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ABSTRACT

The aim of this research is to analyze and interpret the results of the total costs required
in shipping LNG through five different routes. Using a mathematical model, which calculates
the total cost per day at sea for LNG vessels, we drew conclusions on which size of LNG ship
is most suitable for each route in creating economies of scale. In earlier years, the optimal
ship was not determined accurately, leading to unprofitable choices and diseconomies of
scale. However, due to the globalization of today’s’ markets, shipping companies try to gain
competitive advantage by selecting the most suitable vessel in order to create economies of
scale. The selection of the optimal ship is determined by the ship’s size, trip duration, capital
costs, sailing speed and the demand of LNG at the import country. The empirical results
show that the optimal ship for each route is the Q-Max but as the speed decreases, the choices

change.

By examining the first route, Indonesia-Taiwan, we found that the optimal ship has a
capacity of 155.000 m’, sailing with a speed of 16 knots. Moving on to the next route Qatar-
Belgium, which is the second longest trip among the analyzed routes, the most suitable ship
has a capacity of 216.000 m’ sailing with either 16 or 17 knots. The third route, Qatar-US is
the longest trip as it requires between 22 and 24 days for its completion. It is obvious that for
this route the preferred ship is the Q-Max sailing with a speed of 19 knots and creating the
biggest economies of scale as the variation in costs for this ship is greater in contrast to the
other ships sailing with the same speed. The speed is subject to fluctuations based on the
weather conditions and on the ship owner’s decision. The next route, Algeria-France, is the
shortest trip and thus the optimal size ship is the smallest one with a capacity of 75.000 m’
and speed of 16 knots. Although this ship bears the biggest costs, it can be used in spot
markets in order to benefit from the increasing rates from this type of emerging market. The
final route, Nigeria-Spain, we chose the ships with capacity of 130.000 m’> and 145.000 m”,
both sailing with a speed of 16 knots. The Q-Type vessels were not chosen for this trip, even
though they had smaller capital costs than the selected ones. My recommendation to the
interested parties is to use this type of mathematical model in order to choose the most cost-
effective vessel for their voyages. Finally, in order for a more in depth analysis of this study,

a selection of further research points is provided.
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ABBREVIATIONS

LNG = Liquefied natural gas
HSFO = High sulfur fuel oil
HFO = Heavy fuel oil

mtpa = Million tons per annum
btu = British thermal unit

TCE = Time charter equivalent
BOG = Boil- of gas

DFDE = Dual fuel diesel electric
MT = Million tones

HEEL = It is the minimum quantity of liquefied natural gas remained in an LNG vessel after

unloading at the LNG facility.
Mts = Metric tones

m? = cubic meters

T/m = Tons per miles

nm = nautical mile

dwt = deadweight tonnage



INTRODUCTION

Over the last few years, natural gas has been one of the major sources of fuel, with benefits
due to the increased demand. It is a reliable and efficient source of energy that is clean and
has lower emission than other fuels when it burns. LNG carriers are used to transport
liquefied natural gas around the globe. They have been in widespread commercial service
since the late 1970s, but only in the 21st century have they become an integral part of the
global energy market - more than 80% of the LNG carriers currently in use were built after
2000 despite extremely low scrappage rates. Today, significant natural gas discoveries at a
distance from demand markets, combined with strong natural gas needs in East Asia, are
driving investment in the LNG carriers needed to join supply and demand. Typically,
investment in LNG carriers is determined by the rate at which LNG liquefaction terminals are
developed. However, due to a range of factors, it expected that there will be a very strong
growth in capital expenditure on LNG carriers over the next 10 years. Moreover, liquefaction
terminals will also see strong investment over the next 10 years and will drive heavy capital
expenditure on LNG carriers between 2013 - 2023. Although the global economic crisis hit
the LNG industry, the shipping sector managed to recover quickly. The dramatic increase of
competition has lead the ship-owners to create economies of scale by finding the optimal ship
in order to minimize the costs and maximize their profits. The optimal ship for a route is
defined as the ship that carries cargo of a given composition at the lowest cost per cargo ton

at sea and in port.

The main objective of the research is to find the optimal ship for different routes that provides
the benefits to create economies of scale. The rest of the paper is structured as follows: The
first chapter gives general information with regards to the definition of LNG and some
historical facts. The second chapter analyses the LNG market; types of carriers, main engine
types, capacity of LNG through the years and the spot rates. Chapter three explains the
different stages of the LNG value chain, shows the LNG trade volume, the exports and
imports of LNG. Chapter four analyzes the LNG ship costs by presenting an example of a
two-case scenario. The fifth chapter gives a brief explanation of economies of scale and
optimal size ship. Chapter six examines in depth the theory regarding economies of scale.
Chapter seven is concerned with analyzing the data through five different routes. Chapter

eight sets out the theory of the empirical results, which is followed by analyzing each route

X1



and choosing the optimal ship size for each one. The last chapter provides a general
conclusion, sets out the limitations of this paper and probable recommendations for further

research.
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CHAPTER 1: BACKGROUND INFORMATION

1.1 What Is LNG?

Liquefied natural gas (LNG) is natural gas that has been cooled to the point that it
condenses to a liquid, which occurs at a temperature of approximately -256 °F (-
161°C) and at atmospheric pressure. Liquefaction reduces the volume by
approximately 600 times, thus making it more economical to transport between
continents in specially designed ocean vessels. On the other hand, traditional pipeline
transportation systems would be less economically viable and could be technically or
politically infeasible. Thus, LNG technology makes natural gas available throughout
the world (Michelle Michot Foss, 2012).

1.2 LNG History

In 1959 the Methane Pioneer, a converted dry cargo ship, was the first ship that
carried about 5,000 m’ of LNG. This ship was too small and too slow to be
economically feasible. Five years later, in 1964, the first large-scale liquefaction
plant was constructed at Arzew in Algeria with a capacity of 1.1 mtpa. In the period
1973-1983, a period of crisis existed and this created general uncertainty in future gas
export prices. By 1983 a lot of ships were laid up, especially a third of the LNG
tanker fleet. However, in the 1990’s investor’s confidence recovered and “the
business got a new lease of life” (Martin Stopford 3™ edition 2009). In 2000 there was
an exponential growth in the LNG fleet with increasingly larger ship sizes. The
number of liquefaction and re-gasification plants increased dramatically. In 2007-
2011 ambitious projects for new LNG production surfaced from Qatar, Russia and
other countries, with large orders investigated for new capacity vessels. From the
period 2008-2009 many ships were laid-up, and LNG production projects were not

ready in time, which resulted in massive short term overcapacity of tonnage. In 2010
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until 2012, most of the delayed projects were now under construction. Employment
for LNG tankers increased while charter rates were surging. An enthusiasm from the

shipping world was created and this set in motion the requirement for new ship

building.
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CHAPTER 2: LNG MARKET

2.1 Types of LNG Carriers

Liquefied natural gas (LNG) is carried at its boiling point, being —162°C. LNG
containment systems have developed considerably. Throughout the history of LNG
transportation there are many new ideas and projects for the transport style as well as
the design for this type of ships. However in the last 50 years, two main types of LNG
carriers have been defined. These two major types are the Membrane design and the

Moss sphere design ships which are shown in the figures below.

Figure 1: Membrane Type

Source: http://www.slideshare.net/capmanconsult/Ing-report-table-of-contents

Figure 1 shows the membrane tank concept. The cargo tanks are integrated into the
double hull of the ship, conforming to its contours. They were developed during the
1960’s and they use a thin flexible metal "membrane" which is in contact with the
cargo. The system has the characteristics of a sandwich, where the cargo presses on
the membrane. Also, insulation material presses on the membrane and at the end,

everything leans on the ship’s inner hull.
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As per figure 2, the first LNG carrier with spherical tanks was the "Norman Lady"
(87.600 m?), which was built in Norway in 1973. These carriers had storage tanks that
were made of 9% nickel-steel. These were quickly replaced by aluminum tanks,
which were proved to be more resistant to mechanical stress and rupture, and it was
easier to correctly form them into a sphere. These storage tanks have an insulation
which makes possible only around 0,10 % of boil-off. The tanks are mostly insulated
with several different layers, some of which are; glass wool, aluminum “foil” (vapor
permeable) and various expansion foams. The "storage" in which the tank is located is

considered to be a secondary barrier and this area is usually inert or under dry air.

Until 2000, 54% of all LNG carriers were spherical, primarily because Japanese
shipyards had a license for the construction of only this type of ships, and since at the
same time, the Japanese are the largest LNG importers, this was one way to enter the
very strong market. Today up to 80% of trading ships are Membrane type. The
Membrane containment system is today considered more favorable due to more
capacity compared with spherical ships of similar size, Suez Canal toll advantages,

faster cool-down of tanks and lower construction costs.

Figure 2: Moss Type

Source: http://www.meisei-kogyo.co.jp/en/dannetsu/Ing_lpg/
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2.2 Main Engine Types

Dual Fuel Diesel Electric & Steam Turbine

In this research we will endeavor to analyze the (DFDE) propulsion system in order to
use it as a primary assumption and reach some conclusions. Traditional LNG ships
were using the boil of gas as a fuel source for the boilers along with heavy fuel as
required. However in recent years, medium speed diesel engine technology has been
developed so that these units can now run on dual fuels, gas or liquid. The Dual Fuel
Diesel Electric system improves fuel efficiency, increases the carrying capacity of

cargo and reacts quickly (Gilmore et al., 2005).

2.3 LNG Capacity through time

As illustrated in figure 3, in 1965 the capacity of the LNG ships was only 25.000 m”.
Between 1970 and 1975, the capacity reached the level of about 100000 m’.
Moreover, the standard sized LNG ships have grown from 125.000 m’ to 155.000 m’
over the past 40 years. From 2010 until today, new sized LNG ships are now under
construction and will be entering service for long haul projects. These new super sized
ships have a capacity of 210.000 m® to 260.000 m® and Qatar-Gas has pioneered the
development of these two new classes of liquefied natural gas. These new vessels
have many innovative features to maximize cargo deliveries and to ensure the highest
levels of safety and reliability, some of which include: Twin engines and shafts; to
ensure maximum propulsion safety and reliability with reduced environmental
footprint and twin rudders; to ensure safety of navigation and maneuverability in

confined waters.

Furthermore, these ships are more efficient than traditional ones as they produce 30%
lower overall emissions. Cargo re-liquefaction plants will return cargo boil off to the
cargo tanks and therefore maximize the cargo delivery at the discharge port. These

vessels are currently being constructed at three shipyards in South Korea: Hyundai
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Heavy Industries (HHI) at Ulsan, Samsung Heavy Industries (SHI) on Geoje Island
and Daewoo Shipbuilding & Marine Engineering (DSME), also on Geoje Island.

Figure 3: Capacity of LNG

275,000 - , \
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266,000m3 now under construction and entering service
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Source:http://higherlogicdownload.s3.amazonaws.com/SNAME/1dcdb863-8881-4263-af8d-
530101164412/UploadedFiles/c3352777fcaadc4daa8f125c0a7c03e9.pdf

2.4 LNG Spot Rates

As we can see from figure 4 below, the LNG spot rates were decreasing dramatically
between January 2012 and April 2012. At that point, the LNG spot rates reached the
bottom price of about $105 per day. After a few years of rapid growth, the LNG
supply fell in 2012 due to Asia’s warm weather which led to reduced demand in this
region. This issue created significant delays in project start-ups as well as to problems
in existing plans. The current spot rate is nearly $115 per day (Pareto Securities

Equity Research, 2013).
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Figure 4: Gas price spread vs LNG spot rate
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CHAPTER 3: LNG VALUE CHAIN, TRADE, EXPORTS AND

IMPORTS

3.1 LNG Process

Figure 5 shows the major stages of the LNG value chain, excluding pipeline

operations between the stages, consist of the following:

1) Exploration to find natural gas in the earth’s crust and production of the gas for
delivery to gas users. Most of the time natural gas is discovered during the search for

oil.

2) The liquefaction process can be designed to purify the LNG to almost 100 percent
methane. The liquefaction process entails cooling the clean feed gas by using
refrigerants. The liquefaction plant may consist of several parallel units (“trains”).
The natural gas is liquefied for shipping at a temperature of approximately -256°F.
By liquefying the gas, its volume is reduced by a factor of 600, which means that
LNG at -256°F uses 1/600th of the space required for a comparable amount of gas at
room temperature and atmospheric pressure. LNG is a cryogenic liquid. The term
“cryogenic” means low temperature, generally below -100°F. LNG is clear liquid,

with a density of about 45 percent the density of water.

3) Shipping LNG tankers are double-hulled ships specially designed and insulated to
prevent leakage or rupture in an accident. The LNG is stored in a special containment
system within the inner hull, where it is kept at atmospheric pressure and -256°F. The

main focus of this research is going to be based on this part of the LNG value chain.

4) Storage and Re-gasification: To return LNG to a gaseous state, it is fed into a re-
gasification plant. On arrival, at the receiving terminal in its liquid state, LNG is
pumped first to a double-walled storage tank, similar to those used in the liquefaction
plant, at atmospheric pressure. It is then pumped at high pressure through various
terminal components where it is warmed in a controlled environment. The LNG is
warmed by passing it through pipes heated by direct-fired heaters, or seawater, or

through pipes that are in heated Liquefaction that also provides the opportunity to

20



store natural gas for use during high demand periods in areas where geologic

conditions are not suitable for developing underground storage facilities.

Figure 5: LNG value chain

EXPLORATION &
PRODUCTION

REGASIFICATION

LIQUEFACTION SHIPPING & STORAGE

Source: http://ebookbrowse.com/introduction-to-Ing-update-2012-pdf-d360653959

3.2 LNG trade

Figure 6, illustrates the volume of LNG trade in million tons for 21 years starting
from 1980 to 2011. Generally there was an upward trend in this graph. The volumes
of LNG trade reaching a peak of 241 mts in 2011. Also the volume grew from 159.1
mts to 241mt from 2006 to 2011. This growth came from the countries that had
historically been LNG exporters, but generally came from the Qatar supply. On the
other hand, the demand growth came from existing LNG importers. This growth
occurred from the increase of volume in Japan and the utmost higher imports to
China, India and the United Kingdom. Also, the dramatic increase in demand pushed
the volume of LNG trade to high levels arising from the natural catastrophes and the
disaster at the Fukushima nuclear power plant that hit Japan in March 2011.
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Figure 6: LNG trade volumes
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3.3 LNG Exports

As we can see from the below figures, 19 countries were the main exporters in the
world by the end of 2011. Qatar was the largest exporter in the world, as it has 31%
of the global supply in 2011, and continue to be today in 2013. Qatar had a growth of
about 200% from 2006 to 2011. The other countries have a smaller rate of increase
than Qatar, starting from 0,03% to 10%. Moreover, Australia has planned to build
liquefaction capacity in order to affect Qatar’s capacity. In addition five countries
namely Belgium, Brazil, Mexico, Spain and the United States were re-exporting
LNG, which previously imported from another sources (International Gas Union,

2011).
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3.4 LNG Imports

The below figures relate to the LNG imports by country in million tons from 2006 to
2011. The pie chart also illustrates the percentage of imports in LNG that each
country has. The biggest LNG importer in the world was Japan since 2011. Also,
today in 2013, Japan remains the largest importer in the world. In 2011 as we can see
and from the figures above, Japan holds a substantial rate of 33%, which is about 62
MT. Korea was the second importer in the world, with a rate of 15% in 2011. Also,
from 2006 to 2011 it had an increase of 25 percent, while Japan had an increase of
50%. Additionally in Europe, Spanish demand fell due to the country’s increased
reliance on renewable energy and domestically produced coal. In France, the marginal
3% decline reflects rather flat LNG imports over the period. In the United States,
rising unconventional gas supply kept gas prices low and made LNG unattractive

(International Gas Union, 2011).
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*’Small Importers” includes imports to the United Arab Emirates (Dubai), Greece, the
Dominican Republic, Thailand, Brazil, the Netherlands and Puerto Rico. Each of these

countries imported less than 1% of global LNG volumes in 2011.
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CHAPTER 4: ANALYSIS OF LNG SHIP COSTS

4.1 Example

The scenarios below show how total costs decline as the ship’s speed decreases when

she uses only HFO and Gas Mode.

LNG Capacity (cubic meters) consumption

177.000 m’ (we have new buildings at STX) STX MAN (This is diesel electric)

(Speed 19,5 knots ) — 125 mts of HFO / 1,46 mts DO

145.000 m® (to be main ) / ME: steam turbine

(Speed 19 knots) -165 mts HFO

75.000 m® (to be main ) /

ME: steam turbine (17 knots) - 125 mts of HFO

In LNG vessels, fuel consumption compared with the HEEL/LNG consumption, has a
very important role in operating the vessel. We prepared a voyage calculation below
only on bunkers consumption and TCE, in order to prove the different bunkers
consumption for a voyage from Rosario (last discharge port) - Lisbon (next loading

port) / Distance: 5.321 nm.

All the below scenarios are based on a ship capacity of 145.000 m>.

4.1.1 Scenario A: HSFO consumption only

A.1) The ship’s speed is 17 knots and the duration of this voyage is 13,042 days.
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As derived from the following calculations the total cost is $1.426.794.8.

Theoretical consumption HFO: 13,042 x 115 mts = 1.499,83 mts
Cost HFO : 1499,83 mts x $660 = $989.887,80
Cost (time on passage) : 13,042 days x TCE $33.500 per day = $436.907

Total cost : $989.887,80 + $436.907 = $1.426.794,8

A.2) When the speed is reduced to 13,5 knots, the steaming time is extended to
16,423 days. Due to the fact that for the first 12 hours (half day), the vessel uses only
gas, HFO will be only used for the remaining 15,923 days. (16,423 days — 0,5 days).
From the following calculations the total costs is reduced to $1.285.813,1 as the speed
reduction creates economies of scale. Thus the savings from this speed decrease is
$14.981,7.

Expected consumption HFO : 15,923 x 70 mts = 1.114,61 mts

Cost HFO =1.114,610 mts x $660 = $735.642,60
Cost (time on passage ) : 16,423 days x TCE $33.500 = $550.170,5
Total cost : $735.642,60 + $550.170,5= $1.285.813,1

Savings: if the vessel proceeds with eco speed 13,5 knots :

$1.426.794,8 - $ 1.285.813,1 = § 140,981,7

4.1.2 Scenario B: HSFO + HEEL consumption

B.1) In this scenario when the ship sails with the speed of 17 knots, the steaming time

required is 13,042 days (Dual fuel: 6,042 days + HFO fuel only: 7 days).

B.1.1) As the ship uses both HFO and HEEL, we calculate the cost for each fuel
separately. Regarding the calculations below, the cost of HFO is $109.662,30 and the
cost of HEEL is $111.021,75.
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Dual fuel : 6,042 days

Expected consumption HFO : 6,042 x 27,5 mts = 166,155 mts.
Cost HFO = 166,155 mts x $660 = $109.662,30

Expected consumption HEEL : 6,042 x 175 m® = 1057,35 m’
Cost HEEL = 1057,35 m’x $105 = $111.021,75

B.1.2) When the ship burns only HFO, the cost is $531.300,00.

HFO fuel only: 7 days
Theoretical consumption HFO: 7 x 115 mts = 805,00 mts
Cost HFO = 805,00 mts x $660 = $531.300,00

By combining the costs found in B.1.1 and B.1.2 above the total voyage cost is

$1.188.891,05.

Cost bunker (HEEL + HFO) : $109.662,30 + $111.021,75 + $531.300,00 =
$751.984,05

Cost (time on passage) : 13,042 days x TCE $33.500 per day = $436.907
Total cost: $751.984,05 + $436.907= $1.188.891,05

B.2) The speed here is reduced to 13,5 knots leading to an increase in the steaming

time to 16,423 days. (Gas mode: 9,423 days + HFO fuel only: 7 days)
B.2.1) As the ship burns only gas the fuel cost is $173.147,625

Gas mode: 9,423 days

Expected consumption HEEL: 9,423 x 175 m’ = 1.649,025 m’.

Cost HEEL = 1.649,025 m® x $105 = $173.147,625

B.2.2) The HFO cost is $323.400,00 as calculated from the below equations.

HFO fuel only: 7 days Expected consumption HFO: 7 x 70 mts = 490,00 mts
Cost HFO =490,00 mts x $660 = $323.400,00
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By adding the cost found in B.2.1 and B.2.2 above, the total cost is $1.046.718,125.

Economies of scale are also created giving a saving in costs of $142.172,925.

Cost bunker ( HEEL + HFO ) : $§173.147,625 + $323.400,00 = $496.547,625
Cost (time on passage ) : 16,423 days x TCE $33.500 per day = $550.170,5
Total cost : $496.547,625 + $550.170,5 = $1.046.718,125

Saving of Bunkers: if the vessel proceeds with eco speed 13,5 knots
:$1.188.891,05 - $1.046.718,125 = §142.172,925

Conclusion:

Upon completion of discharging operations in Rosario, vessel to be ordered to
proceed to Setubal with eco speed 13,5 knots in dual fuel mode (heel required
1649,025m”).

Expected fuel economy: $1.426.794,8 ( speed 17/only HFO ) - $1.046.718,125
(speed13,5/Gas-mode)=$380.076,8

Thus the Time charterers to be requested to provide heel on this passage upon

completion discharge operation in Rosario. Quantity of required heel is 1.649,025 m’.
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CHAPTER 5: LITERATURE REVIEW IN ECONOMIES OF

SCALE AND OPTIMAL SHIP SIZE

Lee and Steedman (1970) analyze the economies of scale in the bus transportation
sector. The data used in this research were taken from the Annual Summary of
Accounts and Statistical Information 1967. After analyzing these, they created some
ratios which they used as dependent and independent input variables. Using

logarithmic equations between these variables, they found the optimal bus operation.

Kirby (1986) presents a conceptual framework in order to analyze the airline’s scale
of operations. An econometric model is estimated based on the economic theory. In
this paper, the author finds that the estimates create substantial economies of scale in

load factors, aircrafts size and stage length.

Cullinane and Khanna (2000) quantify the economies of scale in operating large
container ships. They find that cause and effect has a very strong mathematical
relationship and so it was included in their model. They said that “In shipping, the
time taken on a voyage and the distance travelled on that voyage are two caused
factors which have the strongest effect on cost”. In addition, they made some
assumptions and create a function like related price to capital cost, initial capital cost
plus crew cost, fuel consumptions related to engines etc., in order to find the total
shipping cost per TEU. The authors recognized that for the Europe — Far East and
trans-Pacific liner routes, the optimal ship size is beyond 8000 TEU and for the
shorter Transpacific routes the optimal size ship is between 5000 and 6000 TEU.

Daniel et al., (2003) examine economies of scale and density in urban rail transport.
They have used 17 rail systems in cities worldwide. So, they outline a mathematical
and economical model in order to find economies of scale. Moreover, they find that

costs are correlated by large fixed components. Finally they have created a
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methodology that makes inter-firm comparisons on a more even basis by choosing the

sources that give an increase in variation of productivity.

Kassembe and Gang (2013) investigate the economical limit for the ships increase in
size. The theory of economies of scale can be used to find the optimal size in bulk
carrier. The authors use a mathematical modeling based on vessel costs and ship size.
The main keywords that are used in this paper are optimal size ship, voyage length,
ship unit cost and maximum optimal ship size. The authors recognize that the optimal
ship size is the ship with a capacity of 340,000 dwt and if the owners use optimal
ships with size above the maximum size, they cannot create positive cash flows in

their business.

By appreciating all the research discussed above, and based on these, we are going to
create a mathematical model in order to achieve economies of scale for the data of

this research.
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CHAPTER 6: ECONOMIES OF SCALE

6.1 The theory of Economies of scale

Economies of scale apply in cases where as output increases, long-run average costs
tend to fall. The two main forces driving this assumption in the production process of
a firm are specialization and division of labor and secondly, technological factors.
Generally, larger firms have more opportunities for specialization and labor division.
The advantages of economies of scale are not very feasible in the short run. However,
in the long run, the firm will be able to experience large gains by fully optimizing
both the workers and the equipment at the same time. One technological element that
affects economies of scale is the fact that by expanding the operations, new ways of
cost reduction are introduced, for example automation devices. Another technological
factor is that the proportionate cost of installing a large machine is less than the cost

of a smaller machine.

The idea of economies of scale has given the impression that a firm is going to
experience economies of scale at some point, without even being controlled by the
firm. Still, managers are in a position to affect the output, since they choose the size
of the firm and thus the extent of its operations. “The manager’s choice of firm size is
often subject to a great deal of uncertainty. Firm management sometimes makes

decisions that turn out to be incorrect” (Maurice and Thomas, 1995).

“Economies of scale give countries an incentive to specialize and trade even in the
absence of differences between countries in their resources or technology”. Where
there are economies of scale, by doubling the inputs to an industry, the industry’s
production is more than doubled. In order to analyze economies of scale based on the
market structure, we have to decide how to increase the production in order to reduce
the average costs. Two types of economies of scale are recognized by the author;
external economies of scale and internal economies of scale. External economies of
scale arise where there is a direct dependency between the cost per unit and the size of
the industry. In this type, dependence on the size the firm is not necessary. Internal

economies of scale arise when the cost per unit is dependent on the size of the firm
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but not necessarily the size of the industry. Large firms can’t take advantage of
external economies of scale, since a market structure with external economies of scale
includes only small and perfectly competitive firms. On the other hand, a market
structure consisting of large and imperfectly competitive firms, can take advantage of
internal economies of scale. In any case, both types are important in international

trade (Krugman and Obstfeld, 2006).

The above theories are used in this research in order to help us understand the

economies of scale created in shipping, especially in the LNG sector.
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CHAPTER 7: METHODOLOGY - DATA ANALYSIS

All the ship-owners want to minimize the cost for each additional cargo. In this paper
we are going to find the optimal ship for different routes in order to create economies
of scale. First we find the shipping costs for specific ships and then we reduce the
speed in order to find the change in shipping costs per day. So relying on the literature
reviews, a mathematical model is created. The formula that we use to make our
calculations is shown below (Janson and Shneerson, 1982). In order to be more
accurate, the mathematical equation below is converted so as to fit to the research’s

input data.

Cost per m’® per day = (iﬁ(s)/Hi(s)J/(D)

Total cost at sea, TC =Zn: fi(s) including variable cost and operating cost

Variable costs = HFO+ LNG (boil-off rate) + Suez Canal costs (depend from the

currency)
Operating costs = (Manning, Insurance, Repairs and Maintenances)
Hi= remaining hauling capacity for each ship

D= distance (miles/speed*24)

By this formulation we make the following assumptions, which are based on data

received from shipping companies:

e Each ship uses 10% LNG and 90% HFO

e All ships are sailing with 19 knots, except for the smallest ship that sails with
17 knots

e Each ship can load 95% of her capacity
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The daily cost at sea can be transformed to a cost per m® as follows. We multiply the
percent of boil of rate by the capacity and then multiplied again by 10%. As a result
the capacity of the vessel will be reduced at the end of the route. The difference
between the initial capacity and the final one is multiplied by the price of LNG. So we
find the cost per dollar using the boil-off rate. In addition we multiply the mts of
HFO per day that the ship burnt (consumption) by the price of HFO and then
multiplied again by 90%. So we find the total cost per dollar using the fuel oil that the
ship burnt. Also we add up all the above calculations with operating costs and then
divide by the hauling capacity that the ship has at the end of the route (m®). This
gives us the total cost per cm at sea. Then we divide the total cost per cm at sea by the

distance and this calculation gives us the total cost per day at sea.

In this research we analyze the following routes and variables:

Routes Bunker price
e Indonesia — Taiwan ( Bontag — Yang An) $633
e Qatar — Belgium (Rar Laffan- Zeebrugge) $637
e Qatar — US ( Ras Laffan — Lake Sharles) $637
e Nigeria — Spain (Bonny-Cartagena) $716
e Algeria- France ( Arzew — Fos) $661
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Table 1: Formula's constant inputs

Capacity Consumption Initial speed  Boil-offrate  Operating Lng price

(m) (tons) (knots) (%) costs ($) ($)
266.000 145 19 0,14 20.000 105
216.000 137 19 0,13 18.500

155.000 140 19 0,15 16.000

145.000 165 19 0,15 16.000

130.000 168 19 0,15 16.000

75.000 125 17 0,15 15.000

7.1 Fuel Consumption

Figure 9: Fuel cost

Since the bunkers costs cover 80% of the ship’s total
costs, by consequently reducing fuel costs, this might
have a major impact on the competitiveness between the
ships’ owners. For this reason, in our analysis we are
going to reduce the speed gradually for each ship in order

to achieve lower costs.

Source: http://www.Ilngmarineevent.com/pdf/LNGInfographic.pdf
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From the details in figure 10 and after examining the consumption of the ships’

engines, we reached the following conclusion:

Figure 10: Fuel consumption as the speed decreases
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Source: http://www.sciencedirect.com/science/article/pii/S0968090X 10000744

If the speed is reduced from:

e 19-18 (knots) the ship’s consumption is reduced by approximately 22 tons

The outcome of 22 tons (132-110) derived from the follow calculations:
21,85 miles/hours * 0,25 tones/miles * 24 hours =132 tons

(21,85 :1,15*19)

20,7 miles/hours *0,22 tones/miles *24 hours = 110 tons

(20,7 : 1,15*18)
e 18-17 (knots) the ship’s consumption is reduced by approximately 16 tons
e 17-16 (knots) the ship’s consumption is reduced by approximately 14 tons
e 16-15 (knots) the ship’s consumption is reduced by approximately 9 tons
e 15-14 (knots) the ship’s consumption is reduced by approximately 5 tons
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7.2 Empirical results-Economies of Scale

7.2.1 Routes

7.2.1.1 Indonesia-Taiwan ( Bontag —Yang An)

Figure 11: Possible routes of Indonesia’s LNG exports

Source: World LNG distances map

Figure 11 shows all the possible routes of Indonesia’s LNG exports. This route is
1.448 miles.

As shown in figure 12, the total costs per day decline as the ship capacity increases
and speed decreases. Generally, the Q-Max (266.000 m®) has the smallest cost per day
for every combination whereas the smallest ship (75.000 m’) has the highest costs.
When the Q-Max ship (266.000 m®) sails with initial speed (19 knots) the total cost
per day is $0,421. This cost decreases to $0,371, $0,335, $0,304 if the speed is
reduced by 1, 2, 3 knots respectively. Also, the cost per day for the ship that has a

37



capacity of 75.000 m® is $1,226 $1,114, $1,043 and $1,003 respective the speed

decrease.

Figure 12: Indonesia-Taiwan Shipping costs per day
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7.2.1.1.1 Illustrative example

The illustrative example below explains how we reached the total cost per day of
$0,42 per m’. The ship used is Q-Max with capacity of 266.000 m’. Each ship can
only load 95% of her total capacity so the total capacity for this ship is 252.700 m’.

Remaining Capacity- (Remaining Capacity*0,14%*10%) = 252.664,6 for the first day
The same applies for the rest days (example Table 2)

Then the total amount of BOG used (141,482 m3) is multiplied by the LNG price of
105 dollars giving the total cost of $14855,64

The consumption of HFO per day for this vessel is 145 mts assuming that the ship
speed is 19 knots.

Total consumption 522mts * $633= $330.426
The total operating costs are $80.000
Total cost on passage ($14.855,64 + $330.426 + $80.000)/ 252.558,5 = $1,683 per m’.

Then $1,683/4 days (1.448/ (24*19)) = $0,421 per day per m’
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Table 2: Example data

Qmax (266.000)

1 2 3 4 Capacity — (*)

252.700 252700  252.700  252.700

252.664,6 252.629,2 252.593,9 252.558,5 141,482

14.855,64

145 145 145 145 522

330.426

20.000 20.000 20.000 20.000 80.000

1,683

0,421
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7.2.1.2 Qatar-Belgium (Ras Laffan-Zeebrugge)

Figure 13 : Possible routes of Qatar LNG exports
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Source: World LNG distances map

The above map shows all the possible routes of Qatar’s LNG exports. The length of
this trip is 6.350 miles.

In this route, the ships have to pass from the Suez Canal in order to arrive to Belgium
(Zeebrugge). So we calculate the Suez Canal cost in dollar (table 3) in order to find
the total shipping cost per cm per day. Because the ships pass from the Suez Canal we
add another one day. The ships burn 0,6 mts of HFO as they pass from the canal. The
price of HFO that we use is $637 per mt from the Fujairah port and the price of LNG

in the market is about $105 per m’.
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Table 3: Canal costs

266.000 255.000
216.000 191.000
155.000 160.000
145.000 151.000
130.000 140.000

75.000 140.000

Figure 14 below, illustrates the shipping costs per m® per day from Qatar to Belgium.
The axes x shows the capacity of different ships and the axes y represents the total
cost per day for each ship. For this route the maximum cost per day is $1,296 per day
per m’, while the minimum cost is $0,47 per day per m’ if the ships sail with initial

speed of 19 and 17 knots respectively.

Figure 14: Qatar-Belgium Shipping costs per day
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7.2.1.3 Qatar — US (Ras Laffan- Lake Charles)

Figure 15 : Possible routes of Qatar LNG exports
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In this route the ships have to pass from the Suez Canal in order to arrive to US (Lake
Charles). So we calculate the Suez Canal cost in dollar in order to find the total

shipping cost per m® per day. The length of this route is 9.770 miles.

As per figure 16 the Q-Max (266.000 m’) has the smallest cost per day for every
combination, whereas the smallest ship (75.000 m®) has the highest costs. When the
Q-Max ship sails with initial speed (19 knots) the total cost per day is $0,421. This
cost decreases to $0.371, $0.335, $0.304 if the speed is reduced by 1, 2, 3 knots
respectively. Also, the cost per day for the ship that has a capacity of 75.000 m” is
$1,241 $1,129, $1,057 and $1,017 respective the speed decrease.
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Figure 16: Qatar- US Shipping costs per day
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7.2.1.4 Algeria- France (Arzew - Fos)

Figure 17: Possible routes of Algeria’s exports
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From figure 17, we can see that Algeria exports to Italy, France, Turkey, UK and
Spain. For this research we analyze the distance between Algeria and France. The
length of this route is 523 miles. So the duration of this trip is only 2 days for the
initial speed of 19 knots and 17 knots.

As we can see in figure 18, the ship with capacity 75.000 m® and initial speed 17
knots has a cost of $ 1,270 per m’ per day but if we decrease the speed to 14 knots,
the cost decline to $ 1,036 per m® per day. Regarding the Q-Max ship with the initial
speed 19 knots, cost per day equal $0,435 per m*. When the speed is reduced to 18, 17
and 16 knots the costs per day are $0,384 per m’, $0,338 per m® and $0,305 per m’
respectively. As illustrated in the graph, the ship with capacity 155.000 m’ has the
biggest variations in cost per day, respective of the speed decrease as opposed to the

others ships.
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Figure 18: Algeria- France Shipping costs per day
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7.2.1.5 Nigeria- Spain ( Bonny- Cartagena)

Figure 19: Possible routes of Nigeria’s LNG exports
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The duration of this distance is 3.590 miles. All the ships with a speed of 19 knots
need 8 days for this route, whereas the smallest ship with speed of 17 knots needs 9
days.

The graph below represents the costs per day regarding the ships and speed that we
carlier assumed. The costs per day for the smallest ship (75.000 m®) with 15 knots
speed is $1,150 per m?, while the ship with capacity of 155.000 m® with its speed
reduced by 2 knots as well, has a cost per day of $0,572 per m®. So economies of

scale are also applied in this route.
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Figure 20: Nigeria- Spain Shipping costs per day
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CHAPTER 8: FINDING THE OPTIMAL SHIP FOR EACH ROUTE

8.1 The theory of the optimal size ship

It is very important for ship-owners to determine the most suitable ship that creates
higher economies of scale for different routes. During the last 20 years there was an
increase in the sizes of ships. In addition the primary determinants that affect the size

ship are volume of trade, length of route and value of product (Kendall, 1972).

The authors Eaton et al. (2004) analyze how to find the optimal train size by lowering
the unit costs through large and efficient liquefaction trains. They concluded that
LNG trains as large as 8 mtpa are feasible and could be cost-effective. However, these
trains might not be useful for everyone. The “mega” train can be used for larger
distances and unlimited gas supply. The design of large ships will keep accelerating

because of their safety, reliability and high operating factors.

8.2 Empirical results and Analysis (Optimal size ship)

8.2.1 Finding the optimal ship

Based on the theories above and in the literature review, we reached the optimal size
ship for each route. Generally, as derived from the graphs analyzed above, the ship
that has the lowest shipping costs per day for all the routes is the Q-Max because she
has the biggest capacity, thus creating economies of scale. However, for each route
we need to take into account different factors in order to reach a conclusion regarding

the optimal ship.
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8.2.1.1 Indonesia- Taiwan

This journey takes only four days when the ship sails with initial speed. While the
speed decreases, the number of days required decreases as well, (Miles/ Speed). For
example, if the speed decreases to 16 knots the ship with the smallest capacity needs
five days in order to reach their destination in contrast to the others vessels that need
four days. Since the distance is short, we didn’t choose a Q-Max or Q-Flex ship and
so we prefer a standard ship with capacity of 155.000 m® .This ship has grater costs
than the Q-Vessels. Although this ship is the optimal for this route, because of the fact
that the capital costs for Q-Vessels are higher than the 135.000 m’ ship, for a ship-
owner this ship will be the best choice in this route. Also if the selected ship sails
with 16 knots, it has a lower cost per day than the Q-Flex sailing with 19 knots.
Moreover, the ship with capacity 155.000 m® and sailing speed 16 knots has a slight
difference in cost compared to the Q-Max vessel that sails with a speed of 19 knots.
This difference is too small to decide to select the Q-Max vessel in this journey. As a
result, the vessel with capacity of 155.000 m’ sailing with speed of 16 knots is the

most appropriate for this route.

Table 4: Costs per day Indonesia-Taiwan

0 1,226 0,921 0,728 0,666 0,484 0,421
-1 1,114 0,819 0,637 0,581 0,423 0,371
-2 1,043 0,745 0,570 0,519 0,379 0,335
-3 1,003 0,681 0,512 0,465 0,340 0,304

*( is the initial speed

49



8.2.1.2 Qatar-Belgium

This is the second biggest journey among the five routes analyzed above. The
duration is 14 days for all the ships, except the smallest that needs 16 days when the
ship sails with its initial speed. If the speed is reduced by one knot, then the duration
is 15 knots for all the vessels, unlike for the smallest ship that needs 17 days. From
the following calculations, we find that the optimal ship is the Q-Flex after taking into
consideration all the necessary factors as the distance and Zeebrugge’s port authority.
This port accepts all types of LNG ships from the smallest ships to the enormous Q-
Max and Q-Flex types of vessels. Furthermore, from table 5 we observe that if the Q-
Flex sails with 19,18 or 17 knots, it has a smaller cost per day per m’, than the Q-Max
sailing with initial speed (19 knots). Moreover, if the Q-Flex ship sails with 17 knots,
it has the same cost with a Q-Max sailing with 18 knots. So the Q-Flex ship is better
than the Q-Max because with a slight difference in the sailing speed, it has the same
cost but lower capital costs, so the ship-owners prefer them. Adding to this, the
selected ship sailing with 16 knots has a minor difference in cost compared to the Q-
max sailing with the same speed ($0,336 for the Q-Max and $0,368 for the Q-Flex).
This minor difference however, has a significant impact on the capital cost, since for a
Q-Max ship these costs are more than $250 million whereas for the Q-Flex they are
less than $200 million. So, for this route we prefer the ship with capacity 216.000 m®
sailing with the speed of 17 knots or 16 knots.

Table 5: Costs per day Qatar-Belgium

0 1,296 0,954 0,851 0,710 0,526 0,470
-1 1,255 0,857 0,763 0,627 0,466 0,421
-2 1,113 0,785 0,698 0,566 0,421 0,384
-3 1,072 0,658 0,531 0,394 0,297 0,276

*( is the initial speed
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8.2.1.3 Qatar- US

The journey from Qatar (Ras Laffan) to US (Lake Charles) is the longest trip selected
as input for this study. It takes 22 days for all the types of ships except for the smallest
one, which needs 24 days, all sailing with their initial speed. Since this port is capable
of accepting Q-Max trains and as this train has the smallest shipping cost as shown on
the below table, we choose this as the optimal ship. Also the “mega” train can be used
for larger distances and unlimited gas supply (Eaton et al., 2004). As we mentioned
before, Qatar is the largest exporter of LNG, so the ship-owners prefer the “mega”
train because of its duration and the supply prospects with capacity of 266.000 m’. As
we can see from the table below, the Q-Max vessel has the smallest costs than the
other vessels through the reduction in speed. In addition the “mega” ship has a
substantial difference in costs of $0,726 ($1,096 - $0,370) if we compare this with the
smallest ship. It is very important to note that if the “mega” train is sailing with the
speed of 19 knots, she has the biggest variation in cost in contrast to the other ships
sailing with the same speed. As a result, the Q-Max is better when sailing with the
initial speed because of the big difference in costs. The most optimal ship in this
journey is the Q-Max when sailing with the speed of 19 knots. However, the ship
might probably not reach this speed because of the weather conditions and the

decisions of the ship-owner.

Table 6: Costs per day Qatar-US

0 1,279 0,946 0,841 0,697 0,513 0,455
-1 1,167 0,847 0,752 0,614 0,453 0,405
-2 1,096 0,776 0,688 0,554 0,410 0,370
-3 1,053 0,711 0,629 0,498 0,368 0,336

*( is the initial speed
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8.2.1.4 Algeria — France

For this trip, it takes only 2 days for ships to reach their destination. Based on the
below analysis, the ship-owner has three strategies to choose from. The first choice is
to use the smallest ship and benefit from the rising rates in the emerging spot market
(Lloyds list, 2012). The second strategy is to use the ships with the capacity of
130.000 m3, 145.000 m’ and 155.000 m® in a long term contract and benefit from the
constant amount received each day for a long time duration. Based on the third
strategy, the ship-owner has the ability to use the Q-Vessel in a time charter contract
and in a bareboat contract. In addition, in this route the demand is not too high
because France’s demand is only 4 % of the world demand. Furthermore, because the
capital cost for smallest LNG ships are less than $200 million, a ship-owner could
exploit this route and buy for example, 3 of these ships rather than one Q-Max and so
achieve higher economies of scale. In this case, the most suitable type of ship is the
smallest ship with capacity of 75.000 m’. Although this type bears the highest
shipping costs, it can be used in spot markets to benefit from the higher rates with a
sailing speed of 16 knots. Depending on the decision of the ship-owner, selecting Q-

Vessels would not be appropriate since Q-Vessels are designed for longer trips.

Table 7: Costs per day Algeria-France

0 1,270 0,955 0,845 0,690 0,501 0,435
-1 1,146 0,849 0,742 0,601 0,437 0,384
-2 1,078 0,772 0,681 0,474 0,391 0,338
-3 1,036 0,704 0,620 0,418 0,350 0,305

*( is the initial speed

52



8.2.1.5 Nigeria- Spain

This trip is the third longest among the others with duration of eight days or nine days
for the smallest ship sailing with the initial speed. If the speed is reduced by one knot,
then the smallest ship needs 10 days to reach its destination while the other ships need
nine days. As we can see from the table below, the ships with capacity of 130.000 m’
and 145.000 m’ are the most suitable for this trip. The ship with capacity of 145.000
m’ has lower cost when she sails with the speed of 16 or 17 knots than the ship with
capacity of 155.000 m® sailing with the initial speed (0). Also the difference in cost is
too small when we compare the ship with capacity of 130.000 m® with sailing speed
of 16 knots and the ship which has a capacity of 155.000 m’. The Q-Vessels cannot be
used in this route because of the duration and the capital costs which are higher for
these types of ships. Therefore the selected optimal ships that create the higher
economies of scale for this distance are the standard vessels with capacity of 145.000

m’ and 130.000 m® and sailing speed of 16 knots.

Table 8: Costs per day Nigeria-Spain

0 1,359 1,023 0,905 0,738 0,535 0,464
-1 1,232 0,906 0,802 0,642 0,465 0,408
-2 1,150 0,825 0,727 0,572 0,415 0,367
-3 1,105 0,752 0,662 0,510 0,371 0,331

*( is the initial speed
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CHAPTER 9: CONCLUSION

The dramatic increase in competition leads the shipping companies to manage and
select the most suitable ships to carry LNG. This management technique constitutes
the main source of performance and effectiveness of their operations. Thus the
choices of the optimal size ship pushes in creating economies of scale and the parties
can benefit from this competitive advantage. The majority of the studies are focused
in other transport methods and in different types of ships and destinations in contrast

to this research.

This paper is based on the ships that carry LNG, in specific routes, giving a higher
weight to the total cost per day at sea for the different routes. Moreover, due to huge
exploration and resources discovered, this research determines as utmost importance,
that the ship-owners, in order to choose the most suitable ship for their routes and to
benefit from the vast earnings, to charter their vessels for a long time. The
transportation of LNG will soon be transferred through shorter distances because the
demand of LNG will be broadened to even closer countries. As a result, the smaller
LNG vessels will be used in the spot market in order to sail in a voyage without
chartering in a time charter, and so the ship-owners will benefit from the higher rates

of earnings in this emerging market.

The main subject of this research was to find the optimal size ship in LNG carriers in
a sample of five different routes that have been selected. Also for the purpose of this
research we took into account some major assumptions that helped us to analyze and
produce the empirical results. A mathematical model was developed in order to
estimate the economies of scale based on other research with relative ideas.
Furthermore in this mathematical model, we included important variables for example

the boil-off rate and the canal costs.

For each route, a figure regarding economies of scale, meaning that as the capacity of
ship increased the total cost at voyage is decreased, was created. The empirical
results show that the most appropriate ship for each route is the Q-Max that is creating
the most economies of scale than the other ships. However, as the vessel’s speed

decreases by one knot at a time, the optimal ship is changed. Analyzing the first route
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(Indonesia-Taiwan), we observed that the ship with capacity 155.000 m® sailing with
a speed of 16 knots has the lower costs of $0,465 per m’® per day than the ship with a
capacity of 216.000 m® which has a cost of $0,484 per m® per day. In this route we
couldn’t select the new generation types of ships, even if we have to bear lower costs,
because of the higher capital costs that these ships have. So the optimal ship for this
journey is the ship with capacity of 155.000 m® and sailing speed of 16 knots, thus
creating higher economies of scale than the ships with smaller and bigger capacities

than these.

Examining the second route (Qatar-Belgium) which is the second biggest route than
the other sample routes, we found that a new generations ship with higher capacity
must be selected because of the duration of this journey. The ship with capacity of
216.000 m’ sailing with the speed of 16, 17 and 18 knots has costs of $0,466, $0,421
and $0,297 per m’ per day respectively, which are lower than the Q-Max’s costs of
$0,470 per m® per day sailing with the initial speed of 19 knots. We also noticed that
the ship with capacity of 216.000 m® sailing with a speed of 17 knots has the same
costs as the ship with capacity of 266.000 m® sailing with a speed of 18 knots. Thus, it
would be better for a ship-owner to choose the ship with 216.000 m® capacity, since

the capital costs for this ship are smaller, leading to greater economies of scale.

Moving on, we analyzed the longest trip (Qatar-US). The empirical results state that
the ship with capacity of 266.000 m’ bears the minimum costs for each speed type. If
this ship sails with 19 knots, we observe the biggest variations in costs for any other
speed as compared to the rest types of ship. As a result, this ship creates the biggest

economies of scale.

For the next trip (Algeria-France), in order to choose the optimal ship, we assumed
that the ship-owner has to choose between three strategies. The first strategy is to
choose the smallest ship with capacity of 75.000 m® in the spot market. The second
one is to charter the standard types of ship (130.000 m®, 145.000 m® and 155.000 m®)
in order to benefit from constant profits. For the third strategy, the ship-owner has the
option to charter the new generation ships for more time than the other two strategies.
In addition, the demand of LNG in France covers only four percent of the total LNG

demand and thus ship-owner can choose to buy three small ships which have the same
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costs as buying a Q-Type ship. As a result, the 75.000 m® ship with sailing with 16

knots can be used in the spot market creating the biggest economies of scale.

Finally, by analyzing the final route (Nigeria- Spain), we concluded that the ship with
capacity of 145.000 m’ sailing with 16 knots bears smaller costs, compared to a
155.000 m’ ship sailing with a speed of 19 knots. Adding to this, the ship with
130.000 m’ capacities and speed of 19 knots has slightly higher costs than the ship
with capacity of 155.000 m’. The conclusion therefore is that the most suitable ships
sail with 16 knots and have a capacity of 130.000 m’ or 145.000 m’. It is important to
note that although the total costs per day of the selected ships are bigger than the costs

of the new generation type of ships, their capital costs are less.

The selection of the optimal ship size and the creation of efficient economies of scale
are fundamental for the shipping companies in order to gain a competitive advantage
among their rivals. My recommendation to the interested parties is to use this type of

mathematical model in order to select the most cost-effective vessel for their voyages.

9.1 Limitations

In order to estimate the shipping costs in this paper, we didn’t include an error
measure in order for the results to be more precise and accurate. The extent of the
impact that this will have on the outcome, is not pre-specified as different factors are
taken into account for each route. For example, in the long-run new routes might be
introduced and canal costs as well as fuel and LNG costs might change. Moreover, the
actual demand levels of LNG in each country are changing on a continuous basis
leading to a probable misstatement in the selection of the optimal ship size for each
route. Last but not least, one of the major limitations of this paper is the method of
selecting the data. Our data is based on a small population due to the fact that we

didn’t have full access to the entire data from the shipping companies.
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9.2 Further research and Recommendations

Including the daily charter rates, costs of piracy - in cases where the ships pass
through dangerous areas — in the formula will be strong indications that could help in
any future, more in depth research on this topic. Adding to this different routes can
also be analyzed like for example: Oman (Sur) — Taiwan (Yang An), Nigeria (Arzew)
— US (Lake Charles), Norway (Hammerfest) — Spain (Cartagena), Australia
(Dampier) — Japan (Tokyo). It will be very interesting to see the impact that these
will have on the results found and the percentage variation. Also, it will be significant

if the port costs are calculated and how this affects the optimal size ship selection.

Shipping companies need to analyze in detail the total costs required for each journey
in order to provide their customers with more cost-eftective solutions in choosing the
optimal ship, and thus creating economies of scale. Our recommendation for
Indonesia — Taiwan is to invest in a ship with capacity of 155.000 m” sailing with 16
knots. Regarding Qatar — Belgium the optimal ship has a capacity of 216.000 m®
sailing with 16 or 17 knots. For Qatar — US a Q-Max ship is recommended sailing
with 19 knots. A small ship with capacity of 75.000 m® and sailing speed of 16 knots
is preferred for the trip between Algeria — France. Finally, for Nigeria — Spain the
most suitable ship has a capacity of either 130.000 m? or 145.000 m® sailing with 16
knots.
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APPENDICES

In this research, all the calculations are estimated in the same way as the below examples using Microsoft Excel 2007.

Appendix 1: Route Indonesia- Taiwan (Initial speed)

Bontag- Yang An _|Knots |[Days |[Days |Operating costs $ per day|/Capacity m’® Capacity 95% |Boil-off rate |LNG price $ per m® [HFO price (Singapore) |Consumption mt
1.448 miles 19 3.17 |4 20.000 266.000 252.700 0,0014 105 $633 per tone 145
1.448 miles 19 3.17 |4 18.500 216.000 205.200 0,0013 105 137
1.448 miles 19 3.17 |4 16.000 155.000 147.250 0,0015 105 140
1.448 miles 19 3,17 |4 16.000 145.000 137.750 0,0015 105 165
1.448 miles 19 3.17 |4 16.000 130.000 123.500 0,0015 105 168
1.448 miles 17 3,54 4 15.000 75.000 71.250 0,0015 105 125
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Q-Max Q-Flex
Route Bontag-Yang An (days) 1 2 3 4|Remaini 1 2 3 4|Remaining
Capacity 252.70[252.70252.70[1252.70 205.200{205.201205.20 205.200 106,6
Capacity- boil off rate - 10% 252.66/252.62/252.59/252.55 141,4 205.173|205.14205.11 205.093
LNG price*LNG that the ship burnt| 14.855, 11.201,7
Consumption - 90% 145 145] 145 145 522 137 137] 137 137 493.2
Fuel oil*Consumption ($) 330.42 312.195,
Operating Cost ($) 20.000/20.000120.000120.000  80.000 18.500[18.500[18.500 18.500 74.000
(X f/(H))/D)) (cost of all the voyage) 1,6 1,9
Cost per day $ per m® 0.421 0.484

155.000 m’ 145.000 m’

Route Bontag-Yang An (days) 1 2 3 4/Remaining 1 2 3 4Remaining
Capacity 147.25[147.250(147.25[147.250]  88,33012 137.75|137.75[137.75| 137.750
Capacity- boil off rate - 10% 147.22/147.205[147.18[147.161 137.72|137.70[137.68| 137.667, 82,6
LNG price*LNG that the ship burnt ($)| 9.274 8.676
Consumption - 90% 140 140, 140 140 504 165| 165 165 165 594
Fuel oil*Consumption ($) 319.03 376.00
Operating Cost ($) 16.000 16.000{16.000] 16.000 64.000] | 16.000|16.000[16.000] 16.000 64.000
((Z f/(H))/D)) (cost of all the voyage) $§| 2.6 291
Cost per day $ per m® 0.666 0.728

63




130.000 m® 75.000 m’

Route Bontag-Yang An (days) 1 2 3 4/Remaini 1 2 3 4|Remaining

Capacity 123.501123.500[123.50{123.500] 74,08333 71.250[71.250]71.250 71.250 42,7
Capacity- boil off rate - 10% 123.48]123.463(123.44({123.425 71.239(71.228|71.217 71.207

LNG price*LNG that the ship burnt ($)| 7.778 4.487

Consumption - 90% 168 168 168 168 604.8 125 125 125 125 450
Fuel oil*Consumption ($) 382.83 284.85

Operating Cost ($) 16.0000 16.000[16.000] 16.000] 64.000 15.000]15.000(15.000 15.000 60.000
((Z f/(H))/D)) (cost of all the voyage) $| 3.6 4,9

Cost per day $ per m’ 0.921 1.226
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Appendix 2: Route Indonesia- Taiwan (Speed-1)

Bontag- Yang An[Knots|Days[Days|Operating cost $ per day|Capacity m’|Capacity 95% Boil-off rate]LNG price per m’ |[HFO price (Singapore)|Consumption mt

1.448 miles 19 13,1714  [20.000 266.000 252.700 0,0014 105 $633 per tone 123

1.448 miles 19 13,174 18.500 216.000 205.200 0,0013 105 115

1.448 miles 19 13,174 16.000 155.000 147.250 0,0015 105 118

1.448 miles 19 13,174 16.000 145.000 137.750 0,0015 105 143

1.448 miles 19 13,174 16.000 130.000 123.500 0,0015 105 146

1.448 miles 17 3,54 14 15.000 75.000 71.250 0,0015 105 111
Q-Max Q-Flex

Route Bontag-Yang An (days) 1 2 3 4Remaining 1 2 3 4|Remaining

Capacity 252.7/252.70] 252.7| 252.7 205.200] 205.200] 205.2| 205.2 106,6

Capacity- boil off rate - 10% 252.6|252.62| 252.5| 252.5 141,48 205.173.,3| 205.146| 205.1| 205.0

LNG price* LNG that the ship| 14.85 11.201,73542

Consumption - 90% 123  123] 123] 123 442.8 115 115/ 115 115 414

Fuel oil*Consumption ($) 280.2 262.062

Operating Cost ($) 20.00/20.000] 20.00 20.00 80.000 18.500] 18.500] 18.50| 18.50 74.000

(Z f/(H))/D)) (cost of all the 14 1,6

Cost per day $ per m’ 037 0423
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155.000 m’ 145.000 m’
Route Bontag-Yang An (days) 1 2 3 4/Remaini 1 2 3 4|Remaining
Capacity 147.250{147.25[147.250| 147.2] 88,33 137.750| 137.7] 137.7] 137.7
Capacity- boil off rate - 10% 147.227|147.20147.183| 147.1 137.729| 137.7] 137.6| 137.6 82,63
LNG price* LNG that the ship9.274,663 8676
Consumption - 90% 118 118 118 118 424.8 143] 143| 143| 143 514.8
Fuel oil* Consumption ($) 268.898 325.868
Operating Cost ($) 16.000{16.000] 16.000] 16.00] 64.000 16.000] 16.00] 16.00] 16.00 64.000
(X _f/(H))/D)) (cost of all the 2.3 2,5
Cost per day $ per m® 0.581 0.637

130.000 m’ 75.000 m’
Route Bontag-Yang An (days) 1 2 3 4|Remaini 1 2 3 4Remaining
Capacity 123.500] 123.500] 123.5/123.500 74,08 71.250] 71.25| 71.25] 71.25 42,7
Capacity- boil off rate - 10% 123.481] 123.463| 123.4]123.425 71.239( 71.22| 71.21] 71.20
LNG price* LNG that the ship| 7.778,7 4.487,74
Consumption - 90% 146 146) 146 146| 525.6 111 111 111 111 399.6
Fuel oil* Consumption () 332.704 252.946,8
Operating Cost ($) 16.000] 16.000] 16.00] 16.000] 64.000 15.000] 15.00] 15.00] 15.00 60.000
(Z f/(H))/D)) (cost of all the 32 44
Cost per day $ per m® 0,819 1,114

66




Appendix 3: Route Indonesia- Taiwan (Speed-2)

Bontag-Yang An An|Knots/Days [Days|Operating cost $ per day/Capacity m®|Capacity 95%|Boil-off rate]LNG price per m’|HFO price (Singapore)|Consumption mt
1.448 miles 17 [3,5494  20.000 266.000 252.700 0,0014 105 $633 per tone 107
1.448 miles 17 [3,5494 18.500 216.000 205.200 0,0013 105 99
1.448 miles 17 [3,5494 16.000 155.000 147.250 0,0015 105 102
1.448 miles 17 |3,54944 16.000 145.000 137.750 0,0015 105 127
1.448 miles 17 [3,54914 16.000 130.000 123.500 0,0015 105 130
1.448 miles 15 14,0225 15.000 75.000 71.250 0,0015 105 102
Q-Max Q-Flex
Route Bontag-Yang An (days) 1 2 3 4/Remaining 1 2 3 4/Remaining
Capacity 252.700 252.700] 252.700] 252.700 205.200]205.200[205.200{205.200 106,6831945
Capacity- boil off rate - 10% 252.664 252.629| 252.593| 252.558 141,4{205.173./205.146|205.120|205.093
LNG price*LNG that the ship burnt ($) 14.855 11.201
Consumption - 90% 107 107 107 107 385.2 99 99 99 99 3564
Fuel oil*Consumption ($) 243831 225601
Operating Cost ($) 20.000 20.000{ 20.000[ 20.000 80.000] 18.500[ 18.500| 18.500| 18.500 74.000
((Z f/(H))/D)) (cost of all the voyage) $ per m’ 1.3 1,5
Cost per day $ per m’ 0335 0.379
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155.000 m’ 145.000 m’

Route Bontag-Yang An (days) 1 2 3 4/Remaining 1 2 3 4/Remaining
Capacity 147.250] 147.250[147.250]  147.250 88,33| 137.750{137.750{137.750|137.750
Capacity- boil off rate - 10% 147.227| 147.205|147.183 147.161 137.729[137.708|137.688|137.667 82
LNG price*LNG that the ship burnt ($) 9.274 8.676
Consumption - 90% 102 102 102 102 367.2 127 127 127 127 457.2
Fuel oil* Consumption ($) 232.437 289.407
Operating Cost ($) 16.000] 16.000] 16.000 16.000 64.000, 16.000{ 16.000| 16.000| 16.000 64.000
((Z f/(H))/D)) (cost of all the voyage) $ per m’ 2,0 2,2
Cost per day $ per m® 0.519 0.570

130.000 m’ 75.000 m’
Route Bontag-Yang An (days) 1 2 3 4/Remaining 1 2 3 4 5/Remaining
Capacity 123.500{123.500] 123.500] 123.500] 74,0833 71.250[ 71.250{ 71.250] 71.250 71.250 53.421
Capacity- boil off rate - 10% 123.481{123.463| 123.444| 123.426 71.239| 71.229| 71.217| 71.207 71.197
LNG price*LNG that the ship burnt (%) 7.778,75 5.609,3
Consumption - 90% 130 130 130 130 468 102 102 102 102 102 459
Fuel oil*Consumption ($) 296.244 290.547
Operating Cost ($) 16.000] 16.000] 16.000] 16.000 64.000 15.000] 15.000] 15.000] 15.000 15.000 75.000
((Z f/(H))/D)) (cost of all the voyage) $ per m’ 2.9 52
Cost per day $ per m’ 0,745 1,043

68




Appendix 4: Route Indonesia- Taiwan (Speed-3)

Bontag-Yang An An|Knots|Days/Days/Operating cost $ per day/Capacity m’|Capacity 95% Boil-off rate]LNG price per m*|HFO price (Singapore)/Consumption mt
1.448 miles 16 3,774 [20.000 266.000 252.700 0,0014 105 $633 per tone 93
1.448 miles 16 3,774 18.500 216.000 205.200 0,0013 105 85
1.448 miles 16 13,77 4 16.000 155.000 147.250 0,0015 105 88
1.448 miles 16 13,77 4 16.000 145.000 137.750 0,0015 105 113
1.448 miles 16 3,77 4 16.000 130.000 123.500 0,0015 105 116
1.448 miles 14 143015 15.000 75.000 71.250 0.,0015 105 97
Q-Max Q-Flex
Route Bontag-Yang An (days) 1 2 3 4/Remaining 1 2 3 4/Remaining
Capacity 252.70| 252.700] 252.700{ 252.700 205.200 205.200[205.200 205.200 106,7
Capacity- boil off rate - 10% 252.661252.629.2|252.593.9] 252.559 141,5/205173.32[205146.6515| 205120[1205093.3168
LNG price*LNG that the ship burnt ($) 14.855 11.201,7
Consumption - 90% 93 93 93 93 334.8 85 85 85 85 306
Fuel oil*Consumption ($) 21192 193698
Operating Cost ($) 20000,  20000{ 20000, 20000 80000 18500 18500] 18500 18500 74000
((Z f/(H))/D)) (cost of all the voyage) $ per m’ 1.2 1.3
Cost per day $ per m’ 0.304 0.340
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155.000 m’ 145.000 m’
Route Bontag-Yang An (days) 1 2 3 4|Remaining 1 2 3 4/Remaining
Capacity 147.250] 147.250, 147.250] 147.250 88,33] 137.750 137.750[137.750 137.750
Capacity- boil off rate - 10% 147.228] 147.205|147.183.7| 147.162 137.729 137.708|137.688 137.667 82,63
LNG price*LNG that the ship burnt ($) 9274,66 8676,29
Consumption - 90% 88 88 88 88 316,8 113 113 113 113 406,8
Fuel oil* Consumption ($) 200.534 257.504,4
Operating Cost ($) 16.000] 16.000] 16.000] 16.000 64.000 16.000 16.000| 16.000 16.000 64.000
((Z f/(H))/D)) (cost of all the voyage) $ per m’ 1.8 2,0
Cost per day $ per m® 0.465 0.512

130.000 m’ 75.000 m’
Route Bontag-Yang An (days) 1 2 3 4/Remaining 1 2 3 4 5/Remaining
Capacity 123.500] 123.500] 123.500] 123.500 74,08 71.250] 71.250[  71.250 71.250]  71.250 53,42
Capacity- boil off rate - 10% 123.481] 123.463] 123.444| 123.426 71.239]  71.229| 71.217 71.207) 71.197
LNG price*LNG that the ship burnt ($) 7.778 5.609
Consumption - 90% 116 116 116 116 417.6 97 97 97 97 97 436.5
Fuel oil*Consumption ($) 264.340 276.304.5
Operating Cost ($) 16.000] 16.000] 16.000[ 16.000 64.000 15.000] 15.000] 15.000 15.000]  15.000 75.000
((Z f/(H))/D)) (cost of all the voyage) $ per m’ 2,7 5,0
Cost per day $ per m’ 0,681 1,003
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Appendix 5: Abstract in Greek

Hepiinyn

H ocwotq dayeipion kat 1 katdAAnAn emhoyn ava ta&idl, mloiov Ta omoia
LETAPEPOVY (QUOIKO OEPI0, OMOTEAEL CNUOVTIIKO TUPNVE GTNV OTOS0TIKOTNTO, Kol
QmOTELECUATIKOTN T TG KAOE vovTihokng etarpeiag. 'Etol n amddoon Oa e&aptnOel
amd 10 mAoio, To Omolo Ba emdeytel og kKAbe Taidt KAl N KATAAANAN TaydINTO £TOL
®ote va emtevybovv péylotec owovopieg kAipakoc. H dpopotikn avénon tov
avVIOyOVIGHoD Kot 1 Oebviig maykooponoinon ®Bnce TOvC TAOOKTATEG Vo
poonabovv pe kabe Tpdmo va emAéyouv 10 PEATIOTO TAOIO, TO omoio Ba dnpovpyel
OIKOVOUIEG KAMUOKOG, (¢ OTOTEAECUO VO ETOEEAOVVIOL OO TO OVIOYOVIGTIKO

TAeovVEKTN IO TTOV Ba dmpovpyeitat.

Ot mep1oeoTEPEG UEAETEG EMIKEVIPOONKAY € AN UEGO UETAPOPAS KOl GE
SlaPopeTIKG TAOLOL KOl SPOLOAOYIOL GE GYECT UE VTV TNV £€pguva. Avti N €pguva
ompiletal og TAoilo To OTTOL0 LETAPEPOVY PUGIKO A.EPLO GE KOO0 PIGUEVES OTOGTACELS,
dlvovtag peyadvtepn onuacioc 6T0 GUVOAKO kOGTOG ava pépa ava kabe taidt
Eeymplotd. Q61060, AOY® NG poydaiog avENong TOV PLCTKOD AEPIOV KOl TO TEPACTIN
KOLTAopoto To. omoio avokaAdeOnkay, avty n €pgvvo kabopiletalr ¢ vyioTovg
OMMOGIOC Y10 TOVG TAOLOKTITEG £TG1 MOTE EMAEYOVTOG LE TPOCOYN TO PEATIOTO TAOIO

VoL @PEAOVVTOL OO TIG OIKOVOLIEG KATHoKaG o1 omoieg Oa dnovpyovvtal.

Eivot yeyovog 611 ta mhoia o otoio. LETOPEPOVY VYPOTOINUEVO PLOIKO 0.EPIO
VODADVOVTOL Y10, UEYOAO YPOVIKO OlAGTNHO, OAQONVOVTOG TOVG TAOLOKTHTEG
EVYAPIGTNUEVOVS AAUPAVOVTAC TEPAOTIO KEPON OVAAOYL LE TOVG OPOVG OV EXEL TO
KGO VOLAOGOUP®VO. AOY®D OU®G TOV KOITOOUATOV Tov £xovv gupebel Ta TeAevTaio
YPOVIO, KOL TIG KOVTIVEG OMOGTAGES METAED TOV d0pOp®Y YOPDV KOl VLDV, TO
HIKPA TAOTO VYPOTONUEVOD PUGIKOD aepiov Bal ¥PNGLUOTOOVVTAL KOl TAEOV Kol G
aueon mapddoon. Emopuévog avtd to mhoio va TAéovv o€ TEPLOYEG TOV £YEL POPTIO
KOl (G OTOTEAECILOL Ol TTAOTOKTITESG VO EKUETOAAEDOVTAL TO, YNAG TOGOGTH KEPODV TOV
0o Aapfavovror.

O KVplog o10Y0c aVTNG ™G MEAETNG €ivol M emloyr] Tov PéATioTov mAoiov
UETAPOPAC VYPOTOMUEVOD QPUGIKOD OEPIOV KOl Ol OIKOVOUIEG KAIHOKOG 7OV

dnuovpyodvtor oe €va, delypa mEVTe dopopeTik®mv TaSdimv mov €xel emieyel. Ta
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taéidl mov ANeOnkav vroyn eivar Ivdovnoia-Tofav, Katdp-Béryo, Katdp-
Apepwen, Nuynpio-lomavia kot Alyepio-Iomavia. ['o tovg okomovg avTig g Epevvag
onuovpyndnke évo pobnuotikd pHovtéAo amotelolueEVo and Sdpopeg HETAPANTESG
Omw¢ (LeTaPANTA Kol 6Tabepd KOGTN, YOPNTIKOTNTU KOl AITOCTACT] TOV TAOI®V TOV
&uovpe emAé€etl. TlapdAinia ypeldotnKe vo, VIOAOYIGOVUE TO GUVOAMKSO KOGTOG TOV
ypewaleton To kaBe emieypévo maoio dacyilovrog v diwpuya tov Lovél. To k6GTOg
aVTO cVUTEPIMPONKE oTal pETOPANTA KOOt pall pe Tic vrohoumeg HeToPANTEC,
Emmpocheta opiopéveg vmoBécelg S1adpapdTicoy onUavtikd poro yuo. v enitevén
TOV amoTELECUATOV Ommg (kdbe mAolo To omoio £yel ypnowomomn el kaiet 10%
VYpOTOMUEVO PUGIKO aépto Kat 90% palovt, 6Aa To TAoio TAEOLY pe ToyvTnTo. 19
VOUTIKG pidor €KTog TO o UIKpO mA0T0 To 0moio TALEL e ToyvTnTo 17 vauTikd pido
Kot 1o KGOe mAoio pmopel vo xwpEoel GopTio 160 e 0 95% NG YOPNTIKOTNTOS TOV).
Ta dtpopa TAoia TOV YPNGIUOTOMONKAY Y10 AVTIV TNV £PELVO, £XOVV YOPTTIKOTI T
75.000, 130.000, 145.000, 155.000 wvPikdv péTpOv Kol mAOlC KOVOVPYLOG
TEYVOAOYIOG VYPOTOMUEVOL QUGIKOD agpiov ywpntikdémrtag 216.000 kot 266.000
KUPIKOV HETPOV.

EmumAéov ywo kéBe ta&idt dnuovpyodoape Kot Evo ypaonua Ogiyvoviag Tic
O1KOVOUIEG KATLOKOG TOV TPAYLOTOTO0OVTOY. ANAad avEAVOVTaG TNV YOPNTIKOTNTA
TOV TAOI®V TO GLVOAIKO KOGTOC otnv BdAacca oavd pHovado KuPikav UHETPOV
petovotay. To eumeipikd amotedéopata £6eiéav 0Tl 10 PéATIoTO TAOl0 o€ KAOE
amOoTOoN Elvol aVTd Kol HE TN HEYOADTEPN Y®PNTIKOTNTO dnAadn tov 266.000
KUKV pétpov. Oumg HEW®VOVTOG TV TaybTATO KOTO £va VOuTIKO Wil kébe gopd
Kot AapPBAvovtog onUovTiKovs mapdyovteg vToyn avl talidt emAéyetol 10 fEATIOT0
mhoio. INa 1o Tpwto Taé&idt (Ivdovmoia- Tadav) Tapoatnprooue OTL 4V TO TAOIO TOV
155.000 xupikov pétpmv émhee pe Tox0TNTO 16 VouTiKG pidlo £yl KPOTEPO KOGTOG
amd 1o mholo pe yopntikotnta 216.000 kuPikodv pétpov mAéoviag pe toyvtnto 19
VOUTIKOV AoV, AkOUN 610 GLYKEKPIUEVO To&idt dev umopovce vo emAeyet
KOvoupylag texvoroyiog mhoilo, €0TmM Kol av €y WKPOTEPU KOOT] AOY®D TOV
VYNAOTEPOV KEPOANOVYIKOV KOGTOV OAMY Kot AOY® TNng omdGTOcNG 1 omoio fTav
uovo 4 pépec mAéovtog 1o kdbe mAoio pe apykn toydTnTe. Qot600, TO0 PEATIOTO
mhoio Yo vty TV omdotacn givol ovtd pe yopntikoém o 155.000 kupfikdv pétpmv
T éovTag e TayxdTNTA 16 vouTiKa pida v dpa, dNUIoVpYOVTOG £TGL TNV HEYLOT

AVOAOYI0 OIKOVOULDV KATLOKOLG.
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To devtepo tasidl (Katap-BéAylo) eivan to de0tEPO KOTA GEPE PEYOADTEPNG
dbpkelag omd o emdeypéva, dpopordyla. H didpketo ovtod tov tagidon sivar 14
UEPEC YLoL OAa TO, TTAOID, TTOV AGPOpE VITOYN HOG GE VTNV TNV EPYACIO EKTOG GO TO
o WKpO mAoio To Omolo yperaletal 16 PEPEC Yoo VO PTAGEL GTO TPOOPIGUO TOV.
Avoivovtag ovtd 1o To&idl KaToANEOME OTO  GUUTEPACHO OTL TPEMEL VO
ypnoomombel Thoio kovovpylog teyvoroyiag tov 216.000 1 tewv 266.000 kufikov
HETPOV AOY® Kot TG UEYAANG didpkelag Tov Ta&dtov. Eneita mapatnpioape 0Tl €4v
10 mAoio yopnTikdémTeg 216.000 kufikdv pétpov dtav miéetl pe tayxdtnTa 16,17 xat
18 vovtikd pido avtiotoyyo €xel UIKPOTEPO KOOTOG OMO TO WEYOADTEPO OF
yopnTikéMTaG MAOI0 €hv mAel pe Toyvtata 19 vovtikd  pido.  Emutiéov
TopATNPNCOUE OTL TO TAOLO pe yopnTikdOTTo 216.000 KLPIKOV PETP®V EYEL TO 1d10
KOGTOC €4v mAEL pe ToyvtnTa 17 VouTiK@Ov WAIOV amd To ovTioTolyo €KEIVO e
yopntikdémra 266.000 kofikdv pétpov miéovtag pe taxdmmta 18 vouTikav pwiiov
mv opa. Etolr B0 ftov kKaAvtepo yloo éva mAoloktTn v emidégel to mhoilo e
yopntikémra 216.000, to omoio £yl Kot 7O YOUNAG KEQOANOVYIKA KOGTN Kol
dMUIoVPYEL TEPLGGOTEPES OIKOVOUIES KAMpaKaG TAEOVTOG e ToyvTo 17 1 16 voutikd
piAa.

Ymv ovvéxelo avarvoape 1o tpito Taéidl (Katdp-Auepikn) to 6010 €ivar Kot
UEYOADTEPNC OlpKEING OE oyéon UeE To. LEOAowma To&idw. Avtd to Ta&idl £xet
dapkela 22 pépeg yio O o, To TAO10L EKTOG a6 TO Mo LKk pd TAo10 To omoio yperdleTan
24 pépec. Ta epmelpikd omoTeAEGHOTA TOV TNYALOVY KATM OO vt TO GEVAPIO gival
071 10 mAoio pe yopnTikdmTa 266.000 KUPIKOV PETPOV £XEL TO KPOTEPU KOGTN YN
ka0e taydvmra. Edv 1o mAoio avtd mAéel pe toydmmrta 19 voutikov Moy ave opo
gxel TV UeyaALTEPN Olopopd. oTeL KOOTN OO OMOONTOTE GAAN  TOLTNTO
OLYKPIVOVTOG TO UE TOL VITOAOTO TAOTM. G OTOTEAEGLO. AVTO TO TAOIO VO OMpovpYEt
TI§ TEPLGOTEPEG OKovouieg KAlpakac. ‘Etol og PéATIoTO mAOi0 emAéyeTol aTd e
yopntikémra 266.000 kufikdv to omoio mAéovtag pe taydmTa 19 vovtikd pilo
dnuovpyel to peyorvtepa mAeovekmuata. H toyvmto ouwmg eéoptdror amd T
OKpOi0 KOIPIKG (QOIVOUEVO, KOl GTNV KPIiGT TOL TAOIOKTNTN KOl TOV KOTETAVIOU

®WGTOGO 1M TOYVTNTO UTOPEL VO AAAGEEL.

Meletovtag 10 tétapto To&idr (AAyepia-T'aAlio) 1o omoio eivor koi TO

HKpoTEPO GE Oldpkeln, amd OAo T emAeypéva ta&idlo 6g auTAV TV £pevva
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KataAEape 6TO CUUTTEPAGUN OTL I6MG TO LKPOTEPO TAOI0 GE YmpnTIKdTTO B Ty
kot 10 koAvTEpo. E&etdlovtag Kot ovaADOVTOG TO EUMEIPIKG  OTOTEAECUOTO
KATOANEQE OTO GUUTEPAGUA OTL O TAOLOKTITNG £XEL TPELG CNUAVTIKEG CTPOATIYIKEC.
H mtpdt otpotyikn ivol vo, VOWDAMGEL TO WKPO TA0I0 0TV Guecn mopddoon £Tot
®oTe vo Qe Ol and Ta ovEaVOpEVO, TOGOGTA VODAOV GE QVTEG TIG AVOSVOUEVES
ayopéc. H debtepn otpatnykn €ivol vo XproLUOTOMGEL T TAOID, e YOPNTIKOTNTA
130.000, 145.000 ko1 155.000 KuPiKk@dv PHETPOV AVTIGTOLYO TOL OOTE O TAOLOKTITIG
vo. eto@en bl amd o otabepd kEPOM Ta omoio Ba kepdilel. Ocov agopd v Tpity
OTPUTNYIKY O TAOIOKTATNG £XEL TNV KOVOTNTO VO VODAMGEL TO. TAOIO KOVOUPyLog
TeYvoroYiog o€ HeyoAnTeEPNC dtapkelag ¥povov. Emimiéov o avtd 1o ta&idr n {mon
ov mpoépyeTor omd v Fadhio givar poig 4% g cuvorikng {fmong Taykocua,
étol 0 kabe mAolokt NG Ba pmopovoe va 1o eKpETOAAEVTEL OWTO KAl oyopdost 3
HKpa TAolo Tapd. éva, peydho mAolo Kovovpylag texvoroyiag To omoio ototyilel Kot
neplocdTeEPa. 261060, T0 A0 pe YopnTikoéTTe 75.000 KLPikdV péTpov, TaydTN T
16 vootikd pido. Kot ypNGOTOIOVING TO OTNV (UEon ayopd Oewpeitol g To

BéATIoTO TAOTO ONUIOVPYDVTAG TIG TEPLGGOTEPES OIKOVOLIES KAIUOAKOC.

To eunelpikd amoteléspoto mov e€ayape and to tehevtaio ta&idt (Niynpia-
ToaAXia) eivor 6Tt 10 TAOl0 pe yopnTkdotTa 145.000 KuPikOv PETpOV TALOVTAG LE
TayxvTNTA 16 voutd pilio xel Aydtepo k66TOG ava LEPO. 6TV BAlaco0 o oYEon e
10 mAoio tv 155.000 kvPikav pétpov mAéoviog pe tayxdtnto 19 vovtikd pilo.
Axoun to mhoio pe yopntikéto 130.000 KuPikdv HETPOV TAEOVTOC LE TNV OPYLIKN
TOYOTNTO €€l EAAYLOTO WO WUEYGAO KOGTOG € GYéom Ue 1o mAoio Ttov 155.000
Kufikav pétpov. ‘Etotl €dd to Bértiota mhoia gival avtd yopntikomrag 130.000 kot
145.000 kvPwov pétpov mAéovtag pe taydmmro 16 vavtikav pihiov. A&ilelt va
ONMUELDGOVUE OTL TOPOAO 7OV TO KOOTN Elvol UEYOAVTEPO GE CUYKPION MHE TO
Kovoupylag texvoloyiag mhoia, emAééope avtd to mAoio ©¢ BEATIoTO AdY® TOV
UEYOADTEP®V  KEPUANOVYIKOV KOOGTOV 7oL KOoTi{ovv T peyodvtepa  mAoio.
Emmpocheto 6 oty v épevva TOPEYETOL 1 TANPNG GVAADON TOV EUTEPIKOV
OMOTELECUAT®V KO TEAOG YIVETOL OVAPOPE GTOVG TEPIOPIOUOVE TNG TOPOVGOGC

€peuvag Kot ETELTO, YIVOVTOL TPOTAGELS VIO TEPULTEP® EPEVVAL.
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