xviii. Usage of equipments:                       iX ≤  M* ,            iBe Ii∈
xix. Usage of ship’s facilities:   

A. Control cost of ramp:           jY ≤  M*  ,             jBr ROROj∈
B. Control cost of berth:           jY ≤  M*  ,           jBl LOLOj∈
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Chapter 7 
 
 
 
 

7 Results and Analysis 
 
In this chapter we present results of modelling the process of selecting handling equipments in a unitised cargo terminal. 
The modelling process culminated to the ILP model described in the previous chapter. The ILP model is then coded 
using the AMPL modelling language and solved with CPLEX solver. First we discuss the input data, how the ILP 
model was configured for the case study and the output results obtained based on this configuration. An analysis of these 
results is then presented. 
 

7.1 ILP Input Data  

In making a decision on the choice of handling equipments to invest on or to deploy for an 
operation, one key issue to consider is how much TEU capacity there is to be handled. We assume as 
said earlier that the TEU demand is known in advance. Based on this capacity, it is important, that 
handling is completed within a time window that will meet customer demands. We have considered a 
48 hour maximum for the time window because one trip for our case study (Karlshamn-Klaipeda-
Karlshamn) is completed within 48 hours. This time window is then used by the ILP model to 
calculate the average capacity output and some cost parameters (e.g. fuel, labour etc) for each 
handling equipment. Handling equipments could vary greatly in terms of restrictions laid on 
operations and operational cost incurred. We consider the case for the most common and yet highly 
useful equipments such as quay cranes, fork lifts, yard vehicles, yard cranes, tugmasters etc. 

7.2 ILP Model Configuration   

To configure the model to suit the case study for the thesis, interviews and discussions were 
conducted with some representatives of the port of Karlshamn and port of Klaipeda with expert 
knowledge on unitised cargo handling. Thus we configure our model based on information obtained 
from these interviews.  
i. Incremental increase in demand of 100TEU for each scenario  
ii. An average distance of 400m from container location to destination is considered in estimating the 

performance values for transfer equipments (yard vehicles). 
iii. More than half of the inbound/outbound TEU capacity is considered to be handled by truck and 

train at variable ratios, in an intermodal operation. 
iv. About half of the RoRo container traffic volume is accompanied. 
v. A truck or trailer has a capacity equivalence of 2 TEU and train block an equivalence of 4 TEU for 

full capacity 
vi. Each LoLo vessel may be serviced by 1, 2, or 3 quay cranes in a single 1 berth 
vii. Each RoRo is associated a ramp during handling and one ramp can be used by two RoRo ships 

within the time window considered 
viii. The container yard area in this case was taken to be about 3000 square meters. 

 
Since the cost incurred by external trucks and train are not part of the terminal cost, it was left out 
from the parameters considered. In table 7-1, we present some estimates of parameters used in our 
model. The total cost is the sum calculated per day including capital cost of equipment. 
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Equipment Performance  Cost 
(Total/day)SEK 

Quay Crane (30-32)TEU/hour 119592 
RTG (28-35) TEU /hour 40656 
Tugmaster (13-25) TEU /hour 34056 
Fork lift (23-32) TEU /hour 33480 
Trailers (8-20) TEU /hour 10920 
Mafis (7-18) TEU /hour 3120 
Straddle 
Carriers 

(32-42) TEU /hour 51336 

Contchamp (28-38) TEU /hour 56280 
RoRo150 (150-200 )TEU 234637 
RoRo200 (217-240) TEU 271582 
RoRo250 (252-320) TEU 293807 
RoRo350 (352-390) TEU 327032 
LoLo500 (400-500) TEU 250110 
LoLo1000 (800-1000) TEU 343708 
LoLo1500 (1300-1500) TEU 375576 
Truck 
capacity 

2 TEU N/A 

Train 
capacity 

4 TEU N/A 

Table 7-1 Model parameters Source: ports of Karlshamn, Klaipeda and scientific literature 

7.3 ILP Model Output 

The ILP model output is presented as an instance of the generic model shown above (figure 12) with 
equipment type and number for different TEU volumes. In addition, the type and number of vessels, 
trucks and train capacities are also displayed. We interpret these results as a suggestion for which 
equipments to invest on i.e. strategic level decision. Based on the nature of the demand the model can 
be useful for tactical level decision planning in deploying already existing equipments in an optimal 
set up that minimises redundancies. The required facilities such as berths, ramps and container blocks 
lined in yard are also estimated. In the following tables (Tables 7-2 & 7-3), we present results for a 
given range of demand values (0-2000 TEU), iterating at demand levels of 100 TEU, the results for 
21 scenarios are displayed on the table below. The handling time window is considered to be the time 
during which handling must be completed, and the equipments are therefore selected to complete 
handling within this time window.   

 
Key to tables 7-2 and 7-3 
 

QC = Quay Crane 
SC = Straddle Carrier 
RTG = Rubber Tyred Gantry 
YV = Yard Vehicle (terminal trailers 
and mafis) 
FL = Fork Lift 
 

TM = Tugmaster 
RS = Reach Stacker (Contchamp) 
Lxxx = fully utilised LoLo capacity xxx TEU 
Lxxx* = half utilised LoLo capacity xxx TEU 
Rxxx = fully utilised RoRo capacity xxx TEU 
Rxxx* = half utilised RoRo capacity xxx TEU 

Rm = Ramps 
Bt = Berths 
G=non-stacked  container blocks 
 S = stacked container blocks 
Tcost = Total cost of operation 
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Ship Type Equipments Facilities TEU 

RoRo LoLo QC SC RTG Y V FL TM RS Rm Bt G S 
Tcost 
(SEK) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
100 R150* 0 0 0 0 2 1 2 1 1 0 5 0 812604 
200 R150 0 0 0 1 4 0 3 1 1 0 10 0 824351 
300 R250 0 0 0 1 4 0 3 1 1 0 15 0 864253 
400 0 L500* 1 1 0 8 3 5 1 0 1 20 0 883516 
500 0 L500 1 1 0 8 3 5 1 0 1 25 0 885016 
600 R150 L500* 1 1 0 8 3 5 1 1 1 30 0 1077650 
700 R150 L500 1 1 0 8 3 5 1 1 1 35 0 1079150 
800 R250 L500 1 1 0 8 3 5 1 1 1 40 0 1119050 
900 0 2xL500 2 2 1 16 4 10 1 0 2 45 0 1166980 
1000 0 2xL500 2 2 1 16 4 10 1 0 2 50 0 1166980 
1100 R200*R350 L500 1 1 0 8 3 5 1 1 1 50 5 1349230 
1200 0 L500* L1000* 3 3 0 24 8 14 1 0 2 50 10 1354390 
1300 0 L500 L1000* 3 3 0 24 8 14 1 0 2 50 15 1355890 
1400 0 3xL500 3 3 0 24 8 14 1 0 3 50 20 1445200 
1500 0 3xL500 3 3 0 24 8 14 1 0 3 50 25 1445200 
1600 R250 L500 L1000* 3 3 0 24 8 14 1 1 2 50 30 1588560 
1700 R250 3xL500 3 3 0 24 8 14 1 1 3 50 35 1637980 
1800 0 2xL500 L1000* 4 4 0 32 11 19 1 0 3 50 40 1645020 
1900 0 4xL500 4 4 0 32 11 19 1 0 4 50 45 1734330 
2000 0 4xL500 4 4 0 32 11 19 1 0 4 50 50 1734330 

Table 7-2 Output results with Handling Time Window = 24 Hours (50% accompanied for all RoRo volumes)  
 

Ship Type Equipments Facilities TEU 
RoRo LoLo QC SC RTG Y V FL TM RS Rm Bt G S 

Tcost 
(SEK) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
100 R150* 0 0 0 0 2 1 2 1 1 0 5 0 848943 
200 R150 0 0 0 1 4 0 3 1 1 0 10 0 869615 
300 R350* 0 0 0 0 2 1 2 1 1 0 15 0 903300 
400 0 L500* 1 1 0 8 3 5 1 0 1 20 0 1007130
500 0 L500 1 1 0 8 3 5 1 0 1 25 0 1008630
600 R250* R350* 0 0 0 0 2 1 2 1 1 0 30 0 1131960
700 R250 R350 0 0 0 1 4 0 3 1 1 0 35 0 1153470
800 R250 L500 1 1 0 8 3 5 1 1 1 40 0 1241300
900 0 L1000 2 2 1 16 4 10 1 0 1 45 0 1307180
1000 0 L1000 2 2 1 16 4 10 1 0 1 50 0 1307180
1100 2xR350R200 0 0 0 0 8 3 5 1 1 0 50 5 1470610
1200 0 L500* L1000* 2 2 1 16 4 10 1 0 2 50 10 1472070
1300 0 L500 L1000* 2 2 1 16 4 10 1 0 2 50 15 1473570
1400 0 L500* L1000 2 2 1 16 4 10 1 0 2 50 20 1475070
1500 0 L500 L1000 2 2 1 16 4 10 1 0 2 50 25 1476570
1600 R250 2xL500* 

L1000* 
2 2 1 16 4 10 1 1 3 50 30 1639950

1700 0 2xL500 L1000* 2 2 1 16 4 10 1 0 3 50 35 1642950
1800 0 2xL500 L1000* 2 2 1 16 4 10 1 0 3 50 40 1642950
1900 0 2xL500* L1000 2 2 1 16 4 10 1 0 3 50 45 1834920
2000 0 4xL500 2 2 1 16 4 10 1 0 3 50 50 1835730

Table 7-3 Output results with Handling Time Window = 48 Hours (50% accompanied for all RoRo volumes) 
  

Additionally the number of trucks and train are estimated (Table 7.3) that will manage congestion within 
the terminal 
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TEU Trucks Train TEU Trucks Train 
0 0 0 0 0 0 
100 3 2 100 3 2 
200 10 5 200 10 5 
300 14 7 300 13 7 
400 40 20 400 40 20 
500 50 25 500 50 25 
600 50 25 600 30 15 
700 60 30 700 35 18 
800 64 32 800 64 32 
900 90 45 900 90 45 
1000 100 50 1000 100 50 
1100 80 40 1100 55 28 
1200 120 60 1200 120 60 
1300 130 65 1300 130 65 
1400 140 70 1400 140 70 
1500 150 75 1500 150 75 
1600 144 72 1600 160 80 
1700 160 80 1700 170 85 
1800 180 90 

 

1800 180 90 
1900 190 95  1900 183 92 
2000 200 100  2000 190 95 
 
Time Window = 24 Hours, 50 % 
accompanied for all RoRo volumes 
Inventory := 40% 
Truck Capacity := 2 TEU 
Train Capacity := 4 TEU 
 

  
Time Window = 48 Hours, 50 % accompanied 
for all RoRo volumes 
Inventory := 40% 
Truck Capacity := 2 TEU 
Train Capacity := 4 TEU 
 

Table 7-4 Estimated number of trucks and train capacity (based on TEU volumes) 

7.4 Output Analysis 

From tables 7-2 & 7-3, the number of equipments varies with the number and type of ships used, 
since the equipments are selected to serve the ships. Changing the time window for handling changes 
the number of equipments selected since the workload estimate for equipments depends on their 
performances calculated in moves per unit hour. The model handles a wide range of issues, and as 
such, model output can be analysed in several different ways depending on particular aspects of 
interest.  Some analysis of interest, for example could include the following; 

 
• A Change at TEU 1100   

Tables 7-2 & 7-3 shows that at 1100 TEU capacity point, there is a significant change in the type of 
vessel and equipments used. Such a situation can be difficult to handle if it hasn’t been pre-aimed 
because investments at 1100 TEU level are shown to be less efficient at 1200 TEU level as can be 
seen from the results. By tuning model parameters to meet conditions at 1100 TEU capacity level, 
from the present TEU handling capacity, it can be possible to estimate the required investment rate in 
order to handle such changes. E.g. suppose the present handling volume is 200 TEU, then setting 
constraints at 1100 TEU volume, and running the model, results indelicate that an increase 
investment be made on RoRo vessels and yard vehicles. Such information can help the port to make 
reasonable trade offs that avoids future decision problems. 
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• Choice of Vessel Versus TEU Volume  
From tables 7-2 & 7-3 LoLo vessels can be seen to be less efficient for capacities below 500 TEU 
compared to RoRo vessels. This is reasonable since LoLo vessels have huge capacities which shall be 
underutilised if used for TEU capacities less than 500. Above 500 TEU, it is possible to use both 
LoLo and RoRo but, LoLo will be more efficient than RoRo since about 70 % of the scenarios from 
500 TEU upwards makes use of LoLo. However, the time window is a limit to the type of LoLo 
especially in relation to capacity. LoLo vessels with capacities more than a 1000 TEU can be difficult 
to serve a SSS system within a 48 hour handling time window. The variation of choice of vessel 
versus capacity can be shown using a simple bar chart (figures 7.1 & 7.2) 
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Figure 7-1 Variation in number of ships with TEU demand for a 24 Hour Handling Time 
Window 
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Figure 7-2 Variation in number of ships with TEU demand for a 48 hour handling time window  

 
• Choice of Vessel Versus Number of Yard Vehicles   
When ever a RoRo ship is used for transportation, about 50% of the cargo is treated as 
accompanied for the above outputs. This means that the units are equipped with drivers to drive 
them out of the ship without the need for any handling. Consequently fewer types of equipment 
are used in RoRo operations than LoLo (shown in figure 7-3).  
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Ships Vs Yard Vehicles
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Figure 7-3 Variation in number and type of ships with yard vehicles 

 
• Effect of Handling Time Window   
Increasing the time window from 24 to 48 reduces the number of equipments. This is because 
equipments are selected with respect to the total number of TEU moves required to complete 
handling. The TEU moves depend on the performance value of the equipments, calculated in 
moves per hour. As such, if the time window is increased then, less equipment shall be needed to 
handle the same amount of TEU than within a short time window. For the vessels the time 
window determines the choice of vessel from the required time to load/unload a vessel. The 
following figure (figure 7-4) shows how the number of yard vehicles varies for a 24 hour handling 
time window, compared to a 48 hour handling time window for the same TEU volume 
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Figure 7-4 Variation in number of yard vehicles with TEU Volume for different handling time 
windows 

   
• Cumulative use of Equipments 
If the port invest on given equipment, the equipment remains useful over a given period of time 
according to the depreciation period associated to the equipment. Therefore it is possible to use 
the same equipment at different TEU demand capacity levels within the depreciation period. 
Such a situation can be accommodate into the model or analysed from the output i.e. the required 
set of equipments for the next 100 TEU capacity scenario is calculated taking into consideration 
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the existing equipments. As an example, results from the 24 hour scenario (table 7-2) for 
investments in Quay crane, Fork lifts and yard vehicles, taking accounts of the already existing 
investments are shown on figure7-5 below; 
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Figure 7-5 Cumulative reuse of equipments fork lift, yard vehicles and quay crane (from table 7-2) 

 
For ships the depreciation period is usually very long (hundred of years), and a similar analysis is 
presented in figure 7-6 below: 
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Figure 7-6 Investment points in ships with TEU demand (from table 7.2) 

 
The changes indicate the point at which to invest or negotiate for a new vessel and helps in 
making a choice between LoLo or RoRo solutions.  
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• Variation of Total Cost with TEU Volume 
Analysing how the total cost varies with TEU demand can enable the port to determine the 
appropriate pricing strategy to attain a given investment point from the present capacity point. 
E.g. suppose the port is at capacity level 400 TEU/day and forecast a need for an investment in 
order to be able to handle TEU demand 800 /day, then from the variation of total cost per TEU, 
it is possible to determine a benchmark for the appropriate cost/price per TEU to attain 
investments at demand level 800 TEU/day after a certain period of time. Figure 7-7 below 
illustrates the variation of total cost per TEU demand. 
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Figure 7-7  Variation of total cost per TEU (from table 7-3) 

 
• TEU Volume Vs Truck and Train Capacity. 
Estimating the truck and train capacity is important to adjust the ratio of TEU volume distributed 
between truck and train, or estimate the facilities to invest on in order to offer an intermodal 
service. This can help balance the TEU volume distribution so that congestion can be managed.  

7.5 Sensitivity Analysis 

As part of the validation process of a model, it sensitivity can be studied by varying parameter values 
and constraints and significant effects of such changes monitored to draw conclusions about the 
behaviour of the model. Validation of the proposed ILP model was done mainly by following the 
operational Research Process (L. Radon 2000) in which we obtain data from the real world, run the 
model, and compare the output with known practical solutions. The proposed model parameters 
were adjusted to suit the present practical scenario for the case study and results were quite similar to 
the practical case.  A summary of some sensitivity analysis for the model is shown on the table below 
(Table 7-5); 
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Test Effect Conclusion 
Decreasing the time window to 
6 hours 

Increase use of RoRo ships for 
small capacities 

Large capacity ships (LoLo), 
cannot be served within smaller 
time windows. 

Increase in Time window to 60 
hours  

Increase use of LoLo ships for 
bigger capacities 

A larger time window is 
suitable to serve larger ships 

Increasing demand to 4000 
TEU, time window 48 hours 

Increase in number of 
equipments. The pattern from 
0 to 2000 remains averagely the 
same for RoRo plus more 
LoLo ships from 2000 to 4000 

The solution seems to be 
symmetric since all conditions 
were maintained. 

Change in Container Yard 
capacity (CYC) 

Increase in CYC increases the 
use of yard vehicles and non-
stacking equipments and 
decrease in yard increase the 
use of stacking equipments 

Increase yard will lead to use of 
non stacking equipments with 
less cost relative to stacking 
equipments and vice versa. 

Relaxing the constraint on 
simultaneously serving LoLo 
vessels within 48 hours 

Use of small capacity LoLo 
ships from 800 TEUs upward. 
The total cost is reduced 

A sequential service where 
possible may be cost effective 
than a simultaneous service 
because investments in 
equipments may be more costly 
than labour 

Limiting facilities to a 
maximum of 1 berth and 2 
ramp, 48 hours, 2000 TEU 

Increase total cost, 1 LoLo 
vessel and 2 RoRo vessels at 
2000 TEU 

Multiple RoRo solution at high 
capacity is more costly 
compared to LoLo solution. 

Relaxing integer requirement, 
time window 48 hours 

Model is solved with fractional 
values. For some scenarios the 
cost reduction is quite 
significant as much as 39% for 
scenario with TEU volume 
1800 

Depending on the penalty that 
will be incurred some 
equipments may not be suitable 
to invest on at certain demand 
levels 

Table 7-5 Analysis of model sensitivity 

7.6 Research Limitations 

In carrying out this research, we encountered some difficulties in getting information. These 
difficulties limited the information we collected. Some major difficulties encountered were; 

• Cost Data treated as Confidential: as a result of the confidentiality of costing information 
(especially shipping operations), it was difficult to get exact values for some operations. In 
such a situation we had to use approximate values and compare with values quoted in 
scientific literature.  

• Some data exist as total sums: Some data was available as total annual sums for all 
equipment. In such cases we had to use suitable methods to redistribute the data for different 
equipments and obtain approximations as required. 
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Chapter 8 
 
 
 
 

8 Conclusion and Future Work 
This section summarises the conclusions arrived at from the thesis, mainly from the literature review, from the modelling 
and model results, and attempts a generalisation of these conclusions 
 

8.1 Conclusion 

The complex nature of port operations has made it difficult to develop suitable optimization 
approaches capable of modelling the entire terminal. This is one reason why most approaches have 
been based on modelling individual processes such as quay crane waiting times, berth productivity, 
stack layouts etc In such situations different optimization models (linear, non-linear or mixed 
integers),  may be suitable. However, in trying to model equipments selection for the entire container 
terminal a large number of constraints needs to be taken into account. Such a large number of 
constraints make it suitable to consider an integer linear programming approach. We have attempted 
the use of an ILP approach to model the entire terminal equipments selection from a strategic 
decision level. 

 
The modelling approach as used in this thesis turns out to be time consuming but with access to data, 
such approaches will provide one of the best ways to make use of advanced algorithmic codes such as 
CPLEX that on their on may not be directly usable in problem domains such as the one investigated 
in this thesis. Based on data obtained from the case study (ports of Karlshamn and Klaipeda), ILP 
Model results indicates that a LoLo vessel with a capacity between (500 and 1000 TEU) capable of 
completing a SSS voyage within 48 hours will be less costly than a RoRo that does it with multiple 
voyages or one voyage each for multiple RoRo vessels for TEU volumes greater than 1000.Under 
such circumstances the capacity advantage of a LoLo vessel will as well be extended to handling and 
all this shall together outwear the disadvantage associated with speed. The high cost of investment in 
quay crane will be recouped due to the scale economies in using LoLo system.  

 
Finally in order to meet up SSS requirements to deliver seamless intermodal solutions, it is absolutely 
necessary that port terminals and shippers consider cooperative strategies in order to minimise time 
and manage cost. An acceptable SSS solution will be one that serves time all across the entire 
transport chain from the shipper through the terminal and to the land transport, hence the need to 
study it as an integrated system. Integrated optimization models build into DSS will be useful in 
achieving such strategies. Applying modelling techniques to similar problem domains will provide us 
a good approach for expanding practical application areas in computer science, challenges presented 
by such systems will shape the evolution of research within computer science whereas successful 
applications will be an improvement to the real world.  Further improvements can be made to the 
ILP model developed in this thesis following the operational research process, and the model can be 
tailored to the needs of different port terminals at large.  
 
 
 
 
 

Gideon Mbiydzenyuy Master Thesis BTH 2007 
 

56



8.2 Future Work 

In developing our ILP model we attempted to establish a methodology by which a complete decision 
support tool can be developed for a container terminal. The suggested methodology considers the 
integrated problem as made of sub problem models (yard, intermodal, yard discharge etc) all build 
into a single integrated optimization model through a number of operational research process (L. 
Radon 2000)  iterations, until reasonable results are obtained.  
 
A further improvement will be to develop the different models to consider the different activities in a 
considerable depth and include more models such as stowage optimization, a demand forecast, berth 
allocation strategies etc.  
 
The ILP model made use of existing performance values for different equipments, a further 
improvement will be to handle performance as a variable that is calculated with respect to the 
handling time window and number of equipments. Such an analysis can be useful to recommend 
required technological improvements to manage certain TEU volumes.  
 
The model can further be developed to consider all variations in cargo since we assumed that all 
cargo is unitised and can be stacked where LoLo is the vessel of choice. Trailers, though unitised, 
cannot be stacked and will only be transported in a RoRo vessel. 
 
Other optimization modelling approaches such as non-linear programming can be applied to solve 
this same problem and results compared. Performance of different algorithmic codes in solving the 
problem modelled in this thesis can be compared by applying these algorithms and comparing results. 
If the operational research cycle is iterated several times the model can further be improved to a full 
DSS with a suitable interface. 

 
If we consider the handling problem addressed in this thesis for several sea ports (e.g. one main port 
with small feeder ports), the different handling systems used and the marine network between these 
ports, then we suggest that in the future a network centric operations management approach can be 
considered. Such an approach will attempt to achieve a distributed solution which may be; 

• scalable, where each of the sea ports can be included or removed from the network,  
• interoperable where all sea ports are managed together with varied goals, 
• modular, where each sea port can be treated individually, 
• reconfigurable, where the sea ports has some degree of flexibility  

By addressing the handling configuration problem using a distributed solution approach, results 
obtained can be compared to the approach used in this thesis to determine improved techniques for 
the application of computer science in modelling similar problem domains. 
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Chapter 9 
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 Appendix: Glossary of Terms/Abbreviations Used in 
this Thesis 

 
 
(AGV) Automated 
Guided Vehicle 

- is a mobile robot used highly in industrial applications, such as container 
terminal to move containers from point to point 

ASC or Automated 
Stacking Cranes 

- is an automated crane moored on a frame in yard for hoisting containers so 
that they can be for stacked. 

Berth 

- location in which ship are docked alongside a Quay to be loaded or 
unloaded at a Container Terminal. Functions as an interface between the 
Container Terminal and the ships. Some of the characteristics of a Berth are 
length, depth or draft. 

Container 

- a truck trailer body that can be detached from the chassis for loading into a 
ship, a rail car or stacked in a container depot. Containers may be ventilated, 
insulated, refrigerated, flat rack, vehicle rack, open top, bulk liquid or 
equipped with interior devices. A container may be 20 feet, 40 feet, 45 feet, 
48 feet or 53 feet in length, 8'0" or 8'6" in width, and 8'6" or 9'6" in height. 

Container Terminal 
- a designated place or area for handling containers. This area is usually 
accessible by truck, railroad and marine transportation, where containers are 
picked up, dropped off, maintained and housed 

Container Yard - an area in a container terminal for handling/storing containers, which are 
either loads or empties. 

Discharge - unloading; usually associated in unloading a ship or perhaps a rail wagon. 
DSS -a computer program that enable the decision making process by humans 

Feeder service 
- transport service whereby loaded or empty containers in a regional area are 
transferred to a larger ship (often called a mother ship) for a long-haul ocean 
voyage 

Fork Lift – container terminal machinery that lifts and moves containers 

Gantry Crane/GC 
- a crane used for hoisting containers in or out of a ship and is usually 
moored on a frame or structure spanning across the beam of ship. Often 
referred to as Quay Crane. 

Intermodal 
- refers to the movement of containers or unitized cargo interchangeably 
between modes of transport where the equipment is compatible within the 
multiple systems. 

LoLo 
- acronym for Load-On Load-Off, a ship type in which cargo or containers 
can be loaded or unloaded by using ship cranes or shore cranes, e.g., Quay 
cranes. 

Operating Cost - Cost per time period for operating a piece of equipment, such as a Quay 
Crane, a ship, Straddle Carrier, etc. 

Port 
- a port is a place or facility in which good may be shipped to or from. Ports 
have long been associated with maritime trade and the use of ships to carry 
cargo. 

Port Calls - ship arrival at a port. 

Container Capacity 

- is used to determine the number of containers that can be handled with the 
current resources for the year (for a Port or Terminal). Unfortunately in the 
Port and Container Terminal Industry there are three main types of capacity; 
design capacity – based on rules of thumb; operational capacity – estimated 
by considering achieved results at similar ports; and physical capacity – 
which require 100% berth occupancy, which is not sustainable in the real 
world and takes no account of long-term commercial realities 

Roll-on/Roll-off ships 
or RoRo 

- ships specially designed to carry wheeled containers or trailers using interior 
ramps. 

RoPax -A RoRo ship that transport cargo as well as passengers (humans) 

RMG - Rubber Mounted Gantry, a mobile crane that is used for hoisting 
containers in a yard that is mounted on rail. 

RTG - Rubber Tired Gantry, a mobile crane that is used for hoisting containers in 
a yard that is mounted on rubber tires. 

Ship or Vessel - a vessel for water transportation of goods, such as containers. 
Shipping Line - an owner of ships and containers, it has an agreement with CT on services 

Gideon Mbiydzenyuy Master Thesis BTH 2007 
 

61



and associated costs. 
Ship Types - types of ships used for shipping containers. Cellular, RoRo, Geared, etc. 

Spreader - a piece of equipment designed to lift containers by their corner castings, 
usually employed on Gantry Cranes or Quay Cranes, and Yard Cranes 

Stack - physical arrangement of containers assigned according to yard layout. 

Straddle Carrier/SC – Mobile container machinery that is used to move containers in the CT and 
can stack the containers 

Terminal 

- an assigned area in which containers are prepared for loading into modes of 
transport such as: ship, pipeline, truck, or airplane, or are stacked 
immediately after discharge from other modes of transport such as: ship, 
pipeline, train, truck, or airplane 

Terminal Handling 
Charge(THC) 

- a charge made for service performed in a terminal. 

Train - mode of transport that can carry Containers 

Twenty-foot equivalent 
units (TEUs) 

- container size standard of twenty feet. Two twenty-foot containers (TEUs) 
equals one FEU. Container capacity is often measured based on TEU as well 
as container port or terminal throughput capacity. 

Yard Truck or Yard 
Vehicle 

– Machinery used to transport container on a chassis in the Yard. Similar to a 
lorry. 
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