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ABSTRACT

Container ports are indispensable parts of the container transport operations. In terms
of container transport operations even better port services are desired to provide
viability of reliable liner shipping service. Therefore, port competition to supply
better port services is one of the natural consequences of the container transport
evolution in the globalisation era. This thesis offers a port competition analysis as
total transportation time and cost based between the container ports which serve to
collided hinterlands with the integration of offshore container port system (OCPS)
and ultra large container vessels (ULCV). An OCPS adaptation is assumed to create
offshore container port related an inter-port container competition with other
conventional container ports which can handle ULCVs. This OCPS is going to
complicate competition game and conditions even much more between ports. The
methodological approach of this study aims to develop a hybrid port competition
analysis model to analyse port competition in terms of commercial and operational
aspects. The model is divided to two different methodological stages. First proposed
method is to apply total transportation time and cost based door-to-door container
network analysis in order to determine the competitiveness of the given port
alternatives. In this approach, according to total time and cost values, the weights of
each competitive port are determined to define the position of ports in the
competition in order to attract interest of the industrial customers. Operating costs,
voyage costs, cargo handling costs and hinterland transportation cost, and also port
construction costs are considered as main criteria to clarify the ports’ position in the
competition. Second method is to develop a game theoretical strategy concept to
apply on the port competition regarding to lucrativeness and investment opportunity
expectations of the port authorities. Integration and comparison of the both
methodological approaches is going to provide valuable findings to analyse
competitiveness level of container ports more accurately. Outcomes of this research
may help for future business development strategies of port authorities, port
operators, shipping liners and private and public port investors. This study is
expected to provide a clear holistic comprehending about the underlying dynamics of

the port competition for all counterparties involved in container transport operations.
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NOMENCLATURE

Symbol Units Description
A m? The required container stacking area for ports
a - Market behaviour constant
a - Constant
bi - The constant slope of the market from port i's
market position
c Currency The cost of hinterland transportation
C» TEU/year  Average TEU handling per berth
Cer Currency The crew cost
Ce TEU/year The expected container handling
Cre Currency The fuel cost
CHC Currency Cargo handling cost
Ci Currency The total cost of port i
i Currency Constant marginal cost of port i
Cins Currency The insurance cost
CL Currency Cargo Claims
Cmnt Currency The maintenance cost
Cpd Currency The port dues
Cst Currency The store cost



Ct TEU/year Container throughput

DFC Tons/day  Daily fuel consumption

DIS Currency Cargo discharge costs

EP hp or kW Engine power

F m?/TEU The footprint per TEU

FC Tons/day Fuel consumption

FG, Tons/day Fuel consumption at V,

h Hour Time

HTC Currency Hinterland transportation cost

htrq Currency Road mode hinterland cost

htrw Currency Railway mode hinterland cost

hitsss Currency Short sea shipping hinterland cost

i - The set of tool (crane, vessel, port etc.)
Ji - The set of tool (crane, vessel, port etc.)
k - The set of tool (crane, vessel, port etc.)
L Currency Cargo loading charges

Ly m The length of quay

Lsav m The average ship length

Lsmax m The maximum ship length

mj - The acceptable average occupancy rate of the
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oc

PQ)
Deh
pr
PHC
Pi

PPP

qi

q-i

RBC
RT

SFC

Currency

Currency

Currency
Currency
TEU
Currency
TEU/hour
TEU

TEU

TEU

Currency

Tons/hp or
tons/kW

h/day/

month/year

yard

The number of berths
Operating cost

The average price

Inverse demand function
The handling price per container
The fuel price

Port Handling Capacity
The price of port i

Port Physical Performance
The total port output

The output of port i

The opponent’s output

The average stacking height/the nominal stacking
height

The total roundtrip bunker cost
The number of round trips

Specific fuel consumption

Time
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td

TR

Ve

Vo

Xs’j

Xsj

Currency

Day

Currency

Knots

Currency

Knots

TEU

TEU

TEU

Currency

The total transportation cost

Average dwell time of containers in port
Total revenue

Speed

Voyage cost

The reference speed

The amount of containers can be handled

(loading/unloading)
Loaded containers to vessel i
Discharged containers from vessel j

The cost of tug, pilotage and canal dues
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1 INTRODUCTION

Ports have an important place in the general transportation activities. While ports are
formerly known as asylum for ships, today the importance place of ports in the
global economy has been commenced to say with a strong voice. A port can be
defined as an intersection in the global transportation system by providing a basically
uniform and continuous distribution loop. With the effect of containerisation and the
developments in handling equipment technologies, ports eluded complexity of
serving all cargoes at one terminal and specialised for a specific cargo type in order
to get efficiency. Thus ports can be described according to specific cargo type such
as container port, oil terminal, ro-ro terminal etc. (Stopford, 2009).

Before containerisation, manual handling was usually used for goods as break bulk
cargo. The manual loading and unloading method was slow and cumbersome due to
nonstandard packaging of goods in barrels, sacks and wooden creates. Also this
handling method was so labour intensive while there was also high risk of accident,
loss and theft. Top it all, ships could easily spend more time in port than at sea and
this time consuming operation was causing low transportation efficiency. With the
commencement of modern container shipping, purpose-built container ship
operations brought a new acceleration to the transportation sector in conjunction with

standardised cargo transportation box which is container.

While the modern container shipping was celebrating its 60" anniversary in 20186,
the container sector is one of important dominos of the transportation. According to
available trade statistics for 2007, containerised cargo value accounted for
approximately 52 percent of the value seaborne trade (Valentine et al., 2013). This
shows that the higher value of commodities is carried as containerised cargo than
other seaborne cargo transportation. An analysis of 1980 to 2014 data reveals that
containerised cargo was estimated to have accounted for 23 percent of the dry cargo
in 2014 while the share was 6 percent in 1980 (UNCTAD, 2015). This increase in the
container shipping continued almost from the first voyage, and in six decades,
container vessels would carry about 60 percent in terms of the value of goods

shipped via sea.



While the container trade was increasing continuously, container ships have been
getting bigger since they began operating in liner services over 60 years ago
(Rodrigue et al., 2013). The reason that underlying this containership size increase,
the bigger ships produce increased operation efficiency and improved environmental
performance and reduced sea transportation costs (Stopford, 2009). Basically, it can
be said that the created economies of scale by the increasing parcel size plays a major
role in keeping sea transportation costs low. The growth in container-carrying
capacity has been observed by approximately 1,200% since 1968
(WorldShippingCouncil, 2014) and the share of container vessels in world fleet has
reached 13.0% by year 2015 (UNCTAD, 2015). According to the Review of
Maritime Transport of UNCTAD (2015), the container-carrying capacity per service
provider tripled between years 2004 and 2015 while the average number of service
provider companies, which have services from/to each country, reduced by 29 per
cent. The figures show that while container companies have included larger vessels
in operation to benefit from the advantages of scale economics, they also resort to the
strategy of decreasing port time, number of ports visited and service numbers. In this
context, the operational strategic development of the container sector can be defined
as the main container liner companies prefer to serve on main routes with bigger
containerships for achieving economies of scale while relatively smaller companies
remain in local markets for providing short sea connectivity for main routes. Thus,
the benefits from economies of scale, the sustainability and energy efficiency of

container transportation industry can be improved.

Today, the development of the economy is very important in terms of commercial
companies. However, almost all authorities are concerned that this development
should be made environmentally sensitive, and warning the public to be conscious
and sensitive, and shaping their policies in this direction. On the industry side, it can
be observed that international authorities are also in an effort to solve this problem in
the transport sector as well as in all industries, with emission reduction policies and
regulations for more efficient transport operations (Smith et al., 2014, IMO, 2016).
Thanks to IMQO’s applications, maritime transport also strives to fulfil its role in
emission reduction. At this point, the maritime industry has been produced some

solutions aim at reduce emissions per unit with the help of developing technology,



and at the same time, the solutions produced makes possible to perform more
profitable transportation economically with the advantage of economies of scale
(Smith et al., 2014). Especially in the container transportation, containerships have
reached a huge size in recent years and now it is becoming commonplace to see
vessels capable of carrying more than 20,000 TEUs of 400 meters (Hacegaba, 2014,
Davidson, 2014b, Merk, 2015b).

Economies of scale approach and energy efficiency requirements of national and
international organizations have caused to order bigger new vessels by the leading
shipping companies. For the top 20 shipping liners, the average vessel size for new
container vessels on order is around 13,000 TEUs, while the average vessel size of
existing fleet is approximately 5,000 TEUs (UNCTAD, 2015, Alphaliner, 2017). As
it is mentioned in the previous paragraph, this shows that the leader shipping
companies tend to operate the container sector with ultra large container vessels
(ULCV), at least main routes. The all container sector has been affecting with this
trend; for details see Hacegaba (2014), because together, the three largest liner
shipping companies, that operate the container ships deployed on regular services,
have a share of almost 43 per cent of the world total container-carrying capacity,
while this number is reaching up to 88 per cent for the top 20 leading liner
companies (Alphaliner, 2017). However, new generation of ULCVs expands the
container-carrying capacity very fast and this causes to confront the oversupply
problem (Chua et al., 2014). Liner shipping companies concentrated on mergers and
collaboration with other liner shipping companies to cope with the oversupply issue
(Aymelek et al., 2014). Shipping alliance strategy can be shown as one of tactics to
utilize available container-carrying capacity. The alliance mergers offer more
frequent and wider cooperation of shipping lines on all routes, thus the alliances aim
to provide more and more homogenous services. A resulting situation in the industry
is the main container transportation corridors which stretch across East-West and
South-North routes with ULCVs deployment by connecting the lines with hub ports

as junction point of the containerised cargoes (Notteboom, 2010a).

The significant positive improvements in fuel consumption and cost reductions per
unit of cargo have been achieved in course of time (Notteboom and Cariou, 2009).

However, the increasing ship sizes and the number of containers shipped and handled



all at once have brought operational problems on ports (Lane and Moret, 2014). It
can be also said that ports need to focus on the solutions to the problems encountered
because the global container companies are persistently striving to operate ULCVs,
despite the idle capacity that has arisen in parallel with the rapid increase in ship size
and number in the container sector. On the other hand, as an important part of the
maritime transport, ports are required to enter the game for efficient and
environmental container operations by IMO (2014). At this point, the pressure on
harbours is increasing, and it is expected to provide both efficient and
environmentally friendly operational solutions for the simultaneous increase in

container traffic and ship dimensions (Lane and Moret, 2014).

In parallel of the ever-growing container trade and containerships, the importance of
ports has increased day by day because ports are one of the key milestones in the
modern container shipping. It cannot be denied that ports formed their strategies
toward to handle larger parcels of cargo comes with larger vessels in a lump as the
container sector turned the direction and strategy to bigger and more efficient
vessels. The modern container shipping requires that a port should be more energy
efficient and executer with very sophisticated and excessive cargo loading/unloading
operations in a short span of time as addition to benefited from the opportunities of
economies of scale and hold economically sustainable structure. In business context,
a modern container port description can be made in the context that harmonizes

economy, efficiency and eco-friendly terms in practice in a port structure.

In this business context, a strategic modern port structure can be given as seen in
Figure 1-1. According to the given strategic modern port structure, it is required that
the focus of today's ports should be on energy efficient, renewable energy usage and
hence economical port structures to obtain for sustainable port operations. These
three parameters influence each other positively by the increasing values of these
parameters due to their interrelationships. As a result of this relationship among these
parameters, the sustainable port operations are emerging as a common set of these

three parameters.



Eco-friendly

Figure 1-1 A modern container port structure in business context
EU (European Union) and UN (United Nations) policies and regulations also support
the defined modern container port structure design. EU targets to cut GHG emissions
by increasing energy efficiency and renewable energy production for 2030 in
accordance with energy security strategy (EU, 2014a). UN’s 2030 sustainable
development policy also aims to ensure access to affordable, reliable, sustainable and
modern energy for all, and to take urgent action to combat climate change and its
impacts (UN, 2017). According to the policies and regulations, energy efficient, eco-
friendly and economical port structures and thereby sustainable port operations come

into prominence.

It can be noted that the provided standardization by containerization is the most
influential step to catch the required port structure. However, the irrepressible growth
in the container trade and containership size with the developments in technology
and demands of the sector, various challenges and changes appeared are to be coped
with by ports. On the one hand, while ports are taking position to cope with the
challenges generated by bigger ships, growing container volume; on the other hand
the rising cost of infrastructure development, and volatility in the investment climate
are other issues (Haralambides, 2002, Wilmsmeier et al., 2013). The environment,
especially emissions (CO) which might be most sensitive topic of the industry, is
another affecting element for the port strategy with together new levels of security

along with new threats, the world economy affecting the import/export balance and



last but not least volatility in fuel prices (Darbra et al., 2005). However, the
developing technology offers some opportunities which may be applied by ports.
Offshore container ports can be shown as an example for these opportunities when
designed according to industry requirements (Pluijm, 2015b).

The participation of the offshore ports, which can be considered to be a novel
solution, has been proposed by some experts and there are presently offshore
container port applications in the sector in different technical features (Pluijm, 2015a,
Rowland, 2015). It is envisaged that offshore ports will contribute to container
transportation in terms of economy, environment and safety. However, due to the
limited application of these new port constructions, it cannot be said that the impact
on the container sector can be accurately measured at this stage. In the first place,
however, it is thought that there will be operational differences in container
transportation due to the separation of offshore ports from other ports as a location.
With the adaptation of offshore ports, the first possible changes may be considered
that containers cannot transported to land without transhipment, minimum container
stocks on offshore structures required, and the system can encourage the use of large

vessels thanks to no dimensional and navigational constraint.

The offshore port structure can bring a breath for container sector. Because this
offshore structures have advantages to accommodate larger vessel while the structure
have some challenges to be solve such as stability, regular distribution ways of cargo
from offshore to shore or vice versa with suitable logistic approach (Glauser, 2014,
Pluijm, 2015b, Pachakis, 2015). Assessment of strengths and weaknesses of the
offshore structure is essential to give investment decision on an offshore container
port system (hereafter referred to as OCPS) at the first stage. Besides the strengths
and weaknesses of OCPS, the system may provide local and international economic
opportunities for container sector by encouraging using larger containership
(Rowland, 2015). The position of OCPS may be provide another opportunity to
ensure homeland security against terror threats from sea, as addition to it may be
considered an alternative for sea level rise instead of conventional port structures
(Glauser, 2015).



The developments in container trade, containership fleet and the desire to meet
demands from both of them leads to make correct strategic investment decisions on
port structures. The correct and strategic port investment decision depends on
analysing the requirements of container industry which includes shipping liners,
shippers, cargo owner, law-makers at national and international level and other third
parties. Also the strategic port investment decision at a specific and key area for
container shipping gives a fillip to local and international container ports to take a
strategic position in fierce port competition. Therefore a strategic investment
decision depends on the accurate management of investment decision which is as

mind games need correct move on time.

With the full adaptation of the offshore ports sector, the competition among container
ports is expected to be exacerbated. Because of the strategic solutions offered,
offshore ports aim to be able to handle large container vessels without experiencing
dimensional problems with the advantage of being in the open sea. At this point, it
can be expected that there will be a regional and continental competition between
offshore container ports and existing conventional container ports (Martinho, 2008,
Ducruet, 2009, Ishii et al., 2013). In other words, with the entry of offshore ports into
the market, the existing container ports can undertake a new strategic struggle to
protect their position in the container port competition. It is important to see how the
existing ports in this competition will follow the strategy and how the offshore ports
will play a role in this competition in terms of the productivity and development of

the industry.

The main factors affecting competition among the container ports, which are

envisaged to be realized, can be clearly stated.

» With which strategy and how existing ports will involve in the competition,
» To cooperate with offshore port or not,

» What the strategic positions of offshore ports are,

In this thesis, the factors affecting the competition between the ports will be
analysed. The analysis of the effects and roles of these factors depending on
competitiveness will be also made. Furthermore, with the help of case studies, the

competitive structure to be formed by including offshore ports will be examined, and



advantageous and disadvantaged situations of the ports will be determined, and a
competition game will be presented. Strategy decision making based on game theory

will be applied as a method in the generated competition games.

1.1 Research Motivation

The container shipping is a major transportation mode, and the main cause of the
container shipping has gained popularity in the sector is that it offer easy, quick and
low-cost cargo transportation. Containerization can be called as revolution of
shipping industry. However, the passage from break bulk cargo to containerized
cargo was not easy although the containerization offers several advantages which are
highlighted by Rodrigue et al. (2013) as standardization, flexibility, costs, velocity,
warehousing, security and safety. The difficulty of this passage was coming from the
concerns on the huge investment cost of developing port, road, and railway
infrastructures which are prerequisite for container shipping. The investment on
containership and millions of container boxes is priority and comes before the
infrastructural investment. However, the containerization reduced shipping time and
cost, and goods reached to market in shorter time by 84% with 35% less cost when
compared to break bulk cargo transportation (Bohlman, 2001). Therefore, the sector
has seen that the reductions in shipping time and cost and the other advantages of
containerization would make valuable the huge structural investments in container
shipping. Today, with the leadership of Maersk Line shipping company, the billion-
dollar investment decisions of tens of new generation ULCVs in a lump can easily be
given (MAERSK, 2016). The leader shipping companies commenced to operate
ULCVs, which are bigger than the Empire State Building with the length reached up
to 400 metre, on the main container routes. Containership continues to grow and
container shipping companies around the world are increasingly using bigger and

bigger ships.

In the ever-growing and complicated container shipping, the role of ports is crucial
and as response the ports are upgraded with sophisticated new equipment in order to
increase productivity and efficiency, and they are formed for loading and unloading
containers to/from ULCVs. The conventional container ports face challenges with

the new generation of ULCVs due to water depth limitations, berth length and crane



outreach. It is anticipated that after the introduction of mega vessels, these
constraints might cause obstructions to the operational flexibility of some
conventional container terminals (Lane and Moret, 2014, Davidson, 2014c). To cope
with the impact of ever increasing vessel size, the port authorities turned their focus
on this issue in the last decade because, terminal congestions, inadequate port
handling capabilities of mega vessels and eventually low productivity, efficiency and
accordingly total port performance cases may lead some of the ports to be excluded
from the networks serviced by the mega-containerships. It is an anticipated outcome
in today’s dynamic and very competitive container shipping industry. The emergent
issue as a consequence of the challenge against ULCVs affects almost all container
terminals directly or indirectly. Already some ports with high throughput are not
capable of handling the new generation of ULCVs due to inadequate water depth at
port area (includes anchorage area/s, port access canal/s or way/s and berthing),
limited handling equipment -especially ship-to-shore cranes with dwarf outreach-
and the length of berthing space, and poor performance of IT systems to solve the
overflow traffic (Lane and Moret, 2014). Also the ports, which have collaboration
with incapable ports to accommodate ULCVs, make concessions on efficiency and
economies of scale. Therefore, the port authorities go into the effort of efficiency and
performance increase and try to think of ways to berth ULCVs to their container
terminal (Davidson, 2014a). For this purpose, seabed dredging, infrastructural
improvements and amendments to fix terminal for ULCVs, IT systems’
improvements are some of the proposed solutions to enable ULCVs’ operations at

the container terminal (Cullinane and Khanna, 1999, Rothberg and Sisson, 2013).

Another proposed solution for the accommodation of ULCVs is the offshore
structures. The usage of offshore structure is under consideration by some authorities
such Venice Port Authority, US Government for container shipping with the
deployment of ULCVs on the lines that are connected to the offshore container port
(APV, 2013, Glauser, 2014). However, while the offshore structure may offer an
alternative way for the conventional container ports to operate container network
with more efficient and eco-friendly ULCVs on suitable container routes and
markets, there are some operational and technical concerns about the offshore

structures to use as a container terminal.



The operational concerns firstly focus on the transfer of container from the offshore
structure to the shore. The container transfer concerns are held in perspective of the
mode of transport and the most suitable transport mode for the container transfer is
considered for more efficient, economic and eco-friendly offshore container terminal.
The operational concerns also cover the challenges which are about from optimum
crane size, number and operation to the layout of offshore structure to enable
maximum efficiency at per square of the structure. While the effect on port
competition of offshore container terminals is another concern in the sector, the
environmental and safety effects are also considered. Initially the effects on port
competition can be assessed as when an offshore port facility is used as link to main
routes by smaller ports, the role of those smaller ports in the port competition against
bigger ports. Latter, while the environmental effects are considered in terms of air
emissions from vessels and port facility on humans within close port area, water
quality for underwater habitat and animal, soil and waste pollution and noise and
safety concerns can be noted that terror attacks, smuggling, human trafficking, illegal
immigration and other threats come from sea. On the other hand the operational
concerns form another side to analysis the offshore structures. They are held in the
context of stability, mooring of structure and the reaction of port structure to weather
and sea condition which are depending on structural layout of the platform as the

structure is a fixed or floating platform.

In this general context, when the offshore structures are considered as a sustainable
container terminal with its all advantages and challenges, the offshore container port
facility may have a competitive identity by taking up the challenges. A strategic
decision mechanism is essential to enable the offshore container facility to be a direct
competitor. Therefore the motivation of this study comes from the belief that the
offshore container port systems could offers a new strategic container shipping
structure. According to views and pre-analysis of the sector, the author’s belief is that
the system can bring an arrangement for container shipping network and the
collaboration among container ports and container shipping lines. In addition to all
these structural gains of the offshore container port systems, new port competitive
environment, this will be shaped once again thanks to the offshore systems, is a main

motivation source. So the research question in accordance with the described
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research motivation can be asked as “How will the new competition environment
between container ports, which will be formed through the adaptation of OCPS and

ULCVs, strategically affect port investment decisions?

1.2 Problem Definition

The problems of container sector fall under three headings; (1) the energy efficiency
problematic and GHG (Greenhouse Gas) emissions; (2) inadequate or restricted port
structures for ever-growing container trade and correspondingly growth in other
components of the container sector; and (3) competition among container shipping
lines and ports.

The energy efficiency is important problem in the container sector as important as in
other energy consumer sectors (Parker et al., 2015). The importance of energy
efficiency increases much with the depletion of energy resources and the increase of
energy price. It means that the operation will be carrying out at less profit. Also, the
usage of energy causes gas emissions which are required to reduce to the determined
level. Policy makers such as IMO (International Maritime Organization) and EU are
taking the necessary steps to make necessary regulations in order to increase energy
efficiency and to reduce the environmental impact of the container industry as a
subcategory of maritime transport. To solve energy efficiency and GHG emission
problems in the sector, EU supports IMO energy efficiency projects, and in this
context the European Commission developed a strategy for reducing GHG emissions
and for increasing energy efficiency in accordance with the suggestions of the
Commission’s White Paper (EU, 2011). The set out strategy consist of 3 consecutive
steps: (1) monitoring, reporting and verification of CO, emissions from large ships
using EU ports; (2) greenhouse gas reduction targets; and (3) further measures (EU,
2017h).

The industry has developing various solutions to enable the energy efficiency of
container shipping. These solutions are too numerous to be counted. However, it can
be said that the passage from break bulk cargo to containerisation and ever larger
containerships are most common way to increase energy efficiency. Also, the
technological measurements on hull and machinery, which will be not discussed in

this study, are other solutions to cope with the inefficient energy usage. The gas
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emissions are strictly regulated by IMO. Thus, alternative fuels and new engine
technologies to burn alternative fuels are adopted to comply with international gas
emission rule and emissions. Meanwhile, ship-owners have to give strategic
investment decision to adopt the fleet in accordance with international rule and
regulations by targeting to retain profit margins. The most common decision is either
retrofitting the existing fleet or to order new technology-equipped containerships
which are generally bigger vessel to gain advantages of economies scale. The
position of ports cannot be assessed as discrete approach for energy efficiency and
GHG emissions. The adaptation of ports generates based on the developments in
container trade, fleet trends and the rule and regulations. In this manner, the
container ports aim to allow vessels to sail in possible shortest time by completing
loading/unloading operation with the provided optimum and energy efficient port
performance. Therefore, it can be said that the first part of problem cannot be
described without container port even if other third party providers for a sustainable,

energy efficient and gas emission reduced international seaborne transportation.

The second part of mentioned problems is inadequate and restricted port structures
for ever-growing container trade and correspondingly growth in other components of
the container sector. The root of the problem is not able to find a common ground by
shipping lines, ports and shipper. Herein, container ports play a key role by gathering
both sides on a common ground. This is provided however that the demands of both
sides are met at junction point which is a container port in the container sector. The
relation between shipping lines and container ports depends to supply operational
capability which will not allow missing the container shipping line schedule of liner
companies. The problem here is that most of the container ports do not have adequate
structural and technical capability to accommodate new generation of ULCVs.
Therefore, the shipping liners have to choose the specific ports which can give
service their mega vessels. In the perspective of ever-growing container trade and
vessel size, a container port can be an alternative for the accommodation of ULCVs
if the port offers operation without any dimensional and technical restrictions.
However, limited numbers of ports exist to accommodate ULCVs so ULCVs are
operated at specific routes which are connected to export/import location. Thus the

shipping liners deploy their vessels and plan their network schedule according to the
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port capability if their fleets need special requirement from ports such as water draft,
berth length, crane outreach, stowage area etc. to be able to operate the line.

The third issue in the perspective of study is that the competition among container
shipping lines and also among container ports. Both competitions can be assessed at
international and national level or at global and local levels. The competition among
container shipping lines based on the first and largest... “beggar thy neighbour”
policy. The international and global competition is in the global container market that
is run out by leader container shipping companies in top 30 positions of ranking list
in terms of TEU capacity and market share (Alphaliner, 2017, WPS, 2016). As it is
noted by Basedow et al. (2012) that the container shipping lines shows peculiarities
to avoid competition among themselves, inter alia, (1) very high fixed costs; (2) very
high entry and exit barriers; and (3) oversupply.

Due to these conditions of sector, the container shipping lines develop cooperative
agreement in the liner shipping. Liner conferences, consortia, mergers, global
shipping alliances have been developed in accordance with antitrust law. In the past,
liner conferences, which began in the 1870s as a device used by ship-owners in the
cargo-liner trades to address problems of over-competition, seasonality and cut-
throat pricing, have always attracted opposition. Liner conferences are a cartel
agreement and were offering a standard schedules for shipping lines serving on same
route, in order to rationalise the capacity and the frequency of services offered to
their customers, as well as the tariffs that are publicly available. For many years,
liner conferences coexisted with consortia, and sometimes with global alliances:
when these two sets of agreements were contemporaneously in place, liner
conferences concentrated more on tariffs, whereas consortia focused on technical
matters: indeed, antitrust concern for consortia is certainly less than that for
conferences; this is the reason why conferences have been finally banned, whereas
consortia are still practiced in the liner shipping sector. Containerisation has
weakened the ability to enforce cartels and the lines have resorted to other strategies
such as mergers, alliances, and consortia. The day of the conference, it seems, has

passed.
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Today’s most common cooperative agreement, global shipping alliances allow
medium-sized shipping companies to compete bigger liner companies which have
capability to operate independent liner services on all markets, in fact, have
witnessed a profound merger and acquisition development over the past twenty years
and nowadays shows impressive levels of concentration worldwide. The biggest
shipping alliances was announced by the first leading shipping lines in the world and
they aim to characterize fluctuating freight rates, increasing cost and diminished
profitability (Lloyd'sList, 2013a, Lloyd'sList, 2013b, Lloyd'sList, 2014, Premti,
2016). Also the alliances are combined with overcapacity in the container industry
and unpredictable demand. The sector actors have some concerns for the proposed
alliances (Davidson, 2014b, Premti, 2016). It is concerned that the size of alliances is
enormous, according to shipping analyst Alphaliner (2017) after the P3 and the 2M
network announcements with G6 and CKYHE, the four biggest shipping alliances
would be have roughly 90% of the global container market shares and it will
probably affect smaller liner companies negatively, in terms of number and
tonnage of ships, sailing frequency and port coverage as well as on their scope
which crosses jurisdictions. Some other concerns are considered about possible
negative effects of alliances on shippers and fair competition in general. The
alliances at this size and with so huge competition power incapacitate smaller
carriers to compete with the leading container shipping lines in global perspective.
Therefore, the smaller carriers stays local and run their operations as feeder for big
shipping companies services on main routes or relatively with smaller vessels on

shorter routes which have low throughput.

According to Drewry (2016) and Alphaliner (2017), the four alliances will be
deployed ULCVs, the smallest average vessel size between these alliances is around
12,000 TEU. When the larger vessel size is considered with the total container
capacity of the alliances together, the competition among ports depends on the
capability of ports which is sufficient or not to pull alliances to the port. Port
competitiveness from shipping liner perspective, the factors, which are cargo
volume, terminal handling charge, berth availability, port location, transhipment
volume and feeder service providers, can be expressed to affect port choice decision

of the shipping lines.
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1.3 Aim and Objectives

What is not yet clear is the impact of OCPS on the container port competition. Also
the response of container sector to the OCPS is not fully understood. However, this is
clear that to date, studies investigating OCPS have produced equivocal results. Some
studies have shown the beneficial effects of ever-growing container sector, but others
showed deterioration in container sector. On the one hand, some studies do not see
sufficiently feasible ULCVs by reason of overcapacity and not fully loaded
operations of ULCVs. Hence OCPS cannot be considered feasible for sustainable
container transportation network under the conditions of oversupply. On the other
hand, despite this, very few studies have investigated the impact of OCPS on the
container transportation network in terms of accommodating ULCVs, economic

feasibility, energy efficiency, environment, homeland security so on.

This study investigates the developing container sector and the developments in the
container port industry. The purpose of this investigation is to explore the
relationship between the developing container sector and the developments in
container ports in terms of the port competitiveness. In this regard, the study traces
the development of container ports and determines the factors that affect the
container port competition strategies and shipping business economics. The
expectation from this thesis is to provide guidance to container shipping market
players, especially container ports and shipping lines, in order to overcome to the

competition challenges of the upcoming container transportation business trends.
There are primary objectives in order to achieve the determined research aims.

» This thesis attempts to historically review the literature on the development of
the container industry, the development of container ports, and the
operational challenges faced in the container sector.

» Secondly, an objective of this study is to investigate alternative solutions can
be produced for the operational problems in the sector in the light of the
developing container sector and port structures.

» Analysing the possible response of the container industry to the solutions

offered can be another objective of the thesis.
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» In addition, the analysis of the competition between the ports, which is
expected to occur due to the developing port structures, is one of the
important aims in order to make this study important.

» But more importantly, a new and sustainable method for the analysis of
competition between ports in the emerging new competitive climate and its

application is another objective.

In accordance with the objectives, the main aim of this thesis can is described as “the
development of a new and sustainable game theoretical method to analyse strategic
decision making behaviours of the competitors in the especially designed new
competition environment with adaptation of a novel container network system based
on the collaboration of ULCVs and OCPS”

1.4 Contribution to the Field of the Study

The modern containerization celebrates its 60th anniversary by year 2016. During
these 60 years and in advance of the first modern container shipped, a considerable
amount of literature has been published on the containerization and the container
ports. While each study is aiming to develop the adaptation of containerization to
maritime shipping sector, they also make valuable contribution the existing literature
knowledge with the different research designs, analysis methods and case studies.
Despite this, very few studies have investigated the impact of offshore structure on
the ever-growing and developing container sector to generate more energy efficient
container transportation activities. Therefore, as other studies, besides making a
precious contribution to the existing literature to build up more efficient container
shipping, this study applies the offshore container port system with different game
theoretical approaches. The study also follows a case-study design, with in-depth
analysis of port competitiveness, to generate a decision-making concept with a new

methodological approach and scientific knowledge.
The major contributions to the field of the study can be given as follow:

> Extensive operational container transportation analysis, on the basis of the
identification of alternative port solutions to meet the expectations of the -

developing container sector and ever-growing ship dimensions,
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As an alternative port solution, the adaptation of OCPS to the container
sector and the examination of the system’s impact on the conventional
container transportation network due to the integration with ULCVs and
the examination of the operational adequacy of the system,

As a result of evaluating the created competitiveness in the existing
container transportation sector by the OCPS, the determination the
dynamics that will affect this competition and the examination of the
these dynamics’ role in the inter-port competition,

Developing a non-cooperative game theory methodology on the selected
container port competition case which is related to the OCPS adaptation
on the container port system and an application of Stackelberg game
theory to analyse the inter-port competition,

For an OCPS based case study, the calculation methods of total
transportation time and cost for door-to-door container transportation
network. The determination of the competitive positions of the ports as a
result of the values to be obtained from this calculation. Also, the
calculation of capacity and size of the OCPS and its construction costs,
The final contributions of this study is to take a guiding role in terms of
the determination of tactical behaviour for competitive ports, the strategic
decision-making on port investment, and the assessment of port

competition dynamics as a whole.
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2 BACKGROUND & CRITICAL LITERATURE REVIEW

There is an increasing interest in container shipping so the studies on this area have
been accelerated during the recent years. The undertaken research on the evolution
and research trends of container shipping by Lau et al. (2013) analyses the container
shipping in 2 terms, namely, the traditional term spanning between 1967 and 1990
and modern starting from 1990 and extending up today. The latter category has been
formed to identify the functionality aspects of container shipping. An indication of
the increasing scientific interest in the container shipping is the number of the
published papers. While 71 papers were published during traditional term of
containerization, they reached up to 211 in the contemporary period until 2012 (Lau
et al., 2013).

There are relatively studies in the area of container terminal transport operations. An
extensive search conducted by Carlo et al. (2014) focused on published scientific
research between 2004 and 2014, and it is found that 61 scientific publication
including articles and book chapters. The container terminal transport research has
been mostly conducted in Asia and Europe origin countries. It is also available to see
early examples of research into container terminal operations which were inspected

in other literature review studies (Vis and de Koster, 2003, Steenken et al., 2004).

As OCPS is relatively new topic, there has been no detailed investigation of literature
review on the offshore based container port operations. However, in recent years, it
can be addressed that there has been an increasing amount of literature on the field of
offshore port adapted container shipping. The first serious discussions and analyses
of offshore based container shipping systems emerged after the 2000s with the
floating container terminals (Ali, 2005, Evangelos, 2006, Kim and Morrison, 2012,
Baird and Rother, 2013)

It is broadly agreed that the container ports have experienced significant challenges
in the recent years such as ship size enlargement, increasing container trade,
bunkering source switch, increasing port competition, and financial management
problems (Brooks et al., 2014). The most attention-grabbing of these is the ever-
growing containership size and container trade, as some of the ports in shipping liner

schedule could be eliminated if they remain insufficient to accommodate those of
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larger vessels and to serve the increasing container trade. The encountered challenges
in the container sector aggravate the discussions and increase interest in the OCPS in

the container shipping industry.

Constitutively, two important themes emerge from the studies discussed so far: the
first theme is that the ever-growing containership size and latter is that the
insufficient operational and technical aspects, and the limited number of container
ports/terminals to accommodate ULCVs. Therefore, it can be said that there is a need
to enhance the number of operationally and technically capable ports for handling of
ULCVs. In accordance with this purpose, it can be taken in consideration the
application of offshore based container ports at suitable regions as an alternative for

the conventional container ports to provide flexible container shipping.

It may be required to highlight the variation of offshore structures’ logistics concepts
in terms of prefiguring. To better understand the mechanisms of logistics concepts
for offshore transfer systems applied on shipping sectors, Pachakis (2015) classified
offshore cargo transfer models into 3 distinct types which are; (1) offshore terminal
for container shipping; (2) vessel to vessel transfer for oil and dry bulk shipping; and

(3) vessel to barge/platform or to vessel for dry bulk.

There is very little scientific research to understand the mechanism of offshore
structures’ logistics concepts for the container shipping. In terms of operational
aspect, the offshore structures in the shipping industry can be categorised in two
main types: floating service concepts and offshore port systems. Although the
research to date has tended to focus on floating services concepts rather than OCPS,
the growing body of literature recognises the importance of OCPS in the container

shipping from the point of new generation of ULCVs.

2.1 History and Developments of Containerization

The first usage of boxes is seen in coal mining in the late 18" century. These boxes
were enabling the transportation of bulk cargoes without multiple handling and
delays. The boxes were keeping the costs down, saving time and increasing the
reliability without multiple handling and handling related delays (Crowley, 2008).

The first developments in containerization have been commenced with the first
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wooden box and the developments have gone on as it is illustrated in Figure 2-1
(Essery et al., 1970, Ripley, 1993).

1795
18th century «The Little Eaton By the 1840s
* The first wooden Gangway opened *The iron boxes
box designs to by Benjamin were in use as
transport coal in Outram for coal well as wooden
England carriage in wagons boxes
1766 By the 1830s
*The first «Several type of
box boat boxes were
design by used to
James containerize
Brindley coal in the UK

Figure 2-1 Early stages of the containerization
Source: Adapted from studies of Essery et al. (1970) and Ripley (1993)

In 1917, the known first container-crane-truck system and the system was co-
ordinated to Cincinnati railway terminals (Lewandowski, 2015). In 1919, a structure
has been developed to transporting containers to enable ease movements between
road and rail systems (Lewandowski, 2014b). The development of containers has
been discussed in World Motor Transport Congress in London (1927) and Rome
(1928) in terms of suitable road, rail infrastructures and various ancillary components
for the best container system in terms of efficiency, economy, technical aspects and
international standards for cross-country use (Lewandowski, 2014a). As a result of
these developments in the congresses, the International Chamber of Commerce
organized a competition based on agreed dimensional standards by aiming to seek
the most effective container system (Lewandowski, 2014a). Figure 2-2 shows the

development of containerization in the early 20" century.
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Figure 2-2 Development of containerization in the early 20" century

Source: Adapted from studies of Lewandowski (2014a), Lewandowski (2014b)
and Lewandowski (2015)

The developments encouraged to lay the foundation of first container terminal which
is designed as a rail terminal (Lewandowski, 2014a). In the light of these
developments in containerization, some regulations were in evitable. Thus, in 1933,
the International Container Bureau (French: Bureau International des Conteneurs, so
BIC) published initial obligatory regulations on standardized container size,

allowable loading capacity (Lewandowski, 2014a).

The modern intermodal containers were hoisted off by the orchestrating of McLean
in 1956 (WSC, 2015). This modern transportation model had to be waited to do
something on his venture since the idea was realized by Malcolm P. McLean in 1937
(Cudahy, 2006, Smith, 2014). Because this containerization model needs huge
capital investments at whole transportation chain to provide sustainable intermodal
transportation. However, the attempt of McLean was different from other attempts
which have been experienced in UK, Netherlands, Denmark and US, because
McLean has reached a great success in the modern intermodal container
transportation in terms of business economics (Levinson, 2016). The success of this
venture has birth the first container shipping company Sea-Land Service in 1960 by
hauling down McLean’s the Pan Atlantic house flag (Cudahy, 2006). The further
developments progressed with the retrofitting T-2 tanker vessels in order to
transform to a cellular container vessel (Cudahy, 2006). The fledgling marine

transportation method attracted considerable attention and the first international
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container shipment has been carried out in a span of 10-year time (MAERSK, 2016).
The containerization has showed very good acceleration over the years and the
annual container trade has reached 171 million TEU movements in 2014 with the aid
of developments after the modern intermodal containers. Some of the

containerization’s milestones are represented in Figure 2-3.

1956 1966 2014
*The first *The first +171 million TEU
successful international estimated annual
container container trade in
shipping shipment containers
1957 1968
» The first modern +|SO 668
cellular defined the
container vessel terminology,
- Gateway City dimensions
and ratings

Figure 2-3 Development of containerization after the modern intermodal
containers

Source: Adapted from studies of Cudahy (2006), Smith (2014) and Clarkson
(2015)

The reason under this success is that the intermodal container transportation is much
simpler and quicker because container offers seamlessly handling between
transportation modes from ships to truck or trains, or vice versa (WSC, 2015). The
containerization idea is based on the theory that allows transporting the small size of
packaged cargoes in the same container, thus several parcels of cargo can be handled
with minimum manpower and interruption among different transport modes during
their journey. It cannot be denied that the containerization is the revolution in cargo
transportation and international trade because thanks to this idea the whole logistical
process would be simplified. The ground-breaking effect of containerization is
defined by Donovan and Bonney (2006) as that ‘the box that changed the history’.
As a conclusion, the revolution of cargo transportation, -not only marine
transportation-, has been commence with the departure of first modern container on

board of Ideal X from the Port of Newark for its destination the Port of Houston.
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2.2 History and Developments of Container Ports

Ports are a fundamental property of the transport system. While Liu (2010) defines
ports as one of main components of the maritime shipping, and it is defined as third
component of the maritime transport system after ship and cargo by the phenomenon
of maritime economics Stopford (2009). It is necessary here to clarify exactly what is
meant by port as Stopford (2009) defines a port is “a geographical area where ships
are brought alongside land to load and discharge cargo — usually a sheltered deep-
water area such as a bay or river mouth”. However, unfortunately this definition
remains a poorly defined term for modern ports because besides the defined function
of ports, they have functions from cargo handling to storage and to custom services.

The main functions of a conventional port are presented in Figure 2-4.
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STORAGE
E HNTERLAND
LOADING LOADING
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SHIP ——son-1 | TRANsPORT HINTERLAND
aprroacH [ o iR TOW AR DS MODE

AND PR LOADING DEPARTURE
MOORING ML PLATFORM

Figure 2-4 Main functions of a conventional port

Source: Van de Voorde and Vanelslander (2009)
The requirements have changed from ports in conjunction with the developments in
the maritime sector. While a secure berth was only a beginning function of ports, the
expectations from modern ports can be described as deep water access for big
vessels, improves cargo handling by storing freights on a versatile port facility and a
well-integrated hinterland connection with transport modes of railways, roads and

inland waterways, and finally regular and simplified custom services.
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To meet the expectations from modern port structures, there was a great need for a
standardised method of transport but for this to be realised a whole host of industries
needed aligning, such as: ships, trains, and trucks and also port terminals. As it can
be imagined, it would require a lot of work and persuasion to make such a feat
possible. This would be occurred with the adaptation of all involved industries to
containerization. At the same breath, the port terminals had to be adapted and to be
developed to comply with the developing container transportation. In conjunction
with the developments in containerization, the first example of container terminal
was seen in Enola, 1932 and it was opened by Pennsylvania Railroad Company
(PRR) as a railway container terminal. The first container port was opened by the
Port Authority of New York and New Jersey on August 15, 1962 in the harmony and
cooperation among ports, containerized cargo and containerships (PANYNJ, 2016).
The chronological progress of container ports is presented in Figure 2-5.

1994
+10 million
1962 TEU 2014
*The first threshold +Shanghai port set
marine was passed a historic record
container by Singapore by handling over
terminal port 35 million TEUs
1982 2005
1 million *The first
TEU offshore based
threshold was port in operation
achieved by a - the YYangshan
port in a year deep water port

- Singapore

Figure 2-5 Development of container terminals
Source: Adapted from WSC (2015), PSA (2016) and SIPG (2016)
With the adaptation of container transportation, port dynamics has substantially
changed to favour the emergence of specialized container ports. The main changes in
port facilities are appeared as capital intensive cranes and well as ample storage
space to stack containers dockside because the mostly containerships did not have
on-board cranes when compared to conventional break-bulk cargo ships. The other

seen development in the container terminals is that the berths were redesigned to
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accommodate for quick ship turnaround and more effective port operations between
the crane and the container storage areas. Therefore, the maritime container terminals
are designed technologically advanced and to be able to handle high volume with
high-productivity performance. It is also required that the maritime container
terminals are essentially to be larger and tend to be located near major cities, which
have high volume of import/export cargoes to transport in containers, with good and
well-designed rail and road connections for hinterlands.

Port location also plays a key role to determine the strategy of a port, beside
technologic and structural advantages of the container terminals. The importance of
a port’s location is strategically linked to maritime access by Rodrigue et al. (2013).
The maritime access of a port can be understood as the availability of port to
accommodate modern cargo ships in terms of depth and available space which are
fundamentals for port selection. The position of port in container port competition
also bases on the advancement of infrastructure, equipment and land access beside
the geographical importance of the port. In this regard, the Port of Singapore
provides a locational advantage because it is operated as a junction point at the Strait
of Malacca. Thus, the locational advantage makes the Port of Singapore one of
important hub ports in the world. The importance of location for a port progress can
be understood with the analysis of the tiny country of Malta which acts as a
transhipment hub and takes part in the major world ports. The major container ports
in the world are clearly demonstrating the whole development progress from the date
when the first marine container terminal had been opened and they are also
demonstrating the truly global nature of the liner shipping business and the
importance of the network of ports that facilitate timely and efficient ship and cargo

movement.

Another point of view for the development of container terminals is that the ports
have to progress the port developments to cope with the ever-growing containership
size. For example, the required draft allowance for a Post-Panamax type ULCV is
more than 12 meters water depth for safe berthing and manoeuvring in the port
facility. However, according to Rodrigue et al. (2013), there is a limited number of
ports can give service ships of more than 10 meters draft and more than 200 meters

in length. In this regard, many ports are considered as unable to provide maritime
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access and modern cargo operations for larger container vessels due to restricted
fundamental aspects of these ports as depth and available space. Therefore, these
ports mostly remain to serve local markets which are relatively deployed smaller
container vessels and they cannot get involve in the challenge to obtain share from
the main container routes directly. However, in this situation the intra-port
competition arises for the local container hinterland market among similar port

facilities, which are incapable to handle mega vessels, serving to same hinterland.

Consequently, in the light of the developments in container terminals, the largest
container terminal is able to handle more than 35 million TEU as annual throughput
by 2014 (WSC, 2015). As the largest container terminals, Asian ports have the
biggest share among other countries’ container ports as parallel to export figures of
containerized cargo, and the top ten of ranking list is dominated by Asian ports. The
Port of Shanghai located in China ranks at top of in the top fifty global container
ports in 2014 (JOC, 2014, WSC, 2015). The Port of Shanghai has obtained this
position in 2010 by surpassing another Asian port which the Port of Singapore, and
the Port of Shanghai is statistically known as the world’s busiest container port with
it’s the highest container throughput in the world (WSC, 2015, SIPG, 2016). The
strategic investment decision on an island port in Shanghai port area -Yangshan
Deepwater Port- cannot be denied to understand the development of container ports.
With aid of developing technology, at the reached point, today it is also aimed that
the container terminals could handle the containers with the strategy of zero-emission
and in sustainable business and renewable energy models as it is announced by APM
Terminals for Rotterdam port (MarEx, 2015).

2.3 Floating Service Concepts

A rapid evolution of floating terminals has been seen in the last decade. However, as
reported by Stanford (2008) that the first examples of offshore operations have been
observed during World War 11. It is developed by British Army to enable unloading

of cargo to transfer shores during the Normandy Landings as seen in Figure 2-6.
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Figure 2-6 View of the Mulberry Harbour in 1944
Source: IWM (1977)
Later on, another concept, sea basing, was developed by the US Navy to provide
strategically logistics support to its naval forces without reliance on land bases within
the operational area (Tangredi, 2011).

In the oil industry, the usage of offshore system is very common approach.
Particularly, after oil has been commenced to produce from offshore locations, oil
drilling systems are located on the seabed and so very large oil tankers are modified
or special design of platforms are built for a purpose of offshore oil production,
storage and offloading which are named as offshore oil port and FPSO. As
considered port based offshore oil structures, it can be encountered an offshore oil
port or terminal anywhere around the world. They connect crude oil by pipeline to
shoreline. As a consequences of the developments in oil industry, it is possible to see
very large offshore based oil drilling structures: the Louisiana Offshore Qil Port
(LOOP) can be shown as example for one of the biggest deep-water port as seen in
Figure 2-7 (LOOP, 2016).
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Figure 2-7 Louisiana offshore oil port
Source: LOOP (2016)

Floating Liquefied Natural Gas (FLNG) is another version of FPSO applications in
gas industry to enable the development of offshore natural gas resources as the
FLNG facility will theoretically produce, liquefy, store and transfer LNG. Berner and
Gerwick (2001) discuss several key aspects of such platforms from material selection
and performance by comparing concrete and steel as material to platform
construction consideration even if the areas with shallow water.

The reason under this offshore approach is to minimize operational risk arising from
oil operations at ashore ports and to protect environment in responsible manner.
However, the effects of offshore oil port or platforms on marine environment are
argued in the industry and academia. The offshore system can be considered as a
solution to eliminate or at least mitigate oil spill risks from ports or ships which are
occurred during operations or other reasons thanks to operations at lower traffic-
density open sea (Xing et al., 2015, Liu et al., 2015, Li et al., 2016).

Similarly, it is worthy to say that the floating transfer terminals are also commonly
used for dry bulk cargoes. This system based on the transhipment activity from large
ocean-going bulk carriers to barges due to draft limitations or lack of adequate
handling equipment which are reason to prevent port entrance of those of large bulk
carriers. MacGregor (2016) suggests the floating dry bulk cargo transhipment
systems due to its several advantages for the efficient, reliable and clean

transhipment of dry bulk cargoes. The advantages of floating terminals coincide with
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necessary aspects of a container port to mitigate the impacts of ULCVs. In addition
to those of aspects, the advantages are also including (MacGregor, 2016):

» Avoiding new investments in ports that lack discharge facilities,
Larger vessels can be used for long distance transportation,
High discharge capacities,

A floating terminal can be relocated,

Reduced pollution in ports and their immediate environment,

YV V. V V V

Environmentally-friendly operation.

By way of illustration, it is shown how the floating terminal for the dry bulk cargoes
can be layout as seen in Figure 2-8.

Figure 2-8 Floating dry bulk terminal
Source: MacGregor (2016)
To see the examples of offshore systems in specific maritime sectors including oil

and dry bulk sectors are not new. Mainly the encountered offshore systems in the

applied sectors are listed in Table 2-1.
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Table 2-1 Encountered offshore system examples in other sectors excluding
container sector

Structure  Design Sector  Design Objective Source
To enable easy
Mulberry  Floating Artificial Military 2CCesS to shore Stanford
Harbour Harbour y during invasion (2008)
of Normandy
Mobile Offshore -
Base at different ]I:Ogls.tll.c s support
. design concepts - or military Tangredi
Sea basing . Military = forces at large
i.e. vessel, : (2011)
. distances from
pontoon, mobile
shore.
harbour
Drilling offshore
oil, tanker
Offshore Static Offshore Oil ?;:02(:;?9’ LOOP
oil port Deepwater Port porary (2016)
storage, and
pumping crude
oil to shore
. Oil process,
FPSO Floating tar}ker o oil storage and
purpose-built
transfer
Natural LNG produce, aBnedrner
FLNG No exist design liquefy, store and .
Gas transfer Gerwick
(2001)
Transhipment dry
Offshore Floatlr)g Dry bulk cargoes Mobidock
bulk transhipment from large bulk
. . Bulk : (2016)
terminal terminal carriers to smaller
bulkers

In the light of the listed advantages of floating terminals, the usage of floating
terminals is also proposed for container shipping in some studies such as (Ali, 2005,
Evangelos, 2006, Kim and Morrison, 2012, Baird and Rother, 2013, Kurt et al.,
2014).

The first systematic literature review of floating structures in the container shipping
was reported by Kim and Morrison (2012). Detailed examination of the offshore port
service concepts shows that there are various floating structures to give service

container shipping industry. Kim and Morrison (2012) discuss the challenges and
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strategies of floating service concepts for facilitating and promoting the container
handling chain.

Ali (2005) defines that the floating terminal can reduce the pressure on existing
ashore container ports. In his analysis of the floating container terminal, the
feasibility of structure is examined in terms of the design based operability and the
financial situation. The study mainly focuses on the design of the terminal, system
hydrodynamics, terminal station keeping and finally its financial aspects,
respectively. The analysis has been carried out for a certain terminal design approach
which is equipped with the pre-determined yard equipment and stability
technologies. The results are consistent with data analysed to obtain CAPEX, OPEX
and minimum fee. However, this study has been unable to demonstrate that the
differences between a conventional container port and the analysed offshore floating
terminal. These differences can be explained in part by the proximity of obtained

results and the data from a based conventional container port.

In the study of Ali (2005), different type of floating structure concepts including
stable and dynamic structures and layout alternatives are also examined to find the
optimum concept according to pre-defined conditions and clauses. In this manner,
pontoon shaped structure and rectangular shaped marginal berth system have been
proposed for his specific case. The proposed design of floating container terminal is
represented in Figure 2-9. However, the structure and layout can change according to
the user demands from a floating container terminal. The examination of structural
aspects of floating terminal is not a topic of our study but it is worthy to know that

there are different structural alternatives.
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Figure 2-9 Floating container terminal
Source: Ali (2005)
While Ali (2005) was not addressing the proposed floating terminal as a solution for
the ever-growing containership size, Evangelos (2006) identifies the floating
container terminals as one of major solutions for the continuously increasing
container transportation, in conjunction with the container handling operations, the
port infrastructure, the changes in ship design and building industry. In his analysis
of innovative approach for the ULCVs, Evangelos (2006) dedicates floating
container terminal to ULCVs. The draft request of ULCVs is showed as a main
problem which would be coped with by the dedication of floating terminals. The
indented berth system by Ali (2005) is proposed by Evangelos (2006) to expedite the

cargo handling operation with both side allocated cranes as illustrated in Figure 2-10.
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Figure 2-10 Indented berth system
Source: Ali (2005)
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Rooij (2006) and co-workers made the technical feasibility analysis for very large
floating container terminals. DELFRAC computer software has been used to get the
results for the determination of response motions, wave forces, wave elevations and
connection forces in the hydrodynamics behaviour of the terminal when it has been
modelled as a rigid single-body platform. It is modelled with the pontoon shaped
rectangular elements which are connected each other and forms the terminal has a
bridge connection to shore. While the hydrodynamics and technical feasibility are
examined in his study, he also discusses the capacity increase possibility of floating
terminals for the major container ports and the potential contribution to land security
is also discussed.

The above container shipping related floating terminal studies may remain at the
level of analysis, and the applications of them could not attract the expected attention
in the industry. However, in 2013, Baird and Rother published a study which focuses
on the technical and economic evaluation of the floating container storage and
transhipment terminal (FCSTT) and the study is supported by the EU Interreg IVB
North Sea Region Programme via the StratMoS Project (Baird and Rother, 2013).
Indeed, the study does not contain a known floating terminal structure which is based
on conversion of a large container vessel and has been designed to handle containers
at offshore locations where a terminal need is exist. It can be thought that it is
inspired from the FPSO example in oil shipping industry. According to conducted
economic evaluation of Baird and Rother (2013), the FCSTT has better CAPEX and
OPEX values than the conventional shore container terminals. The proposed design
concept of FCSTT on converted Panamax containership is demonstrated in Figure
2-11.
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Figure 2-11 FCSTT design concept based on converted Panamax ship

Source: Baird and Rother (2013)
In addition to the floating port or terminal structures, several studies investigating the
subsidiary floating structures have been carried out on floating breakwaters and
floating crane platforms (McCartney, 1985, Murali and Mani, 1997, Pielage et al.,
2008, He et al., 2012). Particularly, research into floating breakwater has a long
history and today a wide range of studies can be accessed. In recent years, the studies
have been undertaken to improve the hydrodynamic and technical aspects of existing
structures more than the development of a concept design (Ji et al., 2015, Wang et
al., 2015, Ji et al., 2016).

On the other hand, Pielage et al. (2008) suggests that floating cranes could create
additional berth capacity for the ULCVs and they also target to reduce the ship’s port
time by providing container handling from both alongside of containerships. In his
seminal article, Pielage et al. (2008) describes how the handling operation will be
carried out as well as the conceptual design of floating crane system and its
adaptation to current logistics chain. A concept floating crane concept is given in
Figure 2-12.
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Figure 2-12 Floating crane system for container handling

Source: (Pielage et al., 2008)
The floating crane-barge operations can be seen in container shipping as they are
actively used. The evidence of floating crane-barge operations can be clearly seen in
the case of Hong Kong mid-stream operation (MSQO) which offers cost saving, faster
and widening scope for container services when compared to Hong Kong port
(HKMOA, 2016). The operation strategy for MSO can be defined as unlike using
berths for cargo handling, the system allows handling cargoes on both alongside of a
ship at the same time. According to the available data is provided by HKMOA
members, despite approximately 7% share of container operations within Hong Kong
port area has been handled by mid-stream operations in 2012, in 90s the share of
crane-barge system reached up to 30%. Figure 2-13 shows mid-stream operations in
Hong Kong.

Figure 2-13 Hong Kong mid-stream operations
Source: Wong (2010)
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Kim and Morrison (2012) classify offshore port service concepts and propose a

comprehensive concepts called as mobile harbour (MH). The proposed concepts is

equipped with a quay crane(s) and may have RORO service capability, makes circle

trips between the conventional port and the main container vessel.

As seen from the above, the development of crane-barge system can be a solution for

acute container congestions in major ports such as Hong Kong, Hamburg,

Rotterdam, and Shanghai etc. As benefits of this concept have been indicated the

system’s ability to ease container port operation by the following ways:

YV V V V

Reduce feeder vessel shifting,

Replace container trucking within the port,

Provide a better intermodal access for inland waterway vessels,

Reduce environmental impact of container transfer considerably.

Table 2-2 gives floating service concepts which have been seen in the studies of

floating structures in container sector.

Table 2-2 Floating service concepts in container sector

Structure Design Sector Design Objective Source
Hong Kong ”?'d' Floating Crane- Container Container transhipment HKMOA
stream operations  barge (2016)
Several Design Kim and
Mobile Harbour g Container Container transhipment = Morrison
Concepts (2012)
Floating Crane Container handling - Pielage
Mobile Crane Conce gt Container = Additional berth et al.
P capacity (2008)
Floating
Container Port ) )
_ _ with all basics of _ Container handling, Al
Floating Terminal = 5 ~onventional Container = storage and (2005)
container port transhipment
Large Container Container handling, Sr?(;rd
FCSTT Vessel Container = storage and Rother
Conversion transhipment (2013)
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In view of all that has been mentioned so far, one may suppose that all above studies
outline a critical role for the floating container service concepts in promoting
container handling flexibility. However, it can be understood that the need for such
kind of innovative solution is exist due to the floating structures have a number of
practical implications in the container shipping. As ever-growing containership size
and inadequate physical infrastructural aspects of most conventional container port
considered, the role of floating structures to involve in the container shipping can be
assess in better manner. Basically, the demand of container liner from ports can be
met with the adaptation of floating service concepts in container handling chain
without any other physical construction at main port area such as dredging, berth

lengthening etc.

2.4 Offshore Container Port System (OCPS)

The offshore container port system appeared as an output under infrastructural
investment for the complex adaptive behaviour of ULCV deployment in the
container shipping. There is a relation among container shipping system dynamics
and the applied complex adaptive behaviours. This relationship causes some outputs
as a result of the industry’s complex adaptive behavioural action such as ULCV
deployment in the container shipping. As a result of the adaptive evolution of ULCV
deployment, the offshore container port system has been developed as a part of
infrastructural developments to provide enhanced operational services and solutions
for handling ULCVs. The inputs and outputs of ULCVs deployment in the emergent,

self-organization complex adaptive behaviour are illustrated in Figure 2-14.
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Figure 2-14 Inputs and outputs of adaptation of ULCV deployment

The OCPSs are not entirely new applied system in the container shipping. In recent

years, there is an increasing interest in offshore container ports due to ports cannot

cope

with ever-increasing vessel size. The reasons to consider OCPS can be

described as following (Pluijm, 2015a, SIPG, 2016, Kizad, 2016, ADPC, 2016).

>
>

>

High-cost dredging operations can be required to handle ULCVs,
Environmental effects of city ports and ever larger vessels on biosecurity and
historical areas,

Land scarcity,

Restricted hinterland connections (congestion, capacity) put limits on growth
and/or quality of life (air quality, emissions),

Homeland security.

Some offshore container ports are available in the industry and also there are some

suggestions which are announced. The all offshore container ports in operation,

under construction and proposed are mainly considered as a solution to the given

reasons above.

shipp

Table 2-3 gives the offshore port applications in the container

ing.
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Table 2-3 Offshore container ports in operation, under construction and proposed

. i R Shore . Operation
Structure Design Sector Design Objective Connection Capacity Commencement
China, Yangshan Mega Container Port to expand 216|||5| on
Deep-Water Port Artificial Island  Container Sha_nghfeu Port capacity and easy Causeway TEUs in 2004
navigational access 2015
Abu Dhabi Mega Container Port as state-of- 15 million
Khalifa Port Artificial Island  Container the art gateway to Abu Dhabi Causeway ;’(I)EsL(J)s by 2012
Italy, Venice Mega Container Port and Oil 1.5 million
Onshore Offshore Container  Terminal for isolating Venice city Barge T'EU sbh 2020
Offshore Port Structure and Oil from the vessel effects and create g 2030 y
(VOOPS) capacity in NAPA area
US, Portunus Offshore _ Mega Contalner_ Port for mainly
. Container  homeland security and deep water = - - -
Project Structure

requirement
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Shore

Operation

Structure Design Sector Design Objective Connection Capacity Commencement

US, Louisiana

International Offshore Bulk, . An advanced transhipment and

Gulf Transfer Structure Container logistics “hub-and-spoke” system i i

Terminal and Oil & P y

(LIGTT)

. Island Port +

Vletngm Hon Offshore Al Mega multi-purpose port Causeway - -

Khoai Port cargoes
Structure

Canada, Roberts Offshore Mega Container Port to expand 5 4 million

Bank Terminal 2 Container  Shanghai Port capacity and easy Causeway ' mid 2020s

. Structure T TEUs

Project navigational access

Costa Rica, Mega Container Port to expand -

Moin Deep- Offshore Container  Shanghai Port capacity and easy Causeway 2.5 million 2018
Structure T TEUs

Water Port navigational access
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In his case study of the offshore ports, Pluijm (2014b) identifies cost savings when
the containers are delivered via the Suez Canal aimed at reduce container moves
from west part of the US to east by rail and road transportation modes. Therefore, the
offshore container port system is suggested for the East Coast of US to handle
ULCVs. For the better understanding of the suggested OCPS by Pluijm (2014b),
Figure 2-15 compares the existing situation with the proposed offshore port system.

1 to 3 million
TEUMyear

Morth - East Option and Gulf Coast Option

Figure 2-15 Comparison existing and proposed container distribution network
in the US

Source: Pluijm (2015a)
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The existing container distribution network in the US uses overland transport for the
container moves from west part to east part. As alternatively, the suggested system
offers to distribute containers directly from East Coast of America thanks to offshore

port system.

By deploying OCPS to the US’s eastern coasts and by operating ULCVs on the main
maritime route between Asia and America, cost savings are targeted. In this system,
it is enabled to reduce the number of containers which are handled at the western
ports and are passed through the entire continent to deliver to the eastern regions.
Thus, significant are also expected in gas emissions with the transfer of containers by
the offshore port system on the east coast to inland sea transport (Pluijm, 2015a).

In his studies, Pluijm (2014b) sees the OCPSs as an alternative to handle the new
generation of ULVCs for the ports of Africa and US. Likewise, this view is
supported by Kurt et al. (2015a) who performed a container network analysis for
West Coast of North America where OCPSs are proposed to accommodate ULCVs

at offshore location as an alternative for port extension solutions.

Some factors, which should be assessed before making an investment decision in an
OCPS, are indicated by (Boulougouris and Kurt, 2015). The factors are argued under
the following broad categories: desirability, viability and feasibility; energy
efficiency and operational flexibility; location; the approach of container sector; and
the connectivity role of OCPS between the global container trade and the hinterland.
In the following sections, the principal findings, which have essential role in the
investment decision, of the current investigation on the aspects of OCPS under the

titles of strategic and economic, structural, operational aspects will be presented.

2.4.1 Strategic and Economic Aspects of OCPS

In a strategic perspective of OCPS, the offshore terminals are addressed as gateway
for main country rather than just transhipment because they are designed to be main
actor at the region of target market (Rowland, 2015). For example; VOOPS has been
planned to serve the growing North Adriatic market and as a distribution hub for
European cargoes. The analyses show that the location is strategically favoured in

competing with Northern and Tyrrhenian ports (Costa, 2015). Costa (2015) address
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the strategic advantage of VOOPS in terms of port manufacturing accessibility index
which puts Venice at the top of list when compared to other European ports.

As it is discussed by Rowland (2015), Kurt et al. (2015b), the offshore ports have
commenced to gain strategic importance with the effect of gigantism trend in the
container shipping since 2008. The strategic advantage of offshore structures can be
considered in the context of the concentration of container shipping on fewer ports
due to operational pressure on logistics chain to handle larger vessels at fewer ports
(Fleming and Hayuth, 1994, Notteboom, 2004). However, this strategic approach
requires efficient terminal handling and well-designed connections to hinterland.

The main operational strategy of OCPS is to offer deep water access to markets. In
this strategy, market access is provided with large ships so economies of scale
benefits are obtained by shipping liners. Besides the benefits from larger vessel
deployment, the highlighted point is the provided navigational convenience by OCPS
which allows rapid access for mother vessels without lock gates, canal and river
navigation. The navigational access is an ever-growing issue in the gigantism trend
of container shipping, because restricted access inhibits size economies and affects
network efficiency for large vessels (Gilman, 1999). Pauli (2016) also discuss the
effects of navigational issues on the emissions from vessels and end-to-end logistic
chain. The restricted waters need to study on under-keel clearance (UKC) algorithm
but the OCPS can bring solution on the navigational access in strategic meaning by

providing rapid access for large vessels (Kurt et al., 2014, Liu and Liu, 2016).

In the view of port competition, the OCPS can offer new strategic game for the keen
container port competition by providing alternative for the container shipping lines
when the competition environment in a port region is exist for the deep water
scarcity. Rowland (2015) addresses that the existing of OCPS in a region can
eliminate monopolistic pressure on pricing of terminal handling and can provide
choice for port customers in unexpected cases such as bad weather, strikes etc.
Another foresight of some experts is that each shipping alliance can need its own

port so they can prefer the OCPS to provide flexible container shipping activities.

The OCPS also creates additional port capacity with deep water access. The created

port capacity and large volumes of traffic required to justify strategic investments
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can stimulate additional economies of scale. Thus, it can be expected the
developments in port-centric distribution and network of intermodal services to serve
more extensive hinterland. The existence of a port with deep water access makes the
region as attraction centre strategically; it gives the ports in region an opportunity to
find a better place in the Liner Shipping Connectivity Index (LSCI) which is
identified by UNCTAD if the ports utilize the provided strategic opportunity
(Hoffmann, 2012).

As another strategic advantage, offshore container port structures are compatible
with the Ten-T projects and Marco polo program, and perhaps indirectly with
Horizon 2020 supported by the European Union (EU, 2007a, EU, 2007b, EU,
2014b). Because operationally offshore port facilities are a structure that can
encourage more efficient use of inland maritime transport and combined transport

systems, as well as the development of the network between regional ports.

2.4.2 Structural Aspects of OCPS

The main physical characteristics of offshore structures can be defined that are man-
made, artificial structures which are located or operated far away from shore. The
OCPS structures divide from the aforementioned floating service concepts in terms
of some structural and operational aspects. While the floating service concepts are
structurally designed as mobilize in general, although moored examples are exist
with the specialized mooring system; the offshore container port systems may be
considered as completely fixed platforms as they are finely stranded on seabed or
built on an artificial island. The structural aspects of offshore ports may show variety
by the available offshore technologies. Glauser (2015) addresses the involved
technologies which are applied in the offshore platform/port construction, are: (1) sea
embankment is common for large installations; (2) fixed structures are commonly
applied in oil sector; and (3) floating structures are categorised according to stability

aspects such as semi-submersible, pneumatically stabilized platforms.

The available offshore technologies, which are mostly applied in gas and oil

industry, are demonstrated in Figure 2-16.
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Figure 2-16 Available offshore technologies

Source: see offshoretechnology.com (offshoretechnology, 2016)

On the other hand, in the literature, it can be noted that there are some proposals on
the application of available offshore technologies for the container terminal/ports. Ali
(2005) suggests pontoon shaped structures for the case of annual container capacity
less than 1 million TEU, in his analysis pontoon shaped mega float is also suggested
when the annual capacity is over 1 million TEU. The design of offshore container
port systems can differ according to geographical aspects of area, available
technologies, economic and infrastructural development of local area, the planned
position of structure, container volume desired to handle and so on. However, in
contrast to (Ali, 2005), the fixed platforms can structurally be more preferable for the
offshore container ports.. The available offshore technologies which can be applied
for OCPS are given in Table 2-4.

Table 2-4 Available offshore technologies

Fixed Platforms Floating Platforms
Jacket structure Semi-Sub merged structure
Gravity based Pontoon-shaped structure
Compliant structure Tension leg platform (TLP)
Guyed towers Mega floats

FPSO

Source: Boulougouris and Kurt (2015)
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The OCPS offers some advantages due to its structural aspects. The main obtained
advantages from the structural aspects of OCPS can be summarized as follows
(Pluijm, 2015a):

» Purpose built, state of the art, multi-purpose offshore terminal facility,
» Minimal surface area, tailor made for each type and quantity of cargo,
» Situated at adequate water-depth, no dredging required.

In terms of the functionality of structures, some differences can be seen in functions
of ports. The functionality of offshore structures in the container sector is
investigated by Kurt et al. (2015b), Boulougouris and Kurt (2015). The functions of
offshore container ports are generally given in Table 2-5.

Table 2-5 Offshore container structure functionality

Functions  Sub-functions Components
Loading/unloading Cranes
. Intern transport Chassis, fork lifts, AGV's etc.
Processing
containers  Storage Storage yard, apron area and traffic lanes
Maintenance Maintenance workshop
Tugging Tug boats
Processing Mooring Mooring lines/fenders
vessels
Supplying Supply boats/systems
) Transport to/from .
Supplying  shore Boat, helicopter etc.
personnel . )
Hosting personnel Offices, restaurants, etc.

Electricity and light Light posts, generator station, electricity

Supplying station
terminal Fuel supply Fuel tanks
Food and water Storage, supply boat

Source: Boulougouris and Kurt (2015)

A structural port design is made according to the expectations, but the functions to be
implemented may not be feasible for every offshore port designed. The defined
function applications can vary according to structure technologies for the fixed

structure and the floating structures as they are illustrated in the following Table 2-6.
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Table 2-6 Offshore port functions’ differences for fixed and floating structures

Function

Fixed

Floating

Processing
Container

Processing
Vessels

Supplying
Personnel

Supplying
Terminal

Loading/unloading

Intern Transport

Storage

Maintenance

Tugging

Mooring
Supplying

Transport

Hosting personnel

Electricity and light

Fuel

Food and water

Fast and high automated cranes according to
terminal capacity

Intern transport highly required due to larger
terminal land

More essential
For cranes and intern transport vehicles

These functions are fundamental for fixed
platforms and should be considered as
conventional ports

One of the most important functions for fixed
terminals

Offices, dining hall and other social facilities are
important parts

Electric power from shore or renewable energy
form wave or wind - Transformer and high level
and regular electric supply

Fuel tanks or pipes from shore or supply boat

Storage - supply boat

Cranes with low productivity and direct transfer to
feeder or barge

Not need due to direct transhipment
Not desired

Providing from shore

Depends on location and technical capabilities of
floating platform

Maybe not need a transport function due to terminal's
floating feature

Facilities should be designed at basic level - most of
facilities can be located on shore

Electric can be produced by diesel generators

Fuel tanks or supply boat
Supply boat

Source: Boulougouris and Kurt (2015)
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Boulougouris and Kurt (2015) investigate fixed and floating offshore structures to
compare the structural capabilities in terms of the serving vessel size, the handling
capacity, the port stability and vessel protection, the port construction time, and the
port operational approach. In terms of strategic decision-making, the structural
capability of offshore systems is important to determine the strategic position of port
managements in order to meet the demand of container sector with more suitable
offshore structure (Boulougouris and Kurt, 2015). So, the strategic comparison has
been carried out for the fixed and floating structure technologies in the main
framework as in Table 2-7.

Table 2-7 Strategic comparison for fixed and floating structures

Fixed Floating

Larger vessel but limited due to crane
outreach and berthing space despite no
draft limitation

Largest vessels - no dimensional
constraints

High container handling capacity Lower annual container capacity

Needs stability technologies and

High stability and vessel protection protection for vessels

Longer structure time Shorter structure time

Alternative to conventional ports with ~ Supports the existing ports due to limited
high capacity capacity

Transhipment of large vessels which are
Hub-and-spoke system application not handled at shore port due to draft
limitation or berthing space limitation

Source: Boulougouris and Kurt (2015)

2.4.3 Operational Aspects of OCPS

The operational approach for the OCPS is to deploy larger container vessels on main
routes, and as a second step of the operation strategy of OCPS, the transhipment of
containers is generated by acting as a regional hub for distributing or collecting
to/from several junction points on the hinterland by short sea shipping, road or

railway.

In terms of the changing operational aspects of container sector, some studies discuss
the impact of large ships on existing container ports (Rodrigue et al., 2013, Lane and

Moret, 2014). The effects of growing ship length are addressed from different points.
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Rodrigue et al. (2013) deal with the problem in terms of increase in hinterland traffic
while Lane and Moret (2014) deal with the effect of large vessels from an
operational perspective. The comparison of the effect on the hinterland traffic of a
port depending on the ship's dimensions is given in Figure 2-17.

» ULCV - 18,000 TEU )
Container| 6,120 TEU per port call _ _
Ship * 400x59x16 meters - 23 containers wide )
N
* 6.12 hectares of stacking
Port « Super Post Panamax or Megamax STS container cranes
Structure J
« 3,060 trucks (2 TEU each) - 50.5 km A
Hintérlan | 15.3 trains (400 TEU each) - 38.25 km (North America)
d * 76.5 trains (80 TEU each) - 76.5 (Europe) y
* Post Panamax - 8,000 TEU R
Conainer| 2,720 TEU per port call
Ship + 300x43x14,5 meters - 17 containers wide )
~
* 2.72 hectares of stacking
Port  Post Panamax STS container cranes
Structure J
« 1,360 trucks (2 TEU each) - 22.44 km R
* 6.8 trains (400 TEU each) - 17 km (North America)
Hinterland| « 34 trains (80 TEU each) - 34 km ( Europe) )

N

Figure 2-17 Impact of Post Panamax vessels on port hinterland traffic*

Source: Adapted from Rodrigue et al. (2013), MAERSK (2015) and LIEBHERR
(2016)

! Container stacking area is assumed to be 1,000 TEU per hectare with the usage RTG. Trucks are
assumed to be 16.5 meters long, which can carry 2 containers. Trains are calculated as 2500 meters
and 1000 meters, respectively, based on 400 TEU and 80 TEU carrying capacities for North America

and Europe, respectively.
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It is possible to overcome the short-term yet very compact effect of the high volume
of containers created by large vessels on the port traffic with the technical
development of the handling equipment or the efficient management of the handling
equipment. Ports will be able to cope with this through the applications and
investments in the development of operational and handling equipment, as long as

the presence of large vessels in container trade lines continues.

In order to avoid disruptions in the supply chain, Rodrigue et al. (2013) shows that
the increase in hinterland traffic makes the optimization of container transportation
network more important. When the impact of larger vessels on the hinterland traffic
is discussed from the perspective of offshore ports, offshore ports can be considered
to inevitably break the effect of large vessels in hinterland traffic. What makes
offshore ports so successful is that, unlike conventional container ports, the
connection between the port and the hinterland can be made from multiple

destinations thanks to feeder services.

The offshore ports can provide operational advantages by distributing containers to
the hinterland from different points to reduce the effect of container transportation on
regional traffic. An efficient hinterland connection of OCPS can reduce the energy
use and improve the efficiency of the transportation by increasing the ratio of the sea
transportation between the transportation modes used to reach the final destination of
the containers. Because of the ability to transfer small vessels from large ships
provided by offshore ports, it can provide closer land connectivity to the final

consumer than conventional container networks.

It is required that OCPS can spread the benefits form scale economies by serving
transhipment hub in the container network. Pluijm (2015a) addresses some
operational aspects of the OCPS which provides the combination of smart high
density throughput handling facilities, direct serving the main carriers, the coastal
shippers and barges, direct forward moving cargo, and minimum storage yard on the

offshore hub concept.

When the operational zones are investigated in terms of OCPS, it cannot be possible
to mention about the landside container buffer and the stacking area appears as

minimized due to the operations on OCPS are carried out as transhipment hub for
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larger vessels. That is to say that the OCPS’s operations are carried out at the three
operation zones by defined for the conventional container ports. In some situations,
the landside container buffer zone can be included; particularly if the road and

railway links are provided.

Foroudi (2015) defines two principal options for an offshore container terminal. The
initial operation principle is independent offshore terminals on which all containers
are received, sorted/inspected, placed on final transport mode for onward transport
chain inland and process works vice versa for export, while the latter is
offshore/onshore principal which, differently from the first option, based on
transporting all containers to onshore terminals where it is sorted/ inspected and then

placed on final transport mode for onward transport.

The location of OCPS is a key parameter in the decision of operational principle,
because the operational achievement of a port can be associated with the location of
the port. As explained in the background chapter, it is clear that a global container
port could be located at places where are near to major trade cities, on main routes to
serve as a junction point to distribute containers towards hinterlands. In addition to
all these, the seeking of deep water is another factor in recent mega containerships

era and also the distance from shore has an impact in the OCPS applications.

Pluijm (2014a) addresses that the sufficient depth may be reached 10 to 15 km
distance from land so it needs to argue that the consideration of OCPS as an
applicable solution to provide deep water access for ULCVs. Therefore, it is argued
that the offshore ports can be a response to remove the increasing pressure on the

existing ports at the regions (Keefe, 2015, Kurt et al., 2015a).

However, the operational capability of an OCPS is also related the distance from
shore. The increasing distance between shore and offshore structure decrease the
flexibility of system in terms of the transport modes for the hinterland distribution.
The increasing distance means that to make investment at higher level; and it also
causes the examination of cost-benefit, operational flexibility and sustainability for
the hinterland connection modes. Foroudi (2015) suggests two link options for
connectivity to shore: fixed and flexible links. The fixed links can be broken down

into tunnel, bridge, causeway and combination of them for the transport modes of
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road and railway accesses; while the seaway is considering as flexible link via
coasters or barges. Thanks to feeder services, the land junction point can be diverted,
in contrast to the fixed links which connect the maritime stage of transportation to a
pre-determined point. In his comparative study, Foroudi (2015) founds that the barge
system to be the most likely in terms of financial feasibility and operational

flexibility, although all connection systems have pros and cons.

The main operational functions of OCPS can be identified as following (Pachakis,
2015):

» Berthing and loading/unloading operations for ocean-going main route
vessels with minimal dwell time,

» Berthing and loading/unloading operations for feeder vessels. If the causeway
access available, loading/unloading operations for rail sets and/or trucks are
necessary,

» Container handling, storage and sorting depends on operational capability and
expectations,

» Container scanning and customs inspection,

» Maintenance operations and other administration and utility operations as
described by Kurt et al. (2015b).

Several recent studies investigating the pros and cons of available offshore
technologies have carried out on the operational feasibility of OCPS (Boulougouris
and Kurt, 2015, Costa, 2015, Foroudi, 2015, Glauser, 2015, Pachakis, 2015, Pluijm,
2015a, Rowland, 2015). Pachakis (2015) examines three different maritime operating
concepts and also a bridge concept for the offshore structure and land connection by
using various type of marine vehicles in the operating concepts. Each operating
concepts have their own advantages and disadvantages which can be appeared
according to the geographical characteristics of area where the OCPS is applied.
Without considering the operating concept variations, the main pros and cons for the
operation between OCPS and land connection can be summarized as the following

on the basis of Pachakis (2015) approach.
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(+) Advantages:

>

The existing feeder vessels/ barges can be used and they can be matched the
average size of the ocean-going main route vessel,

Direct moving of containers without any sorting and value-added operation
at the offshore port in favour of operational efficiency increase and port
congestion decrease,

Location of the onshore port/terminal can be anywhere as far as the feeder
vessels/barges can sail without water and air draft restrictions,

Opportunity to use existing land terminal/port and their infrastructures
regardless of the handling capability to accommodate very large container
vessels,

There is no need for investment in dredging, quay extension and large STS
cranes so the operations required this kind of investments will be carried out
at OCPS.

(-) Disadvantages:

>

Requires extra handling operation while the containers are transferred from
the main vessel to the feeder/barge,

If the river transport is applicable, there will be need for small barges which
makes the operation less economic for long distance river transport,

Feeder vessel has to remain at the each port in the schedule until all
containers unloaded and loaded so the efficiency will reduce,

If floating docks are used instead of feeders, the storage and grouping
operations for the inland destinations must be done at the offshore terminal

requiring sufficient area and dwell time.

2.5 Container Port Competition

Research into port competition has a long history. Traditionally, it has been argued

that port hinterlands and the components of hinterlands have importance to determine

the competitive position of a port (Sargent, 1938, Morgan, 1951). The construct of

seaport competition was first articulated in comprehensive manner and popularised
in the study of Verhoeff (1981).
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Meersman et al. (2010) note that an important issue in the transportation industry is
port competition. In addition to the large amount of throughputs of ports, ports have
also economic impact in wider perspective in the consideration of employment area
and business investment (Meersman et al., 2010). One can consider that ports are
homogeneous facilities due to they handle cargoes from maritime mode to other land
based transportation mode or vice versa. However, in practice, each port has its own
novel characteristic as ports are defined by Bichou and Gray (2005) in terms of their
dissimilarities in their capabilities, specializations, roles, assets, functions and

institutional organizations.

According to special circumstances of each port, various port competition situations
arise. Port competitions are carried out in a very complex nature so the definition of
port competition is also very complex too. In macro competition perspective, the port
competition can be related with two main constraints which are: (1) inter-model
competition among transportation modes; and (2) inter-port competition among other
ports (OECD, 2011).

In terms of the inter-port competition, ports compete with each other at different
levels which can be mainly examined within: firstly, the specialized ports try to
attract the specialized cargo type with investments aimed to increase port
performance; and secondly, the ports compete for a hinterland in terms of the cargo
throughput, handling capability and efficiency (Meersman et al., 2010). This view is
supported by Notteboom and Yap (2012) who note that the port competition depends
the operational characteristics of port according to the port is a gateway, local and/or
transhipment port and the type of commodity. Indeed the port competition strategy
focuses on the terminals rather than ports (Heaver, 1995). For this approach, the
terminals appear as the physical units in the port competition for transportation while
the entire port facility is representing all components in the sector including

industrial enterprises, port authorities, policy makers so on.

In the inter-port competition, the price and quality of services are the main
constraints. By using the advantages in price and quality, ports tend to be preferred
either the initial origin or the final destination of freight among the ports serving

same hinterland. At this point, the ports within a region have a well-supported
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competitive advantage to dominate the competition for same hinterland traffic due to

lower transport cost.

According to UNCTAD's report on port pricing in 1975, port pricing is one of major
aspects in the implementation of port management concept to obtain competitive
advantages in terms of operational, financial and marketing objectives (UNCTAD,
1995). UNCTAD bases the port pricing strategy on the port's value chain and the
sources of competitive advantage components. Accordingly, the strategic pricing can
be defined as an important mechanism for achieving competitive advantage. Pricing
strategies of each port are different because of the physical and economic differences
of each port (Nash, 2015). However, in today's logistics concept, it is observed that
the pricing strategy of the entire logistics chain is more effective for attracting the
attention of customers in the framework of the mentioned components. From a
general point of view, as a part of the logistics chain, ports may prefer to gain
competitive advantage rather than maximizing profit, thanks to their pricing
strategies (Meersman et al., 2014). At this point, the pricing strategy of offshore
ports, the field of study of this thesis, should tend to set a competitive pricing
strategy on the ULCV market. At this stage, the pricing strategy could be to provide
competitive advantage by evaluating offshore and onshore services as a whole and

strategically combining pricing instead of making a profit from every service offered.

Apart from the competition for same hinterland, another inter-port competition is to
receive a satisfactory share from transhipment traffic appropriately port’s market
targets. Veldman and Biickmann (2003) say that the choice of transhipment port
depends on the container shipping companies and shipper/consignee does not have
any impact on this transhipment port choice in the container shipping. However, the
users can decide for the shipping lines by assessing the hub-ports choice of shipping
lines in the consideration of cost, transit time and service quality optimization. North
European port competition can be showed as a good example model of transhipment

container flow competition for the inter-port competition.

It is noted by OECD (2011)’s in the policy roundtable study to understand the
distinction between hinterland competition and transhipment competition that the

ports in competition can be operated in the same geographic area but their captive
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hinterlands can be different. In other words, it can be said that the ports have a
national position in the hinterland competition while they have an international

approach in the transhipment competition (OECD, 2011).

Ever-increasing requirements of trade and international logistics chains make the
port competition more complex with the globalization impacts on the relationship of
port-hinterland-logistics (Notteboom and de Langen, 2015). Notteboom and de
Langen (2015) indicate that the changing competition trends and dynamics push the
ports to be a node in container transportation chain rather than a selection decision of
shippers, consignees and shipping lines. Because in today’s container shipping, the
users make choice between logistics chain which covers shipping line, port/s, and

hinterland connections and tries to offer cheapest, faster, and high quality service.

Consequently, it is tried to say that the container port competition is very complex
and multifaceted system. Port authorities are generally competing to bring the main
container shipping lines or the global terminal operator with their existing and
potential throughput capacity for the hinterland and transhipment; while the global
terminal operators are competing as a representative of transport, logistics by using

the physical competing units, terminals.

2.5.1 Container Port Competition Levels

In the literature on container port competition, different trends have been found to be
related to competition levels in container ports. As it is noted by Verhoeff (1981),
port competition trends manifest itself in the various geographical and functional
levels due to the complex nature of container port competition. Verhoeff (1981)
interprets the main competition trends of container shipping in broad concept, the
levels include competitions among: (1) container port terminals; (2) port ranges; (3)
port areas in a certain port range; (4) ports in a certain port area; and (5) global port
operators in a certain port. Similarly, Notteboom and de Langen (2015) identify four
characteristics of port competition levels as intra-port competition, multi-port
gateway region competition, port range competition, and lastly the competition
between rivalry port ranges. In the light of categorization by Verhoeff (1981) and
Notteboom and de Langen (2015), the container port competitions will be analysed

in the main three competition levels:
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» Intra-port competition,
» Multi-port gateway competition,

» Competition in a certain port range.

2.5.1.1 Intra-port Competition

Intra-port competition addresses a situation where more than one terminal operator
competes within same port facility for the same hinterland or market. De Langen and
Pallis (2006) examine the benefits of intra-port competition, and in the study, the
intra-port competition is defined as beneficial for the competitiveness of ports, for
local and national economies and for consumers and exporting industries. The World
Bank (2007b) carries the situation of intra-port competition one step further and adds
another competition level within a port structure which is the intra-terminal
competition. It can be defined that terminal operators competing within the same
terminal to provide more attractive services. However, these two types of
competition are considered as an inclusive intra-port competition which provides

services in the respect of the same port infrastructure.

The intra-port competition has been implicitly or explicitly debated regarding to its
level and conditions (Notteboom, 2002, Defilippi, 2004). There are two main
arguments for the benefits of intra-port competition: the first one is the prevention of
economic rents against the monopolistic pricing; the second argument is that the
contribution of intra-port competition on specialization, flexible adaptation and

innovation (De Langen and Pallis, 2006).

Goss (1999) argues that the existing economic rents for the container ports in the
situation of intra-port competition lacking as a first and most widely acknowledged
argument. The lack of intra-port competition causes that port users suffer from
abnormal service tariffs and inflexible operation atmosphere. It can be considered
that intra-port competition is a method against the monopolistic approach, otherwise
some regulatory frameworks are needed to regulate the monopolistic pricing policies
of ports (Trujillo and Nombela, 1999, Juhel, 2001).

The second argument is about that the intra-port competition provides benefits in
terms of specialization, flexibility and innovation (Baptista, 2000, Defilippi, 2004,
De Langen and Pallis, 2006). In fact that, the intra-port competition offers
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oligopolistic competition environment, so the rivals have to offer different service by
aiming the satisfaction of their customer to secure advantageous position in

oligopolistic competition (Ponter et al., 1998).

2.5.1.2 Multi-port Gateway Region Competition

Multi-port gateway definition is thrown out by Notteboom (2009) but the
competition is defined as the competition among port ranges by Verhoeff (1981). In
this competition model, the approach is based on the theory of grouping ports within

the same gateway region where the ports serve more or less same hinterland.

Notteboom (2009) carries out an analysis on the economics of the European seaport
system, and the European seaport system is divided into 12 multi-port gateway
regions which are in a port range competition with respect to their European
hinterland. Notteboom (2010b) concentrated on multi-port gateway regions and
carried out a study series on this topic, it can be seen in his studies that the impacts of
multi-port gateway region competition on the throughputs of ports in European

seaport system.

In the multi-port gateway competition approach, there is a locational relationship
between ports at a region where ports have locational position patterns in terms of
apply to identical traffic hinterlands and also have similar service patterns in terms of
the connectivity of container shipping networks and hinterland (Notteboom, 2009).
These relationships can help to group port to be a part of multi-port gateway. While
the ports are vying in the multi-port gateway competition, the neighbouring ports can
compete for the purpose of gain share from the same hinterland cargo flows due to
different competition strategies of separate port managements. In this regional
competition co-operation, every single port even terminal focus on their own position
in the competition environment by using its idiosyncratic advantages, while at the
same time port authorities are encouraging local development all together with the

multi-port gateway ports.

Feng and Notteboom (2013) examine the role of small and medium-sized ports
(SMP) in the northeast China in terms of enhancing the competitiveness and logistics
performance of multi-port gateway regions and associated inland logistics systems.

The study identifies some variables to increase importance of role of SMPs in the
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competition against gateway ports. These variables: (1) cargo volume and market
share; (2) international connectivity; (3) relative cluster position; (4) port city and

hinterland connection; and (5) logistics and distribution function.

Liu et al. (2013) present in his study the Pearl River Delta (PRD) port system
development by covering the underlying forces driving the port system evolution.
Thanks to the collaboration between ports of Shenzhen and Guangzhou, the leading
role of Hong Kong port in the regional competition has weaken while the multi-port
gateway port has acquired the market share from one gateway port, Hong Kong.

The above studies investigate the positions of relatively small or medium sized ports
in the competition against a huge gateway port. The geographical characteristic of
some continents such as Europe allow ports to create regional multi-port gateway
and to compete against other regional multi-port gateway. As Verhoeff (1981)
discusses the competitive relationship between the northwest European and
Mediterranean seaports with respect to their mid-European hinterland. More specific
regional competition can be seen among North Adriatic Ports Association (NAPA)
ports region and Rhine Scheldt Delta ports region.

2.5.1.3 Competition in a Certain Port Range

In this thesis, this competition level will be handled by covering competition among
ports and also among port areas in a certain range. In other words, the third and
fourth levels of competition as listed by Verhoeff (1981) and Notteboom and de

Langen (2015) are discussed under one single title.

The competition at this level can be defined as between ports in a certain port range
to strengthen their strategic position in the competition (Verhoeff, 1981, Notteboom
and de Langen, 2015). This competition can be also seen as the competition between

port areas in a certain port range.

In this port competition, one can observe a harsh competition environment due to
ports which are situated at the same shore and serving more or less same hinterland.
Verhoeff (1981) identifies the competition in a certain port range as very
complicated because it has various connections at national and international levels.

This level of competition sees the transport activities as the arterial road of society at
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hinterland while the ports are seeing as being like junction points of arteries and
outward-opening door of national trade by public authorities. Public authorities
require that the ports should have power to be dominant to keep hold of the
advantageous position in the competition.

Verhoeff (1981) and Notteboom and de Langen (2015) address the range between
Hamburg and Le Havre as the most important range in Europe for a certain port
range competition. There is a fierce intra-range competition on the scattered range
across four countries of Germany, Netherlands, Belgium and France which have
developed their ports in their own best interests: as part of a national port policy or
otherwise. Each situated main ports in the range follows their own policy.

In this competition level, ports are striving to keep edge over in the competition
against other ports in the range. Verhoeff (1981) notes some cases are applied by
ports to strength the position in the competition. The cases includes investments in
handling equipment to proceed the efficient harbour work, highly developed and
integrated hinterland connection to reach industrial regions easily like Ruhr region in
Germany.

2.5.2 Container Port Competition Dynamics

The all players in the maritime transportation system are influenced, including
container ports, in the intense global competition environment. As addition to the
impacts of innovative systems and new technology, the container ports strive to edge
over in the competition by adapting the operational changes. The endeavour of port
users and port service providers is to survive by creating a consolidated position in
the fierce competition environment. On the other hand, in company with
technological and operational dynamics, the concerns on environmental, safety and
security force ports to develop port structures in accordance with regulations and law

without any commercial expectation on investment (WorldBank, 2007a).

In the study of WorldBank (2007a), port dynamics in the 21 century have been
explained to be able to understand the roles and functions of ports and be able to
place the ports in the context of current and historic port developments and
competition. The trends shaping port dynamics can be given under five main titles

including: globalization, changing technology, shifting bargaining power, changing
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distribution patterns, and environmental and safety concerns. Those of trends, which
can affect the container port competition dynamics and can provide some
advantageous for ports in the rivalry container port competition, are presented in
Figure 2-18.

Globalization of production
_—

» Vertical specialization

+ Focused Manufacturing

» Expanded Logistics reach

* Increased Sourcing Alternatives

—l Changing Technology }

» Containerization of World Trade

« Future Containership Designs

* Impact on Port Operations

* Need for Container Port Productivity Improvements
» Growing Role of Information Technology

« Port Requirements for Large Ships

« Other Technology Affecting Port Services

Shifting Bargaining Power

 Consolidation among Ocean Carriers
» Emergence of Global Logistics Service Providers

—l Changing Distribution Patterns }

« Becoming a Hub

* Benefits of Hub Status

» Hub Problems

* Inland Container Terminals Shifting Activities from the Port

—l Environmental and Safety Concerns }

« Growing Environmental Concerns
 Recent Environmental Article
* Issue of Substandard Ships

Figure 2-18 Port competition dynamics
Source: Adapted from WorldBank (2007a)

2.5.2.1 Globalisation Effect in Port Competition

The first dynamic which affects the position of port in fierce port competition is

globalization. In several studies, ports are defined as an important node of the
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logistics systems (Coulter, 2002, Gunaydin, 2006, Ducruet, 2009, Inoue, 2010). The
globalization has also increased the need for ports and has created a value-adding
task to ports as a unique opportunity in the supply chain (WorldBank, 2007a, Corbett
and Winebrake, 2008). Ports became an interface between intercontinental transport
and hinterland and value-adding entity for production, assembly and final
distribution (WorldBank, 2007a). The impact of globalization on container port
competition can be addressed that the role of port in the competition in terms of port
capability and efficiency can greatly influence the location decision of a producer
compete at international stage. Therefore, the main challenge for ports in globalized
trade is to take advantageous position in the container port competition by meeting

the needs of customers and assist them with low-cost and efficient port services.

Ducruet (2009) notes that globalization has generated an interaction for regional port
development. It can be said that the mass production needs to sell products globally
and transport them to worldwide, so maritime transportation and ports have gained
great importance. However, it is resulted in Ducruet (2009)’s study that the
globalisation has a negative impact on port performance due to vertical
specialization, focused manufacturing and extended logistics needs while gross
domestic product (GDP) and service concentration are making a positive impact on

container ports.

Gunaydin (2006) argues that the growing maritime market attracted the private
entrepreneurs to invest in ports as a result of globalization. The high qualified and
efficiency focused private sector operates ports with principles of cost/benefit
optimization along with the rapid increase in transport of goods, developments in
integrated logistics systems. Moreover privatization played a significant role to
reduce the effect of slack public ports on economic globalization, efficiency, heavy
infrastructure investments, management skills and governance (Gunaydin, 2006,
Cullinane and Song, 2002). Thus, it can be said that the port privatization has
importance to change the monopolistic public ownership of the ports to consolidate

the advantageous position in container port competition.
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2.5.2.2 Changing Technology

The major technologic changes play a vital role for the sustainability of container
shipping and they also affect requirements for port structures and services. In fact
that, the containerization is independently a trend which dramatically changed
requirements for cargo handling and port facilities, raised the financial stakes of
investing in these facilities, and radically affected manpower and labour skills
required to handle cargo, creating serious labour redundancy issues and retraining
needs in many ports (Al-Kazily, 1982, Gilman, 1999, Notteboom, 2004, Giinther and
Kim, 2005, Cudahy, 2006, WorldBank, 2007a, Imai et al., 2013). At the same time, it
is expected from container ports that the harmonization of sophisticated information
technologies (IT) with the requirements for port infrastructure and service to be able

to remain in the competition.

While Cullinane and Khanna (1999) and Gilman (2015) argue the impacts of large
container ships on scale economies and network efficiency, the impact of ever larger
vessels on ports are discussed by Lane and Moret (2014). It can be noted that the
emergence of ultra large vessels has two significant effects on international shipping
including: the handled ship size can determine competitive power of ports; and the

handling ULCVs becomes a major criterion in determining the size of a port.

The changing technology in container sector has reduced labour intensive port
operations and thus the ship’s time in port and at berth has greatly reduced. However,
in today’s container port operation, the ship time in port is gradually increasing due
to ever-growing container vessel and the operations turned from labour-intensive

system to capital-intensive system (WorldBank, 2007a, Lane and Moret, 2014).

In the light of the changing technology to improve the holistic competitiveness of
container ports, it is important to ask how a port is to be in physically fit for the trend
of growing container vessel size. The larger vessels have the economic impacts
besides the operational impacts of them. As it is reported by Cullinane and Khanna
(1999), an ULCVs deployment instead of a 4,000 TEU increased the operational
costs at the rate of 17%. It is resulted from the equipment upgrading and extension,

and other changes in the yard. Returning to the subject of the physical infrastructural
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expectation from a container port to eliminate the impacts of ULCVs, Rothberg and

Sisson (2013) identifies the necessary aspects as follows:

» Easy navigational arrive in terms of water width and depth, and also air draft
on access route,

» Operational efficiency thanks to depth alongside, quay length and expanded
height and outreach of ship-to-shore cranes (STS),

» Sufficient landside capacity to store high volume of containers and sufficient
yard equipment to manage storage area with advanced terminal operation
system (TQOS),

» Good links to the hinterland by railways, roads and inland waterways

converge on the port.

The growing vessel size impacts are indicated by Rothberg (2014) as the larger
vessel deployment cause lower frequency but it cause congestion due to coming high
volume of container in one time. Thus, the improvement of physical infrastructure
aspects is being more crucial in conjunction with the agreements of shipping

alliances which generally deploys larger vessels.

According to the 5-year analysis on the deployment 18,000 TEUs containership
instead of 13,000 TEUs containership, the service impacts of larger containerships on
Asia-North Europe container network have changed operational mechanism at the
ports because the number of vessels reduced while the average vessel size and annual

throughput were increasing as demonstrated in Figure 2-19.

64



Asia-Morth Europe

Annual Capacity 2.3%
Average Vesse| Size 15.0%
-9 5% No of Vessels
16.5% Port Calls
-20.0% -15.0% -10.0% -5.0% 0.0% 5.0% 10.0%% 15.0% 20.0%
% Change

Figure 2-19 Service impacts of larger vessels on Asia-North Europe Route
Source: Rothberg (2014)
Cullinane and Khanna (1999) argues that economies of scale in large containerships
can be obtained by the use of increasingly larger containerships. It can be noted that
the latest generation of ULCVs consume less fuel than some first generation of
ULCVs (14,000 — 16,000 TEU). Merk (2015a) represents that the relationship

between speed, and propulsion consumption patterns of the vessels in Figure 2-20.
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Figure 2-20 Propulsion consumption as a function of ship capacity
Source: Merk (2015a)
A conducted study shows that to be player of the container port competition depends
on making essential investments in the infrastructural improvements to increase port
operational capability and efficiency (Lane and Moret, 2014). The operational
requirements from container ports have changed due to steady dimensional growth in
the container vessel size. Lane and Moret (2014) represent some numerical
information about the relationship between the growth in vessel size and the impact
of growth on port operations in Table 2-8. WorldBank (2007a) also notes that “There
are no technical reasons preventing containerships from getting larger, so economic
and strategic considerations will be the source of any barrier”. For the next
generation, several experts report that it is likely to see ship length increase
dramatically, they could carry about 24-25,000 TEU (Rodrigue et al., 2013, Rothberg
and Sisson, 2013, Hacegaba, 2014, Lane and Moret, 2014, Tiedemann, 2015).
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Table 2-8 Relationship between vessel size and operational efficiency on container ports

Loading | 5o Beam

Capacity —\n" ) [()K%ﬂ Ié\{l)(t)e;tfgil Ports Mggr?/ I\|<I/|Oe\$/ Increase  QCs MSVCQS’ Métce” L [F;g;ts
Year (TEU)
1974 2400 239 30 115 6813 9 757 32 i 3 252 797 28 34
1981 3600 267 323 115 10219 9 1135 43  34% 35 324 763 28 43
1988 4800 204 323 13~14 13626 11 1239 42 1% 38 326 774 28 53
1995 6600 318 429 135-14 18735 11 1703 54  27% 42 406 757 28 6.6
2001 8724 352 429 15 23991 11 2181 6.2  16% 45 485 = 782 28 7.9
2006 15500 397 565 16 42625 11 3875 98  58% 6 646 662 28 106
2013 18000 400 59 16 49500 11 = 4500 113  15% 65 692 615 28 113
2020 24000 456 639 - 66000 11 6000 132 17% 7 87 651 28 140

Source: Adapted from Lane and Moret (2014)
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The benefits from economies of scale can be increased with increased cargo handling
productivity that reduces port time Therefore, it can be said that ports can strengthen
their position in the competition with the impact of increasing port productivity on
voyage cost per TEU. While the ports are yielding from the increasing container
vessel size, additional gaining would also be obtained with the port productivity
increase as seen in Figure 2-21. Thus it is not improper to say that ports functionality
in terms of handling larger vessel with the improved productivity can gain
advantageous in the container port competition according to competition
environment and strategy.
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Figure 2-21 Impact of increasing port productivity on voyage cost per TEU
Source: Cullinane and Khanna (1999)
The changing technology requires expanding the use of IT by port users in order to
provide easy accessibility to the system with the aid of provided electronical link
between port administration, terminal operators, truckers, customs and other
members of the port community (WorldBank, 2007a). This electronic link between
port users can be drawn as in Figure 2-22. IT systems provide to manage the cargo
process from ship arrival or before to final paperwork completed and container leave
the port by reducing time consuming, manpower and increasing port productivity and
efficiency thanks to improved planning and coordination among port users in the port

network. It is expected by users that ports to be keep pace with IT to support
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information to them, so ports will have advantageous position in the competitive

container transport market.
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Figure 2-22 Port user information network
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Other new technologies can potentially strength the position of port in a container
port competition. Introducing offshore port technologies can be an example for the
improvement of port competitiveness position by providing additional port capacity
with deep water opportunity, by allowing shore port to remain in deep sea container
port market, and can spread the benefits by acting as a regional hub, serving several

smaller terminals on land (Rowland, 2015, Lyridis, 2015).

2.5.2.3 Shifting Bargaining Power

In the container port sector, negotiations are generally made among major parties
such as ocean carriers, port authorities and terminal operators. Here, the position of
port in the container transport market depends on how the port meets the users’
requirements. The trumps of negotiation parties are addressed in two type: first is the
ocean carriers alliances which produce important bargaining power due to high
volume container carrying capacity, latter is that global terminal operators have

negotiating strength against demands of individual terminal users (WorldBank,
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2007a). Figure 2-23 demonstrates the changing market share of leading container
carriers (WorldBank, 2007a, Alphaliner, 2017). It can be deducted that the
bargaining power of leader ocean carriers has been increasing due to their huge
amount of carrying capacity; i.e. it can be said that Maersk’s bargaining power

increased in parallel with doubled carrying capacity in 10 years.
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Figure 2-23 Top 10 container carriers as of June 2006 vs June 2016
Source: Adapted from studies of WorldBank (2007a) and Alphaliner (2017)

While the container shipping witnesses the fierce competition among ports to attract
the ocean carriers, the global terminal operators competes to take the largest share of

global container port throughput which is expected to exceed 840 million TEU by
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2018 (PortTech, 2014). Good acceleration in traffic drives the competition, and
encouraging new players to enter the sector or existing player to make investments

with the impact of strong profitability performance of port operations.

Table 2-9 gives the changes in TEU throughput by main global container terminal
operators and their market share (WorldBank, 2007a, UNCTAD, 2014, Drewry,
2016). During the given six years, the container throughput increased more than
50% and this may represent some investment opportunity to keep pace with the
increasing demand and to strength competitiveness position.

Table 2-9 Top 10 terminal operators 2006 vs 2012 (TEUs and market share)

2006 2012
Ranking Operator Million (S(;a;re Operator Million (S(;a)lre
TEU ° TEU °
Hutchinson .
1 Port 332 g3  oA-SIngapore g4 g,
. Port Authority
Holdings
PSA-
5 Singapore 304 81 Hutchlnson Port 448 79
Port Holdings
Authority
3 APM 241 6  APMTerminals 337 54
Terminals
4 P&O Ports 21.9 3.3 DP World 334 54
5 DP World 13.3 2.5 COSCO 17 2.7
Terminal
6 Evergreen 115 1.7 Investment Ltd. 13.5 2.2
China Shipping
7 Eurogate 114 1.6 Terminal 8.6 1.4
Development
8 COSCO 8.1 1.5 Hanjin 7.8 1.3
9 SSA Marine 6.7 14 Evergreen 7.5 1.2
10 HHLA 5.7 1.3 Eurogate 6.5 1

Source: Adapted from studies of (WorldBank, 2007a, UNCTAD, 2014) and
(Drewry, 2016)
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Notteboom and Rodrigue (2012) note that the global terminal operators are
controlling large multinational terminal assets, and the study also examines the
global terminal operators’ operational involvements in the container sector and their
investment strategies in terms of geographical alignment in the changing
transportation trends.

There are strong links between the ocean carriers and the global terminal operators
such as APM terminals and APM-Maersk, Evergreen terminal operator and
Evergreen Line, and China Ocean Shipping Company (COSCO) operates its
terminals through COSCO Pacific and COSCO Container Lines Company. Thus, the
strategy of companies aims to operate terminals with supports of their liner

companies to enlarge their presence in container ports.

At this point, the location choice becomes strategically more important rather than
specific port choice to improve the competitiveness power at a certain area. Thanks
to the co-operation among ocean carriers and global terminal operators, strategic and
financial investment decisions are applicable as acquisition and/or transfer of
operating rights of an existing port or new port building if the geographical

orientation is obtained in accordance with operators™ investment strategy.

2.5.2.4 Changing Distribution Patterns

Transferring container with onward service to outlying locations with the aid of a
regional and local hubs network is greatly seen distribution pattern in container
sector. The container carriers offer transhipment service when a direct call cannot be
justified with main route ships. The interchange of containers is also applied between
liner companies at strategic hub ports without abandon the schedule. The hub and
spoke container distribution system is applied for more efficient container transport

thanks to fine-meshed container transport network all around the world.

Veldman and Biickmann (2003) note that the increasing intermodal points and high
connectivity index of ports lead to the increase in route options with aid of
transhipment operations. Veldman and Biickmann (2003) present a model to explain
market shares of ports in the transhipment system. This model is used to determine
the routing choice of users for the forecasting port traffic so the economic and

financial framework can be drawn for the container port project investments.
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It can be also argued that there is a relationship between the routing alternatives and
the connectivity index of ports in the selected container transport network for
forwarding containers. Therefore, it is expected that the connectivity index of a hub
port should be high if it act with a strategy of performing hub port patterns.

Hoffmann (2012) developed a Liner Shipping Connectivity Index (LSCI) model to
capture and follow the connectivity levels of countries and thereby ports. It can be
said that the desire to keep pace with the fierce container port competition can be
achieved by turning into advantage its strong points such as location, capacity, port
performance etc. with higher connectivity links to its own and other regions. The
changing distribution pattern make hub and spoke container distribution system more
attractive so ports can establish a market presence, of course thanks to take a place at
well-connected point.

Imai et al. (2009) carry out a comprehensive study for multi-port versus the hub and
spoke calls by containership. It obtained results shows that the hub and spoke is more
advantageous for the European container distribution system in terms of cost while

multi-port distributions have been expecting to be superior.

Asgari et al. (2013) investigate the competition and cooperation among three parties
two main hub ports, Singapore and Hong Kong, and the ocean carriers to develop a
game theoretic network design model. As a conclusion, horizontal, vertical and full
cooperation are observed and the cooperation is suggested as a potential substitution
for competition. It means that the changing distribution patterns require cooperation
rather than competition for the consolidation of container transport network.
However, it cannot be denied that the competition will be always existed between

ports to take more advantageous place in the sector.

2.5.2.5 Environmental and Safety Concerns

Some approaches and actions can guide the ports to take more advantageous position
in the fierce container port competition towards lower emission of greenhouse gases
and air pollutants, and in general terms to be more sustainable port (Abood, 2007).
Ports face environmental problems shaped around certain criteria, although
environmental and managerial assessments of each port depend on their own

characteristics. Many recent studies (Bailey and Solomon, 2004, Darbra et al., 2005,
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Autry et al.,, 2013, Chiu et al., 2014, Hiranandani, 2014) have addressed the

following issues:

Energy conservation,

Air quality,

Water conservation,

Dredging and disposal of dredge materials,

Management of hazardous substances,

YV V. V V V V

Ballast water control,
> Habitat.

As other organisations, ports could upgrade their competitiveness through enhancing
their green performance in order to be compatible with eco-friendly regulations
(Bacallan, 2000). Yang and Chang (2013) also note that the competitiveness can be
upgraded as depending on eco-friendly port design in coordination with their locations,
promote high productivity, enhance mass trading, improve general framework, and
provide a connection to the community. In this context, some measures can be taken
in accordance with the procedure aimed at increasing efficiency and reducing
redundant source usage by applying measures on material selection, water
consumption, energy usage, general waste handling, hazardous waste handling, habitat
quality and greenery, community promotion, and education, as well as port staff training
(Autry et al., 2013, Chiu et al., 2014).

However, in terms of competitiveness, the reduction of energy usage from shipping
by port activities can be considered more important issue due to regulative activities
adopted by the agents of shipping sector. Some regions have been defined under
MARPOL Annex VI as Emission Control Area (ECA) which are required change
over to use of low sulphur fuel oil (LSFO) for general steaming, and also two
existing SECA’s are defined which are namely the Baltic Sea Area and North Sea
including the English Channel for SOx limit. The existing and future ECAs under

consideration are represented in Figure 2-24.
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Figure 2-24 Emission control areas

Source: IMO (2011b)
The port competition in ECAs has different competition conditions due to the
regulations on gas emissions from ships. In ECAs, if the ports can supply cleaner
fuels for the suitable vessel, then the ports may have stronger role in the competition
in terms of environmental perspective. Skramstad (2013) suggests that LNG is the
most attractive fuel type among other proposed alternatives to meet the requirements
of ECAs.

With regard to the impact of fuel supply advantageous on the port competitiveness,
Acosta et al. (2011) note that fuel supply and location are the two main advantageous
of ports to be chosen by shipping companies. For example, the other port
performance factors are considered later than bunker and geographical advantages of

the ports at Gibraltar Strait due to strategic location of them.

In operation stage, the impact of ports to reduce gas emissions can be considered by
introducing some programmes and policies to address gas emissions. Winnes et al.
(2015) conduct a study to analyse potential gas emission reduction from ships under
favour of measures applied by ports. Various types of measures are identified and the
performed case study shows that a potential for reduction of GHG emissions from
ships in ports. When ports are considered at the operational part of taken measures

for the emission reduction, the ports can have a significant role with the impacts on
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emission reductions due to the feature of operational measures as low investment
cost and applicable to all ship types (Eide et al., 2011). The fulfilment of emission
reduction can be achieved with the strong coordination between ships and ports.
Faber et al. (2012) address the relationship between ships and ports in terms of slow
steaming which gains importance within the port area by reducing speed 10% can
succeed the reduction in fuel consumption up to 27%.

As it is reported by World Bank (2007a), the Port of Los Angeles/Long Beach
launched a program to reduce harmful emissions of diesel particulate matter (DPM),
nitrogen oxides (NOx) and sulphur oxides (SOx) by cutting speed of ships to 12
knots or less within 20-mile radius of the port in 2005. Since 2005, thanks to the
applied program to reduce harmful emissions from port-related vehicles including
ocean-going vessels, heavy-duty trucks, harbour craft, cargo-handling equipment and
railroad locomotives; the port has achieved to cut diesel particulates, nitrogen oxides
and sulphur oxides by 81, 54, and 88 percent through 2012 (POLB, 2016). Also
another pilot project has been launched under the partnership between the ports of
Los Angeles and Long Beach and APL to reduce harmful emissions from auxiliary
engines of containerships (Mongelluzzo, 2011). Thus it can be seen the importance
of port to create a response for the environmental concerns and also the ports can
improve their competitiveness by courtesy of strategic partnerships with leader

container carriers.

Another approach to create more energy efficient port operations, ports publish their
own port energy management plans to get action for short-term, medium term and
long-term (POLA, 2014). Ballini (2017) notes that energy management strategies of
ports aim to maximise profit and minimise costs by improving energy efficiency,
reducing energy use and cost with monitoring system and management strategy. The
Port of Los Angeles builds the energy management action plan on five port energy
pillars to improve energy management in support of continuity and competitiveness
of port operations (POLA, 2014).

The relation of ports with energy efficiency can be divided into two main categories.
While the initial is to be enabled by reducing air emissions in port facility, the latter

is about the reduction of ship-related emissions. The air emissions in ports are
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depending on activities which are originated by equipment used for cargo handling
and from building facilities. They can be achieved with adaptation green-technology,
eco-friendly equipment usage, and the environmentalist design approach for
buildings. In terms of “green” and “eco-friendly” container terminals, automatic guided
vehicles and transtainers with electric engine may offer less GHG emissions depending
on less energy usage (Yang and Lin, 2013). It can be said that there is need an

investment based improvement of energy efficiency.

However, increasing the energy efficiency of overall maritime transport system
depending on how efficient the ship-port interface is provided, and at this junction
port authorities or terminal operators face the complexity of port management.
Modern ports are more multifaceted so different operations are carried out by
different actors. The main actors and other service providers, which have different
roles in a conventional container port structuring, are presented in Figure 2-25.
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Figure 2-25 Major actors of conventional ports

Source: Van de Voorde and Vanelslander (2009)
The ship-port interface is a topic that discussed by IMO commissions to develop
technical measures in a systematic approach. They are categorized as equipment
measures, energy measures and operational measures (Bazari, 2016). Although
numerous technical measures are developed to enable energy efficiency in the range
of from crane systems to alternative fuels, it is obvious that there is not only one

measure for all cases.
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Nervale (2010) identifies 2 goals in the working field of energy efficiency and ship-
port interface. According to the goal 1, the documentation of cargo would be carried
out through streamlining and standardization; and the use of electronic system can
create an intelligence to improve energy efficiency. On the other hand, the goal 2 is
to keep all components in the maritime transport system in a holistic operational

energy efficiency concept.

In the perspective of operational approach, the container shipping companies requires
to depart their vessel at the expected time according to their schedule. For this target,
the expectation from ports is just-in-time operations and to reduce the ship’s idle
time as far as possible. It is obvious that the containerization has brought a successful
transport method by reducing port time. In 1985, a comparative study by Stopford
(2009) found that a containership can reduce port time at level of 17% of its time
while a general cargo liner vessel is spending 40% of it. However, the growing
vessel size has undesirable impact on the ship’s port time. One study by Banks et al.
(2013) examine the trend in container shipping for understanding ship operating
profiles and it is obtained that the duration in port has over 30% of total voyage time
as given in Figure 2-26. Therefore, the proficient port operations are critical to

improve the energy efficiency of whole system which can defined as ‘door-to-door’

transport.
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Figure 2-26 Vessel time distribution for the case of container vessels
Source: Banks et al. (2013)
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The duration in port does not represent the spent time in a single port, it represents
the cumulative port time of whole journey. With regards to the port stage within
whole transport system, the purpose is to reduce the overall port time with the
maximized productive time while all other unproductive times are reducing as the

identified times in a port represented in Figure 2-27.
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Figure 2-27 A ship’s port times
Source: Bazari (2016)

There are some port related services out of ship loading/unloading activities and they
have also impacts on ship’s port time. They cover pilotage, towage, mooring, vessel
traffic service (VTS), documentation and other supporting services. As associated
with all services together, the management of port operations is being more complex
and, there is a need a good port management system to be able cope with this
complex process (Bazari, 2016). According to IMO’s Train the Trainer (TTT) course
document, the ship’s waiting time in port at any operation stage can be avoided with
the measures of improved port management, virtual arrival, and improved cargo
handling (IMO, 2011a).

On the other hand, it is worthwhile to mention about safety concerns and also
security concerns at the container ports. It is required that ships have to be issued
with valid certificates to comply with international standards for safety pollution

prevention, and shipboard living and working conditions. However, the strictness and
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accuracy of inspections, which are carried out by port states, may cause to change the
routes of substandard ships, and so the ships may choose ports with lax of inspection
procedures in the same region. The enforcement practice can affect the
competitiveness of ports because ports enforcing inspections without comply with
international standards creates unfair competitive advantage (WorldBank, 2007a).

The other aspect of safety concern is the content of carried goods. It can be argued in
the context of elimination of this concern by inspection and screening containers.
Glauser (2015) defines the main concerns as terrorism and smuggling. He argues that
these concerns affect the country economy negatively due to the dangers can threaten
home security via ports on shore. Therefore, the offshore ports are proposed due to
advantages:

» Ability to scan up to 100% of inbound freight away from critical
infrastructure, screening integrated into freight movement process,
» Ability to match up electronic manifest with scan data to,
o Aid in customs,
o Tariff collection,
o Provide an operator aid to reduce false positives/negatives.

» Aids Law Enforcement.

The critical objective of container scanning and inspection is to do with minimal
investment during high-risk phases without significant adverse economic impact on
the port competitiveness (Glauser, 2015). Ramirez-Marquez (2008) sees the
container inspection on US ports as essential and in his study, port-of-entry safety via
the reliability optimization of container inspection strategy is analysed in terms of
minimizing the total cost of inspection while maintaining a user-specified detection

rate for “suspicious” containers.

From the another perspective, Fabiano et al. (2010) carried out a study on the port
operational safety which is affected by human factor and occupational accidents. The
changing port infrastructure with the impact of containerization has involved a
modification within the work organization which reduced the human-intensive
operations hence the number of employee. However, Fabiano et al. (2010) notes that

low experienced workers cause a significant increase of the occupational injuries
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risk. Herein, it can be clearly seen that the evolution of operational safety will be
provide competitiveness for port with smooth functioning of ports depending scot-
free operations and the increase of port performance thanks to experienced workers
with safety awareness. In the situations that a large number of companies use same
port or terminal creates more complex human, operation and risk management, and

hence more complex port competitiveness which is called inter-port competitiveness.

2.6 Game Theory

The applied method falls within the game theory domain that is a strategic decision-
making application for the studies of human conflict and cooperation within a
competitive situation. Game theory is also a very complicated theoretical study of
strategic decision making between independent and competing actors; two or more
players; in a strategic setting (Aumann, 1989). In 1944, the publication of American
mathematician John von Neumann and Oskar Morgenstern, “Theory of Games and
Economic Behaviour”, had a major impact on strategic decision making mechanisms
(Von Neumann and Morgenstern, 2007). John Forbes Nash is known as the pioneer
of equilibrium point in n-person games and Nash’s non-cooperative game analysis
was a milestone in game theory (Nash, 1950). The issue of strategic decision making
has received considerable critical attention. Therefore, game theory has been used as
an object of research since the 1970s. However, in real terms, the theory found
significant impact and attention from academia after the Nobel Prize awards gone to
John Harsanyi, John F. Nash and Reinhard Selten for their pioneering analysis of

equilibria in the theory of non-cooperative games in 1994 (Harsanyi et al., 1994).

The game theory is applied to envisage outputs in a transaction by taking
consideration of various elements including gains, losses, optimality and personal
behaviours with mathematical formulas and equations. The basics of game theory
should be known for the formal application (INVESTOPEDIA, 2016). The basics

are:

» The identity of independent actors,
» The preference of actors,
» What the actors know,

» Which strategic acts the actors are allowed to make,
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» To know the influences of each decision on the outcome of the game.

According to the application area of the game theory, various other requirements
may be required. In general, the usage area of game theory includes very wide range
of sectors including psychology, evolutionary biology, war, politics, economics and
business, especially thanks to implementations in experimental economics; the
theory can be tailored to test economic theories in real-world economy applications
(Gibbons, 1992). The theory can also be applicable for the container port competition

strategic decision making.

The game theory can be analysed in terms of these situations, techniques and game
forms. The themes identified in these responses are presented in Figure 2-28.
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Figure 2-28 Types of game situations, forms and solutions
It is necessary here to clarify exactly what is meant by situations, techniques and
forms in the theory. So it can be mentioned two situations in the theory. They are
sum-zero and non-sum-zero situations. In financial view, contract negotiations can
be considered as zero-sum situation, while a party gains on a contract, there is a
losing counter-party. Gelbaum (1959) analyses symmetric zero-sum n-person games
mathematically to provide contribution to the basis of game theory. On the other
hand, Cournot Competition (Cournot and Fisher, 1897), Prisoner’s Dilemma
(Rapoport and Chammah, 1965) and Centipede Game (Rosenthal, 1981) are known

as the most popular game theory strategies of nonzero-sum situations.
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When looked into game forms, the player can be described as the basic entity in all
game theoretic models. A player can act as an individual or as a group of individuals
making a decision. Thus the individual players are referred to as non-cooperative,
while in the later model the players interpreted as a group and that type of games is
referred as cooperative (Osborne and Rubinstein, 1994).

Xu et al. (2015) discuss the non-cooperative game and the cooperative game on the
income in terms of container port alliance. In the study, the non-cooperative game is
described as the strategy selection problem while the cooperative game is about

income distribution problem.

Tirole (1988), Gibbons (1992) and Phlips (1995) discuss the games in four classes as
derivatives of static and dynamic forms in complete and incomplete information sets.
According to form types, the static form based on single move of each player
simultaneously while the dynamic games represent sequential moves of players. The
games are also faced in non-cooperative and cooperative game forms with symmetric
or asymmetric player alternatives. In game theory, four solution concepts have been

developed as their characteristics are represented in Table 2-10.

Table 2-10 Characteristics of game theory solution concepts

Nash Subgame- Bayesian Nash  Perfect Bayesian
e perfect Nash S o
Equilibrium equilibrium equilibrium equilibrium

Introduced by  John F. Nash Reinhard Selten  John Harsanyi ~ N/A

Static games Dynamic games Dynamic games

Applications Pure strategy Mixed strategy Static games Sequential games
Expressions Norma! Form Extensive Form  Extensive Form Extensive Form
Extensive form
. . Sequential
Approaches Fixed point Backward Baye's rule rationality based on
theorem induction :
updated beliefs
Information set Complete Complete Incomplete Incomplete

Source: Shi (2011)
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The Nash equilibrium can be defined as a concept of game theory which offers one
optimal outcome for the game. It means that the players take the best decision, and
there is no incentive to deviate from the strategic decision, and to gain incremental
benefit from changing strategic position is not possible with each player considering
others’ strategic decision. A subgame perfect Nash equilibrium can be defined as an
improved version of Nash equilibrium to apply mostly in dynamic games (Osborne,
2004). This solution concept is designed as subgames of the original game and
containing a sub-set of all available choice in the main game, and they are handled as
Nash equilibrium within themselves so they will have a subgame perfect Nash
Equilibrium strategy (possibly as a mixed strategy giving non-deterministic sub-
game decisions) for the games with complete formation (Harsanyi and Selten, 1988).
Bayesian game is described by Harsanyi (2004) as a game with incomplete
information on the other players. Thus, the players focus on the known probability
distribution. The reason of called as Bayesian is that probabilistic approach to
analysis other players’ positions due to imperfect information scenarios. The other
given equilibrium is a perfect Bayesian equilibrium in which the player’s action
depends on the history of given information-set. The perfect Bayesian equilibrium
can be described as a refinement of Bayesian Nash equilibrium and subgame perfect
equilibrium combination within strategy and belief components (Fudenberg and
Tirole, 1991). The strategy and belief should also satisfy sequential rationality and

consistency.

As is widely appreciated, for example, oligopolies present multi-player problems -
each firm must consider what the others will do. As a footnote, in this thesis,
container ports are assigned as players of game theory. At the micro level, intra-port
competition (models contain terminals as players) involve game theory. At an
intermediate level of multi-port gateway region competition include game-theoretic
models of the behaviour of multi-ports for their capacity throughput in their region in
holistic perspective. Finally, at a high level of aggregation, ports in a certain range
includes models in which ports compete in choosing tariffs and other trade policies,
and macroeconomics includes models in which the port authority and cost or price

setters interact strategically to determine the effects of economy policy.
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This thesis is designed to analysis container port competition on basis of game
theoretical methodology to those who will later construct game-theoretic models in
applied cases within container transportation industry. The exposition emphasizes the
container port competition applications of the theory with the involvement of
offshore systems at least as much as the pure theory itself, for three reasons. First, the
applications help understand the theory. Second, the applications illustrate the
process of model building game-theoretic problem to be analysed. Third, the variety
of applications shows that similar issues arise in different areas of container port
competition, and that the same game-theoretic tools can be applied in each setting. In
order to emphasize the broad potential scope of the theory, conventional applications
from industrial organization largely have been replaced by applications from price,
cost, operational capability and flexibility, and other applied fields in offshore system
adopted container port network competition.

2.6.1 Game Theory Applications in Container Ports Competition

It can be considered that game theory is a struggle of players in a generated game to
gain maximum benefit at the end of game against other players or by moving in
cooperation with other players. The competition environments can be noted as
important application fields of game theory. Therefore, the container port

competition can be identified as a field in where game theory can be applied.

In many field, game theory is applied to help decision makers understand the
strategic phenomena that can be observe when other decision makers in a game

interact according to changing strategic positions.

Many researches have utilised game theory to measure competitiveness of container
ports in different level and criteria. A number of game theory solution techniques
have been developed to examine the container port competition. In the game
theoretical competition analysis, the use of qualitative case studies is a well-

established approach.

Anderson et al. (2008) develop a game theoretic analysis model to understand
investment and competition positions of the major South Korea (Busan) and China
(Shanghai) ports. The model is developed on the strategy of serving as a hub port by

building deep-water berths with supported large terminals to accommodate large
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container vessels and facilitate necessary transfer operations. It is aimed how the
ports will be able to capture or keep the share in market with the changing

competition dynamics.

Similarly, Ishii et al. (2013) examine the case of inter-port competition between the
major container ports of Busan and Kobe cities. The game theory model is
constructed on a non-cooperative game with a Nash equilibrium solution concept for
port charges to examine the effect of capacity expansion on the port charges and
hence the competition between the chosen major ports in the case study.

Saeed and Larsen (2010) argue the positions of container terminals in Karachi Port in
Pakistan if they keep their singleton position or decide cooperation in a coalition to
port operations. In the study, a two-stage game modelled for the analysis of intra-port
competition as first stage and the analysis of competition between terminal coalition
in Karachi port and outside competitor by applying Bertrand game as second stage of
model. The obtained results say that the grand coalition among terminals in Karachi

port enables the best payoff for all players in the game theoretical model.

Another conducted study by Kaselimi et al. (2011) investigate the competition
between multi-user container terminals. The focus of study is on terminal
management systems in two different frameworks which are the port authority and
the private terminal operators based port management. In the generated framework,
Cournot competition is applied and the results give chance to compare the impacts of
fully dedicated terminals on container port competition between multi-user terminal

management systems.

Game theory is also applied for the analysis of appeared competition due to
specialization of ports on cargo types. Zhuang et al. (2014) carry out a study on
China port industry competition which escalated with the effect of growth in Chinese
economy and international seaborne trade. With the decentralization regime in port
managements, some changes have been seen in the strategic positions and
operational decision-making capability of Chinese ports and thus ports became
freedom for making investment. This study investigates the role of ports in the
developing competition environment according to decentralization regime by

applying duopoly games for the ports which are specialized in containerized and dry-
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bulk cargo. As a result of game theoretical competition analysis in China port
industry, specialization may cause overcapacity in overall due to ports’ local
strategies so the author suggests the government coordination and intervention to
strength the competition position of ports.

Zhang et al. (2009) analyse the behavioural impacts of participants in decision
mechanism on container port competition with the aid of bi-level game theoretical
model. The analysis is carried out with an equilibrium problem with equilibrium
constraints (EPEC) model for non-cooperative container port competition. The
model is validated by comparing Shanghai Port and Ningbo Port price strategies for
container transportation to California destinations via Port of Long Beach and Port of
Oakland. Thanks to a game theoretical model, scientific base of the transport benefits
of the network is provided.

The study of Seo and Ha (2010) can be considered as one of the most interesting and
maybe the most relevant studies in terms of the ever-increasing containership size
and the approach of this thesis. In the study, the role of port size and incentives are
investigated from the perspective of port users’ strategic port selection decision. The
investigation is carried out by applying a game theoretical model to address port
competition in order to attract port users to select their ports with their port size and

incentive advantages.

In 1994, a game theory based study in economics field was awarded the Nobel Prize.
This increased the popularity of game theoretical model and their applications in
other study areas as well. As it is also seen in this section, in recent years, game
theory models are commonly commenced to use as a method in port competition
problems and port users’ port and terminal selection problems which are handled in
different approaches. However, none of published academic research to date
examined the influence of offshore ports on container port competition with the aid
of any scientific methods including game theory. This situation is obtained as a result

of toilsome and detailed literature review.

At this point, in methodological perspective, it is aimed to discuss likely to be new
competition dynamics thanks to the integration of offshore port structures with the

existing container port competition.
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2.6.2 Game Theory Competition Models> Comparison

In this section, the three competition models which are the Bertrand model, the
Cournot model and the Stackelberg model, will be compared. Basically these three
models differ in two concepts: (1) The timing of the competition movement; and (2)
what the competition is for. The concept differences can be defined for each model
as follows:

» The Bertrand Model: What situation can be faced when firms (can be referred
to herein as port or player) compete simultaneously on the price of
homogenous service,

» The Cournot Model: What situation can be faced when ports compete
simultaneously on the quantity of output, they produce of a homogeneous
service,

» The Stackelberg Model: What situation can be faced when ports compete
sequentially on the quantity of output, they produce of a homogeneous

service.

2.6.2.1 Bertrand Competition

The Bertrand competition model defines competition among players and this
competition influences the price of the products or services of the players, and the
users decide on the price of the specified product or service (Bertrand, 1883). If the
ports offer a homogenous service and have to choose the optimal level of prices (2 =
price level of port ) for these services simultaneously, then the Bertrand competition
model can be used to analyse the situation. The homogeneous service means that the
port can offer operational services for the same cargo and ship types through similar

technical features. The model has the following features.

» There are at least two firms that produce a homogenous product and do not
cooperate at all,

» Firms compete by setting prices at the same time, and consumers want to buy
everything from a company and a lower price (because the product is
homogeneous and does not have a consumer search cost),

» If the firms demand the same price, the demands of the consumers are equally
divided,

88



» It is easiest to concentrate on the duopoly case where only two firms are
present, although the results are valid for any number of companies more than

one company.

2.6.2.2 Cournot Competition

The Cournot competition model is developed by Antoine Augustin Cournot as an
economic model. Unlike the Bertrand competition model, this model is used to
define the competition on the output of ports in an industry structure (Cournot and
Fisher, 1897). In this model each firm independently determines its strategic decision
for competition at the same time (Varian, 2014). In other words, it can be defined
that the Cournot model is assumed as a one-period game, in which ports produce an
undifferentiated services with a known demand curve. The ports compete by
choosing their respective level of output simultaneously. Each port chooses quantity
assuming their opponents’ output is fixed. General features of this model can be

given as follows:

» There are more than one firm and all firms have a homogeneous output, so
there is no output differentiation,

» Firms do not cooperate, in other words there is no agreement,

» Firms have market power, that is, the output decisions of each firm affect the
price of goods,

» A fixed number of companies is available,

» Firms compete in output amounts and select quantities at the same time,

» Firms act economically, rationally and strategically, often seeking to

maximize profits when their competitors' decisions are taken into account.

2.6.2.3 Stackelberg Competition

The Stackelberg competition model offers a kind of leadership model. It is based on
the principle that in the case of strategic competition in the economy, the decision of
the lead player is to be decided upon then the strategic competition decision is taken
by other players in the market after the strategic decision of leader player (Von
Stackelberg, 1934). As in the Cournot model, the Stackelberg model assumes a one

period game, and in which ports offer an undifferentiated service with known

89



demand. Ports have to compete by choosing the amount of output g;to produce, but
unlike the Cournot model, one of the ports goes first. As with the other two
competition models, some features of this model are described as follows:

» In terms of game theory, the players of this game are defined as the leader
and follower, and the competition is done by the quantity of the product. In
other words, this point is similar to Cournot,

» The leader must know in advance that the followers observes its action;

» The follower cannot act as to be non-Stackelberg in the future, and the leader
should know it,

» Indeed, if the follower can be found in a Stackelberg leader's action and the
leader knows this, the leader's best response is to act as a Stackelberg
follower,

» Once moving gives an advantage, firms can take part as a player in the
Stackelberg competition,

» In general, the leader must have the power of commitment. Acting as the
visible first is the most obvious commitment: the leader cannot take it back
after it has moved - it is determined for the action,

» Managing/holding excess capacity is another commitment tool.

2.7Gap in the Field of the Study

In this chapter, a detailed literature search was done regarding the study. The
literature review focuses on the history and development of the container industry,
the examination of the economic, structural and operational characteristics of
offshore port structures, the competition of container ports and finally the

methodology to be used in this thesis.

In the first part of this chapter, it is understood that the containerization has brought
considerable operational simplicity for the transportation facilities. With the help of
the developing technology, an economic, efficient and easily operated container
transportation operations can be carry out with ULCVs today. In parallel with the
development of the container sector, significant developments are also seen in the
port industry. They were in operational and structural change to serve container

vessels in time. However, due to the growing ship lengths, the port authorities have
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plunged into a search for different solutions. Alternatively, one of the proposed
solutions is OCPS. It is considered that ULCVs can be handled in open sea without

dimensional constraints thanks to this system.

As a second step in this chapter, OCPS has been studied in detail in terms of the
strategic and economic importance, the structural features and the operational
characteristics. The first offshore structure in the literature is seen in the defense
industry. It is usually possible to see offshore structures in the oil and bulk sector.
But there are few offshore structure examples in the container sector, especially in
port concept. There are some offshore port project planned to be made in the
container sector, but there is not much academic work related to them. The existing
literature is largely based on project-based studies or scientific quality is low. It can
be said that the academic literature on the offshore container port system is
inadequate.

Thirdly, the competition between container ports has been discussed in detail. The
competition between the ports has been examined in detail at different levels by
scholars, academicians, who can be described as the guru of the port sector. The
academic studies on competition between container ports in the literature do not
consider the offshore container structures as one of the players in these competitions.
It would not be wrong to say that the structurally different offshore container ports

can bring a novel understanding to the competition between container ports.

Finally, applications of game theory on the container port competition are examined.
As known, the game theory is a method that has been developed over the strategic
decision-making for competitive situations. It is examined in the previous section
that the method has been used mainly for two-player container port competition
analysis. Also the Stackelberg competition strategy, the leader game strategy, does

not appear as a method of using for container port competitions.

Briefly, this research proposes an alternative offshore port structure to meet the
requirements of the more sustainable handling of ULCVs, which are growing in
parallel with the development of the container sector. However, the absence of much
study in the literature related to this proposed offshore container structure can make

this research an important resource for future studies. There is also an unknown in
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the literature regarding how the competitive environment develops as a result of the
adaptation of offshore container ports to the inter-port competition. Through this
study, a three-stage complex approach has been presented aimed at the determination
of the components of competition and the positions of competitors through the
developed analytics and game theoretic methodology of the 4-player container port
competitions to which the OCPS is adapted.
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3 METHODOLOGY

In this section, the methods regarding the game theory methods, the port construction
elements for an offshore container port model design, and the mathematical methods
to analyse container transportation network are given. Firstly, the game theory
competition models’ comparison will be represented. Secondly a model design will
be examined to clarify the OCPS adapted inter-port competition. As a next step,
Stackelberg competition model for four player game will be explained. Then, the
mathematical formulas will be explained to analyse the container transportation
network. Finally, Nash solution will be applied for the determined states.

3.1 Methodological Framework

The methodological framework generated is combining both operational and tactical
decision making processes of the container port competition. Therefore, the
mathematical steps generated in the methodology includes cost calculations of the
players for each container port competition platforms, Stackelberg competition
optimal capacity deployment and port handling fee mechanism, additional capacity
increase or capacity reduction decision scenario building, and Nash solutions for the
designed game. By the novel methodological application, it would be possible to
determine the price dynamics of the market as well as the equilibrium points of the
market for different information related decision-making states. The methodological

steps of the thesis can be summarised as in Figure 3-1.
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—I Stage 1 ]'

« Stackelberg competition model for four-player competition game

—-l Stage 2 ]'

* Location based port hinterland analysis

{ Stage 3 ]'

» Construction cost calculations for both OCPS and conventional
container ports

{ Stage 4 ]'

« Scenario design for capacity investment decision

—-I Stage 5 ]'

* Nash equilibrium of the designed game model

Figure 3-1 Methodological stages
3.2 Model Design for the Container Port Competition with OCPS

3.2.1 Model Description

The model designed in this study will examine the offshore ports in terms of
performance indicators and network optimization and will try to compare the
competitiveness with other rival ports with the aid of the designed game theory
model. This model, which we can define as a port competition analysis model, is
designed as three stages: (1) Hinterland network analysis in terms of total
transportation time and cost, (2) Size and capacity analysis in terms of integration of
offshore ports with ultra-large container ships depending on location of port and
finally (3) the design of the game theoretical competition model which will be able to

use the results from the first two stages for competition analysis.

Port performance indicators are considered from different angles in different studies.
Wu and Goh (2010)'s study gives a general idea of how performance indicators in
container ports can be examined from different points. As first stage, in this study,

port performance indicators will be evaluated in terms of importance of port size and
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capacity before going to game theoretical competition analysis. Port performance
indication for OCPS can be basically considered as handled container numbers from
ULCVs per crane, per metre of quay, per staff, per stowage slot and used energy etc.
This is because the model is designed to analyse whether offshore ports are
advantageous in handling ultra large container ships compared to competing ports.

In addition, the location analysis and network optimization are important because
offshore ports are located in the open sea. It is clear that offshore ports will bring a
new understanding of container networking (Foroudi, 2015, Rowland, 2015). For this
reason, the examination of how the offshore ports in the port competition will have
the position to deliver the containers to the final destination will constitute the second

stage of this model.

The latest model includes an adaptation of an original game theory approach that
provides an assessment of which ports will have a more advantageous container
transportation network in a competitive environment that will result from the

integration of offshore ports into the container sector.

When we consider it in the model as a whole, we have a structure that can assess the
positions of competing ports in terms of port size, capacity and network optimization
for handling ultra-large container vessels and guide port management to make critical
strategic investment or operational decisions so that ports can be competitively

advantageous.

3.2.2 Model Design

If a port is planned to be constructed, primarily the regional cargo demand depending
total export and import figures are required to provide understanding for its right size
of port should be constructed at the area. This requires a long-term prediction about
cargo capacity changes as ports are constructed with a social long-term overhead
capital for their life cycle. It can be said that participating in a competitive container
port system commences at the construction level to enable the advantageous
competitive pricing during port operation stage. At this point, it should be noted that
the structural functionality a port is one of the main elements to determine its

construction cost. Therefore, when OCPS is considered as a design option, the
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following elements play a key role to determine its construction cost (Kurt et al.,
2015b).

» The storage and berthing structure: static structure or floating platform,

» Container handling equipment: container transfer and stowing cranes and transfer
equipment and vehicles,

» Vessel related facilities: berthing space, towing of vessels (if necessary),
mooring,

» Personnel transportation and facilities such as offices, restaurants and
accommodation,

» Supplies: energy and provisions.

At the construction point, in terms of sunk cost of structure, it can be considered that
the construction at shore could be more advantageous but other approach can defend
the opinion that the developing technologies can put forward OCPS due to high land
prices (Lyridis, 2015, Guglielminetti, 2015). Concerning this discussion, it can be
said that OCPS does not require high-priced land, but fixing and sinking costs cannot
be excluded (Seo and Ha, 2010).

When the decision for the construction of a container port is taken, it is obviously
desirable to operate in a monopoly market. However, in the developed container
network several container ports can serve the same hinterland. Therefore, for a newly
entered port, it is difficult to attract port users such as cargo owners, shippers and
cargo liners, forwarders, 3" party logistic providers, consultant companies etc. due to
competitive behaviour of ports in operation for the same market (Haralambides,
2002).

Seo and Ha (2010) discuss the various entry barriers of ports when entering the
sector, and the barriers to entry should be re-evaluated as a new competitive
characteristic that emerges when entering a new port sector. The mentioned entry
barriers can be identified as: ports physical characteristics such as size and capacity;
behavioural patterns of port users in the market that can be change with more
advantageous position of the newly entered port (Cahoon and Notteboom, 2008); and
the provided incentives to port users by ports to keep their customer in order to

secure their share in the competitive port industry.
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OCPS is assumed to have no dimensional constraints to accommodate ULCVs,
especially if is assumed that no draft and crane outreach constraints exist thanks to
advantageous positioning of OCPS and the application the latest crane technologies.
Overall the physical and operational capacity of newly designed offshore container
port system should meet the hinterland requirements, which it intends to serve, by

taking into consideration the future predictions about the region.

Effective use of port capacity is an important factor in assessing the level of port
performance. At this point it is necessary to talk about the factors that influence the
use of port capacity. Bose (2011) identifies these factors which must be taken into
account when estimating the throughput capacity of a container port. The featured
factors in the port throughput estimation include terminal area, length of quay, cranes
and other handling equipment. As addition to those of technical factors which have

the calculable functions, some external factors such as wind, tidal and human factor.

The impacts of factors on port capacity and throughput are represented in Figure 3-2.
They are gathered under four main titles by Bose (2011): (1) Infrastructure
capabilities; (2) terminal capabilities; (3) handling demand; and (4) environmental

influences.
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Figure 3-2 Factors for port throughput capacity
Source: Adopted from Bose (2011)
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The effect of the factors shown in Figure 3-2 is inevitable. However, some of these
factors can be improved during the port operation, such as the number of cranes or IT
services, but for example, the length of quays and the storage area should be decided
on the way to construction. In order to reduce the effects of wind and wave
fluctuations, the long-term past wave and wind data should be taken into

consideration and the location of the planned harbour structure should be determined.

When we consider the factors to be determined during the construction, port capacity
analysis requires the following calculations to meet the requirements of port users on
a port in order to compete in the container port industry. These calculations are also
key elements to design the model that will be used in this study for the preliminary

analysis for the ports in the competition.

The port handling capacity is calculated according to the technical specifications of

the port handling equipment. Therefore:
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t
PHC = f Xy - td(x)
0

3.1
Where:
» PHC :Port Handling Capacity,
> Xe : The amount of containers can be handled (loading/unloading) in

TEU by crane ¢;per time unit, ¢
> i : The set of STS cranes; i=(1,...,n),
> t : Time unit,

In practice, the port handling capacity is not always operated in full capacity.
However, it is aimed to capture by port authorities. The used capacity during a
specific time period which is utilisation rate of port’s handling capacity. It can also
be called as port throughput. The port throughput is always calculated to be sum of

handled containers in a year.

l

n m
Ct - Z xs’i + Z xs‘j
i j

3.2
Where:
> (G : Container throughput TEU/year,
> X : Loaded containers in TEU to vessel 7in a year,
> X : Unloaded containers in TEU from vessel jin a year,
> i . The set of containerships called the port for container loading in a

year; i=(1,...,n),
> : The set of containership called the port for container unloading in a
year; j=(1,...,m),
The functions given above can make guidance on the port performance which
can be considered as an important factor to determine the competitive capacity of
a port among other competitor ports. The port performance can be assessed from

the perspective of carriers with the value of port physical system which gives the
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handling efficiency in number of containers in an hour. The port physical system
which is important to know the handling performance of a port for containership
operations and it can be calculated as following.

PPP = :
T h

3.3
Where:

» PPP :Port Physical Performance,
> (G : Container throughput TEU/year,
> h : hour,

The port performance is also be assessed by the efficient usage of physical capacity
of operation zone from the perspective of port administrator. Rodrigue et al. (2013)
consider the capacity of infrastructure in static and dynamic capacity. The
improvement of static capacity depends on facility expansion which needs
investment in infrastructural development, while the dynamic capacity can be
improved according to achievement of port administration authorities in technical
and managerial manners. The improvements in physical and administrative status of
a port structures provides to keep the optimum nominal capacity. The illustration of
optimum nominal capacity depending on the static and dynamic capacity changes

represents in Figure 3-3.
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Figure 3-3 Relationship between static and dynamic capacity of transport
infrastructures

Source: Rodrigue et al. (2013)
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The optimum nominal capacity can be considered as a factor including technical,
operational and administrative aspects to be able to measure and evaluate ports’
competitiveness level. The determinative factors of nominal capacity are static and
dynamic capacity levels which have various components. The components of
dynamic capacity are covered while the container port competition dynamics were
discussed in section 2.5.2, so it has been considered that there is no need to discuss
under different title by covering capacity improvement components. Thus, the
components affecting the static capacity will be argued henceforth. The static
capacity depends on infrastructure area for operating, quay length, quay depth,
number of berths. It is required an optimum combination of these factors. The static
capacity deterministic factors can be given by using some mathematical equations.
Actually, it cannot be right to mention a relationship among these deterministic
factors for a conventional port, but in offshore structures there is a relationship
between infrastructure area and quay length by depending aerial correlation among
them.

The surface area for a container port can be obtained as sum of container stacking
area, apron area, area for buildings and facilities, and intern transport roads. The

calculation of container stacking area can be given as follow (Ligteringen, 1999):

_ Gty °F
r-365-m;
3.4

Where:

> A : Required area for container stocking in m?,

> Ce : Expected TEU handling per year,

> 1y : Average dwell time of containers in days,

> F : Footprint area per TEU,

> r : Average stacking height/nominal stacking height (0.6 — 0.9),

> m; : Acceptable average occupancy rate of the yard (0.6 —0.7),

The required total port area can show changes depending on the assigned areas for
apron, buildings and facilities and intern transport roads. The conventional shore

container ports are flexible in this respect due to their facility expansion
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opportunities. However, the offshore structures have almost no opportunity to
expand the static capacity; the capacity can just be increased in dynamic way by the
improvement of port’s operational and administrative manners. For the static
capacity, the required total area should have been calculated during planning stage of
port in that it is a physically restricted structure. DLH (2007) suggests that the apron
area should be designed between the range of 15 m and 50 m to provide handling
operation flexibility and safety depending on type of quay cranes for container
terminals, but it is expected to keep at minimum level, especially for offshore
structures, in order to prevent additional cost. Ligteringen (1999) identifies the
required area within the lay-out of apron area such as service lane between the
coping and crane; the crane track spacing which is used for container drop off and
pick up as addition it is determined to use for crane stability; and the third area is
place for special container lifting or generally designed for traffic lane of vehicle
which shuttle between the stack yard and the quay.

The other dimensional factor, which is also important for offshore structure to
determine the size of surface area, is quay length. For a single berth, the quay length
is typically determined by the length of the largest vessel frequently calling at the
terminal, plus an additional 15 to 30 m fore and aft to account for mooring lines. The
minimum required quay length is calculated by taking consideration the largest

ship’s dimensions which is expected to serve (Ligteringen, 1999, MarCom, 2014).
Ly = Lsmax + (15 2)

35
Where:

> Ly : The length of quay in metre,

» Lgmax : The maximum ship length using the berth in metre,

For multiple berths in a straight continuous quay, the quay length can be estimated as
follows. This allows for a berthing gap of 15 metre between two vessels berthing
adjacent to each other and an additional 15 metre at the two outer berths. Pachakis

(2015) highlights that 1.1 is a factor allowing variability in vessel length.

Ly=11n"(Lge +15) + 15
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3.6
Where:

> L : The length of quay in metre,
» Lsay @ The average ship length using the berth in metre,

> n : The number of berths,

According to the known vessel size, the quay length can be estimated with above
equations 3.5 and 3.6. However, an approach is that the quay length is estimated
depending upon the number of berths which is calculated with the following equation
generated by Ligteringen (1999).
n = Cb
3.7
Where:

> n : The number of berths,
> : Container throughput TEU/year,
> Cp : Average TEU handling per berth TEU/year,

It is tried to define the factors which affects the role of port in a competition among
rivalries in terms of port size and capacity. Especially if a port such as offshore hub,
aims to serve ULCVs, then the size and capacity is also getting more important.
However, these factors do not mean anything by itself. A port can find a meaning in
terms of performance when it is built by efficient use of size and capacity utilization
(Esmer, 2008).

Apart from the factors affecting the port size defined above, the performance of the
handling equipment is even more important in order to improve the efficiency of the
port operation. Tongzon (2001) relates to output performance with input
performance. It means that the number of docks and the number of cranes affect the
amount of the handled container in a direct proportion. However, the real
performance of the port is linked to how effectively the berths and cranes are used.

The efficiency of the berths and cranes is affected negatively due to the delays in the
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operation and the worker factor, which can directly affect the port performance
negatively (Tongzon, 1995).

The most important criterion in calculating the number of cranes and workers is the
total number of containers to be handled annually. Although the port capacity
required to be reached is sufficient to calculate the number of cranes required to be in
the port, there are some other unknowns that affect the number of workers required,
for crane calculation. So it is not possible to talk about a function in order to get a

clear result about the number of workers.

Efficient port performance has a significant positive impact on the container
transportation economy and therefore good port services provided by the port to
customer satisfaction. A significant reduction in unit costs of transport can be seen
thanks to efficient port performance. This brings the ports in a more competitive
position in the economic sense; it also helps the port to reinforce its advantageous
position in the competition with the customer satisfaction provided by the port
performance. Buxton (2012) compares container ports that offer good port services
and weak port services on the basis of container quantity and unit cost. Figure 3-4 is

adapted from the study of Buxton in order to explain this comparison.

Cost/Unit

Poor Port
Services

Optimum Ship
Size Interval

Good Port
Services

Ship Size Enlargement

Unit Carried

Figure 3-4 Comparison of port service
Source: Adapted from Buxton (2012)
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When port, container ship and hinterland components are discussed in the same
frame, the port should provide a service understanding that will meet the demands of
the other two components. The connection between the ship and the hinterland is
provided by the port. Although there is a demand for freight from the hinterland, if
there is not a port with optimum suitability, the hinterland will first be directed to
other competitor ports and then to other competing modes of transportation to find a

suitable transportation alternative.

Figure 3-5 represents a model to show the requirements of the components in the
container transportation from the perspective of this study.

(Hinterland \
N ( ] \
Container Port (C ontainership \
Location
———— Throughput Dimension free
-—
Service )
Quality Performance Ease Access
\ \ J,

\o ! /

Figure 3-5 Containership — Port — Hinterland relationship model
The model can be designed as container network optimization for application of

offshore container ports, ULCVs and offshore ports for the focal point of the study.

When viewed from the point of view of the ship, the basic things that would be
required from a model design are the convenient port access without the distress
caused by the size of the big ships. And therefore also easy hinterland access by the
influence of the port location. From the point of view of the hinterland, if the port is
considered as offshore, the port will bring an advantageous position in terms of port
location, port service quality and the flexibility and sustainability of the transfer links
to the hinterland in order to provide easy access to the hinterland. In addition, the

port will respond to ship and hinterland requests as well as an effort to maximize
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profit at the same time. Of course, when we evaluate the business economy together
with this, it is to minimize the cost of the general container transportation work that
is targeted in this work. In addition to the effort to minimize the total container
transportation cost, the position of the offshore port in competition with other ports
will be seen through the game theory method.

3.3 Stackelberg Model for Port Competition Game

As previously mentioned, the Stackelberg model offers a leader / follower model.
When the container liner system is considered, it is also possible to meet with a form
of leader / follower game among the container companies. The most obvious
example of this in the near future is the investment made in ULCVs. A leading
company was the first to invest in ULCVs. Then this company was followed up with
other companies doing ULCV investments. The purpose here is to reduce the unit
cost through the economy of scale. The low unit cost made it possible to be more
competitive in the market as well as to make more profitable container

transportation.

A similar situation can be seen in the competition between container ports. In the
competition among container ports, as a perspective of Stackelberg model, it is
assumed that the leader port moves first by investing in order to attract ULCVs to the

port.

To begin port competition game from the perspective of Stackelberg model, let us
first recall some definitions and formulations and related structures associated with a

non-cooperative port competition game.

First we consider a single market for a homogeneous service supplied by n ports
whose outputs are denoted by q; = (q4,9-, ..., q,). The total outputs of the port can

be given as follows.

Q= Z?Qi

3.8
Where:

> Q : Total output,
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> qi : The output of player ;,

The inverse demand function P = f~1(Q) of the economy theory. It is a linear
function which is used to simplify the demand-price relationship (William and
Stephen, 2003). Economists usually place price (P)and quantity (Q) on the x-y axes.
The inverse demand function is written as P = a — bq and the slope = b since the
vertical axis is P. The constant a gives the market position. The average price of
container port on a specific case can be mathematically shown as follows.

P =a—b;q;
3.9
Where:
> P : The price of player j,
> a : The market behaviour constant,
> b; : The constant slope of the market from player 7 ‘s market position,

The total revenue functions are derived from Equation 3.8 and 3.9. The total revenue

calculation relies on multiplying the inverse demand function by Q.

TR = P x Q
3.10
Where:
» TR  :Total revenue,
> P : The average price,
> Q : Total output (demand),
The cost function required to calculate the profit is as follows.
Ci = cq;
3.11
Where:
> (G : The total cost of player ;,
> G : Constant marginal cost of player J,

> qi : The output of player ;,
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Profit is obtained by deducting the total cost from the income.
According to Equation 3.8, 3.9, 3.10 and 3.11, the profit of player 7 is represented by

the following function.

;(q-1,q:) = P(Q) X q; — ¢; X q; = (P(q—; + q;) — c1)q;
= (a—b(q_; +q;) — c)q;
3.12
Where:

> q_; :Theopponents’ output; q_; = X q;,
» P(Q) : Price depending on quantity,

> G : Constant marginal cost of player ;,
In Stackelberg model, the sequential games are offered. In sequential games, first the
problem is solved for the follower players and then the problem is solved for the
leader player. First order condition (FOC) for profit maximization of the given q_;:

o1,
aq;

=0 a—2bq;—bq_;—c; =0

3.13
According to Cournot reaction function, the optimal output allocation for player 7 can
be written as follows.

a—bq;—¢ a—-c 1
2b ~2b

q; =1:;(q-;) =

3.14

Then, the optimal output allocations can be written according to Cournot reaction

function, Equation 3.14, for the quadruple game model as follows.

a—c 1

G =— —5(q2+q3+q4)
a—c, 1

Q2= — —§(q1+q3+q4)
a—c; 1

a3 = — —§(q1+qz+q4)
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a—c, 1
s = 2b 4_5(511 +q; +q3)
3.15
Each player produces in the n-player oligopoly as follows.
n_a—by—c¢ a—g¢ n a-c 1 a+n(c'—ci)—ci
="  T7b "n+1 b n+1b' (m+Db
3.16

For simplicity, assume that player have identical marginal costs ¢; = ¢ = c. Then,

1 n
= a+ c—>casn — o
n+1 n+1

p

3.17
In the calculations, the difference between the marginal costs of the players was
taken so that the increase in total costs would be distributed to the cost of each unit

output.
1 a-c
q"n=n+1 b —0asn— o
3.18
" = ( )n_<1 +n )1a—c
=W mOq = n+1a n+1c Cn+1 b
B 1 (a—c)?
T (n+1?% b
3.19

Then we can calculate the output for the leader player according to the Stackelberg
model as follows. Here let’s assume that player 1 is the leader player so it moves
first, other players observes the move and then adapts. Let us now, for simplicity, the
display of the output formula that allows maximizing the leader player’s profit, the
other players are considered like a single player as ‘q_;’. Then, the formula can be

written as follows.

If the rational other players observe the quantity gz, and then they (q_;) will choose

the quantity as follows.
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a—c 1
q-; = 7_i(q1) = b E‘h
3.20
Then, the total output can be written as follows.
4 _a-—-c 4 1
1 T q-; = b 2 a1
3.21
Then the price will be as follows.
a—c b a+c—bq
p=a-bl@+q)=a-———zq= ——5—0"
3.22
The leader player anticipates the price, and expects to make the profit which is given
as follows.
a+c—bq a—c—bq
nl(Ql'Tl(Q—i)) = (#1 - C) X q1 = #1 X q1

3.23
The output allocation of the leader is derived from Equation 3.23 and the followers’

output allocation is derived from Equation 3.20 as follows.

_ a—=¢
Q1 - 2b

_ a—~¢C

3.24
Then the price formula can be written again as seen in Equation 3.21 as follows.
_ a+c—b>b % _ a—=c¢
p= 2 T2

3.25

Note that if the followers cannot observe the quantity selection, it will not be Nash
equilibrium, because the followers can react optimally while the leader player should
produce the following output. The equation is derived from Equation 3.14 based on
Equation 3.20
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a—c 1 a—c a—c¢ 3a-c

=) = 554 T g T g T
3.26
Then the total quantity would be as follows.
0= Ea —-c
8 b
3.27
Then the price can be written as follows.
p=a—E(a—c)=3a;—5C
3.28

According to the Stackelberg-Nash Equilibrium, the profit of the leader is derived
from Equation 3.26 and 3.28 and the profit function for the leader can be written as

follows.

3a + 5¢ 3a—-c 9 (a—c)?
L= (C5-)55 )=

8 b
3.29
The profit function of the followers can be written referring Equation 3.19 as
follows.
1(a —c)?
=353
1 (a—rc)?
=15
1 (a—rc)?
="

3.30
It should be noted that the profit of the leader must be at least as large as in the
Cournot model because the leading player could have always obtain the Cournot
model profits by choosing the Cournot quantity, which is given in Equation 3.24, to

which other players would have replied with it’s the Cournot quantity in Equation
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3.24 since the followers reaction curve in the Stackelberg model is the same as in the
Cournot model.

As a conclusion, the leader player knows that the followers will reduce the quantity
(94) by increasing g:. The decision is irreversible. Otherwise the leader player would
undo its choice and we would end up in the Cournot model again. Anderson and
Engers (1992) note that the Stackelberg model leads to a more competitive

equilibrium than the simultaneous move game, the Cournot model.
From the Stackelberg model, the following points can be deduced.

» g1 > qz: the leader produces more,
» p>c:there will be dead weight loss,
» [I; > [1;: the leader has higher profits, there is an advantage of being the first

to choose.

3.4 Cost Calculations in the Container Transportation Network

Stopford (2009) mainly divides the annual costs for operating a fleet in two
categories: (1) annual costs of operating fleet; and (2) annual costs of maintaining
and financing fleet. At this point, the differences between vessel size, type,
management method and other related variables, which affect the annual
maintenance and financial costs, will not be considered when calculating the annual
costs of maintaining and financing fleet; for the reason to assume the annual costs of

maintaining and financing fleet as equal for each unit of container.

Looking at the annual costs of operating container fleet, Table 3-1 can be drawn to

display cost expenditures during the container fleet operation.

112



Table 3-1 Operational cost expenditures of container transportation

Annual Costs of Operating Fleet

Crew Costs
Stores

Operating Costs Maintenance
Insurance
Administration
Fuel Consumption

Voyage Costs Speed

Port Charges
Cargo Handling Equipment

Cargo Handling Costs
Stevedore Costs

Hinterland Transportation = Feeder Service
Costs Inland Transportation

Source: Adapted from Stopford (2009)

For the optimum container transportation network, the main objective is to minimize
the total transportation cost from point A to B. It can be formulated as to be give cost

minimization as follows.
TC=0C+VC+ CHC + HTC

3.31
Where:

» TC :Total transportation cost;
OC  : Operating cost;

VC  :Voyage cost;

CHC : Cargo handling cost;

YV V VYV V

HTC : Hinterland transportation cost;

By calculating the annual transportation cost of a fleet, Stopford (2009) and Aymelek
(2016) includes the capital cost expenditure, but in our study it will be ignored by

assuming that the capital cost per unit will be same on each container transportation
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network. Then, the objective function® depending on constraints can be written as

follows.

n
MinTC = z I(Ccri + Csti + Cmnti + Cinsi + Cadmi)
L€

Where:

A\

YV V. .V ¥V V V V VY

Y

>

n n n
+ z (¢re,RT: + cpa, RT: + Vir) + Z (Penxc,) + z ¢
i€l i€l JE€J

3.32
Cer, - The crew cost for containership 7in a year,
Csy; - The store cost for containership 7in a year,
Cmnt; - 1he maintenance cost for containership 7in a year,
Cins; - Theinsurance cost for containership 7in a year,
Caam; - The administration cost for containership 7in a year,
Cre; - The fuel cost for containership 7in a year,
Cpa; - The port dues for containership 7in a year,
RT;  : The number of round trips sailed by containership /,
Yik : The costs of tug, pilotage and canal dues applied for containership 7

at round trip %,
pen - The handling price per container,

X, : The number of containers handled at port / delivered with

il

containership j,

c; : The cost for hinterland transportation per container j,

In Equation 3.32, i(=1,..,n) € [ represents the set of containership in the network,

Jj(=1,...m) € Jis the set of containers will be delivered to the point within hinterland,

k(=1..

.p) € Kis the set of round trips that are made by containership 7 in a year,

and /(=1,..,r) € L is the set of ports in the network serving to same hinterland

(competition) area.

2 For assumptions and sources please see Appendix A and Appendix B.
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3.4.1 Operating Costs

As seen in Equation 3.31, the objective function actually covers expense items under

4 different headings. Let’s examine these cost items in more detail.

OC = ¢ + st + Cnt + Cins + Caam

3.33

The operating costs cover crew costs, stores, repairs and maintenance costs,

insurance and administration cost as in Table 3-2.

Table 3-2 Ship operating costs

Operating Costs

Crew Costs

Stores

Maintenance

Insurance

Administration

Crew wages

Travel, insurance etc.
Provision

General cabin stores
Lubricants

Routine Maintenance
Breakdowns

Repairs

Spares

Hull & machinery & war risks
P&I

Registration costs

Management fees
Sundries

Source: Stopford (2009), Greiner (2011)

3.4.2 Voyage Costs

VC=ch+cpd+y

3.34

Where, VC represents voyage costs, c.is the fuel costs for main engines and

auxiliaries, c,4 port and light dues and y represents the total fee charged for tug and

pilotage services and canal dues.
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Speed is an important factor which affects directly the cost as the consumption of
fuel increases exponentially when the speed increases (Notteboom and Cariou,
2009). According to Stopford (2009), the fuel cost can be counted 47% of the total
transportation cost and he notes that sailing at lower speeds results less amount of
fuel consumption due to the reduces water resistance and the relationship between

speed (V) and fuel consumption (F) is given with the cube rule as follows.
(V)“ _FC
v,/  FC,
3.35

Where; V, represents the reference speed, while F, is fuel consumption (tons/day) at V,
and a symbolises a constant which has a value of about 3 but it can change according
to vessel type and engine type (Barrass, 2004, Stopford, 2009, Kontovas and Psaraftis,
2011).

Daily fuel consumption by the main engine in tonnes is formulated by (Buxton,
1985) as follows.

DFC = EP X SFC

3.36
Where:

» DFC : Daily fuel consumption in tons/day
> EP : Engine power in SHP (Ship Horse-Power) or kW (kilowatt)
» SFC : Specific fuel consumption in tons/SHP or tons/kW

SFC depends on a number of conditions such as the steaming condition, hull
roughness, fouling, propeller condition, ship age and environmental factors etc.
However, the container shipping has a specific characteristic about vessel speed
allocation due to its liner shipping feature. Because the liner shipping has to be offer
regular schedules with a strict number of vessels for the customers. Therefore, the
schedule is drawn depending on the average speed of vessels in the fleet which is used

on a route.

Saving from roundtrip costs related to operate vessels at the optimum SFC, and a

general approach is to operate at optimum power load both to reduce fuel
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consumption and maintenance costs (MAN, 2011). The total roundtrip bunker cost
can be derived from Equation 3.36 as follows.

RBC = [(FCME X prE) + (FCSAux X pfAux)] Xts + [(FCPAux X PfAux)] X tp

3.37
Where:

» RBC : The total roundtrip bunker cost
FCyg : The main engine specific fuel consumption (tonnes/ SFC — day)

prue - The main engine fuel price ($/tonnes)

YV V V

FCs 4, The auxiliary engine/s specific fuel consumption at sea (tonnes/ SFC

— day)

> Draux - The auxiliary engine/s fuel price ($/tonnes)

> tg : Days at sea per roundtrip

» FCppux . The auxiliary engine/s specific fuel consumption in port
(tonnes/ SFC — day)

> tp : Days in port per roundtrip

3.4.3 Cargo Handling Costs

When it is looked at cargo handling cost, it can be explained that cargo handling cost
can be obtained by the sum of loading and discharging costs and the cost of any

container claim may arise.
CHC = pepxe. =L+ DIS + CL

3.38
Where CHC represents cargo handling costs depending on L is cargo loading

charges, DIS is cargo discharge costs and CL is cargo claims.

3.4.4 Hinterland Transportation Cost

Last but not least, hinterland transportation cost is considered as a part of total
transportation cost for the last consumer delivery. This cost expenditure covers the
costs of transportation after containers left the main discharging port to go towards
the last destination. In addition to inland transportation cost, offshore and hub-spoke

port system may incur another port handling cost which is considered to be part of
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the hinterland transportation cost. Hinterland transportation cost also incurs from the
cost in other transportation modes (short sea shipping, road and rail) up to the last

destination.
HTC = ¢j = htyq + htyy + htsss + Peng,
3.39
Where HTC represents hinterland transportation cost, ht,; is the road mode

hinterland transportation cost, ht,,, is the railway mode hinterland transportation

Ccost, ht IS the short sea shipping mode hinterland transportation cost, and Pchgy is

the cargo handling price at spoke port may arise when offshore or hub-spoke
container port system is applied.
3.5Nash Equilibrium for Non-cooperative Games

The basic concepts of Nash equilibrium for non-cooperative finite games are defined
by Nash (1951). In this section we define the basic concepts and set up standard

terminology and notation for four players’ non-cooperative games.

I'= {(N), (S ien(u)ien}

3.40
Where:

> N . A finite set of players; N={1,...,n},
> S : A set of pure strategies for each player 7 € N; S={si1,...,Simi},
> uj : A payoff function for each player 7 € o,

If N={1,..,n}, then S = [l;en S; is the space of possible pure strategies in I' game.
The payoff function of player 7 is denoted by u;: S — R where S=5;%S2*..%Syis the

Cartesian products of all sets .S;.

Let’s suppose that player i has m’ pure strategies. Then, the following equation

represents the number of pure strategies in the game.

n .
i=1

3.41
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Where:
> m : The pure strategies for each player 7 € N,

The pure strategies combinations in the game are mathematically represented as

n
[
i=1
3.42

The combination of pure strategies for the set of players 7 € NV is denoted by S; =

follows.

{s’|j em;} withM =Y,m;. Then the pure strategies combinations can be

represented for the purpose of representation of the game as follows.
(si,s3, ., S8 4, 88):=1
(si,s3,...,55_4,82):=2
(70,55 sily ST ) = (M = 1)
(s, s? . sm" T sm™y = (M)
3.43

For example, it is possible to suppose that a game with 4 players and each has 2 pure
strategies which is denoted by n = 4 and m; = m; = mg = my = 2. Then, the total
number of pure strategies in the game is calculated as 8 and the number of pure
strategy combinations in the game is calculated as 16. Briefly, the combination of all

pure strategies in the game could be shown as follows.
(si,s3,s3,s4) == Combination 1
(si,s3,s3,s4) == Combination 2
(si,s3,s2,s3) == Combination 3
(si,si,s1,s2) == Combination 4

(si,s2,s%,s1) :== Combination 5
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(si,s2,s1,52) :== Combination 6
(si,sl,s2,52) :== Combination 7
(si,s2,s2,s2) := Combination 8
(s2,s3,s%,52) == Combination 9
(s2,s3,s2,s2) := Combination 10
(s2,s2,s1,52) := Combination 11
(s2,s2,s2,s1) == Combination 12
(s2,s},s3,s2) := Combination 13
(s2,s},s2,s1) := Combination 14
(s2,s3,s3,s1) :== Combination 15

(s2,s3,s3,51) == Combination 16

3.44

Where sij denotes that /% pure strategy of the 2 player.

With respect to the combination of each pure strategy, a player has an associated
payoff, so the matrix of each player’s payoffs is comprehended as an M length
vector. For that matter, the input format of a non-cooperative game with 4 players
and each player having m;, i = 1, 2, 3, 4, pure strategies, so that the number of pure

strategy combinations in the game is M=16, can be displayed as follows.

ur ou; uzoug
ui U3 uzoug

upou; U3 ug

15 15 15 .15
Ui® Uz Uz” Uy

16 16 16 ,,16
Ui~ Uz” Uz~ Uy

3.45

Where u{ denotes that j# utility profit payoff of the 2 player in a four-player game.
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A mixed strategy of player 7is taken as a probability distribution over the strategy set

Siand the set of player 7is denoted by };; = {al- € R™i| Z;"z"l aij = 1}. For g; € }3;,

the assigned probability to pure strategy sij IS al.j . The strategy set of the game can be

givenas Y = [liey 2i-

If a mixed strategy combination o is played then the probability that the combination

1 2 in
J

of pure strategies s = (s{ ,s{ ) e Sp ) occurs is given by a(s) = [lien aiji. In a
situation that the payoff assigned to player 7 is denoted by u; (o) = Yscsa(s)u;(s),
where u;(s) can be defined as the payoff of player 7 at the pure strategy combination

S.

The mixed strategy combination o can be replaced by (o_;, g;), when the mixed

strategy vector for all players except 7is denoted by o_;.

Equilibrium s* = (s7, ..., s;;) is a strategy combination consisting of a best strategy
for each of the n players in the game. Then the equilibrium or solution concept, £
can be written as F: {s, ..., S, Uy, ..., Uy} = s*. Itis a rule that defines an equilibrium

based on the possible strategy combinations and the payoff functions.

The best response of player 7 or best reply to the strategy s.; chosen by the other
players is the strategy s; is called a Nash equilibrium of the game T that yields him

the greatest payoff that is:

u;(sf,s_) = u;(s{,s_;),Vs; #s;

3.46
Where:
> s : The best response strategy of player ;,
> s_; : The strategies chosen by other players in the game,
> s . Any alternative strategy of player j,

The best response is strongly the best if no other strategies are equally good and

weakly best otherwise.
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The strategy combination s* is Nash equilibrium if no player has incentive to deviate
from his strategy given that the other players do not deviate. Then the Nash
equilibrium can be formally written for the best response as follows.

Vi, u;(s;,s;) = ui(s{,s%;),Vs;

3.47
Where:
> s; : The best response strategy of player ;,
> si; : The best response strategy of other players in the game,
> s - Any alternative strategy of player j,

In other words it means that for each player 7, he could not attain a better payoff than
that at Nash Equilibrium, by changing only his own strategy. Here the sense of
optimization for each player is to maximize his payoff when other playing by their
Nash equilibrium strategies. Consequently, one attempts to minimize the gap
between the optimal payoff and the best response obtained by possible strategy

combinations.
Equilibrium point can be written for an n-tuple if and only if for every i.

u;(s)) = max [w;(s7,s)]

=1

3.48
Thus an equilibrium point is an n-tuple s; such that each player’s mixed strategy

maximizes his payoff if the strategies of others are fixed. Thus it can be said that

each player’s strategy is optimal against the strategies of the others.

Let’s say that a mixed strategy o; Uses a pure strategy sij if u;(0) = Ysesa(s)u;(s)
and o(s) > 0. If s/ and o; uses sij , it can also say that s; uses sij . From the linearity

of u;(s) ing;,
max [u;(sf,s*;)] = maX[ui(Sf:Sij)]
all s; J

3.49
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It can be defined that u/(s;) = u;(sf,s/). Then the following condition for s; to be

equilibrium point.
u;(s;) = max i (s7)

3.50

The above formula can also be considered as an optimisation problem. The Nash
equilibrium defines that each player’s best response strategy to other player’s best

Nash strategy is optimal solution of the game.

3.6 Data Collection

In the later sections of the thesis, an analysis based on case study is conducted in
adaption with the given theoretical background and methodological definitions in the
previous sections. Thus it is intended to provide an in-depth perspective on the
practical applications of the theoretical contributions of the study. The data collection
process is one of the basic research stages. This process is given in this chapter in
details. In addition to this main stage, the reliability of data collection process is also
crucial for the research to reflect the robustness and the practical reality and certain
and verified the hypothetical estimates. In this section, the data collection procedures
for the conducted case studies are also clarified separately under different categories.
Finally, the data explanation is indicated to provide a better understanding between

the data used and the results obtained from the case studies.
In this study, various data collection methods and steps are utilized to use for the

analysis. Data is collected as follows.

» Row data and published secondary data from reliable data sources,
» Processes of recording data and observations,

» Assumptions made and assumed data.

3.6.1 Row and Published Data

Thanks to private connections, it was possible to get some data directly from the
ports on the port operation process. Especially, the Venice Port Authority was very

helpful in sharing the operational and financial information of offshore ports for this
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research. However, due to the confidentiality of some operational and financial
information, unfortunately it was not possible to receive some data directly from the
primary source. Thanks to access to some paid data resources such as Seaweb, some
technical specs and operational data which especially about container ships, are
given from Seaweb. When the requested data cannot be accessed, the study has been
carried out through assumptions. In particular, the following main data resources
have been used in the case study and they are referenced in the text and reference list

of this thesis:

A\

Alphaliner,

Clarkson,

Colliers,

Drewry Maritime Research,

EU databases,

EUROSTAT,

IMO — International Maritime Organization,

Liebherr — Crane technical specs and financial data,

Lloyd’s List,

Maersk,

OECD - The Organization for Economic Cooperation and Development,
SeaWeb,

Statista,

UNCTAD - United Nations Conference on Trade and Development,
World Bank,

WPS — World Port Source,

WSC — World Shipping Council,

WTO — World Trade Organization.

vV V V V V V V V V V V V V V V V V

Ports, where some data is received, are given below.

e APV - Venice Port Authority,
e HKMOA - Hong Kong Mid-Stream Operations Associations,
e Port of Hamburg,

e Port of Rotterdam,
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Port of Valencia,

PSA Singapore.

3.6.2 Data Recording

This study considers “code of practice on investigations involving human beings” of

the University of Strathclyde. Throughout the data collection process the

requirements of “the data protection act (DPA) 1998 are satisfied completely. The

following data protection principles are applied in this thesis:

>

A\

YV V V V

The data is considered fairly and lawfully,

The data is presented with a respect to confidentiality of individuals and
actual company data,

All collected data is used only for the research purposes,

The data is protected from unauthorised access,

The data is processed according to data subject’s rights,

The data is used accurately in the research.

The data recording process is structured according to section D of “code of practice

on investigations involving human beings” of the University of Strathclyde. This

section identifies following issues regarding the data recording:

YV V. V V V V V

Data management and planning procedures,
Data security,

Data sharing,

Retention of data,

Disposal of data,

Departmental ethics committee data records,

Departmental ethics committee data monitoring.
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4 CASE STUDY: OFFSHORE BASED CONTAINER PORT

GAME

Container ports play a critical role in the viability of international trade. Therefore,
the market behaviours and allocation of the port service capacities are a great interest
of the global trading partners. Historically, the container ports have undergone
serious evolution, especially since the introduction of containers into the transport
sector in the 1960s. During this time, the port hinterlands have expanded and the port
handling amounts have increased greatly. In addition to all these, the goal of logistics
delivering the right product to the right place and the right costumer, on the right
time, with the right price, the right quantity and in the right condition brings serious

obligations to the ports.

The container terminals serving containerized cargo increasing importance every
day. When the world total container handling figures are examined as TEU based on
years, it appears that the handling has doubled almost every 7 years (Esmer, 2010).
For example, the 243 million TEU movements in all container ports in 2001exceeded
500 million TEUs in 2008. The container sector has a 7.8% growth rate according to
20 year average (Clarkson, 2015). This increase pushes the container terminal

operators and the port administrations to constantly evolve.

Depending on the increase in the number of containers handled in the world, the
container terminals are developed in terms of equipment and software technologies
with the impact of factors such as the growth of ship’s length. For example, the
dimensions of STS cranes used in the container terminals serving the main container
ships and the speed of operations are increased. The equipment used at the back yard
of ports for in-port transport and container storage is fully automated in order to
reach the speed of STS cranes. This rapid development, however, cannot cope with
congestions in the container terminals and prolonged ship waiting and order delivery
times. Thus, the port industry was enforced to develop new perspective for the
developing sector parameters and the complex port operations and the OCPS has

begun to be developed as a new understanding of port operation.
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It cannot be denied that Asia — Europe container route has a particular place among
other main container routes, yet significant factors make the route more particular
and increase the importance of container ports on the route. Also the transatlantic
container route is one of major Europe connected container route (UNCTAD, 2017).
The total merchandise exports and imports of Europe have the greatest figures in the
world and those merchandise commodities are substantially carried by sea. Therefore
it can be said that the ports and shipping elements have a critical role on this route.
(WTO, 2016, UNCTAD, 2015).

According to UNCTAD’s review of maritime transport in 2016, the lowest freight
rates was reached as the sector was trying to overcome the issue of low demand and
the presence of ULCVs in the market (UNCTAD, 2016). To cope with the issues, the
container liner companies applied key measures including cascading, idling, slow
steaming, consolidation and integration and the restructuring of new alliances (Lam,
2012).

In general a decrease tendency is seen at the rates of port growth but only the large
ports showed a positive growth in 2015 (UNCTAD, 2016). It is mainly due to the
fact that the applied measures by particularly the main container liner companies has
increased interest on the large container ports (Notteboom, 2017). The largest
container ports are located in the Northern Europe such as the Port of Rotterdam, the
Port of Hamburg, and the Port of Bremerhaven and so on. However, the recent
investments in Southern European and in the West Med ports make an indelible
impression with a contribution to energy efficient transportation approach of port
authorities (Notteboom, 2017). On the one side the largest container ports of the
Northern Europe offer connectivity, capacity and accessibility for ULCVs, and on
the other side the ports on Southern Europe offer to improve efficiency and optimize
operations other than the largest container ports of the Northern Europe with the aid

of infrastructural port investments (Notteboom, 2017).

Ever-increasing containership size and seeking for improved efficiency and
optimized operations make the decision-making strategies important. How to choose
the best port and thereby optimising container transportation routes depends on

assessing the decision-making strategies. It is of great importance for policy makers
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and logistics practitioners to assess the potential of emerging trade routes and make
the most appropriate route choices. For the seeking optimum route from Asia to
Europe, China announced “one belt, one road” initiative in 2013. Thus China has
given a fillip to the plan to achieve political and economic goals by designing a “21%
Century Maritime Silk Road” in terms of the maritime transportation (Yang and
Jiang, 2016).

According to the developed 21* century Maritime Silk Road, the Port of Venice and
the North Adriatic Ports (Ravenna, Trieste, Koper and Rijeka) offer the shortest sea
route from Asia to the Europe’s manufacturing destinations. As an alternative to the
Port of Venice and the North Adriatic Ports, Piraeus (Greece) and Istanbul (Turkey)
are the potential routes of the maritime and land Silk Road as European destination
gateways (Xinhua, 2014). In “one belt, one road” strategy, while Istanbul is
considering as the gateway of land Silk Road, Venice and Piraeus are considered as
the gateways of maritime Silk Road. Figure 4-1 shows the potential routes of the

maritime and land Silk Road.
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Figure 4-1 Map of Silk Road
Source: Xinhua (2014)
At this point, it can be considered that Athens (Piraeus, Greece) is a strong player
against Venice. However, Athens offers a longer land leg against the longer and

greener maritime leg of Venice, although Athens is offering a shorter sea route for
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cargoes which come from Asia. This situation is explained in detail by Costa (2016)
as “Venice and the North Adriatic are at the right place to make the Maritime Silk

Road greener and with the best time/cost ratio”.

As addition to optimising container routes, this case study also seeks to examine the
changing container port competition dynamics with the adaptation of OCPS to the
specific port competition area. This case study was designed as a study focused on
offshore ports and ULCV. The aim of the case study is to be able to calculate the
effect of offshore ports that have recently started to be implemented in the container
sector on existing port competition among ports which are able to accommodate
ULCVs. At this point, it can be said that this case study is important to see the
strategic competition positions of the hinterland’s leader ports with the effect of

changing competition dynamics.

Four container ports are selected to set this case study and they handle more than 30
percent of top 20 ports’ container throughputs in Europe. They are the Port of
Rotterdam, the Port of Hamburg, the Port of VValencia and the Port of Venice. Due to
their locations and the hinterland potentials, the ports of Rotterdam, Hamburg and
Valencia ports have a high capacity of container handling. Although the Port of
Venice is not one of the largest ports in container transport, it is one of the major port
cities in Europe. However the Port of Venice has an aim to improve its position in
the Europe container port competition thank to the investment in the OCPS by
utilizing its advantageous location. The investment in OCPS may allow handling
ULCVs and may also allow being a key port in the container transportation industry
for the Port of Venice. Therefore, the Port of Venice can offer a significant
alternative route by delivering containers comes from Asia to Europe’s important
industrial and big cities. Thanks to OCPS, the Port of Venice may take place among
the few ports in Europe to be able to accommodate ULCVs. As shown in Figure 4-2,

in 2015 the share of top 20 ports in TEUs of containers handled in each port.
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u Other ports in EU

Figure 4-2 Shares of ports in the competition game in Europe, 2015
Source: Adapted from Eurostat (2016a)
Besides handling ULCVs, basic criteria in the selection of ports for the case study;
the ranking of port countries in European countries’ container throughputs list, the
ranking of port within its own country ports excluding the Port of Venice because the
Port of Venice is selected as one of the players in the competition due to it has an
offshore container port project to accommodate the latest generation of container
vessels. Also the draft constraint is another selection criterion for the selection of

ports.

In this case, excepting the Port of Venice, other 3 ports are selected among the
countries at the top in terms of container throughput by TEU in Europe. Table 4-1

gives the container throughputs of the main European countries.
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Table 4-1 Container throughputs of the main European countries

EU (28 countries) Germany Spain Netherlands Italy
Output % Output % Output % Output % Output %

Year (thousand) change (thousand) change (thousand) change (thousand) change (thousand) change
2006 74,225 13,800 12,329 10,063 7,850

2007 83,195 12.1% 15,261  10.6% 13,536 9.8% 11,260 11.9% 8,539 8.8%
2008 81,942 -1.5% 15,672 2.7% 13,262 -2.0% 11,170  -0.8% 7,942 -7.0%
2009 69,790 -14.8% 11,919 -23.9% 11,677 -12.0% 9,925 -11.1% 7,223 -9.1%
2010 77,679 11.3% 13,092 9.8% 12,424 6.4% 11,202 12.9% 8,466 17.2%
2011 83,107 7.0% 15,240  16.4% 13,858 11.5% 11,447 2.2% 8,480  0.2%
2012 85,244 2.6% 15,290 0.3% 14,059 1.5% 11,523 0.7% 9,298  9.6%
2013 86,560 1.5% 15,563 1.8% 13,550  -3.6% 11,134  -3.4% 9,563 2.9%
2014 92,400 6.7% 15,918 2.3% 14,358 6.0% 11,756 5.6% 10,247  7.2%
2015 98,828 7.0% 15,193  -4.6% 14,347  -0.1% 11,719  -0.3% 11,456 11.8%

Source: Eurostat (2016a)
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Therefore, in addition to the Port of Venice, other 3 ports are selected among
German, Spanish and Dutch ports depending on the condition that one port from
each country. In the selection of ports, as differ from the selection of the Port of
Venice, other 3 ports are selected as the largest container ports of the determined
countries. Therefore, the Port of Hamburg (Germany), the Port of Valencia (Spain),
the Port of Rotterdam (Netherlands) and the Port of Venice are determined as the

players of container port competition in this case study.

In addition to countries and ports’ rankings in container throughputs, the draft of
ports was another criterion for the selection of ports for the purpose of handling
ULCVs. Therefore, the minimum draft has been taken 15 metres to be able to handle
containerships which have more than 10,000 TEUs carrying capacity (Rodrigue et
al., 2013). Table 4-2 gives the maximum draft values of the assigned ports.

Table 4-2 Assigned ports’ max drafts

Draft (m)
Hamburg 15.1
Valencia 17
Rotterdam 22.5
Venice 14.5

Source: SeaRates (2016)

According to Table 4-2, the Port of Venice is not providing the indicated condition.
However, Venice Port Authority highlights that an offshore port is planned off the
Malamocco port mouth with a natural depth of 20 metre (APV, 2013).

4.1 The Ports in the Competition

In this section some required geographical, technical and statistical information will
be presented in relation to the selected ports in order to be able to recognize them.
Thus familiarity with the ports will facilitate in order to analysis the location and the

planned size and capacity of port.

4.1.1 The Port of Hamburg

The Port of Hamburg is located between the North Sea and the Baltic Sea at a
latitude 53 32' N and a longitude 9 57' E. On this location, the Port of Hamburg is the
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largest seaport of Germany in 2015 with the high volume of cargo crossed the quay
walls. The illustration of the Port of Hamburg on map is given in Figure 4-3.
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Figure 4-3 Port of Hamburg map

Source: Port of Hamburg (2016)
The port of Hamburg is an attractive port for many European producers and
consumers thanks to its excellent hinterland network and connections to Europe. The
Port of Hamburg’s hinterland network is influentially supported by railway, inland
waterway and roadway transportation mode alternatives. According to 2015
statistics, the Railway has emerged as the most important hinterland transport model

and 45 per cent of the goods were transported by rail.

When focused on the liner services, it is noted that around 10,000 containerships call
the Port of Hamburg every year. In 2015, 647 ULCVs called the Port of Hamburg.

The Port of Hamburg has adequate cargo handling capacity that makes possible to
handle a huge number of ULCVs. The port is also one of the most important
transhipment hubs of Northern Europe. The advantageous location of port in the
entrance of the Kiel Canal where the port can provides feeder services to the
significant destinations in Europe. The network corridors of the Port of Hamburg is

given in Figure 4-4.
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Figure 4-4 Network corridors of the Port of Hamburg
Source: Port of Hamburg (2016)
The port served for the container transportation industry with four state-of-the-art
container terminals by handling 8.8 million TEU containers in 2015. The port of
Hamburg has also capacity to handle 12 million TEU containers with the high
performance handling capability of those four terminals. The 10-year container

throughputs of the Port of Hamburg are given in Table 4-3.

Table 4-3 Container throughputs of the Port of Hamburg

Year Incoming Outg(?ing Total %
Containers Containers (thousand) change

2006 - - 8,878,000
2007 - - 9,914,000 12%
2008 - - 9,767,000 -1%
2009 - - 7,031,000 -28%
2010 - - 7,906,000 12%
2011 - - 9,035,000 14%
2012 - - 8,891,000 -2%
2013 - - 9,302,000 5%
2014 - - 9,775,000 5%
2015 - - 8,848,000 -9%

Source: Eurostat (2016a) and Port of Hamburg (2016)
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4.1.2 The Port of Valencia

The Port of Valencia is located at the Western Mediterranean Sea at a latitude 39 26'
N and a longitude 0 19" W. this location provide several advantageous such as very
close commercial port property for the Suez-Gibraltar axis on the main routes from
Asia to Northern Europe. Thus, the main shipping lines can have connections to
Southern Europe destinations without departing so much from the scheduled route.
Because of the geographical advantageous of the Port of VValencia, the shipping lines
can provide direct influence for the southern Europe and the North African
hinterlands. Thanks to the provided road and rail connection through the southern
Europe, the port has efficient hinterland networks. The illustration of the Port of

Valencia on map is given in Figure 4-5.
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Figure 4-5 Port of VValencia map

Source: Port of Valencia (2016)
Due to the fact that the largest port of Spain, the Port of Valencia addresses a big part
of Spain hinterland. The port can be also considered as a hub port for the area of
Western Mediterranean and North African countries. This hub port capability of the
port is reinforced connections with the main world ports through regular shipping

lines.
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The high level investments provide a continuous improvement in the regional and
international container port competition for the Port of Valencia. The specialization
of the Port of Valencia’s terminals for the 2020 Horizon aims to focus on a
combination of import/export and transit containers. The network corridors of the
Port of Valencia is given in Figure 4-6.

® MARSELLA

ZARAGOZA ©

MADRID
LISBOA e

® TUNEZ
CASABLANCA @

TRIPOLI @

Figure 4-6 Network corridors of the Port of Valencia
Source: Port of Valencia (2016)
There are three ports under the management of the Port Authority of Valencia. They
are the Port of Valencia, the Port of Sagunto and the Port of Gandia. The ports
controlled by the Port Authority of Valencia have handled 4.6 million TEU of
container in 2015. The 10-year container throughputs of the Port of Valencia are

given in Table 4-4.
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Table 4-4 Container throughputs of the Port of VValencia

Incomin Outgoin %

Year Containegs Cont%inegs Total change
2006 - - 2,615,000

2007 - - 3,049,000 17%
2008 - - 3,606,000 18%
2009 - - 3,654,000 1%
2010 - - 4,211,000 15%
2011 - - 4,332,000 3%
2012 - - 4,471,000 3%
2013 - - 4,328,000 -3%
2014 - - 4,407,000 2%
2015 - - 4,609,000 5%

Source: Eurostat (2016a) and Port of Valencia (2016)

4.1.3 The Port of Rotterdam

The port is located at West Coast of the city of Rotterdam, Netherlands at a latitude
of 51 53' N and a longitude of 4 17 E. Thanks to accommodating largest
containerships, the port offers an outstanding accessibility for ocean-going vessels
with its leading position for throughput. The port of Rotterdam has Europe’s largest
container port throughput. The illustration of the Port of Rotterdam on map is given

in Figure 4-7.

Figure 4-7 Port of Rotterdam map
Source: Port of Rotterdam (2016)
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Rotterdam Port offers more than 1000 connections to ports worldwide. The Port of
Rotterdam can be defined as both a main hinterland port and a transhipment port, due
to the fact that the liner companies’ main port of call and has a significant intermodal
network. Thanks to the advanced transportation network, logistics operations can be
operated smoothly, safely and quickly towards important industrial points in Europe
via the Port of Rotterdam. The network corridors of the Port of Rotterdam is given in

Figure 4-8.

Figure 4-8 Network corridors of the Port of Rotterdam
Source: Port of Rotterdam (2016)
The Port of Rotterdam is the largest container port in Europe with its more than 12

million TEU handling volume annually. According to port statistics, the Port of
Rotterdam could able to handle more than 12 million TEUs at 9 container terminals
in years 2014 and 2015 (2016). The Port of Rotterdam can also handle the latest
generation of container vessels. The 10-year container throughputs of the Port of

Rotterdam are given in Table 4-5.
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Table 4-5 Container throughputs of the Port of Rotterdam

Incomin in %

Year Cor(':mct)aine?s C%l:]tt%?negs Total change
2006 4,963,545 4,689,687 9,653,232
2007 5,527,754 5,263,075 10,790,829 12%
2008 5,496,152 5,287,673 10,783,825 0%
2009 4,962,424 4,780,866 9,743,290 -10%
2010 5,692,211 5,455,361 11,147,572 14%
2011 6,099,586 5,777,314 11,876,900 7%
2012 6,078,355 5,787,561 11,865,916 0%
2013 6,032,414 5,588,631 11,621,045 -2%
2014 6,415,409 5,882,161 12,297,570 6%
2015 6,351,594 5,882,941 12,234,535 -1%

Source: Port of Rotterdam (2016)

4.1.4 The Port of Venice

The location of the Port of Venice is given by the Venice Port Authority (APV,
2013) that the port is located at the top end of the Adriatic Sea at a latitude of 45 26'
N and a longitude of 12 20" E. The port has a strategic geographical location at the
intersection of the main European transport corridors and of the Motorways of the
Sea (MoS). The Port of Venice can act as the European gateway for Asia trade flows.

The illustration of the Port of Hamburg on map is given in Figure 4-9.

Figure 4-9 Port of Venice map
Source: Port of Venice (2016)
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The Port of Venice can act as the entry point to a vast area of Central Europe thanks
to containerization’s “window of opportunity” because of the strategic location of the
Port of Venice in the Adriatic Sea. Thus the Port of Venice can provide access to
North-Eastern Italy, Austria and Bayern in addition to Eastern Europe and some of
the European Union’s most dynamic markets. The Port of Venice can be also
considered as a bridge to connect Central Europe with North Africa and the Middle

East. The network corridors of the Port of Venice can be given as a part of core

network corridors of Europe in Figure 4-10.
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Figure 4-10 Network corridors of the Port of Venice
Source: Port of Venice (2016)
The Port of Venice is one of main ports in the Adriatic Sea for container operations.

So it can be said that the successful strategy can create opportunity for the Port of
Venice to exploit transhipment system. Owing to the developments that took in the
container industry, the container port competition has increased in the European area.
The Venice Port Authority then planned to improve the Port of Venice’s
infrastructures to facilitate the future with the following projects (APV, 2013).
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> A new container terminal at Marghera,
» A Motorways of the Seas terminal at Fusina,

» An offshore terminal to enable access to ships with a draft up to 20 metres.
The 10-year container throughputs of the Port of Venice are given in Table 4-6.

Table 4-6 Container throughputs of the Port of Venice

Year égggg? rllggs C?)l;]igaci)rllggs Total ch(ja/;)lge

2006 167,095 149,547 316,642

2007 184,322 145,190 329,512 4.1%
2008 204,031 175,041 379,072 15.0%
2009 197,282 172,192 369,474 -2.5%
2010 207,419 186,494 393,913 6.6%
2011 238,609 219,754 458,363 16.4%
2012 237,589 192,304 429,893 -6.2%
2013 246,669 199,759 446,428 3.8%
2014 249,515 206,553 456,068 2.2%
2015 301,014 259,287 560,301 22.9%

Source: Port of Venice (2016)

According to the analysis of ports, it can be seen that the Port of Venice has a special
situation although the port do not have so high volume of container handling capacity
in comparison with other ports in this case. This situation is that an OCPS was
planned by the Authority of Venice Port but President of Venice Port Authority is in
belief that such a project is unsustainable for the Adriatic region. The reason behind
this idea is that the total container capacity of the entire Adriatic Region, not just the
Port of Venice, will not reach 6 million TEU by 2030 and mega-ships will not prefer
the regional ports due to they favour the transhipment ports (Dell'Antico, 2017).
Analyses and other project-based studies carried out in the previous port
administration term have shown that an offshore port to be built in Venice would
provide a significant added value for the region and European container network
with the contribution of advantageous state of the region (Costa, 2016, Rowland,
2015). The Port of Venice is also seen as a gateway of maritime Silk Road along

with the Port of Piraeus in Greece in the scope of “one belt one road”(Yang and
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Jiang, 2016). Thus the Port of Venice can use its location effectively for the
container transportation from Asia to Europe hinterland.

4.2 Location Analysis of the Ports

The location analysis is intended to determine the positions of the ports designated
for the case in the new competitive environment due to the inclusion of the new
offshore based container transportation system. The analysis is conducted in order to
assess the ports in terms of transportation time and cost depending location and local
traffic of the ports. The generated transportation network for this analysis includes
the transport of containers loaded from an Asian port to the selected cities and
regions through four European ports identified as well as the transfer of container

with alternative hinterland transportation modes.

In the generated transportation network, the Port of Singapore is considered as the
last call port on the Asia leg of network, the designated four European ports for this
case are generating the Europe leg of network. The representation of the proposed
container transport network from Asia to Europe and the used route are simply given

in Figure 4-11 with the aid of legends.
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Figure 4-11 Network map
Source: Created by author on ScribbleMaps (2017)
In practice, in the context of intercontinental container transportation, the vessels

complete a round-trip by calling numerous ports. The largest container shipping
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company Maersk-Line carries out its Asia-Europe services with minimum 9 port
calls and they can reach up 15 port calls (MAERSK, 2017b). In this case, it is
assumed that no other port of call should be planned between the designated ports.
The other port of calls on the round trip are planned to be either before the last port
of call in Asia or after the destination port in Europe. The aim of which is to establish
direct voyages between the last port of call in Asia and the designated European
ports. In this way, the influence of the ports, which will be located between the two
target-ports, on the Asia-Europe direct container transportation network can be
abolished. Therefore it is envisaged that the effect of the container transhipments
through the destination ports identified in Europe on the door-to-door container
network can be seen plainly. Taking this direct voyage plan into consideration, the
container vessels raise anchor from the last port of call in Asia and travel to the ports

in Europe via the Suez Canal by taking the shortest route.

In this defined container transportation network, the containers are transferred to the
final transportation stage of the network through alternative transport modes (trucks,
trains and inland waterway vehicles-barge, feeder vessel) at the ports identified in
Europe to be delivered to the target cities located in Europe. All the ports and
transport vehicles are assumed to have the same technical descriptions in order to
obtain a comparable travel time when the entire defined route is elaborated. In
addition, the ports are considered to serve the same hinterlands, and the travel times
from the same destination for each designated port are compared. The time
calculations are made by ignoring waiting time and idle time that may occur during
transportation and other operations. It means that the analysis ignores the waiting for
canal passages, the time at anchorage, for pilotage and any idle at loading and
discharging port during the sea passage of main container vessel. It is also assumed

that the idle time of trucks, trains and inland waterway services are ignored.

In the analysis, comparisons were also made with respect to different speed data. It
has been investigated at which speed more optimal transport network can be
obtained. At seaway stage, the analysis is conducted at the speed range between 13-
25 knots for the main container vessels. The speed range of 13-25 knots is
technically feasible but the tendency of container liner companies is to operate

containerships at optimum speed in the consideration of two factors which are
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keeping stable commercial services, and fuel saving approaches (Rodrigue et al.,
2013). Therefore, the operation speed for the main containerships has been taken 19
knots by considering fuel saving and practices in the container transportation
industry according to the study of Rodrigue et al. (2013) who define 4 speed ranges
as follows. Normal speed range: 20-25 knots, slow steaming speed range: 18-20
knots, extra slow steaming speed range: 15-18 knots and minimal cost speed range:
12-15 knots. In terms of the transportation time, the increasing speed provides time
saving in total transportation but it causes extra cost due to more fuel consumption as
seen the defined speed-fuel consumption relationship in Equation 3.35. Figure 4-12

represents the fuel consumption changes regarding to ship size and speed.
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Figure 4-12 Fuel Consumption by Containership Size and Speed
Source: Adapted from Notteboom and Cariou (2009)
The speeds of vehicles vary depending on traffic and road conditions at hinterland
connections. For this reason, in consideration of the general conditions, a certain
average speed criterion has been introduced for the vehicles which are transporting to

the hinterland. For example, the average speed for trucks used to reach the containers
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to the final destinations is taken as 50 km / h by considering stop-and-go and urban
and rural traffic combinations (Statista, 2017a, Statista, 2017b, EU, 2017a).

In fact that this analysis covers the door-to-door container transportation network in
addition to the inter-port transport network. At this point, the cities and regions,
which are dominated by important cities and regions of Europe in terms of economy
and population density, are chosen as the final destination of door-to-door container
transportation network. A pre-elimination is carried out for the selection of final
destinations according to the geographical and strategic importance of them. After
pre-elimination, the final destinations are classified under three different categories.
As a result of elimination process, the container transportation network analysis is
conducted for 29 cities in total under three categories. They are located in the
accessible hinterland of the determined European ports. Those of categories are
namely: (1) the top 10 EU capital cities in terms of the countries’ population on the
ports’ hinterland, (2) the top 9 regions in terms of GDP (Gross Domestic Product)’s
of regions on the ports’ hinterland, and (3) the top 10 lowest manufacturing-cost
regions on the ports’ hinterland.

4.2.1 Time and Cost Analysis for the Major Capitals in Europe

The network is designed in form of the voyage of containers begins at the major port
city of Asian - Singapore and will end up in 10 major European capitals. The

determined major European capitals are represented in Table 4-7.

Table 4-7 Assigned ports and the major capitals in Europe, group 1

Port Final Destinations
Departure Port Arrival Port Capital Cities
Berlin
Paris
Rome

- Venice Madrid
Singapore - Valencia - Warsaw

- Rotterdam - Bucharest

- Hamburg - Amsterdam
Brussels
- Athens
- Prague

1
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In Table 4-7, the ports and destinations are categorized within groups. In the table,
the dark blue column represents the Port of Singapore, the blue column represents
the arrival ports, and the red column represents the determined capital cities in
Europe. The assigned ports and destinations are geographically illustrated on the map
in Figure 4-13 excluding the Port of Singapore. However, the Port of Singapore has
shown with a dark blue colour-paddle in Figure 4-11 to able to supply visibly more
focused illustration on Europe section of the network. The blue markers in numbers
from 1 to 4 also symbolize the arrival ports at the Europe leg of network and the
white markers in numbers from 1 to 10 symbolize the final destinations on the
Europe hinterland. Here, the red dashed line represents the Port of Venice’s
hinterland network, and the yellow dashed line, the green dashed line and the blue
dashed line represents the Port of Valencia, the Port of Rotterdam and the Port of

Hamburg, respectively.
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Figure 4-13 Arrival ports’ hinterland network for the major capitals in Europe
Source: Created by author on ScribbleMaps (2017)
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Within the specified criteria for the conducted case study, the transportation times
from the Port of Singapore to the major European capitals are represented in Figure
4-14. It is obviously seen from the results obtained that the Port of Venice offers a
more advantageous container transportation network compared to the other
designated ports. The main reason for obtaining these results can be shown that the
Port of Venice can provide the shortest sea route due to its location for the containers
coming from Asia. The proposed maritime transport times at a 19-knot ship speed
are compared, the Port of Venice can offer roughly 1, 4 and 5 days shorter routes for
the Port of Valencia, the Port of Rotterdam and the Port of Hamburg, respectively.
Thus, the Port of Venice has a significant advantage in terms of total transportation
time, even if it has disadvantageous in the roadway section. According to the results
obtained, the Port of Venice can provide to reach containers to all the designated
capitals in the shortest time except for the city of Madrid. Even this is valid for the
capital cities such as Berlin, Amsterdam and Brussels which are within a few hours'
distance to the port of Rotterdam and the Port of Hamburg.
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Figure 4-14 Transportation time analysis for the selected major capitals in
Europe
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It is clear that the ports of Venice and Valencia offer much better rates than the ports
in northern Europe in terms of total transport times. In this case it is possible to say
that the ports of Venice and Valencia have the best times in terms of total
transportation time, while the times of Rotterdam and Hamburg are far behind them
for Asian freight. It can be said that the ports of Venice and Valencia have a
significant advantage over the ports of northern Europe in terms of the total transport
times of Asian containers. As previously mentioned, the delays, waiting and idle
times were not taken into account when these results were obtained. Thus obtaining
more realistic results depends on all the operational periods in the transportation

process which loading, unloading, custom services, transfers and so on.

In terms of total transport times, the ports of Venice and Valencia obtain really
surprising and positive values even for the most northern capitals selected for this
case. Especially, the Port of VValencia offers the longest roadway distance in total for
the destinations and it is longer than the closest competitor (the Port of Venice) by
more than 8,000 km. However, the Port of Valencia may offer shorter total
transportation times for the assigned destinations thanks to the shorter sea leg of

network.

It cannot be denied that a higher share of the highway in the total duration of
transport provides a significant advantage for the containers traded on the ports of
Venice and Valencia. However, it cannot be also ruled out that high road use rates
will be disadvantageous in terms of transportation costs. The improvement of
transportation costs depends on the efficient use of the vehicles and resources used,
as well as the most effective application of operational solutions. In terms of the total
transportation cost, operational solutions can be effective to create more sustainable
transportation network design. The technical specifications of vehicles used through
the network have also obvious impact on the improvement of transportation cost.
ULCVs, which are developed in terms of technical and productivity, enable
transportation to be more economically and efficiently transported on the sea leg.
However, in order to be able to see the effect of the vessels on the efficiency and to
see the port competition in terms of costs, analysis is carried out for vessels with

different dimensions and technical data. So, three different types of ULCVs are used
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to able to see the impact of technical specs of those vessels on the total transportation
cost.

The following graphs in Figure 4-15 give the total transport costs for the three
different types of container vessels operating in the container network from Asia to
the designated European capitals as a result of the analysis carried out. The types of
vessels used are known as E-class, Explorer Class and Triple E-Class with 15,500,
16,000 and 18,000 TEU carrying capacities, respectively. The obtained cost values
are given in 3 separate charts according to the specifications of vessels. The obtained
figures give the costs for a container which is loaded in Asia and transported to the
designated European cities.
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E-Class

$2.500,00
$2.000,00
$1.500,00
$1.000,00
$500,00

5 Berlin Paris Rome Madrid Warsaw | Bucharest =Amsterdam| Brussels Athens Prague
=t=Hamburg = $748,55 | $1.005,16 $1.329,89 | $1.547,52 | $989,74 | $1.472,55  $815381 $870,65 | $1.748,87 | $893,78
=@=Valencia | $1.418,29 | $1.08547 | $1.213,76 | $679,24 | $1.614,75 | §1.775,31 | $1.286,78 | $1.210,53 | $1.912,46 | $§1.359,39
=de=Rotterdam | $929,69 $812,49 | $1.370,28 | $1.420,99 | $1.186,11 | $1.665,92 | $637.88 $666,11 | $1.974,48 | $1.033,98

Venice $1.165,78 | $1.155,26 | $831,00 | $1.555,33 | $1.248,78 | $1.290,28 | $1.262,61 | $1.188,46 | $1.446,33 | $990,36
Explorer-class
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$2.000,00
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$1.000,00

$500,00

5 Berlin Paris Rome Madrid Warsaw | Bucharest Amsterdam| Brussels Athens Prague
e=¢=Hamburg | $74535 | $1.00196 | $1326,69 | $154432 | $986,54 | $146935 $812.61 | $86745  $174567  $89058
=@=Valencia = $1.415.86  $1.083.05 | $1.211.33 | $676,82 | $1.61232  $1.772.88  $1.28435 | $1.208,11  $1.910,04 | $1356.96
=d=Rotterdam = $926,60 | $809,40 | $1.367,19 | $1.417,90 | $1.183,02  $1.662,83 | $634,79 | $663,02 | $1.971,39 | $1.030,89

Venice $1.163.48 | $1.152,97 | $828,70 | $1.553.,04 | $1.246,48  $1.287,98 & $1.260,32 | $1.186,17 | $1.444,03 | $988.07
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5 Berlin Paris Rome Madrid Warsaw | Bucharest =Amsterdam| Brussels Athens Prague
=t=Hamburg = $708,15 $964,76 | $1.289.49 | $1.507,12 | $949,34 | $1.432,15 | $775.41 $830,24 | $1.708,46 | $853,38
=W=Valencia | $1.386,17 | $1.053,35 | $1.181,64 | $647,12 | $1.582,63 | $1.743,18 = $1.254,65 | $1.178,41 | $1.880,34 | $1.327.27

Rotterdam | $89046 | $77326 | $1.331,05 | $1.381,76 | $1.146,88 | $1.626,69  $598,65 $626,88 | $1.93525 @ $994,75
Venice $1.135,13 | $1.124,61 = $800.35 | $1.524,69 | $1.218,13 | $1.259,63 | $1.231,96 | $1.157.81 $1.415,68 @ $959,71

Figure 4-15 Total transportation costs for the designated capitals in Europe by
three different vessel types®

® For the details of calculations, assumptions and sources please see Appendix A and Appendix B.
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The graphs obtained show that the economy of scale has the effect on total
transportation costs depending on the ship characteristics changing. Thanks to the
growing ship capacities, the fuel, personnel and port costs per unit container are
decreasing. The container ship with the largest capacity for all the designated
destinations offers transportation at a lower unit cost. The cost results obtained are
calculated in accordance with the equations in section 3.4. These costs are calculated
as ship costs (operating costs and voyage costs), port charges excluding cargo
handling, container handling costs and other possible container operation costs,
administration costs and inland transportation costs and the results are obtained.
However, events such as unexpected strike, accident etc. have been ignored because
they could create extra cost that would not be predicted by size. The data used in

calculations have been tried to be used in the most up-to-date manner possible.

In Table 4-8, the cost of the designated ports is given in an order for each selected
European capital according to Figure 4-15. A coefficient is given to each port on the
basis of the costs they incurred according to the obtained order in Table 4-8. The
coefficient scores obtained from the designated cities for each of the designated ports
are shown in Table 4-9. According to the total score obtained in the case study, the
container transportation for the major capitals of Europe at minimal cost can be
achieved through the Port of Hamburg. The Port of Hamburg offers a door-to-door
transportation with the lowest cost among other ports determined by the total score of
31 points. The Port of Hamburg is followed by the Port of Rotterdam with 27 points,
the Port of Venice with 25 points and finally the Port of Valencia ports with 17

points.

When the scores obtained are examined in detail, it is not right to say that the
Hamburg port has the lowest cost of transport for each capital city. However, the
Port of Hamburg is offering transportation for 3 capital cities (Berlin, Warsaw and
Prague) at the lowest cost which is proved to be the most powerful player for these
cities. Although the ports of Rotterdam and Venice also offer the lowest costly
transportation for 3 capitals (the Port of Rotterdam for Paris, Amsterdam and
Brussels; the Port of Venice for Rome, Bucharest and Athens), the port of Hamburg
has the highest score in total with the second lowest costly transportation opportunity

for the five capitals (Paris, Bucharest, Amsterdam, Brussels and Athens).

151



Table 4-8 Sorting of ports by total transportation costs for the designated capitals in Europe

Berlin Paris Rome Madrid Warsaw Bucharest Amsterdam  Brussels Athens Prague
1* Cheapest Hamburg  Rotterdam Venice Valencia  Hamburg Venice Rotterdam  Rotterdam  Venice Hamburg
2" Cheapest ~ Rotterdam  Hamburg Valencia  Rotterdam Rotterdam Hamburg Hamburg Hamburg Hamburg  Venice
3" Cheapest Venice Valencia Hamburg  Hamburg Venice Rotterdam Venice Venice Valencia = Rotterdam
4™ Cheapest Valencia Venice Rotterdam  Venice Valencia = Valencia Valencia Valencia Rotterdam Valencia

Table 4-9 Coefficients of the ports according to their total transport costs for the designated capitals in Europe

Hamburg Valencia Rotterdam Venice
Berlin 4 1 3 2
Paris 3 2 4 1
Rome 2 3 1 4
Madrid 2 4 3 1
Warsaw 4 1 3 2
Bucharest 3 1 2 4
Amsterdam 3 1 4 2
Brussels 3 1 4 2
Athens 3 2 1 4
Prague 4 1 2 3
Total 31 17 27 25
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While the Port of Hamburg is providing transportation opportunity for 5 capitals of
as the second lowest-cost port that enables the port to be the lowest costly port in
total, similar situation can be said for the Port of Rotterdam. Because, the Port of
Rotterdam is the second most cost-effective port in total ahead of the Port of Venice
with a 2-point different thanks to the opportunity which can be offered by the Port of
Rotterdam for 3 capital cities (Berlin, Madrid and Warsaw). The Port of Venice can
offer the second most cost-effective transportation opportunity for just one capital
(Prague). This can be also applied for the Port of VValencia (Rome).

As the most cost-effective third port, the Port of Venice can offer the third lowest
costly transportation for the 4 capitals (Berlin, Warsaw, Amsterdam and Brussels),
while the other ports can offer the third lowest cost transportation opportunity for the
two capitals (the Port of Hamburg for Rome and Madrid; the Port of Rotterdam for
Bucharest and Prague; and the Port of Valencia for Paris and Athens).

Among the selected ports for this case study, the Port of Valencia is determined as
the most costly port for the designated capitals. The Port of Valencia can offer the
most costly transportation for the 6 capitals (Berlin, Warsaw, Bucharest, Amsterdam,
Brussels and Prague), the Port of Rotterdam and the Port of Venice can offer the
most costly transportation for the two capitals (The Port of Rotterdam for Rome and
Athens; and the Port of Venice for Paris and Madrid). The Port of Hamburg does not

offer the most costly transportation for any capital city.

4.2.2 Time and Cost Analysis for the High-GDP Regions in Europe

As a second part of total transportation and cost analysis, this part is designed for 9
regions that make the most contribution to GDP. In this part, the total transportation
time and cost analysis of the container transport network to distribute the containers
from Asia to the designated 9 high GDP regions as in the first part (Eurostat, 2017c,
Eurostat, 2017b, Eurostat, 2016¢, Eurostat, 2016b). The reason for the selection of 9

target regions in this group is that the tenth region is analysed in the first group.

Table 4-10 shows the regions or cities from Eurostat’s urban audit program
(Eurostat, 2016c). As in section 4.2.1, in this stage of case study, the Port of
Singapore is assigned as last departure port on Asia side and likewise in section

4.2.1, the same four ports are also assigned as the arrival ports for Europe side.
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Table 4-10 Assigned ports and high-GDP regions in Europe, group 2

Port Final Destination
High-GDP

Departure Port Arrival Port regions
Ruhr
Randstad
Barcelona
Milan
Frankfurt
Munich
Vienna
Lisbon
Stuttgart

Venice
Valencia
Rotterdam
Hamburg

N
Singapore =
4

o ~No o WD B

©

In Table 4-10, the dark blue column represents the Port of Singapore, the blue
column represents the arrival ports, and the green column represents the high-GDP
regions. The locations of assigned ports and regions have also been illustrated on the
map in Figure 4-16. The hinterland network for the assigned regions is also shown in
the following figure. The determination of regions as a final destination has been
made according to the provided data from Eurostat (2016c) which identifies
agglomerations using the Urban Audit’s Functional Urban Area. The selection of
these agglomerations has been among top 15 regions in EU in terms of GDP. Other 6
of regions has been eliminated due to they had been used in group 1 of this case

study.
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Figure 4-16 Arrival ports’ hinterland network for the high-GDP regions in
Europe

Source: Created by author on ScribbleMaps (2017)
Within the specified criteria for the conducted case study, the transportation times
from the Port of Singapore to the high-GDP European regions are represented in
Figure 4-17. As it is in section 4.2.1, it is obviously seen from the results obtained
that the Port of Venice offers a more advantageous container transportation network
compared to the other designated ports. However, the Port of Valencia can offer the
shortest total transportation time for Barcelona and Lisbon. The short maritime route
for European Hinterland brings the Port of Venice to a position which provides
important advantage in terms of total transportation time. According to the results
obtained, the Port of Venice can provide shorter total transportation time to reach

containers to the designated other high-GDP regions in group 2. Even this is valid for
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the regions such as Rhine-Ruhr, Randstad and Frankfurt which are within a few

hours' distance to the port of Rotterdam and the Port of Hamburg.
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Figure 4-17 Transportation time analysis for the designated high-GDP regions
in Europe

It is clear that the ports of Venice and Valencia offer much better rates than the ports
in northern Europe in terms of total transport times. In this case it is possible to say
that the ports of Venice and Valencia have the best times in terms of total
transportation time, while the times of Rotterdam and Hamburg are far behind them

for Asian freight.

By specifying again, in terms of ship characteristics as under all conditions
determined, this analysis is carried out by observing the same details as in section
4.2.1. The graphs in Figure 4-18 give the total transport costs for the three different
types of container vessels operating in the container network from Asia to the
designated high-GDP European regions as a result of the analysis carried out. The
types of vessels used are known as E-class, Explorer Class and Triple E-Class with
15,500, 16,000 and 18,000 TEU carrying capacities, respectively. The obtained cost

values are given in 3 separate charts according to the specifications of vessels.
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E-Class

$2.000,00
$1.800,00 A
$1.600,00
$1.400,00
s1.20000 MR O
$1.000,00 =
$800,00 g L
$600,00
$400,00
$200,00
$- Rhine-Ruhr | Randstad | Barcelona Milan Frankfurt Munich Vienna Lisbon Stuttgart
=#=Hamburg | $777.68 $813,24 | $1.397,15 | $1.094,70 | $830,38 $951,61 | $1.034,72 | $1.745.44 | $899,78
==Valencia $1.252,08 | $1.271,85 $671,17 $1.062,08 | $1.202,46 | $1.221,02 | $1.395,29 $889,01 $1.174,63
=dr=Rotterdam | $734,04 $648.41 $1.307,61 | $1.096,65 $813.45 $994.75 $1.150,71 | $1.641,04 $887,12
Venice $1.150,84 | $1.263,72 | $1.225,54 $694.88 $1.041,27 $832,11 $878,03 $1.861,34 $931,16
Explorer-class
$2.000,00
$1.800,00 A
$1.600,00
$1.400,00
$1.20000 =X O
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$800.00 T N L
$600,00
$400,00
$200,00
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e==T{amburg $774,48 $810,04 $1.393,95 | $1.091,50 $827,18 $948.41 $1.031,52 | $1.742,24 $896,58
=@=Valencia | $1249,66 | $1269.42 | $668,75 | $1.059.65 | $1.200,04 $1.218,60  $1392.87 | $88659 | $1.172,20
—d=Rotterdam | $730,95 $645,32 | $1.304,52 | $1.093,56 | $810,36 $991,66 | $1.147,62 | $1.637.95 @ $884,03
Venice $1.148,54 | $1.261,42 | $1.22324 | $692,58 | $1.038,98  $829.81 $875,74 | $1.859,04 | $928,86
Triple E-Class
$2.000,00
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—#=Hamburg | $737,28 $772,84 | $1.356,75 | $1.054,30 | $789,97 $911,21 $99432 | $1.705,04 | $859.38
~@-Valencia | $1.219,96 | $1.239,73 | $639,05 = $1.029,95 | $1.170,34 | $1.188,90 | $1.363,17 @ $856,89 | $1.142,51
Rotterdam |  $694,81 $609,18 $1.268.38 | $1.057.42 $774,22 $955,52 $1.111,48 | $1.601,82 $847,89
Venice $1.120,19 | $1.233,07 | $1.194,89  $664,23 | $1.010,62 | $801,46 $847,38 | $1.830,69 | $900,51

Figure 4-18 Total transportation cost for the designated high-GDP regions in

Europe by three different vessel types*

* For the details of calculations, assumptions and sources please see Appendix A and Appendix B

157




The obtained values give the costs for a container loaded in Asia and transported to
the designated high-GDP European regions. The graphs in Figure 4-18 are obtained
as a result of the calculations made in accordance with the formulas in section 3.4, as
in section 4.2.1.

In Table 4-11, the cost of the designated ports is given in an order for each selected
high-GDP European region according to Figure 4-18. A coefficient is assigned to
each port on the basis of the costs they incurred according to the obtained order in
Table 4-11. These obtained coefficient score can be seen in Table 4-12. According to
the total coefficient scored obtained in this part of the case study, the Port of
Rotterdam can achieve to deliver containers to the high-GDP European regions at
minimal cost in total. According to this case study, the Port of Rotterdam can achieve
that with a total score of 26 points. The Port of Rotterdam is followed by the Port of
Venice with 24 points, the Port of Hamburg with 23 points and finally the Port of
Valencia ports with 17 points.

When the scores obtained are examined in detail, it can be said that the Port of
Rotterdam can offer the lowest costly transportation for 4 high-GDP regions in
Europe (Rhine-Ruhr, Randstad, Frankfurt and Stuttgart). While the Port of Venice
can offer the lowest costly transportation for 3 high-GDP regions in Europe (Milan,
Munich and Vienna), the Port of Valencia offers the lowest costly transportation for
2 high-GDP regions in Europe (Barcelona and Lisbon). The Port of Hamburg
dominated the lowest costly transportation for the designated capitals, but the
situation is completely different for the high-GDP regions because the Port of
Hamburg cannot offer the lowest costly transportation for the high-GDP regions in

Europe.

Although the Port of Hamburg cannot offer the lowest costly transportation for any
region, it finds very close place to the first two ports by the collected scores. As a
main reason of this, it can be said that the Port of Hamburg can offer the second
lowest costly transportation for the 6 high-GDP regions which are Rhine-Rubhr,
Randstad, Frankfurt, Munich, Vienna and Stuttgart. Other ports can offer the second
lowest transportation for just one region (The Port of VValencia for Milan, the Port of

Rotterdam for Lisbon, and the Port of VVenice for Barcelona).
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Table 4-11 Sorting of ports by total transportation costs for the designated high-GDP regions in Europe

Rhine-

Ruhr Randstad  Barcelona Milan Frankfurt Munich Vienna Lisbon Stuttgart
1" Cheapest  Rotterdam  Rotterdam Valencia Venice Rotterdam Venice Venice Valencia  Rotterdam
2" Cheapest =~ Hamburg Hamburg Venice Valencia Hamburg Hamburg Hamburg Rotterdam Hamburg
3" Cheapest Venice Venice Rotterdam = Hamburg Venice Rotterdam  Rotterdam  Hamburg Venice
4™ Cheapest Valencia Valencia Hamburg  Rotterdam Valencia Valencia Valencia Venice Valencia

Table 4-12 Coefficients of the ports according to their total transport costs for the designated high-GDP regions in Europe

Hamburg Valencia Rotterdam  Venice
Rhine-Ruhr 3 1 4 2
Randstad 3 1 4 2
Barcelona 1 4 2 3
Milan 2 3 1 4
Frankfurt/Rhine 3 1 4 2
Munich 3 1 2 4
Vienna 3 1 2 4
Lisbon 2 4 3 1
Stuttgart 3 1 4 2
Total 23 17 26 24
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As the most cost-effective third port, the Port of Hamburg can offer the third lowest
costly transportation for the 2 high-GDP regions (Milan and Lisbon), while the Port
of Venice ports can offer the third lowest costly transportation opportunity for the
four high-GDP regions (Rhine-Ruhr, Randstad, Frankfurt, and Stuttgart). The Port of
Rotterdam can offer for the three high-GDP regions (Barcelona, Munich and Vienna)
and the Port of Valencia cannot offer the third lowest costly transportation

opportunity for any region.

Among the selected ports for this case study, the Port of Valencia is determined as
the most costly port for the designated capitals. The Port of Valencia can offer the
most costly transportation for the 6 high-GDP regions (Rhine-Ruhr, Randstad,
Frankfurt, Munich, Vienna, and Stuttgart). The Port of Hamburg, the Port of
Rotterdam and the Port of Venice can offer the most costly transportation for the one
capital (The Port of Hamburg for Barcelona, the Port of Rotterdam for Milan, and the
Port of Venice for Lisbon).

4.2.3 Time and Cost Analysis for the Low Manufacturing-Cost Regions

As third part of section 4.2, another total transportation time and cost analysis is
conducted for 10 low manufacturing-cost and these regions are named with the
important cities of the regions (Colliers, 2013). These regions are selected among
low manufacturing-cost regions which are located in Europe and close to Europe as
well as located in the hinterland of the designated ports. As in sections 4.2.1 and
4.2.2, the total transportation time and cost for the containers departed from the Port
of Singapore in Asia to arrive low manufacturing-cost regions as final destinations in
Europe through the designated four ports as likewise above two sections. The
designated ports and regions for this section of the case study are shown in Table 4-
13.
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Table 4-13 Assigned ports and low manufacturing-cost regions, group 3

Port Final Destination
Low Manufacturing-Cost
Departure Port Arrival Port Regions

Kiev
Istanbul
Bratislava
Katowice
Sofia
Antwerp
Lille
Budapest
Dusseldorf

Venlo

Venice
Valencia
Rotterdam
Hamburg

N
Singapore =
4

© 00 N O O & W DN -

[EEN
o

In Table 4-13, the ports and final destinations have been categorized within groups
and the dark blue column represents the Port of Singapore, the blue column
represents the arrival ports, and the white column represents the low manufacturing-
cost regions. The assigned ports and destinations are geographically illustrated on
the map in Figure 4-19. The dark blue colour-paddle symbolizes the last departure
port in Asia. The blue markers in numbers from 1 to 4 also symbolize the designated
arrival ports in Europe and the white markers in numbers from 1 to 10 symbolize the
low manufacturing-cost regions. In Figure 4-19, arrival ports’ hinterland distribution
for the low manufacturing-cost region can be seen to able to understand the
geographical locations of the determined regions. It can be obviously seen that the
low manufacturing-cost regions are mostly located on North and East Europe
(Colliers, 2013).

It can be seen that some low manufacturing-cost regions are placed to North Europe
where the regions are supported by major ports such as the Port of Rotterdam, the
Port of Antwerp and the Port of Hamburg. The other determined regions are mostly
located in East Europe due to cheap labour cost relatively the rest of Europe
(Eurostat, 2017d).
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Figure 4-19 Arrival ports’ hinterland distribution for the low manufacturing-
cost regions

Source: Created by author on ScribbleMaps (2017)
Within the specified criteria for the conducted case study, the transportation times
from the Port of Singapore to the low manufacturing-cost regions are represented in
Figure 4-20. As it is in section 4.2.1 and in section 4.2.2, the Port of Venice is
obviously able to offer shorter total transportation times for each designated low
manufacturing-cost regions. This situation makes the Port of Venice is more
advantageous in terms of time-effective container transportation network compared
to the other designated ports. In terms of the total transportation time, as it is seen in
section 4.2.1 and section 4.2.2, the Port of Hamburg and the Port of Rotterdam have
longer total transportation time for door-to-door transportation in comparison with
the Port of Valencia and the Port of Venice. The Port of Valencia can offer
competitive total transportation times thanks to a shorter maritime transportation
period although it has obvious advantageous in terms of highway transportation

period especially for the region located in East Europe.
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Figure 4-20 Transportation time analysis for the selected low manufacturing-
cost regions

When all three sections under the total transportation time and total transportation
cost analysis section, it can be seen that the Port of Venice can provides the shortest
total transportation times for the specified container transportation network with a
few exceptions because the Port of Valencia can obtain this advantage from the Port
of Venice for only a few cities and regions in section 4.2.1 and in section 4.2.2.
However, the Port of Rotterdam cannot get better total transportation times than the
Port of Venice and the Port of Valencia. On the other hand, the Port of Rotterdam
can obtain better total transportation times than the Port of Hamburg without any
exception. In terms of ship characteristics as under all conditions determined, this
analysis is carried out by observing the same details as in section 4.2.1 and section
4.2.2.

The graphs in Figure 4-21 give the total transport costs for the three different types of
container vessels operating in the container network from Asia to the designated low
manufacturing-cost regions as a result of the analysis carried out. The obtained cost

values are given in 3 separate charts according to the specifications of vessels.
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E-Class

$2.500,00
$2.000,00
$1.500,00
$1.000,00
$500,00
§- Kiev Istanbul | Bratislava | Katowice Sofia Antwerp Lille Budapest | Dusseldorf| Venlo
=#=Hamburg | $1.322,18 | $1.682,89 | $1.033,44 = $969,61 | $1.443.42 $85394 | $907,92 | $1.117.41 $789,68 | $797,39
=@=Valencia | $1.941.91 | $1.848,32 | $1.429,18 | $1.544,96 | $1.623,22 | $1.221.42 | $1.172,21 | $1.440,48 | $1.229.49 | $1.239.98
=d=Rotterdam | $1.557,81  $1.901.28 | $1.191,85 | $1.174,62 | $1.633.87  $645,06 | $706,77 | $1.269.82  $704,86 | $678,54
Venice $1.559.21 | $1.489.49 | $914,56 | $1.086,09 | $1.180,16 | $1.207,28 | $1.235,50 | $929,50 | $1.152,50  $1.170,76
Explorer-class
$2.500,00
$2.000,00
$1.500,00 \
$1.000,00 WA
$500,00
5- Kiev Istanbul | Bratislava | Katowice Sofia Antwerp Lille Budapest Dusseldorf| Venlo
=¢=Hamburg | $1.318,98  $1.679.69  $1.030,24 | $966,41 | $1.440,22 = $850,74 | $904,72 | $1.114,20  $786,48 | $794,19
=@=Valencia | $1.939,49  $1.845,90 | $1.426,75 | $1.542,53 | $1.620,79 | $1.219,00 | $1.169,78 | $1.438,05 | $1.227,07 | $1.237,56
=dr=Rotterdam | $1.554,72 # $1.898,19  $1.188,76 | $1.171,53 | $1.630,78 | $64197 | $703,68 | $1.266,73 @ $701,77 | $675,45
Venice $1.556,91 | $1.487.19 | $912,26 | $1.083,80 | $1.177,87 | $1.204,98 | $1.233.20 | $927.20 | $1.150,20 | $1.168.46
Triple E-Class
$2.500,00
$2.000,00
$1.500,00 v‘f"—‘\
A\ - Ak
$3500,00 = - - -
$- Kiev Istanbul | Bratislava | Katowice Sofia Antwerp Lille Budapest | Dusseldorf| Venlo
=¢=Hamburg | $1.281,78 | $1.642.49 | $993,04 | $92920 | $1.403,02  $813,54 | $867.52 | $1.077,00  $749,28 $756,99
==Valencia | $1.909,79 | $1.816,20 | $1.397,06 | $1.512,84  $1.591,10 | $1.189,30 | $1.140,09 | $1.408,35 | $1.197,37 = $983,27
Rotterdam | $1.518,58 | $1.862,05 | $1.152,62 | $1.135,39 | $1.594,64 = $605,83 $667,54 | $1.230,59 | $665,63 $639,31
Venice $1.528,56 | $1.458,84 | $88391 | $1.055.44 | $1.149,51 | $1.176,63 | $1.204,85 | $898,85 | $1.121,85 | $1.140,11

Figure 4-21 Total transportation cost for the designated low manufacturing-cost
European cities by three different vessel types®

® For the details of calculations, assumptions and sources please see Appendix A and Appendix B
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The obtained values in Figure 4-21 give the costs for a container which is loaded in
Asia and transported to the designated low manufacturing-cost regions. The graphs
in Figures 4-21 are obtained as a result of the calculations made in accordance with
the formulas in section 3.4, as in section 4.2.1 and in section 4.2.2.

In Table 4-14, the cost of the designated ports is given in an order for each selected
low manufacturing-cost region according to Figure 4-21. A coefficient is assigned to
each port on the basis of the costs they incurred according to the obtained order in
Table 4-14. These obtained coefficient score can be seen in Table 4-15. According to
the total coefficient scored obtained in this part of the case study, the Port of
Hamburg can achieve to deliver containers to the low manufacturing-cost regions at
minimal cost in total. According to this case study, the Port of Hamburg can achieve
that with a total score of 32 points. The Port of Rotterdam is followed by the Port of
Rotterdam and the Port of Venice with 27 points and finally the Port of Valencia
ports with 14 points.

When the scores obtained are examined in detail, it can be said that the Port of
Hamburg can offer the lowest costly transportation for 2 low manufacturing-cost
regions (Kiev and Katowice). Both of the ports, the Port of Rotterdam and the Port
of Venice can offer the lowest costly transportation for 4 low manufacturing-cost
regions (The Port of Rotterdam for Antwerp, Lille, Dusseldorf and Venlo; the Port of
Venice for Istanbul, Bratislava, Budapest and Sofia). The Port of Hamburg has the
highest score in terms total transportation times for the low manufacturing-cost
regions in total, but it cannot dominate the low manufacturing-cost regions with the
lowest costly transportation. The regions are dominated by the Port of Rotterdam and
the Port of Venice. On other hand the Port of Valencia cannot offer the lowest costly

transportation for the low manufacturing-cost regions.

Although the Port of Hamburg can offer the lowest costly transportation for only 2
regions, it finds the place at the top in total by the collected scores. As a main reason
of this, it can be said that the Port of Hamburg can offer the second lowest costly
transportation for the 8 remain low manufacturing-cost regions. The Port of
Rotterdam and the Port of Venice can offer the second lowest transportation for just

one region (The Port of Rotterdam for Kiev, and the Port of Venice for Katowice).
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Table 4-14 Sorting of ports by total transportation costs for the designated low manufacturing-cost regions

Kiev Istanbul  Bratislava Katowice Sofia Antwerp Lille Budapest Dusseldorf Venlo
1% Cheapest Hamburg Venice Venice Hamburg Venice  Rotterdam Rotterdam  Venice Rotterdam  Rotterdam
2" Cheapest =~ Rotterdam  Hamburg Hamburg Venice Hamburg Hamburg Hamburg Hamburg  Hamburg Hamburg
3" Cheapest Venice Valencia ~ Rotterdam  Rotterdam  Valencia =~ Venice  Valencia Rotterdam  Venice Valencia
4t Cheapest Valencia  Rotterdam  Valencia Valencia  Rotterdam  Valencia Venice Valencia  Valencia Venice

Table 4-15 Coefficients of the ports according to their total transport costs for the designated manufacturing-cost regions

Hamburg  Valencia Rotterdam Venice
Kiev 4 1 3 2
Istanbul 3 2 1 4
Bratislava 3 1 2 4
Katowice 4 1 2 3
Sofia 3 2 1 4
Antwerp 3 1 4 2
Lille 3 2 4 1
Budapest 3 1 2 4
Dusseldorf 3 1 4 2
Venlo 3 2 4 1
Total 32 14 27 27

166




As the most cost-effective second and third ports, the Port of Rotterdam and the Port
of Venice can offer the third lowest costly transportation for the 3 low
manufacturing-cost regions (The Port of Rotterdam for Bratislava, Katowice and
Budapest; and the Port of Venice Kiev, Antwerp and Dusseldorf), while the Port of
Valencia ports can offer the third lowest costly transportation opportunity for the 4
low manufacturing-cost regions (Istanbul, Sofia, Lille and Venlo). The Port of
Hamburg cannot offer the third lowest costly transportation opportunity for any

region.

Among the selected ports for this case study, the Port of Valencia is determined as
the most costly port for the designated capitals. The Port of Valencia can offer the
most costly transportation for the 6 low manufacturing-cost regions (Kiev,
Bratislava, Katowice, Antwerp, Budapest and Dusseldorf). The Port of Rotterdam
and the Port of Venice can offer the most costly transportation for the two regions
(The Port of Rotterdam for Istanbul and Sofia; and the Port of Venice for Lille and
Venlo). The Port of Hamburg cannot offer the most costly transportation opportunity

for any region.

4.2.4 Results of Time and Cost Analysis

In the light of the results obtained from the time and cost analysis of the designated
ports in the case study, it is shown in the following two maps illustrations which port
can provide more advantageous container transport network serving the container
from Asia to the designated cities and regions in terms of total transportation time
and total transportation cost. The designated ports on both maps are marked with
coloured pushpins. The destination cities and regions are also marked with paddles
which have same colour with the port to indicate that those of cities and regions are
in the hinterland of this port thanks to the advantageous state of port in terms of total

transportation time and total transportation cost.

It can be seen from the markings made according to the results obtained that the Port
of Venice stands out as the best network connection point in terms of the total
transportation time for almost all of Europe except for just a few locations. This
situation shows that the Silk Road plan in the scope of “one belt, one road” strategy,

which is desired to be reintroduced by China, can be applicable at least in terms of
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total transportation time. In terms of the total transportation time, only the Port of
Valencia can offer the best time for 3 locations, except for the Port of Venice, as it is

seen in Figure 4-22.
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Figure 4-22 Hinterland of the designated ports in terms of the total transport
time

Source: Created by author on ScribbleMaps (2017)
It seems that the situation of hinterland distribution of ports is more complicated
when it is considered in terms of the total transportation cost. Compared to the total
transportation time and cost for the defined container transport network, the Port of
Valencia maintains its position in the competition by offering the best
competitiveness values for the locations in Spain and Portugal. However, it is not
possible to mention the same situation for the Port of Venice, since whilst the Port of
Venice has the best figures almost for the designated locations all around Europe in
terms of the total transportation time, the Port of Rotterdam can reach the best values
for locations more than the Port of Venice. Interestingly, although the Port of
Hamburg can allow transporting at the best cost figures for only 5 locations that is
half of locations can reached by the Port of Venice and the Port of Rotterdam with
the lowest transportation cost, it has the highest weight coefficient in total. As it is
mentioned in the previous sections, the reason of the Port of Hamburg’s the most

competitive position in total is that it takes a place at the top in terms of the second
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lowest transportation for the most of the designated locations. The distribution of

hinterlands according to the total transportation costs of the ports are given as in
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Figure 4-23 Hinterland of the designated ports in terms of the total transport
cost

Source: Created by author on ScribbleMaps (2017)
The coefficients obtained from the time and cost analysis of the ports given in Table
4-16 are used to obtain the percentage of the investment capacity utilization of the
port to be constructed. It is assumed that the utilization rate of the port with the
highest score is taken as 100% and the scores of the other ports are calculated

according to this rate.

Table 4-16 Obtained time and cost scores and percentage display

Groupl Group2 Group3 Total score %
Venice 25 24 27 76 88%
Valencia 17 17 14 48 56%
Rotterdam 27 26 27 80 93%
Hamburg 31 23 32 86 100%

4.3 Size and Capacity Analysis for OCPS

The size and capacity of a port depends on the quantity of cargo to be handled.

Especially if this port is an offshore structure, the analysis of size and capacity is
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more important. Because it can be more difficult to physically improve offshore ports
than conventional port in terms of static size and capacity. So deciding on the
handling capacity of the offshore port requires deep current and long-term market
analysis. When the container trade is analysed for Europe, the Asia-Europe route is
one of the three main routes and has been growing continuously over the years.
Adapted the data from UNCTAD (2014, 2015, 2016, 2017), more than 50 million
TEU of containers are transported in these 3 routes annually. The development of
containerized cargo flows in the main container routes the between years of 2009 and
2017 is given in Figure 4-24.
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2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
m Trans-Pacific 16,7 18,8 19 20 21,7 | 232 24 254 | 261
mEurope-Asia-Europe| 17 19 20,3 20 212 22 217 | 224 | 231
w Transatlantic 53 59 6,2 6.3 6.3 6,7 6.8 7 74

Figure 4-24 Containerized cargo flows in three major routes, 2009-2017

Source: Adapted from UNCTAD (2014, 2015, 2016, 2017)
Apart from the main routes, when it is looked at the all European Union ports and the
top 20 ports in Europe between the years of 2006-2015, it is seen a similar growth
curve with the main container routes (Eurostat, 2016a). However, there is no
information relevant to the 2016-2017 data in the Eurostat data base. Therefore,
estimates will be made according to the available data of the 10 years from 2006 to
2015. The development of containerized cargo flows in the all EU ports and also in
the top 20 Europe ports for 10-year period between 2006 and 2017 are given in
Figure 4-25.
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Figure 4-25 Containerized cargo flows in EU ports and top 20 Europe ports,
2006-2015

Source: Adapted from Eurostat (2016a)
While two of the largest three container maritime trade routes are Europe-connected,
the transatlantic container trade route has a trade volume about 30 percent of the
Asia-Europe route. For this reason, it can be said that the investment opportunity for
ports located on the Asian-European container trade route is more attractive.
Therefore the competition between those of ports can be more complex and more
player attractive. In this case, however, time and cost calculations have not been
made for container services running on the transatlantic container route. The
underlying reason of that is the ports in the America leg of route do not physically

allow to handle the vessels used in the case study.

When looking at long-term past annual growth rates for the main Europe-connected
routes, the Asia-Europe route seems to have achieved the growth with an average of
2.34 percent (UNCTAD 2014, 2015, 2016, 2017). The annual percentage change is
2.22 per cent, depending on the annual growth in the other Europe-connected
container route, Transatlantic. As a result of the examined containerized cargo flows
data between 2009 and 2017, the annual growth percentage changes starting from
2009 are given in Figure 4-26. In Figure 4-26, the data provided for 2017 are
projected figures by UNCTAD.
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Figure 4-26 Annual percentage change in containerized trade and average
growth rates for the major Europe container routes, 2009-2017

Source: Adapted from UNCTAD (2014, 2015, 2016, 2017)
In the light of the accessible last 9 years data, it seems that both of main container
routes have similar average growth rates. But the situation is more positive for all
ports in EU and top 20 ports. In this calculation, the average growth rate is estimated
as 3.54 percent for all ports in EU and it is also estimated as 4.20 percent for the top

20 ports when the 2006-2015 data is taken in consideration as seen in Figure 4-27.
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Figure 4-27 Annual percentage change in containerized trade and average

Assuming a 2.34 per cent of annual growth rate can be considered as a logical
approach to decide on the determination of the size and capacity of port in Europe for
the selected the route of Asia-Europe. However, the impact on the growth rate of the
transatlantic route has also been taken into account when calculating the European
container trade growth rate, in order to serve services with smaller ship sizes working
in the transatlantic route. The growth rates of both European main routes are
assumed to have grown with their own average growth rates in connection with past
growth data. The average growth rates are accepted 2.34 for Asia-Europe route and
2.22 for transatlantic route without any crisis and similar situations that can

negatively affect containerized cargo flows. The annual average growth rates and the
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development of containerized cargo flows for the two main lines according to these
rates are given Figure 4-28. In this graph, 5-year forecasted containerized cargo
flows are given on the primary axis while the average growth rates are given on the
secondary axis.
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Figure 4-28 Growth rates for 5 years and the development of containerized
cargo flows in two main Europe container routes, 2018-2022

Source: Adapted from Eurostat (2016a)
A similar calculation for the main two lines is conducted for the EU ports and top 20
ports. Accordingly, a 5-year forecast is made with a growth rate of 3.54 per cent for
the EU ports while another forecast is made for the top 20 ports with a growth rate of
4.20 per cent according to the average growth rates obtained from Figure 4-27. The
forecast has been done for a total of 7 years since the data is not available for 2016
and 2017. However, in practice the forecast covers the next 5 years. The annual
average growth rates and the development of containerized cargo flows for all EU
ports and top 20 ports according to these rates are given in Figure 4-29. In this graph,
5-year forecasted containerized cargo flows are given on the primary axis while the

average growth rates are given on the secondary axis.
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Figure 4-29 Growth rates for 5 years and the development of containerized
cargo flows for all EU ports and top 20 ports, 2018-2022

Source: Adapted from Eurostat (2016a)°
Figure 4-30 gives the annual growth rates for years between 2007 and 2022 and the
average growth rate for 2022 projection for all investigated levels. It is found that 4
annual average growth rate can be considered by decision makers for investment
decisions when the obtained results in relation to the development of European
containerized cargo flows are combined. The annual average growth rate of
European containerized cargo flows as a strategic decision-making variant can be
chosen at rates ranging from 2.22 to 4.2 percent of ports. The annual growth rates of
Europe containerized cargo flows since 2007, there has been an increase trend in the
European container flow up to the day. The impact of the crisis on growth has only
been seen in 2009. For years between 2018 and 2022, a projection is developed in the

light of past data as it is indicated with a black circle in Figure 4-30.

® The data had to be also projected for 2016 and 2017 due to data unavailability but it is actually
estimated for 2018-2022
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Figure 4-30 Annual percentage changes for years 2007-2017, and annual
average growth rates for years 2018-2022

Source: Adapted from Eurostat (2016a) and UNCTAD (2014, 2015, 2016, 2017)

After examining the developments in the Europe container flows, it is seen that
market share decreases of the ports used in the case study. When the 10-year market
share of the ports used in the case between the years 2006-2015 is taken into
consideration, the rate which was 28.8% decreased to 25.9% among all ports in EU
from 2006 to 2015. But the same thing cannot be said in terms of port capacities
used. Because the selected ports for the case has a rising trend in terms of the total
handling capacity when the market share rate declines. The reason is that the
containerized cargo flow growth rate in Europe is higher than the growth rates of
selected ports in total. The share of these ports in Europe container market and the
total amount of TEU-based handling are given in Figure 4-31 between the years of
2006-2015. The total container throughputs of these four ports are 25.6 million
containers in 2015; it corresponds to 25.9 per cent of the total container flow in

Europe.
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Figure 4-31 Container market share and container handling capacity of the
selected ports, 2006-2015

Source: Eurostat (2016a)

It is assumed that these 4 ports aim to grow their total capacity as 2022 target,

keeping their market share for 2015. According to the most optimistic scenario

among the average growth rates obtained after the forecast, which is given in Figure

4-30, these 4 ports are expected to increase the total handling capacity by

approximately 6 million TEUs by 2022. In that case these 4 ports will need an extra

capacity of 1.5 million on average. It is also assumed that this capacity need is met

by an offshore structure.

If an offshore port structure is designed according to this assumption, the stacking

area is first calculated as Equation 3.4. The required stacking area for the required
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1.5 million-TEU port capacity according to different variables is given Table 4-17.
The results show that the required stacking area is associated with the stack height of
the containers, but the dwell time and the stacking cranes used have a direct effect on
the space required to store the containers. In this calculation, it is assumed that the
average waiting period is 2 days, and RMGs (Rail Mounted Bridged Cranes) can

stack up to 5 containers in each cargo area.

Table 4-17 Stacking area calculation

C . jty | Stacking [')F\il\rlr?(IeI r m A (m? A (h
(?rpé‘fj)y Height iy (WTEU) ' (m°) (ha)
1000000 3 1 14 0,8 07 68493 68
1000000 4 1 11 0,7 07 61504 672
1000000 5 1 8 0,6 07 52185 52
1500000 3 1 14 0,8 07 102740 103
1500000 4 1 11 0,7 07 92256 92
1500000 5 1 8 0,6 07 782718 78
2000000 3 1 14 0,8 07 136986 137
2000000 4 1 11 0,7 07 123008 123
2000000 5 1 8 0,6 07 104371 104

In addition to container stacking area, an OCPS also needs area for operations,
administration buildings, facilities and in-port transportation. As it is specified in
section 3.2.2, the apron area is calculated in the form of 35m wide for 430mx430m
port size. Accordingly the total required minimum area is 15.68 hectares but the total
area of a port at size of 430mx430 is equivalent of 18.49 hectares. Table 4-18 gives

the required terminal area for the proposed port capacity in details.

Table 4-18 Total required terminal area in ha

Terminal Areas Area (ha)
Container Stacking Area 7,83
Apron Area 6,02
Sub-total 13,85
Building and Facilities (approx. 5% of total) 0,73
Intern Transport Infrastructure (8% of sub-total) 1,11
Total 15,68

Source: Adapted from Kurt (2015b), Ali (2005)
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The total construction cost of the port structure is calculated according to the
capacity and size assumptions. The items affecting the total construction cost are

given in Table 4-19.

Table 4-19 Total construction costs for OCPS

Cost Item Costin$ % Share
. Main port structure $ 124,962,816 23.7%
Terminal
(1) Modules
Transport & Assembly $ 24,992,563 4.7%
Quay Cranes $ 211,200,000 40.0%
(2)  Equipment AGVs $ 38,016,000 7.2%
auip RMGs $ 52800000  10.0%
Supply Boats $ 5,940,000 1.1%
Administration building $ 33,000,000 6.3%
Facilities $ 9,240,000 1.8%
h
(3)  Others Ballast system $ 10560000  2.0%
Stability System $ 17,160,000 3.3%

Total $ 527,871,379 100.0%

Source: Adapted from various resources (Ali, 2005, DLH, 2007, Kurt et al.,
2015b, LIEBHERR, 2016)

Due to more advantages of concrete structures than steel structures, it is assumed that
the structure is built with concrete material. The advantageous features of concrete
are lower fabrication and maintenance costs, downtime and longer life of the material
and motion behaviour (Berner and Gerwick, 2001, Sandvik et al., 2004). In that
situation, the rough construction cost of the offshore structure is seen in the first cost
section (1). This cost value is obtained for 20% concrete filling rate and 6.4 meters of
structure draft. The second cost section (2) gives the cost of equipment to use in the
container handling operations. Those of cost covers 32 quay cranes (STS), 96
automated guided vehicles (AGV), 32 rail mounted gantry cranes (RMG) and 3
supply and tug boats. As a third cost expenditure, other items can be given in section
(3) such as administration buildings, facilities, and ballast and stability system of the
structure if they are required. In total, an investment of USD 527.9 million is

required for the construction of the determined offshore structure characteristics.
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Figure 4-32 represents a basic structural design for an OCPS in the determined

structural characteristics. The figure also shows the settlement of stacking area.

Water Side Transfer Area

Figure 4-32 A basic structural design for OCPS and stacking area settlement
In addition to the construction costs, the operational costs of the port were also
calculated, including annual energy costs and staff costs. The energy cost is
calculated by assuming that the handling equipment is only operated with the electric
energy. In addition, assuming that AGVs and RMGs are fully automated, the
personnel costs for these vehicles are not calculated. The energy cost findings
obtained are for 32 STSs, 96 AGVs and 16 RMGs with 6 KwWh, 3KWh and 5KWh
electric consumption per move, respectively. It is considered that there will be a total
crane movement of 0.925 million for the 1.5 million TEU handling capacity port due
to 0.7-percent ratio of FEU/TEU(Rodrigue et al., 2013). Also it is expected that
1x10° KWh electric can be annually consumed by administration buildings and
1,500 ton of MGO can be burned by 3 boats. The personnel costs are calculated for 3

shifts for 24/7 sustainable port operations. According to this offshore structure
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defined, the annual energy and personnel costs of the port are calculated as in Table
4-20.

Table 4-20 Annual energy and personnel costs for OCPS

Annual . Price per

amount Unit Unit ($) Cost (3)
Quay Cranes
AGVs 12,950,000 KWh $ 0.116 $ 1,502,200

2 RMGs

| - I

aC) Buildings

L Lightings 1000000 KWh $ 0116 $ 116,000
Facilities
Utilities
Personnel 1,500 Tonnes $ 54000 $ 810,000
Tug (3)

Total $ 2,428,200
Monthly Annual
Number of Salaries = Personnel Personnel
staff ) )
Salaries Salaries
Quay Cranes'

— Operators 32 $4620 $ 147,840 $ 1,774,080

E Boat

Q Personnel 6 $5280 $ 31680 $ 380,160

— (2 per Boat)

a Administration 20 $3960 $ 79200 $ 950,400
Maintenance 5 $4620 $ 23,100 $ 277,200
Others 3 $3300 % 9,900 $ 118,800

Sub-total 66 $ 291,720 $ 3,500,640
Total (3shifts) 198 $ 875,160 $10,501,920

Source: Adapted from various resources (Eurostat, 2017a, Ship&Bunker, 2017)

As shown in Table 4-19, an offshore construction investment requires approximately
USD 527.9 million according to the described offshore structure features. This
structure also requires approximately 12.9 million USD in annual energy and
personnel costs in order to sustain the operations as seen in Table 4-20. The return
period of this investment cost is one of the most economically important criteria for
getting investment decision. So the return of this investment cost is calculated by
considering different port handling fee scenarios. The results of this calculation are

presented in Figure 4-33 as follows.
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Figure 4-33 Return of costs for different port handling fee scenarios, 10-year
period

For the designed offshore port, according to the calculations made, for the fully
utilised port capacity, if a return is requested within 10-year period, a handling fee of
$60 will be sufficient. However, if a handling fee of $200 is set, the return period can
be reduced to 2 years. The cost figures in Table 4-19 and Table 4-20 are used while

the interest rate for the construction investment is 6 percent per annum.

The calculation for the other three ports has been made for the cost of a 1.5 million
capacity onshore port based on same technical and operational features with the
designed offshore port. It is assumed that additional expenditure items are taken
same for the three ports although they are different regions and they have different
cost value. However, there are no significant cost differentiations amongst the three
ports. For the conventional port cost calculation, the energy and personnel costs are
assumed to be the same as offshore port investment. In the light of calculations and
the defined assumptions, an additional cost of about $ 20 per TEU has emerged. The
main reason affecting this cost increase is the high land prices. According to these

calculations, the costs per TEU are shown in Table 4-21.

Table 4-21 also shows the capacity utilisation rate and the utilised capacity by TEU
based on the scores given in Table 4-16. The following table also gives the average
handling fee and the port handling cost per TEU as a result of the size and capacity

analysis for the case of the 1.5 million TEU capacity increase strategy. Table 4-21 is
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a combined table of the results obtained from the calculations in section 4.2 and
section 4.3.

Table 4-21 Features of the ports for operational approach

Properties Venice Valencia Rotterdam  Hamburg
Total score 76 48 80 86
Capacity investment 1.500.000 1.500.000 1.500.000 1.500.000
Capacity Utilisation Rate 88% 56% 93% 100%
Capacity Utilisation 1.325.581 837.209 1.395.349 1.500.000
Average Handling Fee $200 $200 $200 $200
Cost per TEU $89,40 $161,55 $104,93 $99,00

For the given port models, the current average handling fee is identified as
$113.72/TEU. Thus, the market slope values of the ports are determined as byenice =
0,000065089 , bygiencia = 0,000103058, byotterdam = 0,000061835 , bpampurg =
0,000057521 , and the a value is given as 200.

4.4 Quadrangular Competition Analysis of the Container Ports

To analyse the competition situation of container port market in Europe, a market
scenario is generated. According to this scenario, a 5 year European containerized
cargo flow growth forecast is made. The most optimistic growth forecast indicates
that these ports need a capacity utilization increase of 23.43% by 2022 in total. This
calculation is made based on the existing 2015 data available. This capacity
utilization increase is assumed to be achieved with port investments in order to
preserve the shares of the 4 ports determined in the European container market in
accordance with this forecast. It is assumed that the Port of Venice will invest in an
offshore based port and other competitors will extend their capacities thanks to a
conventional port structure. It makes possible to invest an average capacity

investment of 1.5 million TEU port structure.

In this scenario, the port handling fee will be taken $200 for each TEU. It is assumed
that the expense items affecting the port handling fee during this five year period will
remain static. The vessel operating costs, the voyage costs for the vessels, and the
hinterland transportation costs are also assumed to be remained as same as the
present which are used in that case. It is proposed that the Port of Venice is the leader

who needs to take a rational action regarding capacity deployment decision-making
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due to its lower share in the Europe container market among other players. Then, the
Port of Valencia is the first follower and the Port of Rotterdam and the Port of
Hamburg are other followers. It is assumed that the competition game is static and
the players determine their best strategies by consideration of the tactical strategy

behaviours of the competitor container ports.

According to the defined scenario, each port in the competition has 2 strategic
decision options to improve its competitiveness against the other rival in the game.

Therefore, available strategies are given as in the following.

1. “yes”, 1.5 million TEU capacity port investment is made,
2. “no”, 1.5 million TEU capacity port investment is not made.

Hereunder the following pure strategy combinations can be created according to the

combination alternatives in section 3.5.

es es es es . .
s7%,57%,57%,57%) == Combination 1(Move 4:1,1)

(sf“,s;“’,sg“,sf“) := Combination 2 (Move 4:3,1)

es es es . .
sf ,sé’ ,S?O,SZ ) := Combination 3 (Move 4:2,1)

es es es . .
sf ,sé’ ,sg ,SZ‘O) := Combination 4 (Move 4:1,2)

(s7%°,s3°,539,57%°) == Combination 5 (Move 4: 4,1)

(s7°,s3°,57°°,s3°) == Combination 6 (Move 4:3,2)

(57,57, s3°,s1°) :== Combination 7 (Move 4:2,2)

(sfes, sy°, s%°, 520) := Combination 8 (Move 4:4,2)
(sio, sho, sho s10) := Combination 9 (Move 4:8, 2)

(s70,57%, 530, 57°) == Combination 10 (Move 4:6,2)

(sPo,s00,s7%, s70) := Combination 11 (Move 4:7,2)
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(570,520,570, 57%) := Combination 12 (Move 4:8,1)
(s7o,s7%°,57%°,s2) == Combination 13 (Move 4:5,2)
(so,s7%°,s29,57%°) == Combination 14 (Move 4:6,1)
(s7o,s20,57%,57%°) == Combination 15 (Move 4:7,1)
(s0,s7%,57%°,57°°) :== Combination 16 (Move 4:5,1)

The Stackelberg-Nash quadrangular competition game, in which the port, that makes
the initial investment decision according to the game strategy established, is the
leader and the other competitors are followers, is applied for this case. This
competition game is verified with Gambit which is open-source software for game

theory graphical interface version 15.1.1 (Turocy, 1994-2014).

The obtained 16 combinations for the Stackelberg competition are shown in Figure
4-34 as extensive form in Gambit software. This is a screenshot from the version
15.1.1 of Gambit software. In this figure, all competitors are described with different
colours and are shown on the left side of the figure. While the Port of Venice is
shown in red, the Port of Valencia is depicted with yellow, the Port of Rotterdam is
shown in green and the Port of Hamburg with blue. In the extensive tree model
generated, each player’s name and order is defined as having two strategic decision
options. They are defined above as “Strategy 1” to make investment on an offshore
structure and “Strategy 2” to not make investment on an offshore structure. The
decision node connections and the payoffs for each strategy combination of the

players are also included in the extensive tree model.
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Figure 4-34 Extensive (tree) game illustration on the Gambit software for the
designed competition game

After the combinations and strategies are shown on the software, the payoffs for each
combination are defined in the Gambit software as the second step. The results of
Nash equilibrium computed according to the defined payoffs are given in Figure 4-
35. Accordingly, if optimal strategies are selected by the competitor ports, the
maximum payoffs expected for each player are given on the left hand side of figure
separately for each player. The strategic action to reach the maximum payoff is
achieved in Combination 1. In this way, it can be said that the Port of Venice as
leader of the game can make $19.94 additional profit per TEU and as the followers
of game, the Port of Valencia, the Port of Rotterdam and the Port of Hamburg can
make $1.9 profit, $6.55 profit and $4.73 profit per TEU, respectively.
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Figure 4-35 Obtained results from the Gambit software for the designed
competition game

According to the defined game and expected payoffs, the investment to be made by
all competitive ports in the game is foreseen. Thus, all ports can make profit by
taking investment action. In this case, “Strategy 1” should be selected as the action
strategy to achieve maximum profit in possible game combinations. Although the list
of computed strategy is shown in a single row in software, it has been shown in two
parts to be more visible in Figure 4-36. According to the obtained strategy profile,
each port in the competition game should determine the strategy to take investment
decision. Combination 1 is chosen as the best strategy for this competitive game,

because it is profitable to invest for each port.
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Figure 4-36 List of computed strategy profiles
According to the chosen game model Stackelberg, if the port determined as leader
competitor, which is the Port of Venice, does not select the strategy of investment,
other ports cannot strategically decide investment decision. Figure 4-37 shows the
movement of strategy decisions that could be taken. However, according to
Stackelberg game theory, the leading player has to act first. Therefore, only the
strategic movements in Combination 1 meet both the requirements of optimal result

and the requirements of the Stackelberg game.
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Figure 4-37 Illustration of rational actions taken by competitor ports in the

Gambit software

Figure 4-38 gives the obtained optimal solutions from the Gambit software version

15.1.1. According to this, the first movement is made by the port of Venice.

According to Stackelberg game strategy, the Port of Venice has the highest payoff.

The followers set their strategic decisions after the strategic decision of the leader

player. The followers give their strategic decisions, taking into account a lower profit

rate than the leader player. In the designed game, each player receives an investment

decision according to the optimal solution, and the profit ratios of the followers are

less than the leader player.
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Figure 4-38 Illustration of optimal solutions obtained in the Gambit software

4.5 Sensitivity Analysis

As a consequence of evaluating the data by sticking to the data sources used in the
case study, four different growing scenarios for European container trade have been
obtained. According to different growth scenarios, this sensitivity analysis has been
carried out to remove the questions that remain in mind as to what kind of investment
strategy should be followed the ports in the case study. In the framework of the other
three scenarios created in conjunction with Europe container trade growth scenario
analysed in detail in the case study, it is analysed whether there is any change in the
investment strategies carried out by the ports. An analysis was conducted to develop
the investment strategy of the ports so that the total share of the designated ports
(The Port of Venice, the Port of Valencia, the Port of Rotterdam and the Port of
Hamburg) for each growth scenario among all ports in Europe remains same with the
total share of the designated ports in 2017. This sensitivity analysis was carried out
for 5 years for up to 2022 to be able to see the effect of the specified scenarios on the
results. For these four scenarios, the total container capacity increases of the ports
corresponding to the total shares of the four ports are given in Figure 4-39 according
to years, so that the total share of the four ports among all port in Europe remains the
same. Accordingly, the total capacities of the ports in the year 2022 actualise as 33.7
million for Scenario 1, 32.6 million for Scenario 2, 30.8 million for Scenario 3 and

30.6 million for Scenario 4.
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Figure 4-39 — Total container capacities of the ports for years 2017-2022
According to these four scenarios, the total capacity investment of the ports is
changing in order to hold their total container throughput share for Europe container
market at same level. The total capacity investment amounts by ports for each

scenario are as shown in Figure 4-40.

Scenario 1 Scenario 2 Scenario 3 Scenario 4
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Figure 4-40 — Total capacity investment amounts
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According to determined scenarios, when the required container handling capacity
for 2022 compared to the container handling capacity for 2017, the 4 ports need to
invest in a capacity expansion; for scenario 1 is approximately 6 million, for scenario
2 is approximately 5 million, for scenario 3 is approximately 3.5 million and for
scenario 4 is approximately 3 million. It is assumed that each port receives an
investment decision of one quarter of the total capacity investment for each scenario
when it is accepted that each port invests in an equal amount of capacity increase
while adhering to the game theory method used.

The capacity utilization of the ports is calculated taking into account the percentage
distributions based on the coefficients obtained from the time and cost values for the
hinterland distribution of the ports. The capacity utilization figures for each scenario
are given in Table 4-41.
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Figure 4-41 — Capacity utilization for each scenario
The capacity expansion investment is considered as an offshore container structure
for the Port of Venice, it is treated as traditional container port structures for other
ports as in the case study. It is assumed that the installation of OCPS for the Port of
Venice is based on a 430m x 430m area for each scenario so that 400-metre ULCVs
can be handled from four quays of the structure. According to the assumption made,
the designated OCPS has sufficient physical space for the annual container
throughput considered for each scenario. The cost calculations are made taking into

account such adequate space, handling equipment, administration buildings and other
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necessary services and areas. In each scenario, OCPS has standardized measures
since it is designed to be operable from four quays. However, considering this
structure as a standard measure, the amount of idle space increases due to the
decrease in capacity utilization. For this reason, it can be said that OCPS, which is
built at 430m x 430m, offers more efficient operational functionality for capacity
utilization of 1.5 million. The handling cost per TEU also varies depending on

capacity utilization.

Based on the defined OCPS and conventional container port structures, the handling
cost per TEU obtained for all ports in each scenario are given in Figure 4-42. Thanks
to the advantage of offshore structure in construction costs, the Port of Venice offers
the lowest container handling cost in scenarios except the scenario 4. However, in
Scenario 4, the Port of Hamburg has more advantageous container handling costs due
to reduced capacity utilization for the Port of Venice. Apart from the mentioned
situation, the lowest handling costs are respectively given by the Port of Venice, the

Port of Hamburg, the Port of Rotterdam and the Port of Valencia.
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Figure 4-42 — Handling cost per TEU for each scenario
The total annual profits to be earned for the ports designated in each scenario are
calculated as shown in Figure 4-43 according to the profit calculation made
considering the $200 handling fee set in the case study. All ports except the Port of
Valencia in each scenario close annual financial statement in positive level at the end

of year. But the Port of Valencia have negative profitability data in scenario 3 and 4
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due to insufficient capacity utilization. The profit-loss assessment shows that the

increase in capacity utilization reflects on profit in positive meaning.
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Figure 4-43 — Annual profits of the ports in each scenario
For $200 handling fee per TEU, the data obtained show that the profitability rate of
the Port of Venice is higher than other ports. One of the most basic reasons for this is
that the Port of Venice takes place in the leading position for capacity building
investment. In addition, the reduction of marketing costs and the reduction of
administrative costs as a result of earlier system adaptation than other players can be

described as a benefit of defining the Port of Venice as a leading player.

In the same way, the total annual profit rate of the Port of Rotterdam is higher than
the Port of Hamburg except scenario 4 because of the early investment in the
capacity expansion of the Port of Rotterdam, although the Port of Rotterdam is
disadvantageous compared to the Port of Hamburg in terms of the capacity

utilization and the handling cost per TEU.

In assessment of the Port of Valencia, it can be said that the port has the lowest total
annual profit as a result of insufficient capacity utilization. It is also possible to
capture the positive profitability in only the scenarios 1 and 2. The Port of Valencia
cannot obtain a positive profitability for the scenarios 3 and 4, and therefore it is
more appropriate that Valencia port does not make investment decision if the

scenarios 3 and 4 are realized.
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4.6 Outline of the Case Study

In this case study, the aim was to illustrate numerical application and practicability of
the generated methodology. Throughout this case study, a novel port competition
analysis methodology was presented and tested for the selected ports in Europe. An
integration of different port competition analysis perspectives was provided by
applying hinterland analysis in terms of total transportation time and cost, the
construction cost analysis of an OCPS and the game theory approach. For the game
theory part of the analysis, the methodology developed in the chapter 3 was utilised
for the complete information case of the Stackelberg game.

In the obtained data, the scenario 1 shows the most optimistic picture among the
plotted scenarios. The scenario 1 shows that each port has the higher profitability
than the other scenarios. The main reason for this is that the capacity utilization in
scenario 1 is higher than other scenarios and therefore the handling costs per TEU

are lower.

In the case study, the Port of Venice is found as the most profitable port,
consequently the most competitive port. The primarily reason behind the fact that the
most competitive port definition of the Port of Venice is the decrease in operational
costs per TEU due to the investment in capacity increase in form of an offshore
structure. In addition, the efficient use of the capacity obtained as a result of the
investment made increases the profitability compared to other ports. Because the
assumption of the Port of Venice as the leading player gives an advantage to the Port
of Venice at the rate of profit. Scenario 4 shows that as a result of the decrease in
capacity utilization, the Port of Hamburg leaves behind the Port of Venice at the
handling cost per TEU. However, with the advantage of being a leading player, the

Port of Venice can turn this disadvantage in its favour of profitability.

The other point obtained from this case study and sensitivity analysis is that the
capacity utilization should be kept at a sufficient level. According to the plotted
scenario, if the capacity utilization remains below a certain level as the scenario 3
and 4, it may cause to lose the ports’ competitiveness completely and to suffer
financial loss. It can be thought of as the easiest solution to increase the handling fee

in order to avoid losses, but this time the player may come to a position where it
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cannot compete against its competitors in terms of handling fee. As a result, in this
competitive analysis, the port investment costs, the time and cost values depending
on location for hinterland distribution of ports, the port handling costs and the pricing
strategies play an important role. The player who blends these criteria in the most
appropriate way can find himself at the forefront of the competition among other
competitors. The outcome of this chapter provides significant assistance to strategy
development departments of the port administrations in order to measure their
competitiveness level by considering complex port hinterland and cost analysis and
tactical behaviours of the competitors.

The model used in case study has a design that can be used for other cases by port
authorities. This model can be applied to each port authority's own case study by
updating the data entries of the designed model by the port authorities according to
their own ports and competitor ports and by defining the details of the specific case

study.

The use of offshore structures in the case study of this study should not suggest that
this model can only be used with offshore port applications. This model needs that
the cost calculations to be adapted by the port authorities to the determined case
study and to select suitable the game theory model for that case study so that the
model can be used in all kinds of competition-based investment cases. In this way the
port authorities can more easily see their competitive position in the case study which
is created according to the definitions made in the model with the necessary details.
Accordingly, thanks to the decision-making mechanism created, they can maximize

the profits obtained while making investment decisions.
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5 CONCLUSION

As it is known, the container ship dimensions have come to the level that can be
called gigantic nowadays. The underlying idea of such a growth of ship dimensions
is the transfer of the advantages of the scale economy to the container sector in a
positive way to reduce unit transportation costs. If these mega-ships are operated on
routes without any trouble in terms of container transportation demand, they can gain
an important favour of economic. Otherwise, if these ships do not reach the required
capacity, the financial losses will be much more than the smaller sized container
ships. Therefore, when route selection is made, a suitable supply and demand

environment for the operation of these vessels must be considered.

One of the main issues that these types of large vessels reveal in terms of the
container port industry are the pressures on ports in terms of operation. Because of
their dimensions, the required draft, the quay length, the crane handling height and
width, and even the air draft limits are necessary to provide for the handling of these
vessels. Port administrations have also made efforts to produce various technological
and operational solutions in order to be able to cope with the effects of the vessels on
the terminals. One of these solutions is the offshore port structures, which will
remove especially the draft constraints. It is expected that the outcome of offshore
port structures will be a significant effect on container port competition. Because it is
inevitable to add a different operational understanding to the container sector due to
its physical structure, and it is aroused curiosity about what the competitive position
is between the ports with this different operational understanding. The offshore
structures in terms of the features offered are a proposed model for responding to the

developing container sector and the growing ship dimensions.

The purpose of this thesis is to examine the developing and growing container sector,
the offshore port structure and the effects of offshore port structure on inter-port
competition. During this examination, the history and development of
containerization and container ports have been criticised in detail. The difficulties
that are arisen due to the development of the container sector in terms of
containerized cargo flow and vessel dimensions have been tried to be defined and the

effects of ever-growing container ships on the container terminals have also been
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tried to define. The offshore port structures stand out as the proposed port concept to
reduce these effects by providing dimension free container handling operations. For
this reason, offshore port facilities have been subjected to a detailed examination
under 3 main headings, namely, (1) strategic and economic aspects of OCPS, (2)
structural aspects of OCPS and (3) operational aspects of OCPS.

The effect of offshore port structure, which is supposed to be newly adapted to the
container sector, on the competition between the container ports of the port structure,
what kind of position the offshore structures will have in the competition is not
known exactly has made this study possible to examine the competition between the
container ports. At this point, a detailed examination of container port competition
has been made in terms of the level of competition between container ports and the
dynamics affecting competition.

This thesis focuses on the development of new port structures mainly due to the
development of the container industry. However, the examination of the competition
between container ports with the adaptation of offshore port structures by applying
the game theory method is a significant contribution of this study. The novelty of this
thesis can be briefly explained in the light of the developing container sector that the
examination of the offshore port structures’ position in the container competition
thanks to the application of game theory method. At this point, the offshore port
structure, the competition between container ports and the application of game theory

can be defined as the main stakeholders of this thesis.

A case-study approach was adopted to help understand how an OCPS can take
position in the inter-port competition. For this case study, the container transport
network between Asia and Europe, which will be constructed through an OCPS, was
evaluated in terms of total transportation time and cost to the designated locations in
Europe. This assessment was made to address the competition between the four ports
determined by the criteria and assumptions set out in the case study. This
competition game is built on the port investments that must be made in order to
protect the share of ports in the growing European containerized cargo flow. The
competition points with offshore port structure were also addressed to associate to

offshore adapted inter-port competition, while the ports set strategic decisions for
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investment. Therefore, it is assumed that one of these ports determined to invest in an
offshore port structure according to the determined capacity increase.

This thesis was undertaken to design an offshore container port adapted inter-port
competition and evaluate the position of ports in the competition thanks to non-
cooperative Stackelberg game theory strategy with Nash equilibrium solution
method. In the specified case study, the obtained results have given that the situation
of all competitor ports take the strategic investment decision for the designed and
defined case conditions is the best strategy. The Port of Venice with an OCPS
investment is designated as the leader to carry out the Stackalberg game and other
competitor ports are designated as the followers. For the designated case study, the
leader gained the highest payoff and other competitors also followed by the payoff
values. It shows that the offshore port structure can have a strength position in the
container transportation network. It can be said for this case that the offshore
container structure has been able to achieve so thanks to the advantage of location
and the cost of construction. At the same time it showed that the offshore structure
has also an important potential to meet the expectations of the developing and

growing container industry.

Overall, the study strengthens the idea that offshore port approach could be an
alternative and a strong competitor for conventional container ports as offshore ports
do not have dimensional constraints and can accommodate modern mega vessels
easily and the existence of its cost related competitive aspects as analysed in this
study. This research extends our knowledge of the offshore combined hub-and-spoke
network, and will serve as a basis for future offshore-hub liner shipping network
studies. Although, the study was limited by the absence of the offshore related real
example or data in practice, further studies regarding the role of the offshore

container port concept for network analysis research would be worthwhile.

In terms of the model used, the conclusions when the designed case study and
sensitivity analysis are examined show that this model can be used in different case
studies by determining suitable the game theory competition model which is applied
depending on the structural and operational variables in the competition - based

investment models. In terms of other studies, the flexible structure of the model
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allows it to cope successfully with the variability of inputs by defining the
competition model appropriately.

As a conclusion, the offshore adapted inter-port competition analysis is a detailed
case study. However, it is proved that the analysis methods used and the results
obtained are compatible with the designed methodology and the results can be
verified so that this research can be a guide role for other studies. As one of the
objectives of this study, if the results are considered to be positive to meet the
expectations of the real sector, the methodology and the analyses used will serve as a
guide for industry stakeholders, strategic decision makers and entrepreneurs.

5.1 Limitations of the Current Study

Unfortunately, during this study has been encountered some limitations and
restrictions. The most important of them has been faced as the issues to access the
required data. The reason of that the commercial concerns of the companies and
some of the data cannot be reached in a regular manner. For example, the access to
the required data, that is to be used in the case study, has not been provided due to
the management of a company has changed. For this reason, some assumptions have
been tried to be made close to realistic values. As the amount of assumption made
increases, the research is far from reality so and if it cannot be predicted, it is
assumed from the data of other similar companies to try to obtain more realistic

results.

The other issue is the variability of the information that is to be obtained such as fuel
prices. In such cases, the long-term averages are used to make assumptions as well as
the values that are sometimes used when they are accessed by referring the date and

time.

A lot of information and data have been studied in this research. However, due to the
limited finance of the study, all data cannot be retrieved directly from Seaweb and
similar databases. Therefore, free but limited data sources have been used for

research.
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5.2 Recommendations for Further Research Work

It would be interesting to assess the effects of the practical inter-port competition
implementation with offshore container port system on the container transportation
network. However, more research is also required to better understand the practical
implementation of the inter-port competition models based on the game theoretical
approaches. Further experimental investigations are needed in order to validate
theoretical findings in the scope of container sector, developed operational and
structural port systems, and the competition in different platforms.

Looking at the container sector, it is seen a very rapid development and change in the
sector. These developments and changes bring with it different demands. For
example, although today the handling of mega-ships is quite difficult for the ports, on
the other hand, there are quite positive side effects on port efficiency. Some other
problems are the environmental factors, the probability that some ports will be
flooded due to increasing sea water levels, and perhaps one of the most important
problems that threats for the container trade and national security. For this reason, the
advantages of offshore harbors should be investigated in detail. The studies should be
carried out on the transmission of the offshore port contributions to the container
sector in a more efficient manner. The works should also be addressed in the context
of environmental, security and social emergencies without taking into account the

economic outlook.

This study also attempted to clarify the decision uncertainties of the container port
industry stakeholders and developed a four player game theory competition analysis
method. The developed game theoretical research approach of this thesis could be
improved in several ways. A closer collaboration with industrial counterparties could
be developed in order to apply on competition of the other component of the

shipping industry.

The method used in this study has a flexible structure. This means that changes in the
data or the case do not render the method non-functional. So that if port authorities
want to use the developed model in this study they can easily make their own

competitive analyses by using their own available data.

201



6 REFERENCES

ABOOD, K. A. Sustainable and green ports: application of sustainability principles
to port development and operation. The Eleventh Triannual International
Conference: Ports 2007, 30 Years of Sharing Ideas... 1977-2007, 2007.

ACOSTA, M., CORONADO, D. & CERBAN, M. D. M. 2011. Bunkering
competition and competitiveness at the ports of the Gibraltar Strait. Journal
of Transport Geography, 19, 911-916.

ADPC. 2016. Khalifa Port - The gateway to Abu Dhabi [Online]. Abu Dhabi Port
Company. Available: http://www.adports.ae/en/article/khalifa-port/khalifa-
port-was-inaugurated-on-december-12th-handling-all-of-abu-dhabis-
container-traffic.html [Accessed 29.08. 2016].

AECOM 2012. NC Maritime Strategy Vessel Size vs. Cost.

AL-KAZILY, J. 1982. Modeling containerized shipping for developing countries.
Transportation Research Part A: General, 16, 271-283.

ALI, A. 2005. Floating Transshipment Container Terminal. MSc, Delft Universtiy of
Technology.

ALPHALINER. 2017. The Top 100 League of Liner Operators [Online]. Available:
http://www.alphaliner.com/top100/ [Accessed 28.08. 2017].

ANDERSON, C. M., PARK, Y.-A,, CHANG, Y.-T., YANG, C.-H., LEE, T.-W. &
LUO, M. 2008. A game-theoretic analysis of competition among container
port hubs: the case of Busan and Shanghai 1. Maritime Policy &
Management, 35, 5-26.

ANDERSON, S. P. & ENGERS, M. 1992. Stackelberg versus Cournot oligopoly
equilibrium. International Journal of Industrial Organization, 10, 127-135.

APV. 2013. Venice Offshore Port Project [Online]. Venice Newport Container and

Logistics. Available:
http://offshore.port.venice.it/index.php/progetto/?lang=en [Accessed 12.12.
2014].

ASGARI, N., FARAHANI, R. Z. & GOH, M. 2013. Network design approach for
hub ports-shipping companies competition and cooperation. Transportation
Research Part A: Policy and Practice, 48, 1-18.

AUMANN, R. J. 1989. Game theory. Game Theory. Springer.

AUTOTRAVELER. 2017. Fuel price in Europe [Online]. Available:
https://autotraveler.ru/en/spravka/fuel-price-in-europe.html#.Wm8hrqg6 Wbl V.

AUTRY, C. W., WHIPPLE, J. M., LIRN, T.-C., JIM WU, Y.-C. & CHEN, Y. J.
2013. Green performance criteria for sustainable ports in Asia. International
Journal of Physical Distribution & Logistics Management, 43, 427-451.

AYMELEK, M. 2016. DEVELOPING A GAME THEORY COMPETITION
ANALYSIS FOR THE LINER CONTAINER SHIPPING Doctor of Philosophy,
University of Strathclyde.

202


http://www.adports.ae/en/article/khalifa-port/khalifa-port-was-inaugurated-on-december-12th-handling-all-of-abu-dhabis-container-traffic.html
http://www.adports.ae/en/article/khalifa-port/khalifa-port-was-inaugurated-on-december-12th-handling-all-of-abu-dhabis-container-traffic.html
http://www.adports.ae/en/article/khalifa-port/khalifa-port-was-inaugurated-on-december-12th-handling-all-of-abu-dhabis-container-traffic.html
http://www.alphaliner.com/top100/
http://offshore.port.venice.it/index.php/progetto/?lang=en

AYMELEK, M., BOULOUGOURIS, E., TURAN, O. & KONOVESSIS, D. 2014.
Triopoly competition analysis of new generation strategic shipping alliances
in marine container transport systems.

BACALLAN, J. J. 2000. Greening the supply chain. Business and Environment, 6,
11-12.

BAILEY, D. & SOLOMON, G. 2004. Pollution prevention at ports: clearing the air.
Environmental Impact Assessment Review, 24, 749-774.

BAIRD, A. J. & ROTHER, D. 2013. Technical and economic evaluation of the
floating container storage and transhipment terminal (FCSTT).
Transportation Research Part C: Emerging Technologies, 30, 178-192.

BALLINI, F. 2017. Port and Energy Management Challenges. World Maritime
University.

BANKS, C., TURAN, O., INCECIK, A, THEOTOKATOS, G., I1ZKAN, S,
SHEWELL, C. & TIAN, X. Understanding ship operating profiles with an
aim to improve energy efficient ship operations. Proceedings of the Low
Carbon Shipping Conference, London, UK, 2013. 9-10.

BAPTISTA, R. 2000. Do innovations diffuse faster within geographical clusters?
International Journal of industrial organization, 18, 515-535.

BARRASS, B. 2004. Ship design and performance for masters and mates,
Butterworth-Heinemann.

BASEDOW, J., MAGNUS, U. & WOLFRUM, R. 2012. The Hamburg Lectures on
Maritime Affairs 2009 & 2010. 1X, 205.

BAZARI, Z. 2016. IMO Train the Trainer (TTT) Course on Energy Efficient Ship
Operation Module 5 — Ship Port Interface for Energy Efficiency.
International Maritime Organization (IMO) London, UK.

BERNER, D. & GERWICK, B. C. Large Floating Concrete LNG/LPG Offshore
Platforms. UJINR/MFP 24th Joint Meeting, 2001.

BERTRAND, J. 1883. iBook review of theorie mathematique de la richesse sociale
and of recherches sur les principles mathematiques de la theorie des
richessesj. Journal de Savants, 67.

BICHOU, K. & GRAY, R. 2005. A critical review of conventional terminology for
classifying seaports. Transportation Research Part A: Policy and Practice,

39, 75-92.

BLOOMBERG. 2013. Holy Ship [Online]. Available:
https://www.bloomberg.com/news/photo-essays/2013-09-05/holy-
ship#slidel.

BOHLMAN, M. 2001. I1SO's container standards are nothing but good news. I1SO
Bulletin, Geneva: International Standards Organization, 12-15.

BOULOUGOURIS, E. & KURT, I. 2015. Fixed vs. Floating Terminals. Venice:
University of Strathclyde, Naval Architecture, Ocean & Marine Engineering.

203


http://www.bloomberg.com/news/photo-essays/2013-09-05/holy-ship#slide1
http://www.bloomberg.com/news/photo-essays/2013-09-05/holy-ship#slide1

BOSE, J. W. 2011. Handbook of terminal planning, Springer Science & Business
Media.

BROOKS, M. R., PALLIS, T. & PERKINS, S. 2014. Port investment and container
shipping markets.

BUXTON, I. L. 1985. Fuel costs and their relationship with capital and operating
costs. Maritime Policy and Management, 12, 47-54.

BUXTON, I. L. 2012. Marine Transport and Economics Lecture Notes. Newcastle
University.

CAHOON, S. & NOTTEBOOM, T. Port marketing tools in a logistics-restructured
market environment: the quest for port loyalty. IAME: International
Association of Maritime Economists Annual Conference, 2008. 1-19.

CARLO, H. J, VIS, I. F. & ROODBERGEN, K. J. 2014. Transport operations in
container terminals: Literature overview, trends, research directions and
classification scheme. European Journal of Operational Research, 236, 1-13.

CHIU, R.-H,, LIN, L.-H. & TING, S.-C. 2014. Evaluation of green port factors and
performance: a fuzzy AHP analysis. Mathematical Problems in Engineering,
2014.

CHUA, Y. H,, LEE, D. J. M., ONG, C. M., LIM, H. L. & LIN, X. Y. 2014. Strategy
to enhance profitability of container shipping company optimisation of
shipping supply & higher productivity through economies of scale.

CLARKSON. 2015. Annual Container Trade [Online]. Clarkson Research Services
Limited. Awvailable: http://www.clarksons.com/services/broking/containers/
[Accessed 20.02. 2016].

COLLIERS 2013. Top European Logistics Hub In: ANTWERP, T. P. O. (ed.) White
Paper.

CORBETT, J. J. & WINEBRAKE, J. 2008. The Impacts of Globalisation on
International Maritime Transport Activity - Past trends and future
perspectives. Global Forum on Transport and Environment in a Globalising
World. Guadalajara, Mexico: OECD.

COSTA, P. 2015. The Venice Offshore-Onshore Port System (VOOPS). Venice:
Venice Port Authority.

COSTA, P. 2016. Venice and the North Adriatic Portsas the European Gateway of
the Greenest XXI century Maritime Silk Road. Along the Silk Roads - High
Level International Conference. Venice.

COULTER, D. Y. 2002. Globalization of maritime commerce: The rise of hub ports.
Globalization and Maritime Power, 133-142.

COURNOT, A. A. & FISHER, 1. 1897. Researches into the Mathematical Principles
of the Theory of Wealth, Macmillan Co.

CROWLEY, M. A. 2008. The Box: How the Shipping Container Made the World
Smaller and the World Economy Bigger by Marc Levinson Princeton, NJ:
Princeton University Press, 2006. World Trade Review, 7, 458-461.

204


http://www.clarksons.com/services/broking/containers/

CUDAHY, B. J. 2006. The Containership Revolution: Malcom McLean’s 1956
Innovation Goes Global. TR NEWS. Transportation Research Board of
National Academies.

CULLINANE, K. & KHANNA, M. 1999. Economies of scale in large container
ships. Journal of transport economics and policy, 185-207.

CULLINANE, K. & SONG, D.-W. 2002. Port privatization policy and practice.
Transport Reviews, 22, 55-75.

DARBRA, R., RONZA, A., STOJANOVIC, T. A.,, WOOLDRIDGE, C. & CASAL,
J. 2005. A procedure for identifying significant environmental aspects in sea
ports. Marine Pollution Bulletin, 50, 866-874.

DAVIDSON, N. 2014a. Global Impacts of Ship Size Development and Liner
Alliances on Port Planning and Productivity. IAPH Mid-term Conference
Port Planning and Investment. Sydney: Drewry Maritime Research.

DAVIDSON, N. 2014b. Shipping line mega-alliances impact ports and terminals.
Port Technology.

DAVIDSON, N. 2014c. Shipping Line Mega-Alliances Impact Ports and Terminals.
Drewry Maritime Research (Drewry Shipping Consultants Ltd), London,
United Kingdom, Edition 62: May 2014,

DE LANGEN, P. W. & PALLIS, A. A. 2006. Analysis of the benefits of intra-port
competition. International Journal of Transport Economics/Rivista
internazionale di economia dei trasporti, 69-85.

DEFILIPPI, E. 2004. Intra-port competition, regulatory challenges and the
concession of Callao port. Maritime Economics & Logistics, 6, 279-311.

DELL'ANTICO, M. 2017. “The offshore port? It’s up to the market to say that the
project won’t work”. The Medi Telegraph.

DLH 2007. Coastal Structures and Ports, Planning and Design Techniques
Principles. Yuksel Proje.

DONOVAN, A. & BONNEY, J. 2006. The box that changed the world: fifty years of
container shipping-an illustrated history, Ubm Global Trade.

DREWRY. 2016. Available: http://www.drewry.co.uk/ [Accessed 10.07. 2016].

DUCRUET, C. 2009. Port regions and globalization. Ports in Proximity:
Competition and Coordination among Adjacent Seaports, 41-53.

EIDE, M. S., LONGVA, T., HOFFMANN, P., ENDRESEN, 0. & DALSOREN, S.
B. 2011. Future cost scenarios for reduction of ship CO2 emissions. Maritime
Policy & Management, 38, 11-37.

ESMER, S. 2008. Performance measurements of container terminal operations.

ESMER, S. 2010. Konteyner terminallerinde lojistik siireglerin optimizasyonu ve bir
similasyon modeli, DOKUZ EYLUL YAYINLARI.

ESSERY, R. J.,, ROWLAND, D. P. & STEEL, W. O. 1970. British goods wagons:
from 1887 to the present day, AM Kelley.

205


http://www.drewry.co.uk/

EU. 2007a. Marco Polo program 2007-2013 [Online]. Available:
https://ec.europa.eu/inea/en/marco-polo.

EU. 2007b. TEN-T  programme  2007-2013  [Online].  Available:
https://ec.europa.eu/inea/en/ten-t.

EU. 2011. White Paper 2011 [Online]. Available:
https://ec.europa.eu/transport/themes/strategies/2011_white_paper_en
[Accessed 29.12. 2017].

EU. 2014a. Energy Security Strategy [Online]. Available:
https://ec.europa.eu/energy/en/topics/energy-strategy-and-energy-
union/energy-security-strategy [Accessed 27.12. 2017].

EU. 2014b. Horizon 2020 programme [Online]. Available:
https://ec.europa.eu/inea/en/horizon-2020.

EU. 2017a. Mobility and Transport - Road Safety [Online]. Available:
https://ec.europa.eu/transport/road_safety/specialist/knowledge/speed/speed_|
imits/current_speed_limit_policies_en [Accessed 19.01. 2017].

EU. 2017b. Reducing emissions from the shipping sector [Online]. Available:
https://ec.europa.eu/clima/policies/transport/shipping_en [Accessed 29.12.
2017].

EUROSTAT. 2016a. European transport statistics [Online]. Available:
http://ec.europa.eu/eurostat/web/transport/data/database?p_p_id=NavTreeport
letprod WAR_NavTreeportletprod INSTANCE yjUOJMEUIFPI&p p lifec
ycle=0&p p_state=normal&p p_mode=view&p p_col_id=column-

2&p p_col count=1.

EUROSTAT. 2016b. Eurostat regional yearbook [Online]. European Union.
Available: http://ec.europa.eu/eurostat/statistics-
explained/index.php/Eurostat_regional_yearbook [Accessed 13.10. 2017].

EUROSTAT. 2016c. Metropolitan regions [Online]. Available:
http://ec.europa.eu/eurostat/web/metropolitan-regions/overview  [Accessed
19.01. 2017].

EUROSTAT. 2017a. Energy price statistics [Online].  Available:
http://ec.europa.eu/eurostat/statistics-
explained/index.php/Energy_price_statistics#Electricity prices for industrial

consumers [Accessed 25.10. 2017].

EUROSTAT. 2017b. The EU in the world [Online]. European Union. Available:
http://ec.europa.eu/eurostat/statistics-
explained/index.php/The EU_in_the world [Accessed 13.10. 2017].

EUROSTAT. 2017c. National account and GDP [Online]. European Union.
Available: http://ec.europa.eu/eurostat/statistics-
explained/index.php/National_accounts_and_GDP [Accessed 13.10. 2017].

EUROSTAT 2017d. Wages and labour costs.

EVANGELOS, F. 2006. Ultra Large Container Ships. Master of Science, World
Maritime University.

206


http://ec.europa.eu/eurostat/web/transport/data/database?p_p_id=NavTreeportletprod_WAR_NavTreeportletprod_INSTANCE_yjUOJMEUlFPI&p_p_lifecycle=0&p_p_state=normal&p_p_mode=view&p_p_col_id=column-2&p_p_col_count=1
http://ec.europa.eu/eurostat/web/transport/data/database?p_p_id=NavTreeportletprod_WAR_NavTreeportletprod_INSTANCE_yjUOJMEUlFPI&p_p_lifecycle=0&p_p_state=normal&p_p_mode=view&p_p_col_id=column-2&p_p_col_count=1
http://ec.europa.eu/eurostat/web/transport/data/database?p_p_id=NavTreeportletprod_WAR_NavTreeportletprod_INSTANCE_yjUOJMEUlFPI&p_p_lifecycle=0&p_p_state=normal&p_p_mode=view&p_p_col_id=column-2&p_p_col_count=1
http://ec.europa.eu/eurostat/web/transport/data/database?p_p_id=NavTreeportletprod_WAR_NavTreeportletprod_INSTANCE_yjUOJMEUlFPI&p_p_lifecycle=0&p_p_state=normal&p_p_mode=view&p_p_col_id=column-2&p_p_col_count=1
http://ec.europa.eu/eurostat/statistics-explained/index.php/Eurostat_regional_yearbook
http://ec.europa.eu/eurostat/statistics-explained/index.php/Eurostat_regional_yearbook
http://ec.europa.eu/eurostat/web/metropolitan-regions/overview
http://ec.europa.eu/eurostat/statistics-explained/index.php/Energy_price_statistics#Electricity_prices_for_industrial_consumers
http://ec.europa.eu/eurostat/statistics-explained/index.php/Energy_price_statistics#Electricity_prices_for_industrial_consumers
http://ec.europa.eu/eurostat/statistics-explained/index.php/Energy_price_statistics#Electricity_prices_for_industrial_consumers
http://ec.europa.eu/eurostat/statistics-explained/index.php/The_EU_in_the_world
http://ec.europa.eu/eurostat/statistics-explained/index.php/The_EU_in_the_world
http://ec.europa.eu/eurostat/statistics-explained/index.php/National_accounts_and_GDP
http://ec.europa.eu/eurostat/statistics-explained/index.php/National_accounts_and_GDP

FABER, J., NELISSEN, D., HON, G., WANG, H. & TSIMPLIS, M. 2012.
Regulated slow steaming in maritime transport: An assessment of options,
costs and benefits. CE Delft. Delft, Netherlands.

FABIANO, B., CURRO, F., REVERBERI, A. P. & PASTORINO, R. 2010. Port
safety and the container revolution: A statistical study on human factor and
occupational accidents over the long period. Safety science, 48, 980-990.

FENG, L. & NOTTEBOOM, T. 2013. Peripheral challenge by small and medium
sized ports (SMPs) in multi-port gateway regions: The case study of northeast
of China. Polish Maritime Research, 20, 55-66.

FLEMING, D. K. & HAYUTH, Y. 1994. Spatial characteristics of transportation
hubs: centrality and intermediacy. Journal of Transport Geography, 2, 3-18.

FOROUDI, P. 2015. An overview of transport link options for the proposed Venice
Offshore Container Terminal. Venice, Italy: ch2m.

FUDENBERG, D. & TIROLE, J. 1991. Perfect Bayesian equilibrium and sequential
equilibrium. journal of Economic Theory, 53, 236-260.

GALAL, E. H. 2015. Triple-e Vessels: Tonnage Measurement and Suez Canal Dues
Assessment Journal of Renewable Energy and Sustainable Development
(RESD).

GELBAUM, B. 1959. SYMMETRIC ZERO-SUM n-PERSON GAMESI.
Contributions to the Theory of Games, 4, 95.

GIBBONS, R. 1992. A primer in game theory, Harvester Wheatsheaf,

GILMAN, S. 1999. The size economies and network efficiency of large
containerships. International Journal of Maritime Economics, 1, 39-59.

GILMAN, S. 2015. The Size Economies and Network Efficiency of Large
Containerships. Port Management. Springer.

GKONIS, K. G. & PSARAFTIS, H. N. 2010. Some key variables affecting liner
shipping costs. Laboratory for Maritime Transport, National Technical
University of Athens.

GLAUSER, H. 2014. Portunus Floating Port Project. Economic Analysis Panel of the
Offshore Port Concept, San Francisco.

GLAUSER, H. 2015. Portunus Concept. Venice: The U.S. Department of Energy by
Lawrence Livermore National Laboratory.

GOSS, R. 0. 1999. On the distribution of economic rent in seaports. International
Journal of Maritime Economics, 1, 1-9.

GREINER, R. 2011. Ship operating costs: Current and future trends. Moore Stephens
LLP, December 2011.

GUGLIELMINETTI 2015. Funding and financing an offshore container terminal.
Venice: pwc.

GUNAYDIN, H. 2006. Globalization and privatization of ports in Turkey. IEHC,
session, 58, 303-316.

207



GUNTHER, H.-O. & KIM, K. H. 2005. Container terminals and automated
transport systems, Springer.

HACEGABA, N. 2014. Big Ships, Big Challenges: The Impact of Mega Container
Vessels on U.S. Port Authorities. Port of Long Beach, California.

HARALAMBIDES, H. E. 2002. Competition, excess capacity, and the pricing of
port infrastructure. International Journal of Maritime Economics, 4, 323-347.

HARSANYT, J. C. 2004. Games with incomplete information played by “Bayesian”
players, i—iii: part i. the basic model&. Management science, 50, 1804-1817.

HARSANYI, J. C., NASH, J. F. & SELTEN, R. 1994. The Sveriges Riksbank Prize
in Economic Sciences in Memory of Alfred Nobel 1994.

HARSANYI, J. C. & SELTEN, R. 1988. A general theory of equilibrium selection in
games. MIT Press Books, 1.

HE, F., HUANG, Z. & LAW, A. W.-K. 2012. Hydrodynamic performance of a
rectangular floating breakwater with and without pneumatic chambers: An
experimental study. Ocean Engineering, 51, 16-27.

HEAVER, T. D. 1995. The implications of increased competition among ports for
port policy and management. Maritime policy and management, 22, 125-133.

HIRANANDANI, V. 2014. Sustainable development in seaports: a multi-case study.
WMU Journal of Maritime Affairs, 13, 127-172.

HKMOA. 2016. Hong Kong Mid-Stream Industry Development [Online]. Hong
Kong Mid-Stream  Operations  Association Ltd. Available:
http://www.hkmoa.com/Development.aspx?lang=E [Accessed 21.08. 2016].

HOFFMANN, J. 2012. Corridors of the Sea: An investigation into liner shipping
connectivity. Les corridors de transport, 263.

IMAI, A., NISHIMURA, E. & PAPADIMITRIOU, S. 2013. Marine container
terminal configurations for efficient handling of mega-containerships.
Transportation Research Part E: Logistics and Transportation Review, 49,
141-158.

IMAI, A., SHINTANI, K. & PAPADIMITRIOU, S. 2009. Multi-port vs. Hub-and-
Spoke port calls by containerships. Transportation Research Part E:
Logistics and Transportation Review, 45, 740-757.

IMO. 201la. IMO Train the Trainer (TTT) Course on Energy Efficient Ship
Operation [Online]. International Maritime Organization (IMO) London, UK.
Available:
http://www.imo.org/en/OurWork/Environment/PollutionPrevention/AirPollut
ion/Pages/IMO-Train-the-Trainer-Course.aspx [Accessed 19.12. 2017].

IMO 2011b. International Convention for the Prevention of Pollution from Ships
(MARPOL) In: IMO (ed.) Resolution MEPC.203(62) Annex 19. Marine
Environment Protection Committee (MEPC)

IMO. 2014. Technical and Operational Measures [Online]. Available:
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution
[Pages/Technical-and-Operational-Measures.aspx [Accessed 21.11. 2014].

208


http://www.hkmoa.com/Development.aspx?lang=E
http://www.imo.org/en/OurWork/Environment/PollutionPrevention/AirPollution/Pages/IMO-Train-the-Trainer-Course.aspx
http://www.imo.org/en/OurWork/Environment/PollutionPrevention/AirPollution/Pages/IMO-Train-the-Trainer-Course.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Technical-and-Operational-Measures.aspx
http://www.imo.org/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Technical-and-Operational-Measures.aspx

IMO. 2016. Low carbon shipping and air pollution control [Online]. International
Maritime Organization. Available:
http://www.imo.org/en/MediaCentre/HotTopics/GHG/Pages/default.aspx
[Accessed 22.07. 2016].

INOUE, S. 2010. Challenges of the World’s Ports in the Globalization Era The 5th
Young Leaders Training & Research Program. Ulaanbaatar, Mongolia:
International Association of Ports & Harbors (IAPH).

INVESTOPEDIA. 2016. Game Theory [Online]. Available:
http://www.investopedia.com/terms/g/gametheory.asp ~ [Accessed  03.11.
2016].

ISHII, M., LEE, P. T.-W., TEZUKA, K. & CHANG, Y.-T. 2013. A game theoretical
analysis of port competition. Transportation Research Part E: Logistics and
Transportation Review, 49, 92-106.

IWM 1977. THE SECOND WORLD WAR 1939 - 1945: THE ALLIED
CAMPAIGN IN NORTH-WEST EUROPE JUNE 1944 - MAY 1945. WAR
OFFICE SECOND WORLD WAR OFFICIAL COLLECTION. No 5 Army
Film & Photographic Unit Harrison (Sgt).

JI, C.-Y.,, CHEN, X., CUI, J.,, GAIDAI, O. & INCECIK, A. 2016. Experimental
study on configuration optimization of floating breakwaters. Ocean
Engineering, 117, 302-310.

JI, C.-Y., CHEN, X., CUI, J., YUAN, Z.-M. & INCECIK, A. 2015. Experimental
study of a new type of floating breakwater. Ocean Engineering, 105, 295-
303.

JOC. 2014. Top 50 Global Container Ports [Online]. Available: www.joc.com.

JUHEL, M. H. 2001. Globalisation, privatisation and restructuring of ports.
International Journal of Maritime Economics, 3, 139-174.

KASELIMI, E. N.,, NOTTEBOOM, T. E. & DE BORGER, B. 2011. A game
theoretical approach to competition between multi-user terminals: the impact
of dedicated terminals. Maritime Policy & Management, 38, 395-414.

KEEFE, J. 2015. VOOPS: Venice Offshore Onshore Port System. Maritime Reporter
and Engineering News. Marinelink.com.

KIM, J. & MORRISON, J. R. 2012. Offshore port service concepts: classification
and economic feasibility. Flexible Services and Manufacturing Journal, 24,
214-245.

KIZAD. 2016. Khalifa Port and Industrial Zone (KPIZ) [Online]. Available:
http://kizad.com/en/article/section-1/article.html [Accessed 11.04. 2016].

KONTOVAS, C. & PSARAFTIS, H. N. 2011. Reduction of emissions along the
maritime intermodal container chain: operational models and policies.
Maritime Policy & Management, 38, 451-469.

KURT, I, AYMELEK, M., BOULOUGOURIS, E. & TURAN, O. 2015a. A
Container Transport Network Analysis Study on the Offshore Port System
Case of West North America Coast. IAME 2015. Kuala Lumpur, Malaysia.

209


http://www.imo.org/en/MediaCentre/HotTopics/GHG/Pages/default.aspx
http://www.investopedia.com/terms/g/gametheory.asp
http://www.joc.com/
http://kizad.com/en/article/section-1/article.html

KURT, I., BOULOUGOURIS, E. & TURAN, O. 2015b. Cost Based Analysis of the
Offshore Port System. ASME 2015 34th International Conference on Ocean,
Offshore and Arctic Engineering - OMAE2015. St.John’s, Newfoundland,
Canada: Proceedings of ASME 2015

KURT, I., BOUOLOUGOURIS, E. & TURAN, O. 2014. The Effect of the Offshore
Port Systems to Container Sector Energy Efficiency International Conference
on Maritime Technology Glasgow, UK.

LAM, L. 2012. Cascade Effects in Contianer Shipping - Implication for Regional and
Feeder Ports. Portek International Limited.

LANE, A. & MORET, C. 2014. The Impact of Ever Larger Vessels on Terminals.
Port Technology, Edition 64: November 2014, 18-20.

LAU, Y.-Y,, NG, A. K, FU, X. & LI, K. X. 2013. Evolution and research trends of
container shipping. Maritime Policy & Management, 40, 654-674.

LEVINSON, M. 2016. The box: how the shipping container made the world smaller
and the world economy bigger, Princeton University Press.

LEWANDOWSKI, K. 2014a. Czechoslovak activity to prepare European norms for
containers before the Second World War. Acta Logistica - International
Scientific Journal, Volume 1, 1-7.

LEWANDOWSKI, K. 2014b. Stanistaw Rodowicz, Eng. the Forgotten Pioneer of
Containerization in Poland. Logistics and Transport, 23, 73-78.

LEWANDOWSKI, K. 2015. Benjamin Franklin Fitch the Forgotten Developer of the
Container System in US of America. Global Journal of Human-Social
Science Research, 15.

LI, P., CAl, Q., LIN, W., CHEN, B. & ZHANG, B. 2016. Offshore oil spill response
practices and emerging challenges. Marine Pollution Bulletin, 110, 6-27.

LIEBHERR 2016. Technical Description Ship to Shore Gantry Cranes. lreland:
Liebherr Container Cranes Ltd.

LIGTERINGEN, H. 1999. Ports and terminals. TU Delft, Department Hydraulic
Engineering.

LIU, C. & LIU, J. Study on Under-Keel Clearance Algorithms for Very Large Ships
in Restricted Waters. The 26th International Ocean and Polar Engineering
Conference, 2016. International Society of Offshore and Polar Engineers.

LIU, L., WANG, K. Y. & YIP, T. L. 2013. Development of a container port system
in Pearl River Delta: path to multi-gateway ports. Journal of Transport
Geography, 28, 30-38.

LIU, Q. 2010. Efficiency analysis of container ports and terminals. UCL (University
College London).

LIU, X., MENG, R., XING, Q., LOU, M., CHAO, H. & BING, L. 2015. Assessing
oil spill risk in the Chinese Bohai Sea: a case study for both ship and platform
related oil spills. Ocean & Coastal Management, 108, 140-146.

210



LLOYD'SLIST 2013a. Asian Shippers Council fears the worst from the P3 tie-up.
Lloyd's List Intelligence.

LLOYD'SLIST 2013b. FMC asks P3 for more information. Lloyd's List Intelligence.

LLOYD'SLIST 2014. Maersk and MSC’s 2M partnership to cover all three east-west
trade lanes. Lloyd's List Intelligance.

LOOP. 2016. Louisiana Offshore Oil Port (LOOP) [Online]. Available:
https://www.loopllc.com [Accessed 18.08. 2016].

LYRIDIS, D. V. 2015. Global Container Market and Financing Infrastructure.
Venice: NATIONAL TECHNICAL UNIVERSITY OF ATHENS, School of
Naval Architecture and Marine Engineering.

MACGREGOR. 2016. Floating transfer terminals [Online]. Available:
http://www.macgregor.com/en-global/macgregor/products/Bulk-handling-
equipment/Floating-transfer-terminals/Pages/default.aspx [Accessed 18.08.
2016].

MAERSK. 2015. Triple-E The world's largest ship [Online]. Available:
http://www.worldslargestship.com/ [Accessed 02.03. 2015].

MAERSK. 2016. Milestones [Online]. Available: https://www.maerskline.com/ar-
ly/about/milestones [Accessed 21.07. 2016].

MAERSK 2017a. Maersk orders largest, most efficient ships ever.
maerskline.com/triple-e.

MAERSK. 2017b. Shipping from Asia to Europe [Online]. Available:
https://www.maerskline.com/routes/shipping-from-asia-to-europe [Accessed
07.10. 2017].

MAN 2011. Basic Principles of Ship Propulsion MAN Diesel & Turbo, December
2011.

MARCOM 2014. Masterplans for the development of existing ports. PIANC - the
World Association for Waterborne Transport Infrastructure, 158.

MAREX 2015. APM Opens Most Advanced Container Terminal. The Maritime
Executive - Intellectual Capital for Executives.

MARTINHO, M. 2008. Port Competition and Hinterland Connections.

MCCARTNEY, B. L. 1985. Floating breakwater design. Journal of Waterway, Port,
Coastal, and Ocean Engineering, 111, 304-318.

MEERSMAN, H., STRANDENES, S. P. & VOORDE, E. V. D. 2014. Port pricing:
Principles, structure and models.

MEERSMAN, H., VAN DE VOORDE, E. & VANELSLANDER, T. 2010. Port
competition revisited. Journal of Pediatric, Maternal & Family Health-
Chiropractic, 55, 210.

MERK, O. 2015a. The impact of mega ships. OECD-ITF.
MERK, O. 2015b. The new era of mega-ports. Port Technology.

211


http://www.loopllc.com/
http://www.macgregor.com/en-global/macgregor/products/Bulk-handling-equipment/Floating-transfer-terminals/Pages/default.aspx
http://www.macgregor.com/en-global/macgregor/products/Bulk-handling-equipment/Floating-transfer-terminals/Pages/default.aspx
http://www.worldslargestship.com/
http://www.maerskline.com/ar-ly/about/milestones
http://www.maerskline.com/ar-ly/about/milestones
http://www.maerskline.com/routes/shipping-from-asia-to-europe

MOBIDOCK. 2016. Floating ports infrastructure for rapid-growth markets
[Online]. National Ports. Available: http://www.nationalports.com/en/8-
products-and-services/2-unlocking-remote-field-developments [Accessed

19.08. 2016].
MONGELLUZZO, B. 2011. APL, LA-Long Beach Ports to Cut Ship Emissions
[Online]. JOC - Journal of Commerce. Available:

http://www.joc.com/maritime-news/apl-la-long-beach-ports-cut-ship-
emissions_20110107.html [Accessed 31.10. 2016].

MORGAN, W. 1951. Observations on the study of hinterlands in Europe. Tijdschrift
voor Economische en Sociale Geografie, 42, 366-371.

MURALLI, K. & MANI, J. 1997. Performance of cage floating breakwater. Journal of
waterway, port, coastal, and ocean engineering, 123, 172-179.

MURRAY, W. 2016. Economies of Scale in Container Ship Costs”.

NASH, C. 2015. Handbook of Research Methods and Applications in Transport
Economics and Policy, Edward Elgar

NASH, J. 1951. Non-cooperative games. Annals of mathematics, 286-295.

NASH, J. F. 1950. Equilibrium points in n-person games. Proc. Nat. Acad. Sci. USA,
36, 48-49.

NERVALE, T. 2010. Low Carbon Development in Transport. Secretariat of the
Pacific Community - Economic Development Division.

NOTTEBOOM, T. 2009. Economic analysis of the European seaport system. Report
for the European Sea Ports Organisation, Antwerp: ITMMA, University of
Antwerp.

NOTTEBOOM, T. 2010a. From multi-porting to a hub port configuration: the South
African container port system in transition. International Journal of Shipping
and Transport Logistics, 2, 224-245.

NOTTEBOOM, T. 2017. Top EU container port regions (2007-2016): the rise of
South Europe. Port Economics.

NOTTEBOOM, T. & CARIOU, P. Fuel surcharge practices of container shipping
lines: Is it about cost recovery or revenue-making. Proceedings of the 2009
International Association of Maritime Economists (IAME) Conference, 2009.
24-26.

NOTTEBOOM, T. & RODRIGUE, J.-P. 2012. The corporate geography of global
container terminal operators. Maritime Policy & Management, 39, 249-279.

NOTTEBOOM, T. & YAP, W. Y. 2012. Port competition and competitiveness. The
Blackwell Companion to Maritime Economics, 549-570.

NOTTEBOOM, T. E. 2002. Consolidation and contestability in the European
container handling industry. Maritime Policy & Management, 29, 257-269.

NOTTEBOOM, T. E. 2004. Container shipping and ports: an overview. Review of
network economics, 3.

212


http://www.nationalports.com/en/8-products-and-services/2-unlocking-remote-field-developments
http://www.nationalports.com/en/8-products-and-services/2-unlocking-remote-field-developments
http://www.joc.com/maritime-news/apl-la-long-beach-ports-cut-ship-emissions_20110107.html
http://www.joc.com/maritime-news/apl-la-long-beach-ports-cut-ship-emissions_20110107.html

NOTTEBOOM, T. E. 2010b. Concentration and the formation of multi-port gateway
regions in the European container port system: an update. Journal of
transport geography, 18, 567-583.

NOTTEBOOM, T. E. & DE LANGEN, P. W. 2015. Container port competition in
Europe. Handbook of Ocean Container Transport Logistics. Springer.

OECD 2011. Competition in Ports and Port Services. Policy Roundtables,
DAF/COMP(2011)14.

OFFSHORETECHNOLOGY 2016. Italy's shrinking offshore oil and gas industry.
offshoretechnology.com.

OSBORNE, M. J. 2004. An introduction to game theory, Oxford University Press
New York.

OSBORNE, M. J. & RUBINSTEIN, A. 1994. A course in game theory, MIT press.

PACHAKIS, D. 2015. The Venice Offshore -Onshore Terminal The Operating
Concept. Venice: Royal HaskoningDHV.

PANYNJ. 2016. History of The Port of New York and New Jersey [Online].
Available: http://www.panynj.gov/port/history.html [Accessed 20.07. 2016].

PARKER, S., RAUCCI, C., SMITH, T. & LAFFINEUR, L. 2015. Understandng the
Energy Efficiency Operational Indicator: an empirical analysis of ships from
the Belgian Shipowners' Association. UCL Energy Institute.

PAULI, G. 2016. Emissions and Inland Navigation. Green Transportation Logistics.
Springer.

PHLIPS, L. 1995. Competition policy: a game-theoretic perspective, Cambridge
University Press.

PIELAGE, B.-J. A., RIUSENBRIJ, J. C. & LIGTERINGEN, H. Floating cranes for
container handling. Infrastructure Systems and Services: Building Networks
for a Brighter Future (INFRA), 2008 First International Conference on, 2008.

IEEE, 1-6.
PLUIJM, M. 2014a. Interview: Offshore Ports — The Way Forward [Online]. World
Maritime News. Available:

http://worldmaritimenews.com/archives/136396/interview-offshore-ports-the-
way-foward/ [Accessed 25.08. 2016].

PLUIJM, M. 2014b. Offshore Ports Could Suit U.S. and Africa [Online]. The
Maritime Executive. Available: http://www.maritime-
executive.com/features/Offshore-Ports-Could-Suit-US-and-Africa-2014-09-
05 [Accessed 25.08. 2016].

PLUIJM, M. 2015a. Offshore Hubs - A more sustainable way forward. Venice:
Bechtel.

PLUIJM, M. 2015b. Offshore hubs for a greener future [Online]. Green Port
balancing environmental challenges with economic demands. Available:
http://www.greenport.com/news101/Projects-and-Initiatives/offshore-hubs-
for-a-greener-future [Accessed 11.04. 2016].

213


http://www.panynj.gov/port/history.html
http://worldmaritimenews.com/archives/136396/interview-offshore-ports-the-way-foward/
http://worldmaritimenews.com/archives/136396/interview-offshore-ports-the-way-foward/
http://www.maritime-executive.com/features/Offshore-Ports-Could-Suit-US-and-Africa-2014-09-05
http://www.maritime-executive.com/features/Offshore-Ports-Could-Suit-US-and-Africa-2014-09-05
http://www.maritime-executive.com/features/Offshore-Ports-Could-Suit-US-and-Africa-2014-09-05
http://www.greenport.com/news101/Projects-and-Initiatives/offshore-hubs-for-a-greener-future
http://www.greenport.com/news101/Projects-and-Initiatives/offshore-hubs-for-a-greener-future

POLA 2014. Energy management action plan. Burns & McDonnell Engineering
Company, Inc., Project no. 75019.

POLB. 2016. The Green Port - Air Quality [Online]. Port of Long Beach. Available:
http://www.polb.com/environment/air/ [Accessed 31.10. 2016].

PONTER, M., BARRAGAN, T., EH TURNER BARRAGAN, E., VARGAS
URIBE, G., SANCHEZ DAZA, A., JARAMILLO, C., PERFETTI, J,,
RAMIREZ, J. M. C., GOMEZ OLIVER, L. & CARTAS CONTRERAS, C.
1998. Competitive advantage: creating and sustaining superior performance.
Universidad Auténoma Metropolitana, Azcapotzaco (México). Universidad
Michoacana de San Nicolas de Hidalgo, Michoacan (México).

PORTOFHAMBURG 2016. PORT OF HAMBURG: Welcome to the official
website of Germany's biggest seaport. Port of Hamburg.

PORTOFROTTERDAM 2016. Port infrastructure, facts and figures. Port of
Rotterdam.

PORTOFVENICE 2016. The port. APV - Venice Port Authority.
PORTTECH 2014. The World’s Top 5 Terminal Operators. Port Technology.

PREMTI, A. 2016. Liner Shipping : Is There a Way for More Competition? , 224.
Available: http://unctad.org/en/PublicationsL ibrary/osgdp2016d1_en.pdf
[Accessed 13.07.2016].

PSA. 2016. Milestones [Online]. PSA Singapore. Available:
https://www.singaporepsa.com/about-us/history [Accessed 21.07 2016].

RAMIREZ-MARQUEZ, J. E. 2008. Port-of-entry safety via the reliability
optimization of container inspection strategy through an evolutionary
approach. Reliability Engineering & System Safety, 93, 1698-17009.

RAPOPORT, A. & CHAMMAH, A. M. 1965. Prisoner's dilemma: A study in
conflict and cooperation, University of Michigan press.

RIPLEY, D. 1993. The Little Eaton Gangway and Derby Canal, Oakwood Press.

RODRIGUE, J.-P., COMTOIS, C. & SLACK, B. 2013. The geography of transport
systems, Routledge.

ROOLJ, G. D. 2006. A Very Large Floating Container Terminal Feasibility study -
Application possibilities for the situation in the Netherlands. Master of
Science Master Thesis, TU Delft, Delft University of Technology.

ROSENTHAL, R. W. 1981. Games of perfect information, predatory pricing and the
chain-store paradox. Journal of Economic theory, 25, 92-100.

ROTHBERG, S. C. 2014. Technologies, Economics and Changes in Selected U.S.
Ocean Cargo Flows. AAPA Commissioners Seminar.

ROTHBERG, S. C. & SISSON, M. 2013. Market-Driven Far-Reaching Scenarios:
Impact and Opportunities Resulting From Global Change. AAPA 2013
Facilities Engineering Seminar.

ROWLAND, C. 2015. Offshore terminals: strategic & economic advantages. Venice:
MDS Transmodal.

214


http://www.polb.com/environment/air/
http://unctad.org/en/PublicationsLibrary/osgdp2016d1_en.pdf
http://www.singaporepsa.com/about-us/history

SAEED, N. & LARSEN, O. 1. 2010. An application of cooperative game among
container terminals of one port. European Journal of Operational Research,
203, 393-403.

SANDVIK, K., EIE, R., ADVOCAAT, J., GODEJORD, A., HEREID, K.,
HOYLAND, K. & OLSEN, T. Offshore structures—a new challenge. XIV
national conference on structural engineering, Acapulco, 2004.

SARGENT, A. J. 1938. Seaports & Hinterlands, A. and C. Black.

SCRIBBLEMAPS. 2017. Scribble Maps - Map Drawing Tool [Online]. Available:
https://www.scribblemaps.com/.

SEA-DISTANCES. 2017. SEA DISTANCES / PORT DISTANCES - online tool for
calculation distances between sea ports. [Online]. Available: https://sea-
distances.org/.

SEARATES. 2016. World sea ports [Online]. SeaRates LP. Available:
https://www.searates.com/maritime/ [Accessed 02.01. 2016].

SEOQ, J.-S. & HA, Y.-S. 2010. The role of port size and incentives in the choice of
location by port users: A game-theoretic approach. The Asian Journal of
Shipping and Logistics, 26, 49-65.

SHI, X. 2011. Contemporary Liner Shipping Business: A Game Theoretical
Application.

SHIP&BUNKER. 2017. World Bunker Prices [Online].  Available:
https://shipandbunker.com/prices#tMGO [Accessed 30.10. 2017].

SIPG. 2016. Yangshan Deepwater Port Area [Online]. Shanghai International
Port(Group) Co.,Ltd. Available: http://www.portshanghai.com.cn/en/
[Accessed 21.07. 2016].

SKRAMSTAD, E. 2013. International Guidelines for Bunkering LNG as a Marine
Fuel. 17th INTERNATIONAL CONFERENCE & EXHIBITION ON
LIQUEFIED NATURAL GAS (LNG 17). Det Norske Veritas.

SMITH, S. S. 2014. Malcom McLean Made Waves With Shipping Containers.
Investor's Business Daily News.

SMITH, T., OKEEFFE, E., ALDOUS, L., PARKER, S., RAUCCI, C., TRAUT, M.,
CORBETT, J. J.,, WINEBRAKE, J. J., JALKANEN, J.-P., JOHANSSON, L.,
ANDERSON, B., AGRAWAL, A, ETTINGER, S., NG, S., HANAYAMA,
S., FABER, J., NELISSEN, D., HOEN, M. T., LEE, D., CHESWORTH, S.
& PANDEY, A. 2014. Third IMO GHG Study 2014 - Final Report.
Reduction of GHG Emissions From Ships. London: IMO - Marine
Environment Protection Committee.

STANFORD, A. 2008. Force Mulberry-The Planning And Installation Of Artificial
Harbor Off US Normandy Beaches In World War 11 Author: Alf.

STATISTA. 2017a. Average speed in Europe's 15 most congested cities in 2008 (in
kilometers per hour) [Online]. Available:
https://www.statista.com/statistics/264703/average-speed-in-europes-15-
most-congested-cities/ [Accessed 19.01. 2017].

215


http://www.scribblemaps.com/
http://www.searates.com/maritime/
http://www.portshanghai.com.cn/en/
http://www.statista.com/statistics/264703/average-speed-in-europes-15-most-congested-cities/
http://www.statista.com/statistics/264703/average-speed-in-europes-15-most-congested-cities/

STATISTA. 2017b. Average speed on motorways in Great Britain in 2014, by
vehicle type (in mph) [Online]. Available:
https://www.statista.com/statistics/303425/average-speed-on-motorways-in-
the-uk/ [Accessed 19.01. 2017].

STEENKEN, D., VOB, S. & STAHLBOCK, R. 2004. Container terminal operation
and operations research - a classification and literature review. OR Spectrum,
26, 3-49.

STOPFORD, M. 2009. Maritime economics, London ; New York : Routledge.

TANGREDI, S. J. 2011. Sea basing: concept, issues, and recommendations. Naval
War College Review, 64, 28.

TIEDEMANN, J. 2015. The container ship market in 2015, Ultra-large box vessels:
Scaling effects in the container trade. EHMC Seminar. Marseilles.

TIROLE, J. 1988. The theory of industrial organization, MIT press.

TODTS, W. 2015. Europe’s lost decade of truck fuel economy. Transport &
Environment.

TONGZON, J. 2001. Efficiency measurement of selected Australian and other
international ports using data envelopment analysis. Transportation Research
Part A: Policy and Practice, 35, 107-122.

TONGZON, J. L. 1995. Determinants of port performance and efficiency.
Transportation Research Part A: Policy and Practice, 29, 245-252.

TRUJILLO, L. & NOMBELA, G. 1999. Privatization and regulation of the seaport
industry, World Bank Publications.

TUROCY, T. 1994-2014. Gambit: Software Tools for Game Theory Graphical
Interface Version 15.1.1 ed.

UN. 2017. Sustainable development

knowledge platform [Online]. Available: https://sustainabledevelopment.un.org/
[Accessed 27.12. 2017].

UNCTAD 1995. Strategic port pricing. United Nations Conference on Trade and
Development

UNCTAD 2014. Review of Maritime Transport 2014. United Nations Conference on
Trade and Development

UNCTAD 2015. Review of Maritime Transport 2015. United Nations Conference on
Trade and Development.

UNCTAD 2016. Review of Maritime Transport 2016. United Nations Conference on
Trade and Development.

UNCTAD 2017. Review of Maritime Transport 2017. United Nations Conference on
Trade and Development.

VALENCIAPORT 2016. Port Authority of Valencia.

216


http://www.statista.com/statistics/303425/average-speed-on-motorways-in-the-uk/
http://www.statista.com/statistics/303425/average-speed-on-motorways-in-the-uk/

VALENTINE, V. F.,, BENAMARA, H. & HOFFMANN, J. 2013. Maritime transport
and international seaborne trade. Maritime Policy & Management, 40, 226-
242.

VAN DE VOORDE, E. & VANELSLANDER, T. 2009. Market power and vertical
and horizontal integration in the maritime shipping and port industry.

VARIAN, H. R. 2014. Intermediate Microeconomics: A Modern Approach: Ninth
International Student Edition, WW Norton & Company.

VELDMAN, S. J. & BUCKMANN, E. H. 2003. A model on container port
competition: an application for the West European container hub-ports.
Maritime Economics & Logistics, 5, 3-22.

VERHOEFF, J. 1981. Seaport competition: some fundamental and political aspects.
Maritime Policy & Management, 8, 49-60.

VIS, I. F. A. & DE KOSTER, R. 2003. Transshipment of containers at a container
terminal: An overview. European Journal of Operational Research, 147, 1-
16.

VON NEUMANN, J. & MORGENSTERN, O. 2007. Theory of games and economic
behavior, Princeton university press.

VON STACKELBERG, H. 1934. Market structure and equilibrium, Springer
Science & Business Media.

WANG, H., XU, H., LIU, P.,, DUAN, J, CHEN, H. & WANG, B. 2015.
Experimental Study on the Dissipation Characteristics of Curtain-Type
Flexible Floating Breakwater. Journal of Coastal Research, 73, 410-414.

WILLIAM, S. F. & STEPHEN, M. 2003. Managerial Economics. Wiley.

WILMSMEIER, G., TOVAR, B. & SANCHEZ, R. J. 2013. The evolution of
container terminal productivity and efficiency under changing economic
environments. Research in Transportation Business & Management, 8, 50-
66.

WINNES, H., STYHRE, L. & FRIDELL, E. 2015. Reducing GHG emissions from
ships in port areas. Research in Transportation Business & Management, 17,
73-82.

WONG, M. 2010. Mid-stream cargo handling off Lamma Island in Hong Kong.
Flickr.

WORLDBANK 2007a. The Evolution of Ports in a Competitive World. Port Reform
Kit Second Edition, Module 2

WORLDBANK 2007b. PORT REGULATION MODULE. PORT REFORM
TOOLKIT SECOND EDITION, Module 6.

WORLDSHIPPINGCOUNCIL. 2014. Top 50 World Container Ports [Online].
Available: http://www.worldshipping.org/about-the-industry/global-trade/top-
50-world-container-ports [Accessed 09.04. 2014].

217


http://www.worldshipping.org/about-the-industry/global-trade/top-50-world-container-ports
http://www.worldshipping.org/about-the-industry/global-trade/top-50-world-container-ports

WPS. 2016. World Port Source - Container Liner Service Companies [Online].

Available: http://www.worldportsource.com/shipping/linerService.php
[Accessed 12.07. 2016].
WSC. 2015. About the industry [Online]. Available:

http://www.worldshipping.org/about-the-industry [Accessed 27.02. 2015].
WTO 2016. World Trade Statistical Review 2016. World Trade Organization.

WU, Y.-C. J. & GOH, M. 2010. Container port efficiency in emerging and more
advanced markets. Transportation Research Part E: Logistics and
Transportation Review, 46, 1030-1042.

XING, Q., MENG, R., LOU, M., BING, L. & LIU, X. 2015. Remote Sensing of
Ships and Offshore Qil Platforms and Mapping the Marine Oil Spill Risk
Source in the Bohai Sea. Aquatic Procedia, 3, 127-132.

XINHUA. 2014. The maritime and land Silk Road. http://www.xinhuanet.com/.

XU, F., LU, H., DING, N. & LIU, J. 2015. Game Theory Analysis of Container Port
Alliance. Journal of Coastal Research, 73, 635-640.

YANG, D. & JIANG, L. 2016. One Belt, One Road...but how to choose the best
route? South China Morning Post.

YANG, Y.-C. & CHANG, W.-M. Performance analysis of electric-rubber tired
gantries from a green container terminal perspective. Proceedings of the
Eastern Asia Society for Transportation Studies, 2013.

YANG, Y.-C. & LIN, C.-L. 2013. Performance analysis of cargo-handling
equipment from a green container terminal perspective. Transportation
Research Part D: Transport and Environment, 23, 9-11.

ZHANG, T., ZHAO, Q. & WU, W. 2009. Bi-level programming model of container
port game in the container transport supernetwork. Journal of Applied
Mathematics and Computing, 31, 13-32.

ZHUANG, W., LUO, M. & FU, X. 2014. A game theory analysis of port
specialization—implications to the Chinese port industry. Maritime Policy &
Management, 41, 268-287.

218


http://www.worldportsource.com/shipping/linerService.php
http://www.worldshipping.org/about-the-industry
http://www.xinhuanet.com/

7 APPENDICES

7.1 Appendix A

Vessel Name
Gross Tonnage (GT)
TEU Capacity

Service frequency
Port calls on round voyage
Average operating speed (knots)

Average crane number
Average crane performance
(lift/hour)

Average operation time (hour/day)
Outward capacity utilization
Return capacity utilization
Container shipped outward
Container shipped return

Annual transport capacity

Operating costs ($/day)
Capital value ($million)
Depreciation years

Interest rate (% pa)

Capital cost ($/day)

Fuel consumption (tons/day)
Bunker price ($/ton) "average"
Bunker cost ($/day)

Unit cost per TEU ($/day)

20" DC containers (% ship capacity)
Number of units loaded
40' DC containers (% ship capacity)

Number of units loaded

20' refrigerated containers (% ship
capacity)

Number of units loaded

Vessel Descriptions

Emma Maersk  CMA CGM Marco Polo Triple-E
171.542 175.343 194.849
15.550 16.020 18.200
Service Schedule
Weekly Weekly Weekly
9 9 9
19 19 19
7 7 7
28 28 28
16 16 16
90% 90% 90%
60% 60% 60%
13.995 14.418 16.380
9.330 9.612 10.920
1.212.900 1.249.560 1.419.600
Ship Costs
17.105,00 16.981,20 18.382,00
165 175 200
30 30 30
6 6 6
32.841,29 34.831,67 39.807,62
144,42 143,14 113,56
320 320 320
46.215,39 45.806,05 36.339,20
6,18 6,09 5,19
Container Operations
37 37 37
5.754 5.927 6.734
57 57 57
4.432 4.566 5.187
6 6 6
933 961 1.092
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Number of units on full vessel

Administrative productivity
(TEU/employee)

Number of employees required
Employee cost ($/year)
Administration cost ($/TEU)

11.118 11.454 13.013
Administration Costs
2.426 2.499 2.839
500 500 500
40.000 40.000 40.000
16,49 16,01 14,09
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7.2 Appendix B

Assumptions and calculation details

10

11

12

13
14

Subject Details Source
On the main route, 3 different type of
Ship type shi_ps; E-class, Explc_)rer clgss and Tiedemann
Triple-E class containerships are (2015)
taken
On the main route 19 knots, for Notteboom and
Ship speed barges between OCPS to shore 12 Cari
Knots ariou (2009)
. o Statista (2017a)
Truck speed For hinterland distribution, 50 km/h and (EU, 2017a)
For vessels, according to technical
Fuel descriptions fuel consumptions are

consumptions

Fuel prices

Distance of
round trip

Crane number

Crane
performance

Operation time

Operation costs

Capital value

Depreciation
year

Interest rate

Canal fee

calculated for the assigned speeds; for
trucks, 34 1/100km

For vessels, $320; for trucks from
Hamburg €1,20, from Valencia €1,13,
from Rotterdam €1,34 and from
Venice €1,55

17.082 miles for Hamburg, 13.366
miles for Valencia, 16.576 miles for
Rotterdam and 12.650 miles for
Venice

7 cranes assigned for each vessels in
average

28 containers/hour

16 hours per day

Includes crew cost, stores,
maintenance, insurance and
administration

Total construction costs of the
designated containerships

Taken 30 years

Taken %6 per annum

Canal fees on main route

Todts (2015)

Ship&Bunker
(2017)

and Autotraveler
(2017)

Sea-distances
(2017)

Lane and Moret
(2014)
Lane and Moret
(2014)
Lane and Moret
(2014)

Murray (2016)

MAERSK

(2017a) and
Bloomberg
(2013)

Gkonis and
Psaraftis (2010)
and (AECOM,
2012)

AECOM (2012)
Galal (2015)

221




15

16

17

Port cost

Ship capacity
share

Administration
cost

Calculated for each containership
type and each port but for Venice
assumption made

37% for 20'DC, 57% for 40'DC and
6% for 20' refrigerated containers

500 employees with $40.000 annual
cost are assumed

PortofHamburg
(2016),
PortofRotterdam
(2016) and
ValenciaPort
(2016)

Gkonis and
Psaraftis (2010)

Gkonis and
Psaraftis (2010)
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