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FOREWORD

Energy and sustainability issues are indispensable in modern times, due to strong
relationship between energy and production that shapes the World.

Natural gas is an alternative to coal and oil, and cleaner then those fossil fuels. With
its clean nature and price advantages, natural gas is being more popular today. The
golden age of natural gas is considered to begin shorlty. Natural gas is very important
also for Turkey, which is an energy dependend developing country, produces almost
half of her electric from natural gas. Keeping growing rates higher, protecting the
environment and reducing political risks that occur from energy dependency
liquefied natural gas provides an important advantage. Like other nations, Turkey
also diversifies her energy need with different energy sources, and LNG helps
Turkey in this matter.

In this research, a brief description is given about LNG and LNG transportation; the
infrastructure of LNG carriage is also mentioned. Brief technical information is
given about LNG utilization and LNG terminals due to their importance in LNG
supply chain. LNG terminals are especially important places for energy supply
chains and should be strategically positioned. Location selection problem for a LNG
terminal present a good example for multi criteria decision-making problem, which
finds place vastly in logistic literature. The criterias used in this research are mostly
selected from logistics literature, after pointing out the need for an additional
terminal. Criterias presented to the experts, both form academia and private sector.
Then results are evaluated with Generic Fuzzy Analytic Hierarchy Process
(GFAHP) method, which is widely used in multi criteria decision-making problems.
This study is aimed to be a framework for further terminal location selection
problems and a preparation for a detailed feasibility report.

| want to thank to numerious rewivers, experts and my family as well for their great
patience.

December 2014 Saban Emre KARTAL
Lecturer, Master Mariner
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A STUDY ON LNG TERMINAL LOCATION SELECTION IN TURKEY

SUMMARY

Renewable energy issues are very popular recently. Actually, sustainability and
environmental care gained importance in a few decades. Due to over population,
global warming and environmental awareness, search for alternative energy sources
gained importance. However, the primary energy sources like coal, oil and natural
gas still saving their importance for humankind. Between these sources, natural gas
is the cleanest one by its nature; it emits almost half carbon dioxide compared to
coal. Price advantage also occurred after the revolutionary discovery of shale gas and
shale oil, which carried natural gas into a “golden age”.

With all these advantages, consumption of natural gas rising between the World and
also Turkey. It is expected to rise by the century. Natural gas is considered to be
“bridging fuel” to a full renewable energy future. As being liquid form of this energy
source material, liquified natural gas or shortly the LNG, is transported globally for
long years. Actually, the importance of LNG comes from the need for energy
globally, and this liquid, densified energy source is even cleaner then natural gas. In
process of liquifaction, gas is distilled from foreing particles. There is also some
difference in transportation forms of gas and the liquid form of this energy source.
Ship transportation in sea and the truck loading in small scale, forms the LNG
transportation. However, natural gas is transported mainly via pipelines. Maritime
LNG transportation actually has superiorities against pipelines. Natural gas source
flexibility and price advantage in long distance pipeline projects are some of them.
This research points out the properites of LNG, LNG transportation and advantages
of using this fuel.

Brief information about LNG infrastructure is also given in this research. LNG
carrier ships, liquefaction-regasification processes, equipments and some other
important equipment briefly identified. Especially LNG terminals are identified due
to their importance in LNG supply chain. LNG terminals are identified as the key
units in this chain, and safety regulations are very important in these areas. They also
have several limitations, which are identified in this research. Turkey’s LNG
terminals were identified and considering the increase in Turkey’s natural gas
demand, it is aimed to search if there is a need for an additional terminal in Turkey.
For this reason, energy source diversification and energy security issues are briefly
discussed in this research. LNG terminals role in energy security is tried to identify.
Location selection problems for logistic investments take a vast place in literature.
LNG terminal place selection problem is very important, long-term decision,
affecting a country. Also this problem represents a good example for multi-criteria
decision making problem, where many study areas are interested. Logistic literature
is investigated for location selection problems, and the Generic Fuzzy Analtyic
Hierarchy Process method is preferred for answer. Instead of a certain, small scale
location option, in this study whole Turkey costs are taken as candidates and
investigated for the best option. Marmara, Aegean and Mediteriannien regions

XiX



weightened between each other according to GFAHP method. Seven factors that
effect the location selection are tried to obtain from logistic literature, also from
expert opinions. Their importances are weightened according to each other, by
asking experts. Mediteriannien region found superior to other regions according to
this research, except safety factor. Safety is considered together with security factor,
in this study, which is negatively effected today in south of Turkey, this result make
finding meaningful. However, some experts consider Marmara is the correct location
for next terminal, due to economical reasons, in which, region is like the core of the
Turkey. To support economical activity in region, Marmara should be selected as an
alternative LNG place according to them.

This research is only though as a framework to an inclusive feasibility plan, which
should be done before certain terminal selection. There were no known studies done
for an LNG terminal location in Turkey, so this study may be guide for further
studies in this field.
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TURKIYE’DE LNG TERMINAL YERI SECIMI UZERINE BIR CALISMA

OZET

Enerjinin 6neminin artti§1 giiniimiizde; g¢evresel kirlilik, kiiresel 1sinma ve niifiis
artistyla baggosteren sorunlar bilimsel yazimda ciddi yer bulmaktadir. Enerjinin
ekonomiyle olan yadsinamaz bagi, artan bu iretim faaliyetleri i¢in artt enerji
kaynaklarin1 da beraberinde getirmektedir. Artan enerji kaynaklar1 da basli basina bir
enerji hammaddesi iiretim sorununu dogurmaktadir. Kiiresel 1sinmanin baslica
kaynag1 olarak gosterilen insani ekonomik faaliyetler, ve bunlarinda temelinde yer
alan enerji iiretim faaliyetleri, yerini hizla yesil enerji, yada siirdiirebilir enerji diye
tabir edilen kaynaklara birakmaktadir. Bu ¢alismada enerjinin ekonomi ile iliskisini
gosteren yayinlara isaret edilmistir.

Riizgar, giines, jeotermal gibi siirdiirebilir enerji kaynaklarinin kullanimi1 giiniimiizde
hizla Onem kazanmakta, kullanim alanlar1 artmakta ve {iretimde artiginin
saglanmasiyla ucuzlamaktadirlar. Tiim bunlara ragmen, komiir, petrol ve dogal gaz
gibi birincil enerji kaynagi olarak kabul edilen fosil yakitlarin kullanimi diinya
capinda 6nemini korumaktadir. Calismada diinya birincil enerji kaynaklari ile alakali
kullanim oranlar1 tablosu sunulmus, kisa agiklayici bilgi verilmeye ¢alisilmistir.
Birincil enerjil kaynaklarinin kirletici etkisi tiim diinyaca kabul edilen bir gercek
olmasima ragmen, su anki teknik ve maddi imkanlarla insanlik daha uzun yillar bu
kaynaklara bagimli kalacak gibi goriinmektedir.

Bu baglamda dogal gaz, kendine has 6zelliklerinden o6tiiri, tlimiiyle yesil enerjinin
kullanilacagr ongoriilen bir gelecek icin *“ koprii yakit” olarak tabir edilmektedir.
Dogal gaz komiiriin yaris1 kadar, diger yakitlara nazaran da az emisyon hacmiyle
cevre dostu bir yakit olarak tabir edilmektedir. Bu 6zelligiyle hava kirliginin 6nemli
bir sorun teskil ettigi biiyiik sehirlerde, Tiirkiye i¢in ise Istanbul’da hava kirliliginin
azaltilmasinda olumlu etkileriyle bilinmektedir. Calismada o6nceki yillarin hava
kirlilik sorunlarina temas eden haberlere atifta bulunulmustur.

Ayrica dogal gaz, Amerika’da son yillarda yasanan kaya gazi-kaya petrolii devrimi
neticesinde son derece ucuzlamistir. Diinya ¢apinda uluslararasi kesin bir pazar
fiyatina sahip olmasada, bu fiyatlama tiim diinyada 6nemli olgiide hissedilmistir.
Hatta son zamanlarda Amerika Birlesik Devletleri'nde yasanan ekonomik
toparlanmada, ucuzlayan bu dogalgaz fiyatinin etkisi oldugu diigiiniilmektedir. Tiim
bu ozellikleriyle dogal gazin bir “altin ¢aga” girdigi kabul edilmektedir ve gaz
tiikketimi i¢in 6nlimiizdeki donemde artis beklentisi hakimdir.

Dogal gazin sivilastirllmis formu olan LNG, dogal gaz tasimacisiginda boru
hatlarinda sonra ikinci toptan dogal gaz tasima yoludur. Japonya ve Giiney Kore’ nin
basini ¢ektigi uluslararasi LNG piyasasi, diinya ¢apinda gelismektedir. Bu ¢alismada
en biiylik dogal gaz ithalatcisi lilkeler ve bunlara ait yillik rakamlar, 2012 yili baz
alimarak verilmistir. Ayrica bu iilkelere ait LNG terminalleri sayilar1 tablolarla
verilmeye ¢alisilmistir.
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Boru hatlarinin alternatifi olarak, LNG formunda dogal gaz tagimacilig1 bu yazinin
ana konusunu teskil etmektedir. LNG tasimaciliginin ana unsurlari, LNG nin temel
ozellikleri ve karakteristikleri kisaca verilmeye calisilmstir. Bu baglamda LNG
altyapisi ve bu altyapiyr olusturan ekipmanlar kisaca tanitilmaya calisilmistir. LNG
gemileri, sivilastirma-gazlastirma araglar1 ve teknolojileri hakkinda bilgi verilmis,
ozellikle LNG tedarik zincirinde anahtar 6nemde olan LNG terminalleri hakkinda
bilgi verilmistir. Diinya ¢apinda LNG tasimaciligi, LNG tasimaciliginin kisa tarihi,
belli basli kazalar hakkinda temel bilgiler verilirken, LNG terminalleri bu
arastirmanin temelini teskil etmistir. Ayrica LNG tagimaciliginin boru hatlariyla
yapilan tagimaciliga gore istiinliikleri kisaca anlatilmig, kaynak cesitlemesi ve enerji
giivenligine hizmet etmesi yoniiyle LNG tasimaciligina deginilmistir.

Enerji arz giivenligi, sosyal-ekonomik arastirmalara kaynak teskil etmekle birlikte,
LNG tasmmacilig1 ile birlikte anilan bir kavramdir. LNG, sabit boru hatlarina
bagimlilig1 ortadan kaldirdig1 6lciide; 6zellikle enerjide yiiksek oranda disa bagimli
Tiirkiye gibi {iilkeler i¢in hayati dneme sahiptir. Bu calismada enerji giivenligi ve
LNG konusuna da deginilmistir.

Arastirmanin temelini teskil eden LNG terminalleri bakimindan Tiirkiye incelenmis,
terminallerin kapasiteleri, kisitlamalar1 ve temel 6zellikleri belirtilmistir. Gelismekte
olan tilkeler sinifina yer alan Tirkiye igin enerji giivenligi, farkli enerji tiirleri
baglaminda LNG nin bir alternatif oldugu belirtilmistir. Tiirkiye’nin artan enerji
talebi, bu talebin biiyilk oranda dogal gaz ile giderildigi gergegi ile birlikte
aciklanmaya ¢alisilmis, bu artan ihtiyag i¢in LNG nin toplam dogal gaz igerisindeki
paymin artirilmasi gerekliligi iizerinde durulmustur. Ayrica farkli c¢alismalarin
sonuglari degerlendirilerek, Oniimiizdeki yillarda Tirkiye’nin artan gaz talebi
belirtilmistir. Tiim bunlar 15181nda, 6nlimiizdeki yillar i¢in Tiirkiye nin yeni bir LNG
terminaline ihtiyaci olup olmadig1 degerlendirilmistir. Ayrica yeni LNG terminalinin
iilkenin enerji glivenligine olan katkisi belirtilmistir.

Uzun vadeli, maliyetli bir yatirrm olan bu terminaller i¢in uygun yer se¢iminin
ciddiyeti iizerinde durulmus, bu arastirmanin 6nemi belirtilmistir.

Lojistik literatiirde onemli bir yer kaplayan, depo, dagitim merkezi, havaalani gibi
lojistik yatirnmlarin  konumlandirilmas: i¢in ciddi c¢alismalarin yapilmis oldugu
gorilmiistiir. Arastirmaya temel teskil eden Tiirkiye i¢in LNG terminali yer
seciminde, LNG ile ilgili c¢aligmalarin yan1 sira lojistik yaymnlardan da
faydalanilmistir.

LNG terminali kurulumu i¢in ©nemli oldugu disiiniilen yedi temel kriter
belirlenmistir. Bu ¢aligmada, terminal yeri i¢in kesin bir mevkii belirlenmek yerine,
Tiirkiye bir biitiin olarak degerlendirilmis, denizle kiyisi olan bolgeler birer LNG
terminal yeri adayr olarak degerlendirilmistir. Karadeniz Bdlgesi bu
degerlendirmenin disinda tutulurken bunun nedenleri ¢alismada aciklanmistir. Kalan,
Marmara, Ege ve Akdeniz bdlgeleri aday yerler olarak tanimlanmigtir.

Literatiirden ve uzman goriislerinden yararlanilarak secilen kriterler belirtilmis, bu
kriterler kendi aralarinda 6nem derecelerine gore agirliklandirilmistir.
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Terminal i¢in yer se¢imi arastirmasi ¢ok degiskenli karar verme ¢alismalarina iyi bir
ormek teskil etmektedir. Bu arastirma i¢in, c¢ok degiskenli karar verme
calismalarinda siklikla kullanilan Jenerik Fuzzy Analitic Hiyerarsi Siireci (GFAHP)
metodu tercih edilmistir. Metod, kriterleri ve adaylar1 kendi aralarinda agirliklarina
gore siiflandirarak, farkli 6nemde bulunan kriterleri farkli sekilde degerlendirmeye
olanak saglayan bir yontem olarak bu calismada kullanilmaya uygundur. Dahasi, bu
kriterler i¢in tutarlilik derececelerini hesaplayarak kontrol saglamaktadir. Tiim bunlar
icin gerek akademisyen, gerekse uzman goriislerine bagvurulmus, sorular anket
seklinde uzmanlara sunularak kriterleri ve adaylar1 degerlendirmeleri istenmistir.
Alinan sonuclar son bolimde ayrintili olarak verilmis, Tiirkiye icin Akdeniz
bolgesinin en uygun bdlge oldugu ¢ikarimi yapilmistir. Baz1 uzmanlar, izmit Kérfezi
gibi farkli alanlara igaret etselerde, basinda Akdeniz Bolgesi i¢cin LNG terminalleri
planlandig1 duyulmustur.

Bu caligmada farkli sayisal veriler direk olarak kullanilabilecek olmasina ragmen,
secilen sahanin genisligi ve sayisal veri bulmanin zorlugu neticesinde bu yéntemden
vazgecilmistir..

Bu ¢aligmanin daha sonra yapilacak kapsamli bir fizibilite ¢calismasina kaynak teskil
edebilecegi, daha belirli bir alanda yapilacak yer se¢im c¢alismalarina onciilitkk
edebilecegi Ongoriilmiistiir.
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1. INTRODUCTION

Liquefied natural gas: or the LNG shortly, is the liquid form of natural gas and
consists of Methane-CH4 mostly. It is a colorless, odorless, non-corrosive and a non-
toxic material, with a smaller density compared to water. In liquid form, has a
volume reduced by 600 times compared to its gaseous state. Reducing the
temperature of natural gas to these low cryogenic points, provides an atmospheric
transportation condition for LNG ships. The term “cryogenic” refers to temperatures

around minus 100 degrees Celsius, widely utilized in LNG literature.

Being one of the major energy sources, natural gas production and consumption have
been increasing. Total World production figure of 3.3 trillion cubic meters (cbm) in
year 2012 for the natural gas is projected to increase to 4 to 5.3 trillion-cbm level in
2035 [1]. This increase is expected to emerge from conventional resources in Russia,
Iran, Turkmenistan and Azerbaijani like Asian countries; Israel even West Africa.
Also unconventional gas resources, which obtained by horizontal drilling and
hydraulic fracturing are expected to increase into important points [1]. This
revolutionary shale gas discovery, trade figures globally and the environmental
protection policies brought natural gas to a “Golden Age” according to International
Energy Agency [2]. Even some environmental concerns exist about this new

technologys; it is recently used in North America widely.
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Figure 1.1: Global primer energy sources in 2013. Source: URL 1



There is a strong relationship between economic development and energy demand,
and many different studies in the literature pointed out this fact [3,4,5,6]. This global
economic development is carrying consumption of the primary energy sources such
as the natural gas. Natural gas has also advantages against the other primary energy
sources; for example, natural gas has about half carbon dioxide emission compared
to coal [7]. There is a growing global aweareness about environmental protection in
recent years and actions against the threat of global warming taken like Kyoto
Protocol. The natural gas, and LNG as being a form of this clean fuel may help
administrations to reach their emission reduction goal. With these important
advantages against other fossil fuels, the majority of the World and Turkey use

natural gas as a primer energy source.

It is important to note that liquefied natural gas -LNG- is just liquid form of global
energy source; the natural gas. It’s importance comes from being a source of clean
and versatile energy. In this research, LNG is considered as an energy form like
natural gas. However, even natural gas and LNG have little differences in utilization,
for some aspects. For example in transportation; pipeline transportation and the
maritime LNG shipment are two options for supplying economies of scale, for World
natural gas demand. Pipelines shape between countries, which affected a lot from
political issues, financial problems and geographic conditions. Underwater deep-sea
pipelines are still a challencing task even for developed countries. Furthermore,
political and military conflicts always affect the flow of gas between regions, as
nowadays we encounter this situation between Russia-which is the main supplier of
Europian gas market-and the EU related with Ukraine. Even the Turkey is negatively
affected from this situation. So here we obverve one of the biggest advantage of
LNG, which is the flexibility for natural gas source for a energy depended country.
Comparing with stable, long-term gas transportation pipeline connections between
neighbor countries, LNG carriage by sea via special ships, let energy dependent
countries to import their natural gas need from many offshore natural gas exporting
countries. Even there are enourmous distances between exporting and importing
points, we realize this situation in most cases. For example number one LNG
importing country; the Japan imports important quantity of LNG from Nigeria, in
which there is more then 10,000 nautical miles averagely between Japanese and

Nigerian ports. Turkey also uses Nigeria as a natural gas source, instead of being



dependend on Russia and Iran only. This flexibility is important for countries energy
policies and brings an enormous security for energy. As the energy is crucial for

economies, energy security is a very important topic.

Turkey also becames a bridge for natural gas and oil pipelines between Asia and
Europe, which comes from her unige geographic condition. Nevertheless, with these
pipelines, Turkey is also being dependent to energy sources, which comes from
mostly Russia and Iran. Even the most of the gas is transitted; an important amount is
consumpted in Turkey. With growing economy, natural gas consumption is

increasing each day in Turkey.
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Figure 1.2: Pipelines in Turkey. Source: URL 3.

Parallel to economic development and increase in natural gas figures, Turkey’s
demand for LNG also increased between 1994 and 2012 as seen in figure 1.3. Energy
consumption in Turkey is expected to increase depending on Turkey’s economic and
population growth. LNG is a proven technology and a form of clean energy,
therefore, the need for the LNG is expected to increase. The marine LNG terminals,
which are the main access points for LNG carrier ships, is an important component
of maritime LNG logistic. In this study, also LNG handling capabilities of Turkey,

general properties of marine LNG terminals and restrictions for these terminals are

3



tried to describe. Then without making a forecast for following years, it is proposed
that more LNG will be needed in Turkey in close future due to increasing need for
energy. Thus, a location selection problem for the additional LNG terminal will
occur and this problem can be figured out by using generic fuzzy analytic hierarchy
process (GF-AHP).

Multi-criteria decision-making (MCDM) is critical for logistic investments location
selection problems and it takes a vast place in literature. LNG terminals represent a

good example where multidisciplinary studies are required [8].
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Figure 1.3: LNG (million cbm) import value for Turkey from 1994 to 2012.
Source: BP Statistical Review of World Energy, June 2013.

Energy security also takes a vast place in literature. However, it is highly related with
socio-political issues, it is identified with a few paragraphs in this study. Energy
security and the source diversification are parallel issues, carrying its importance in

literature.

Beside other positive effects of LNG, in following pages, there will be some
explanations about energy source diversification in general, which is obtained from
usage of LNG. Brief information about energy security and role of diversification in

energy security through LNG will be discussed also.

Need to a new, additonal LNG terminal for Turkey is one of the main goals of this
research. Many parameters and limitations such as the technical ones like re-

gasification rates of terminals, ship-handling capabilities and LNG storage



limitations should be noted. After, the increase in utilization of natural gas for
Turkish economy shall be considered well. This increase may be compensated via
LNG according to energy diversification and security according to research. It is also
usefull to remember the small share of LNG in Turkey’s total natural gas
consumption. By using all these data, the need for a new LNG terminal is proposed
for Turkey in this research. GFAHP method is used in this research, and the reason
for using this method is explained in following chapters. There will be given brief

information about energy security and energy source diversification as well.

Several descriptions made for energy security in literature and it is seen as an
important social, political and economic issue as well [9,10,11]. Importing the
primary energy source from many different countries instead of one, even it may
costs more is the main idea of diversification and it is considered as reducing energy
risks [12]. Increasing the number of energy source counrtries, may reduce the risks of
energy material shortages, which may occur after a political crises or even natural
disasters. This shortage will end with lack of power, which is vital for modern
economies. So, the lack of primer energy source means lack of power generation and
reducing the risks over energy source becames so important for the energy dependent
countries like Turkey. As mentioned above, Turkey is importing almost all of her
natural gas, and for the energy dependent countries, energy source diversification is
important. The natural gas can be transported either, via pipelines; which are stable,
constructed between countries with long term contracts, in effect of many socio-
political issues, vulnerable to terrorist attacks and strikes; or in the LNG form.
Compared with pipeline carriage which provide a permanent connection between
two or more countries, spot LNG transportation brings an enormous flexibility in
supply source between any countries which are not landlocked [13].

Turkey imports 18% of her total natural gas in liquid form and in remaining 82% |,
Turkey is dependent on Russia and Iran as the main import sources, with pipelines
[14]. For Turkey, LNG’s share in total natural gas transportation is low, compared to
many other LNG importers worldwide. Top 10 LNG importers in 2012 illustrated in
Table 1.
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Compared with Turkey, Japan and S.Korea-number 1 and 2 importers- and also India
and Taiwan imports all of their natural gas in LNG form, beside many other political
and technical issues, these figures illustrate the importance of LNG transportation.
As the LNG diversification source of these countries; Japan has 19, S.Korea has 14,
India has 8, Taiwan has 10 importing points [14]. On the other hand, Turkey
imported LNG from 6 different countries in 2012, with share of; 53% from Algeria,
19% from Nigeria, 16% from Qatar, 6% from Egypt, 3% from Norway and 3% from
Other European countries respectively [14]. As seen in Table 1; the number of
resources for the LNG import is just six countries for Turkey is very small value for
the energy security level, compared with other countries [14].

It can be safely said that Turkey must increase her LNG source countries, as well as
the general ratio of LNG in her total natural gas supply in the name of energy
security. Biresselioglu et al. (2012) set a limit for their new LNG import model for
Turkey, at 25% for a source country in total LNG import [13]. In order to increase
the energy security level of country and release political pressure from Russia and
Iran, also add more LNG sources between import countries for Turkey.
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Table 1.1: The amount of LNG and total natural gas imported. (In billion cbm)

For 2012, Source: BP Statistical Review of World Energy June 2013.

Importers Tot. Tot. LNG % in Tot. LNG No.of
Nat. Gas LNG Nat. Gas Terminals | sources
1 Japan 118.8 118.8 100% 32 19
2 S.Korea 49.8 49.8 100% 4 14
3 Spain 34.7 21.5 62% 7 8
4 India 20.7 20.7 100% 4 8
5 China 44.1 19.9 45% 13 11
6 Taiwan 16.9 16.9 100% 2 10
7 U.K 49.1 13.7 28% 5 5
8 France 45.3 10.3 23% 3 5
9 Turkey 42.6 7.7 18% 2 6
10 Italy 66.8 7.1 11% 3 5
Average 59% 7.5

Ignoring political issues and price of material in each source; Yemen, United Arabic

Emirates and Oman should be considered as the further partners, due to their relative



shorter distance compared to Far East LNG exporters like Australia, Indonesia and
Malaysia. Even United States of America, which is planning to be a net exporter,
may also be planned as future LNG sources for Turkey [8].

The LNG terminal numbers and number of resource countries for top 10 LNG
importers worldwide in the name of diversification given in the table 1.1. It is also
important to see the number of LNG terminals, total natural gas import figures and

ratio of LNG relatively, which serves for energy security policies of countries.

1.1 Purpose of Thesis

Increasing tendency for using natural gas globally brought natural in its golden age.
There may be listed a few factors, but the awareness for environmental protection
and the discovery of unconventional natural resources, especially the shale gas may
be listed in first two tiers. By these main drivers, the natural gas became one of the
major energy sources, especially for fast developing countries like Turkey. It is no
need to point out the importance of energy for economic development, the energy
consumption figures may be count as one of the parameters of economic
development. Considering the growth in Turkish economy and the fact that Turkey is
energy dependent country- Turkey is importing her natural gas demand by 98% from

other countries-Turkey is importing her main energy sources.

In 90’s, air pollution in Turkey, especially in Istanbul was threating lives, even some
curfews applied in some critical winter days [15]. Using natural gas instead of coal
was an important issue in these years, especially for Istanbul, which suffered a lot
from air pollution, but this caused energy dependency for Turkey.

For the natural gas, Russia and the Iran have been two main source countries for
Turkey with long pipeline connection and LNG is occupying only a small proportion
in total natural gas supply of Turkey although its advantages against pipeline gas
carriage. Energy source diversification and flexibility in market are some advantages
of LNG. Turkey consumed 41.7 billion cbm of natural gas in 2012; Russian
Federation is the major exporter of this quantity with 24.5 billion cbm, Iran is the
second one with 7.5 billion cbm and the Other Former Soviet Union Countries has
2.9 billion cbm trade movement figures from the pipelines, all accounting as 34.9
billion cbm [14]. However, total LNG transportation figure realized as 7.7 billion

cbm. In this quantity, Algeria has 4.1 billion cbm, Nigeria has 1.5 billion cbm, Qatar
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has 1.2 billion cbm, Egypt has 0.5 billion cbm, Other Europe and the Norway have
the values of 0.2 billion cbm shares [14].

The small share of LNG in total natural gas trade is a remarkable point when
compared to many other energy dependent countries like Turkey. In addition,
dependency in energy sources is still a source of political conflict between countries,
as it is realized currently, between EU and Russian Federation. Furthermore, Turkey
has encountered these kinds of problems in past years with Russia and Iran. So
gaining flexibility in market via LNG utilization is one the motivations of this paper.
In this research, an attempt made to give information about LNG carriage; show the
main components of LNG logistics; point out the advantages and opportunities of

LNG carriage.

Relative to low share of LNG in total natural gas utilization, Turkey has only two
LNG terminals against big amounts of gas importation. Also with six different LNG
sources, LNG source countries are relatively low, compared to many other natural
gas importing countries. Some trade figures and tables presented in this research.
Considering import figures and comparing it to other countries, a new LNG terminal
alternation for Turkey is proposed. Location selection problems for logistic facilities
take an important place in literature. However, for Turkey, there was no known study
carried out about LNG terminal location selection, and criterias were choosen from

logistic point of wiev for Turkey. This is one of the main motivations of this paper.

1.2 Literature Review

There is a strong relationship between energy and the economic development, and
there are many studies exist in the literature. For example, Kenneth B. Medlock 11
and Ronald Soligo (2001) identified the development patterns that characterize
particular economic sectors, analyse demand by sectors and final growth of energy
demand [3]. Judson Ruth A. et al. (1999) estimated the relationship between per-
capita GDP and per-capita energy consumption in paper titled Economic

Development and the Structure of the demand for Commercial Energy [4].

There is also relationship between energy and living standarts, and for example, U.
K. Mirza et al. (2008) explained the role of biomass energy to increase the living
standarts in Pakistan [5]. C.Yuan et al. (2010) explained the relationship between



economic growth and energy consumption by using grey incidence analysis in China
[6].

Numerous studies and reports carried out about the clean and environmental friendly
nature of the natural gas. EPA (2012) attracts attention to the emission rates when
burning natural gas, and compares them with other major energy source: the coal, for
which it produces half carbon dioxide and less green house gases compared with [7].
Shobhakar D. (2009) explained the utilization of natural gas in China, by the major
cities [16]. He gave information about the effects of natural gas to emissions and its
clean nature, mentioning the expansion of gas in Chinese market, due to these
properties. While, it is a hot topic and the air pollution is giving alarm in these days,
X Zhang and X Cheeng (2009) also draw attention for utilization of cleaner energy
sources like natural gas for China [17]. S.Kumar et al. (2011) gave wide information
about the utilization of natural gas and LNG worldwide, pointing out the clean nature
of this commodity [18]. They showed the environmental drivers behind the
utilization of natural gas, especially in Far East markets. They aslo described natural

gas as a “bridging fuel” to a sustainable energy environment of future [18].

Energy security and diversification of energy sources are also important topics,
mostly related with social and economic matters. Interesting the benefits of states,
many studies carried out about these topics. Especially S. Hayden Lesbirel (2004)
pointed out the importance of energy source diversification, the usage of different
energy sources for diversification [12]. S. Hayden Lesbirel illustared the utilization
of LNG, as it is an important fuel for Japan, and reduced risks of energy by
diversification [12].

M.Efe Biresselioglu et al. (2012) carried out a study about Turkey’s increasing
demand on energy, pointing out the dependence of country in energy [13]. The
importance of LNG as an alternative energy source, and the ration of it in total
natural gas consumption illustrated both for Turkey and worldwide. They discussed
the term of diversification and energy security. As a cure for Turkey’s dependence,
they followed a mathematical model for obtaining the optimal sourcing strategy for
Turkey in energy, finally, they obtained that increase of LNG supply will contribute

for Turkey’s energy security, according to their model [13].

In addition, many papers studied LNG logistic matters in the literature. Alicja Ner¢-

Petka (2010) considering three case studies, described logistics and SCM measures
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of LNG logistic companies [19].
Ertunga C. Ozelkan et al. (2008) used a mixed integer programing method for
deciding basic parameters like stogare and vessel docking capacity, focusing on

profitibility of a LNG terminal by correct decision making [20].

Nikolaou Micheal (2010) illustrated a network of compressed natural gas fleet
optimization in Caribbean Sea [21]. After identifying the compressed natural gas, in
this study, instead of LNG ships, he choose a different alternative-which uses a
completely different technology-for natural gas transportation at sea: the CNG ships
[21]. However, it is beyond the interest of this research, now the CNG technology is
taking an important field of study in the literature, and by the time being it seems to
take more place. Actually CNG ships may be an better alternative for LNG ships,

which would be a further study topic.

Location selection problems for almost all kind of logistic facilities take place in
literature. Here we examined especially two of them, because they consired about the
location of marine LNG terminals. Papadopoulou, Maria P. and Antoniou
Constantinos (2014) tried to find an optimal place for LNG terminal in Cyprus [22].
Considering safety, old infrastructure, but especially environmental protection
policies of EU and Cyprus, they used REGIME multi-criteria decision-making [22].
An other study was carried out by Vygantas BagocCius et al. (2014) studied on the
optimum location of a future LNG terminal in Lithuania [23]. They used three
different multi criteria decision making methods; Simple Additive Weighting
(SAW), Complex Proportional Assessment (COPRAS) and the Techique for Order
Prefence by Similarity to Ideal Solution (TOPSIS) then aggregated the results. They

used objective data and expert opinions as well.

In this research, an attempt was made to identify some different parameters from
logistic literature for a location selection problem of marine LNG terminal in Turkey.
Differing from other studies, we tried to select our location in big scale. Marmara,
Aegean and the Mediterranean Regions described as the possible candidates.

Karadeniz Region exempted due to some reasons, which described in following

pages [8].
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Also from the uncertainity of future LNG terminal of Turkey, area cannot be
restricted. This brings many difficulties, for example, numerical inputs cannot be
used. Due to large-scale selection, it was impossible to make certain numerical
inputs. There were no known long-term investigations about a possible future
terminal place in Turkey. Even some news gathered from press, about topic
indicating the Mediterranean Region, in these days there are some political issues
indicating Aegean Sea or Marmara Regions for possible locations for LNG terminal,

after the cancellation of South Stream pipeline project [24].

1.3 Research Review

In Introduction, the scope of the study describes general information about the
research. Very brief information about LNG is given, and the issues related to energy
and LNG are tried to identify. Energy security and the role of LNG in this matter, as
being a form of natural gas is tried to be identified. The need of energy in Turkey and
the role of natural gas, and LNG as being a form of this material is tried to be
identified. Purpose of the thesis and literature rewiew for the research was also
placed under this heading. A layout for the research is given at the end of the
introduction.

Second part; LNG and LNG Transportation is divided into three sections. In first
chapter, general information about LNG is given, after, in second section,
information on global LNG transportation is given. In third section, the components
of LNG transportation and the marine terminals for LNG transportation is tried to
identify. Some technical details about LNG terminals and the limitations for this
terminals are given in this part. Indicating the need of energy for Turkey and
describing the limitations of marine LNG terminals, the need for an additional LNG
terminal in Turkey is tried to be described.

In third part, the determination of criterias, the location selection criterias for a
possible LNG terminal for Turkey is tried to describe. The logistic literature and the
studies about LNG transportation are also examined for this section. Seven criterias
are tried to be identified with short descriptions about each one. References are given

for each criterion respectively.

12



In following section, part four; the determination of candidates for a possible location
of a marine LNG terminal is tried to be identified. Turkey coasts are divided into
three parts, and a brief information is given about each part. Important information
about populations and basic geographic features of regions tried to given in this
section.

GFAHP method, utilized for location selection problem in this research is described
in methodology part. General information about the method is given and the
consistency control for pairwise matrices, and the prioritization of decision maker
sections are tried to identified under this part.

By using the method described and the expert decisions from both academy and the
private sector, an optimum location for LNG terminal for Turkey is tried to be found.
Questionaries are prepared and send to these experts, and the answers were assessed
according to method.

Results and Discussions are given in next part of the research and the Mediterranean
Region found superior to other candidate regions according to study.

Conclusions and the recommendations are given in last part in this thesis.
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Figure 1.6: Flow diagram for research.

14



2. LNG AND LNG TRANSPORTATION

2.1 LNG in General

LNG is the liquid form of natural gas and consists of Methane-CH4 mostly, is a
mixture of hydrocarbons by the way. This colorless, non-corrosive and a non-toxic
material, has smaller density compared to water, counting 0.41 kilogram per liters.
Its boiling point is -163 C at atmospheric pressure condition. Its volume is highly
reduced when liquefied at about 600 times compared to its gaseous state, which is
like reducing a beach ball volume into a ping-pong ball [18]. This volume reduction
gives an advantage for effective transportation of this material by sea. By this
volume reduction especially, LNG technology gains advantages over compressed
natural gas -CNG- in longer distance transportations. Cryogenic, unpressurized state
of LNG also contributes for safe transportation [25].

The technical and the economic properties of natural gas and the clean nature makes
it the “bridging fuel” for a projected fully sustainable energy future according to
different researchs [18]. It is important to remind that even LNG, is only the liquid
form of natural gas; it is cleaner than natural gas. While the natural gas is being
processed into liquid form, some small amounts of residues, even water is being
separated. LNG becames more purified than natural gas at the end.

The first natural gas liquefaction experiences known in history go back to date 1873.
Michael Faraday and Karl Von Linde constructed the first compressor and the
refrigeration unit in Munich, Germany in this year [26]. The first LNG plant was
built at West Virginia in 1912 and start operation in 1917 [26,25]. However, the first
commercial natural gas liquefaction plant was constructed in Cleveland, Ohio in
1941 [26,25]. After, the first maritime LNG transportation carried out with the
experimental ship of Methane Pioner in 1958, between Lake Charles, Louisiana and
the Canvey Island in UK [25,18]. First industrial LNG intake commenced with
agreement signed in 1961 between Britain and Algerian goverments, called as the

Camel Project, aimed to deliver Algerian gas to UK and France, started to its
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commercial trade in 1964 [25,18]. For the project, the first natural gas liquefaction
plant in World was commissioned at Arzew, Algeria. However it was a 15 years
contract, UK stopped taking gas in 1970 due to production of natural gas in North
Sea region [9,10]. In addition, United States built four marine terminals between
1971 and 1980, and they have been actively used until that year. Developing gas
surplus in North America declined LNG import in these years, and price dispute with
Algeria caused very low capasity utilization of LNG terminals in USA [28].
After signing an agreement between Phillips and Maraton as gas seller agents and
two Tokyo companies in year 1967, Japan first has started trading LNG from Alaska
in 1969, the duration of the agreement was 15 years, with an additional extensional
option of 5 years, for the time the project was the World largest LNG project [29].
Sea transportation carried out between the Cook Inlet-south of the Alaska, and the
Kenai Peninsula, Japan LNG plant [28,29]. Now, Japan is on the top of the list with
32 LNG regasification plants, having the World record of no.l LNG importing

country.

In addition, in 1999 in Triniad&Tobago started to sell LNG to US, affecting the
market highly, in 2005, in Gulf of Mexico the World's first offshore, ship-based
regasification unit start operataion by Excelerate Energy [29]. All information above

may be given as important steps of World LNG history.

2.2 Global LNG Transportation

Parallel to global economy, World energy consumption is rising. Primary energy
sources like natural gas and LNG utilization in world is also increasing. As
mentioned above, economic development and the energy utilization have strong
relationships. Therefore, it can be assumed that LNG import figures and economic
development levels are highly related, and it will not be suprizing to see developed or
developing countries on the top of LNG importing countries. For example, looking at
global trade figures, Japan is the number one LNG importing country today. Another
important Far Eastern importer is the South Korea. They share the first two degrees
in Global trade figures with 118.8 bcm and 49.8 becm respectively, according to 2012
World Trade movement figures [14]. Spain, India, China, Taiwan, U.K, France,
Turkey and Italy follow them respectively. Table 1.1 illustrates the top 10 importers

and their import figures. These figures put Japan and Korea far beyond in LNG
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import from also the other global LNG importers, as well as their Far Eastern
counterparts. For example, China and Taiwan follow them with figures of 19.9 bcm

and 16.9 bcm respectively [14].

There are also different socio-economic issues behind LNG utilization aganist
pipeline natural gas. Geography also plays an important role for preferring LNG
utilization instead of pipelines. For example U.S was the second largest natural gas
importer in 2012, with 88.7 billion cbm and it was followed by Germany with 86.8
billion cbm [14]. Italy has the third rank with 66.8 billion cbm figure. However,
comparing the LNG import figures, this list differs. This may be explained with
geography of countries, energy security policies and many other economical factors.

Table 2.1: Top 5 Natural Gas importers. Source: Bp world rewiev 2013, billion cbm.

COUNTRIES T?IJP'\(')'%AS IMLPI\CI)GRT LNG/N.GAS
1| JAPAN 118,8 1188 100%
2| Us 88,7 4.9 6%
3| GERMANY 86,8 0 0%
s ITALY 66,8 71 11%
5| S.KOREA 298 498 100%
TURKEY 42,6 77 18%

As seen in table 2.1 even U.S is the second largest natural gas importer, the share of
LNG in total natural gas import is only 6%, accounting 4,9 billion cbm total [14].
This LNG figure is realized with 5 different source countries named as; Trinidad and
Tobago (3,2) ,Norway (0,2), Qatar (1), Yemen (0,6) and Egypt (0,1) with different
figures [14]. But the Canada is the only natural gas supply source for U.S with
pipelines. 83,8 billion cbm of natural gas imported to U.S from Canada. It is also
interesting to see the trade figures of Germany as well. Having strong relationships
across Europe, and with Russia, Germany has no LNG trade up to now. Germany
imported 56,9 billion com of natural gas from different Europian sources like,
Netherlands and Norway [14]. Russia was the second biggest partner for Germany
after Norway, with 30 billion cbm figure. But all these trade was carried out with
stable, long termed pipelines against LNG transport. It was planned to built one LNG
terminal in Wilhemshaven, however this project was suspended [31]. Now it was

projected to built an LNG terminal in Port of Dunkirk, France and establish a
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pipeline between port and Germany, in order to release the political pressure from
Russia [32]. EU is one of the most important LNG market in World. Qatar, Algeria,
Nigeria, Norway, Trinidad&Tobago and Peru are the main LNG sources for the
Union. Qatar is the biggest exporter among the others with figure of 31.1 billion
cbm in 2012 [14]. So the Middle East-Europe route consists one of the main LNG
trade in world. Japanese case is also remarkable for World LNG trade. Even the
Japan is the biggest natural gas importer in the World, she imports all of her need
throught seaway, in form of LNG. Japan is the one of the biggest production market
globally, lacking of energy sources, which makes it a dependent country in energy.
However Japan is very close to Eastern Russia, two countries are divided by sea of
Japan. Not considering other political issues between Japan and Russia, deep-sea
pipeline projects are still challenging. With huge natural gas demand, Japan becames
the most LNG importing county in the world. As well, Japan has 32 LNG terminals
to meet this demand. This is followed by S.Korea with figure of 49,8 billion cbm,
imported by 4 terminals. Similar to Japan, S.Korea also imports all need in form of
LNG. These two Far-Eastern countries consist the biggest LNG market. Japan is
consisting 36% of total World LNG transportation [14]. Together with S.Korea, they
shape 51% of total World LNG trade [14].

Australia, Indonesia, Malaysia and Brunei are the major Far-Eastern LNG exporters,
which supply the demand of both Japan and S.Korea [14]. These Far-Eastern trade
flow shapes the major maritime LNG routes. An other route for these markets is the
Middle-Eastern one, in which the Qatar, Oman, U.A.E and Yemen consist the source

contries [14].
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Figure 2.1: Main LNG flow in World. Source: Url-11.

India and Taiwan are also importing all their natural gas need in LNG form, with
figures of 20.7 and 16.9 billion cbm respectively [14]. Also China should be count as
an important player in this market with figure of 19,9 billion cbm and LNG’s share
in total natural gas demand for China is 45% [14].

For Europian market , Spain is the leader with 21.5 billion cbm, followed by U.K,
France and Turkey, with figures of 13.7, 10.3 and 7.7 billion cbm respectively [14].

2.3 LNG in Turkey

Due to short history of natural gas in Turkey, there is not so much background about
LNG utilization too. Turkey began importing natural gas via pipeline from former
USSR, at 1987 in limited quantity. After two years, in 1989 an LNG import terminal
started to be built, and after construction in 1994, LNG import began for Turkey with
BOTAS Marmara Ereglisi LNG terminal. Pipelines were the only option for Turkey
until 1994 [8]. BOTAS LNG facility constructed as a peak sheaving terminal, which
serves especially when there is a high demand for natural gas, and it is hard to
respond this need. The first yearly LNG intake quantity was 418 million cbm and in
this year, the only source country was Algeria 1994 [30]. There was a sudden
increase in gas import figures from this terminal in following years. In year 2001, the
second LNG terminal started to facilitate, in Aliaga,izmir. The first one-BOTAS is

located in Marmara; the Europian side of Turkey and the second one Egegaz is in
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Aegean Region of Turkey. Now, there are two LNG terminals operational in Turkey.
[8]. In BOTAS LNG facility, there are 3 LNG storage tanks with 85,000 cbm of
each, and the Egegaz has 2 storage tanks and each of their capacity is 140,000 cbm,
with this capacity, the Egegaz was the World second largest LNG storing terminal in
that year [30]. Gasification capacities are important distinctive features for LNG
terminals and both terminals in Turkey has a gasification capacity of 6.5 billion cbm
per year approximately. The technical details like storage and regasification

capacities are distinctive properties for LNG terminals.

2.4 LNG Transportation Components & Marine Terminals

Natural gas may be transported either via pipelines in gas form or with specially
designed LNG ships in liquefied form for scale economy size. For maritime carriage
at LNG form with ships, there is a breakeven point for cost comprasion with
pipelines. This means, if the distance of transportation exceeds 700 miles for
offshore pipelines and 2200 miles for onshore pipelines LNG ships became
profitable, according to Center for Energy Economics [20].

Even in maritime or pipeline supply chain management of this flammable precious
material, it needs extra care, special handling equipments and rules, and sometimes
very special technological apparatus all among its SCM [19]. Different and suitable
infrastructure needed to use with strict rules and regulations in order to prevent
unwanted conditions.

However, sometimes the term logistics used instead of transportation, logistics has a
more compherensive meaning. Even there are other definitions about logistics,
according to Martin Christopher (1992) logistics is described as; “process of
strategically managing the procurement, movement and storage of materials, parts
and finished inventory (and related information flows) through the organization and
its marketing channels in such a way that current and future profitability are
maximized through the cost-effective fulfillment of orders” [33].

Here it is important to remind another term-the supply chain management-which is
sometimes confused with the logistics. SCM is identified as "the management of
upstream and downstream relationships with suppliers and customers to deliver

superior customer value at less cost to the supply chain as a whole" according to
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author [33].

The supply chain management of LNG is made of gas exploration facilities,
production plants, gas liquefaction and refasification plants, pipelines both offshore
and on shore, gas carrier LNG ships, trucks and companies dealing with both

financial and technical problems off course [19] .
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Figure 2.2: Main components of a maritime LNG supply chain.

In this research, it is also focused on components of maritime LNG transportation.
There may be many other equipments and systems used in World natural gas or LNG
production and transportation, ignored in this research. Also ignoring most of the
features and technical details of these components, it is intented to give brief
information about them.

Safety is an important issue for LNG production and carriage, some components
increasing safety like Floating Storage and Regasification Unit (FSRU) mentioned
here, however it does not take place in Figure 1.3. Numerious reports, form private

sector, and academic paper used as source.

2.4.1 LNG ships

Cryogenic LNG ships are special designed, fully refrigerated in cargo compartments-
so called tanks-dedicated to carry only this cargo at very low temperatures throught
the sea voyage. Due to their technical properites, they can be constructed in limited
shipyards, by a limited number countries [8]. They are the only option for scale-
economy size transportation of LNG [8]. Due to these technological and technical
challenges, their prices are rather expensive compared to general cargo or even

container ships. By the years passing, prices are going down for example; new
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building price for a 138000 cbm capacity LNG ship is about 130 million USD in
2013, while it was about 280 million USD in 1995 [8,34].

Ship price is an important factor in natural gas SCM, and it increases the advantage
of LNG transportation via ships, against pipeline transportation.

Considering the cryogenic condition of LNG and the seawater temperatures, cargo
containtment systems and isolation of cargo tanks becames critical for safe sea
voyages. There are two main cargo containtment systems for these kinds of ships;
first one is called as the Moss-Rosenberg system, which presents the distinctive

features of these ships with their spherical tanks [34].

Figure 2.3: LNG ship with spherical Moss-Rosenberg tanks. Source: Url-14.

The second system of LNG carriage is called as the membrane tank system, which
the ships may look like a pyramid, has also advantages against Moss-Rosenborg
system [34]. This system relatively increase the utilization of ship capacity, reducing
the lost ship volume and preventing LNG from sloshing, which may increase the rate

of unwanted boil-off gas from ship tanks [34].

Figure 2.4: LNG ship with membrane tanks. Source: Url-15.
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Due to nature of cargo carried, these vessels should be operated very carefully. Up to
now, there are no significant records of explosion, cargo fire or big cargo spillage
happened in LNG ships. Two grounding accidents happened without significant
cargo loss. That is an excellent safety record for shipping industry, when compared

to other types of ships [35].
24.2 FLNG

It is a new, unige ,water based technology, enabling natural gas explorations off-
shore [36]. Abbreviation means the Floating LNG. It is a complex structure, designed
to explore the natural gas in deep-sea areas, process and liquefy the found gas
without transferring it to shore or other facililities, store LNG in its hull and load it to
LNG tankers which boards them, which makes it also a offshore marine LNG
terminal [37]. Floating like a ship, they are towed to gas field, then moored to seabed
until service date [37]. Doing all these process offshore, without using shore
pipelines they contribute safety for LNG transportation. Gasification is a high energy
consuming process which may pollute environment. These off-shore units at least
help to reduce emissions from LNG terminals, which are generally a part of human

living environments.
243 FSRU

Floating Storage and Regasification Unit, is a floating terminal used for storage and
regasification of LNG. They can move from their present location, transported to
another area and establish again. They are generally old LNG tankers. This unit can
be considered as mobile LNG receipt terminal, and the main advantage of FSRU is
its offshore regasification capabilities, which contributes to safety standarts [8,38].
Also being positioned offshore, they reduce the traffic density in harbor areas, which
is very important for navigational safety [38]. However, it is important to remind that
FSRU does not have to be moored at seabed, offshore, it can also be berthed to

terminals [39].
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Figure 2.5: FSRU. Source: Url-18.

2.4.4 LNG marine terminals

However, the term “port” and the “terminal” used instead, the term terminal refers to
the part of the marine port which is specialized in handling one type of cargo [40,8].
Specializing in particular type of cargo operations is especially important in areas
where exist potential dangers due to nature of material being handled, like LNG
terminals. Safety measures, both international and national regulations for these
facilities provide a special terminals for LNG. So, LNG terminals are generally
constructed far from other commercial terminals and urban areas where people live.
After gas production fields, the natural gas is transferred to LNG terminals via
pipeline. LNG terminals will be the first and also the last step in our chain, where
this natural gas will be processed into liquid form and loaded to ships in LNG
exporting point, and adversely being discharged from ships and regasified in

importing points.

Figure 2.6: A marine LNG terminal. Source: Url-19.
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Truck loading is also possible in some terminals for short distance transportation, in
small amounts. Liquefaction of gas in loading terminals and oppositely; re-
gasification of LNG process are also carried out in these terminals, so, big amount of
energy is consumed in these areas.

It should be usefull to remind the cryogenic liquefaction temperature of natural gas.
Gas needed to be cooled into —161 C in order to liquefy it. This extremely cold
temperature needs enourmous energy consumption. Energy need for this operation
may vary according to equipments and systems used, also environmental
temperature; for giving an idea, this process consumes about 8-10% of the feed gas
[41]. There are some ongoing researchs to increase energy efficiency of these plants.
Working with almost same principles with modern domestic refrigerators, there is
difference in size. Refrigerant gas is compressed, cooled and condensed in system to

reduce its temperature by the Joule-Thomson effect [42].

LIQUEFACTION APCI PROCESS AT YEMEN LNG

Figure 2.7: Liquefaction at Total Yemen LNG terminal. Source: Url-16.

There are three types of liquefaction processes namely; cascade, mixed-refrigent and
expansion cycles [42]. For regasification process at discharging port of LNG as well,
Open Rack (ORV) and Submerged Combustion (SCV) systems are the most used
types. ORV uses sea water as heat source for this process, which is safe and simple
in construction [27]. On the other hand SCV uses heated water, which brings quick
start up and low facility costs [27].

Storage tanks in terminals are also divided into two classes as above ground tanks

and below ground tanks [27]. Below ground type tanks have three different types
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named as; In-ground tanks, under-ground type tanks and under-ground in-pit type of
tanks [27].

Above ground tanks are more commen and cheap, compared to other class. But
below ground tanks are much safer and occupies less space [27].
Safety is an important issue for LNG and terminals has to follow safety regulations

strictly. In LNG history, there are some important accidents.

For example in 1944, Cleveland, USA, 128 people died due to a tank failure in East
Ohio gas tank, gas vapour formed, then ignited, which was the worst accident in
LNG history [27]. The second important accident was in USA again, Staten Island,
Texas, occurred in 1973, which was not directly related to LNG [27]. Fire caused the
roof of an tank to collapse, Killing 40 workers [27]. In 1977, Arzew , Algeria, a
worker was frozen to death due to valve failure in terminal [27]. In 1979, again one
worker died due to electrical substation in Cove Point, Columbia Gas, which was the
last known deathly accident in LNG history [27]. Due to dangerous nature of this
material, strict rules are followed in terminals, ships and all related infrastructure.
As indicated above, Turkey is a energy dependent country and the need for energy is
compensated throught different source. However, there is a growing interest for
renewable resources all over the World, natural gas and the primer fossil based
energy sources still save their importance. Turkey obtains almost half of her
electricity need from natural gas, and the need for electricity for Turkey is rising. So
the LNG should be thought as a support to natural gas demand for Turkey, which
will also reduce the energy related risks. Marine LNG terminals will serve in this

point to Turkey and will contribute for safe energy supply.

In this research, brief information is given about LNG in general, global
transportation of LNG, energy security and role of LNG with it tried to be identified.
LNG SCM, especially LNG terminals are tried to be identified also. Importance of
LNG for Turkey’s primer energy source consumption and LNG terminals are pointed
out. As mentioned in chapter 2, regasification capacities are important factors that
restrict LNG intake capacities. For Turkey, these capacities, arising from two marine

terminals are illustrated below.
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Table 2.2: LNG terminals of Turkey with capacities in million com. Source: Url-8.

. e - . Storage
Terminal Re-gasification capacity (per year) capacity
Marmara 6500 0.255

Aliaga (Egegaz) 6300 0.280
Total 12800 0.535

Considering future natural gas demand of Turkey by using different forecasting
models; it was found as 76.8 billion cbm using liner model and 83.8 billion cbm
based on the logistics model with an other research [43].

Using all these data, knowledge about energy security and diversification, the
benefits of LNG utilization and restrictions of Turkey’s terminals, in this research it
is proposed a new LNG import terminal for Turkey [8]. It was difficult task to
choose a location for this terminal, and it was a multi-dicipliner study, so literature
was investigated. It was usefull to use logistic literature, as well as deepening
research about LNG literature. Because location selection problems higly takes place
in logistic literature and multiple papers were presented from logistic area [8].
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3. DETERMINATION OF CRITERIAS

In this research, Turkey is considered as a whole, and coastal areas are taken into
account for an alternative location selection [8]. There were some studies pointing
out a specific place for a terminal place, but in this research it was useless. They
were trying to optimize a certain terminal location for rather a smaller area. That was
because there were no known studies about Turkey to limit our location selection
problem. Then, the whole Turkey is divided into three coastal areas as candidates,
except Black Sea Region. There are four coastal regions actually in Turkey, namely;
Marmara, Aegean, Black Sea and Mediterranean in Turkey; however, Black sea
region was not suitable for an LNG terminal because of three reasons [8]. First, for
arriving Black Sea, ships have to pass Istanbul Strait. Navigation in the Istanbul
Strait with dangerous goods like oil or LNG may put in danger millions of lives [8] .
Second, this transit will make the way longer for Black Sea Region, compared with
Marmara, Aegean and Mediterriannian. The last reason is that the economic scale
and population. All these alternatives make Black Sea Region unsuitable [8].

Therefore, remaining three alternatives are defined for the LNG terminal in Turkey,
and seven criterias are identified to assess the best location for an LNG terminal,
after searching logistic literature, interwieving with the professionals and
academicians. Literature about LNG investigated as well as logistic literature. All

criterias are defined as follows;

3.1 Distance From LNG Imported Countries-D

Travelling distance is an important factor in almost all logistic activities. Increasing
the travelling distance from LNG exporting-source country-to LNG importing
country-here, Turkey will increase the shipping expenses and the fuel consumptions.
The location of the terminal will directly effect the distance travelled by LNG
carrying ships, for example BOTAS LNG terminal, located in Marmara is far from

the Aliaga, Egegaz LNG terminal to the LNG exporting countries like Algeria,
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Nigeria, Norway and possible future sources like Qatar, Yemen, U.A.E and so on.
This situation is also occurs from the unige geographical condition of Turkey, but
being closer to possible LNG sources will be a advantage for a new terminal, like
most of logistic facilities [8,44,45,46].

3.2 Safety-G

Safety of terminal, especially for natural and environmental disasters. Earthquakes
and other natural disasters should be carefully considered. Distance of LNG terminal
to fault lines, from possible sources of earthquakes will positively contribute to
safety of terminal. This kind of disasters oftenly happens in Turkey. Risk of possible
earthquakes will vary highly in each region. Construction, also running expenses of
the facility will be affected from these kinds of risks. For example, where there is a
high risk for earthquakes, construction of the terminal should be carefully examined
and risks should be minimized. Possible leakages from storage tanks and also
pipelines after a disaster may end up with catastrophic results, which were identified
previous sections. So, it can be easily said that safety regulations are very strict and
so important for LNG terminals.

Security concept is also given under the title of Safety. Even the term of security is
higly related with criminal events or the military actions; it is placed under the title of
safety. Security is also very important factor for terminals, security against terrorist

attacks or military existence is also vital for this kind of places [8,22,27,25,23].

3.3 Construction and Operational Costs-C

The building and the operational costs after building process for the facility is an
important factor for general profitability of the terminal. Especially in this kind of
facilities, where very special design and equipments are necessary, the construction
and equipment prices are very high. Return on equity for the terminal management
companies is an important factor and the costs will differ between regions, like
workers fees, land prices etc which will affect the suitable location selection problem
[8,23,44,47]. For example the Izmit Gulf region, where there are many industrial
companies take place-the end of the Marmara Sea- the unemployment rates are quite
low, and personel income is rather higher then the other regions, which will affect
the salary of the workers. Also, one very important factor that effets the construction
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and operational costs criteria is the price of parcel in which the facilitywill be builted.
No need to say that in industrial and highly populated areas, this price will be much
higher and will effect the region selection. On the other hand, high population and
industrial activities will certainly positively effect the terminal selection area, but it

also negatively effects the land prices which is an important factor.

3.4 Transportation and Distribution of Product-T

Distribution of LNG after terminal is an important logistic activity. Distance of
terminal to the existing pipelines is an important factor and the short distance may
reduce the investment. Especially the distance between main pipelines is very
important [8,22,47]. Also connection with roads is an important factor, because
possible truck loadings are expected in LNG terminals. In this facilities,
transportation of terminal crew and LNG carrier trucks will take place. So, the
shorter distance to existing roads means less invenstment and it will vary in each
region. For Turkey, the Marmara, in which the Istanbul and izmit take place may
have the best alternatives for road transportation, oppositely the Mediteriannien
Region has big and long range of Taurus Mountains, which negatively effects the
transportation in region. So, this factor is asked to experts to assess as an important

element.

3.5 Marine Traffic and Navigational Safety-M

LNG terminals are marine terminals, there is a navigational safety factor and
navigational safety is highly related with anchorage areas for ship and weather
conditions of ports. Density of traffic around the port is especially important. High
dense traffic areas will be very risky for marine traffic, which may cause collision or
groundings [8,23,34]. The dense marine traffic areas take place in highly populated
areas like Marmara, and especially the Turkish Straits take place in same region.
Both the small fisher boat traffic and large cargo ships, which uses the Turkish ports,
increase the marine traffic risks. Higher marine traffic risks will negatively affect the
location selection problem. This marine traffic rate is considered to change between

the coastal regions of Turkey.
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3.6 Potential Area for Stocking and Growth of Terminal-S

Terminal and the port may be enlarged in future, there should be space for this
reasons. Also ports and terminals should be able for enlargements [22,44,47]. This
will directly affect the future construction costs. Also in highly populated, industrial
areas sometimes it cannot be possible to enlarge the facilities. These kinds of
problems are the examples in Marmara region, where there is not a good railway
network for cargo carriage. Because the old railway infrastructure don’t let for heavy
railway carriage and in some places it is almost impossible to change the whole
infrastructure.

This is an example, which may effect the location of a facility, and differ between the

regions of Turkey.

3.7 Economic Potential and the Population of the Location-E

Population around terminal shapes the economy and economic activities, and
industrial activities are key factors. This factor may be considered as the key
parameter for a terminal selection problem. The LNG will eventually be transferred
to industrial and urban areas where it is consumed.Transporting gas after terminal
means extra cost, which will negatively effect the terminal selection choice
[8,23,47]. As described in previous pages, half of the electric need is gathered from
natural gas in Turkey and the industry uses the most of this need. So economic
activities and heavy industry will require more electricity. This means where there is
a high industrial density like Istanbul, Izmit, which takes place in Marmara Region,
will need more electricity, and this will cause more natural gas consumption. In
addition, Izmir, which takes place in Aegean region and not so far from existing
Egegaz LNG terminal, consumes much electricity that brings demand for natural gas
as well. Future LNG terminal may be a good solution for this need, and this factor

differs from region to region in Turkey.
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4. DETERMINATION OF CANDIDATES

e Marmara Region (M),
e Aegean Region (A) and
e Mediterriannian (MED) regions

are described as the candidate locations according to our research.

Marmara Region takes place in the North Western parts of the Turkey, and inside the
region, the Sea of Marmara takes place as an inner sea surrounded by. The cities
around the region are Istanbul in first tier, which is the number one economic center
for Turkey, with more then 14 million residents according to the 2014 figures.
Having more population then even some small countries, the city is also center for
economy and industry. Istanbul is folled by cities of izmit, Tekirdag, Bursa and
Canakkale in which the population exceeds 20 million. There is BOTAS LNG
terminal located in this region, Tekirdag, Marmara Ereglisi. Still, in the region,

sometimes occurs electric shortages due to heavy industry which demands electricity.
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Figure 4.1: LNG Terminals in Turkey.
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The Aegean Region locates on the western coasts of country, where there are plenty
islands take place. These islands and even rocky areas between the Turkey and

Greece may become sources of conflict between these countries.

In addition, these islands and high number of gulfs in the region provide good
alternatives for safe ports. These sea areas provide safe anchorages, even proper
places for natural ports.

In the region, Izmir is the largest city in both population and industry, which makes it
the core of the region. The other important cities are Manisa, Aydin, Mugla,
Balikesir and Canakkale, which these two, Balikesir and Canakkale also has coasts
in Marmara Region. It is very important to note that there is one LNG terminal takes
place in this region to supply natural gas demand. The Egegaz LNG terminal takes
place in Izmir, Aliaga which is an important industrial place for region and also
Turkey. There exist several ship demolishing yards that the old ships are destroyed

and plenty people work.

And the Mediterriannian Region is in the South Western part of the country. Antalya,
Mersin, Adana and Hatay are cities take place on the coasts of this region as
candidate LNG terminal locations. Especially in the eastern side of the region, there
exist the Ceyhan and the Iskenderun districts, which are heavily industrialized places.
Several port and factories take place in Iskenderun, and Ceyhan is the end of the oil
pipeline, which transports crude oil from Baku. This region is rather closer for the
possible future LNG source countries like U.A.E, Oman, Yemen and Qatar. Also
there are some natural gas investment projects which is not far to the region in south
of the Cyprus, and also off shore Israel. Even there exists conflicts between countries
and political problems over the status of Cyprus, being closer to gas resources may

be an advantage for the region.

The Karadeniz Region is not considered as a good candidate due to some reasons.
The region is not higly populated compared to other regions and the most important
factor is the condition of Turkish Straits, in which millions of citizens are living
around. The passage of dangerous goods from these straits will endanger lives and it
is highly critizied by the experts, which will also unnecessarly make the navigation

distance longer for the LNG, which is an important factor for shipping prices [8].
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These candidates were then asked to experts via questionaries. Answers were
assessed via GFAHP method.
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5. METHODOLOGY

Analytic hierarchy process (AHP) is a well-known, multi criteria decision-making
method. Widely used in scientific literature for many different problems. First, Saaty
describes the analytic hierarchy process (AHP) method to solve a decision problem,
which is based on numerical comparisons between different criterias [48]. But,
studies show that human brain does not work numerical [8]. AHP method has been
criticized due to this reason, and also in vague and uncertain problems AHP may not
be suitable [49,50,51]. For this reason, solving multiple-criteria decision-making
problems, like an LNG terminal place selection, fuzzy AHP method which involves
concepts of fuzzy sets theory and hierarchical structure analysis were preferred
[49,50,51]. Laarhoven and Pedrycz (1983) improved this method by using triangular
fuzzy numbers in the pairwise comparison of the AHP [49]. Figure 4 illustrates the
triangular fuzzy number. In the literature, many studies develop a new algorithm for
the FAHP method [8]. Most of them ignore the consistency control, however
Bulut et al. (2014) propose generic FAHP (GF-AHP) method which calculate the
consistency [8,52]. Therefore, GF-AHP method is used to analyze the weight of
criterias and alternatives. The definition displays the GF-AHP method, which is
actually Chang’s (1996) approach [53].

4, |

14

Figure 5.1: A triangular fuzzy number A.

Chang (1996) introduces the extent synthesis method as like [53]:
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Let X= {x1, x2, x3,...,xn} be an object, and U= {ul, u2,..., um} be a goal set. The
extent analysis for each goal is performed under each object. Therefore, m extent

analysis values for each object are indicated with the following parameters [53]:

1 2 m
Mgi’Mgi"“’Mgi, i=1,2,...,n, (5.1)
M i
Where all the "9 (j=1,2,...,m) are TFNSs.

Step 1: The value of fuzzy synthetic extent with respect to the i th object is defined as

-1
S;ZM&@{ZZMJ}} (5.2)

j=1 i=1 j=1

m

M i
gi

To obtain i , the fuzzy addition operation of m extent analysis values for a

particular matrix is performed such as:

i“"é{i'pimwi“;] (53)

= [ E R

n m

2.2.M, |

{ }l
And to obtain L "=t 1= , the fuzzy addition operation of Mg G=1,2,... m)

values is performed such as:
>3 m=(30,3m 3| 54

i-1 j=1 i—1 i—1

and then the inverse of the vector in equation 5 is computed, such as:

i=1 i=1 i=1

Step 2: The degree of possibility of My= (l2, my, uz)> M;=(l1, m1, u;) is defined as

V(M, > M,) =sup| min(zs, (%), a4, (¥)) | (5.6)

y>X

and can be expressed as follows:
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V (M2> M) =hgt (M1N My)

1L if m,3m,
= Hu, (d)= 0, if I, 3u,, (6.7)
|1 Uy

, otherwise.
(mz - uz) - (ml - I1)

Figure 5.2 illustrates equation 5.7 where d is the ordinate of the highest intersection

point D between M and “™: . To compare M1and M2, we need both the values of
V (M1>M2)and V (M2 > M1).

A

V(M,=M,)

v

0 |2 ms |1 d U, My Uy
Figure 5.2: The intersection between M; and M.

Step 3: The degree possibility for a convex fuzzy number to be greater than k convex
fuzzy M; (i=1, 2, ..., k) numbers can be defined by
V (M>M; My, ..., M) =V [(M > M,;) and (M>M,) and .. (M > M)]
. ) (5.8)
=minV (M > M), i=1,2,3,... .k
Assume that d'(A;) = min V(S;> Sy) for k=1,2,...,n, k#i.. Then the weight vector is
given by
W' = (d'(A), d'(A2), ..., d'(An)" (5.9)

Where A; (i=1, 2,..., n) are n elements.
Step 4: Via normalization, the normalized weight vectors are

W= (d(A1), d(A), ....d(4n))", (5.10)

Where W is a non-fuzzy number.
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In this reserach, six fuzzy linguistic variables, non-numerical expressions, reflecting
the triangular fuzzy numbers are utilized to compare the criteria with each of them
[8]. (Figure 5.3 and Table 5.1)

4 |

Figure 5.3: Fuzzy number of linguistic variable set.

Table 5.1: Transformation for TFNs membership functions.

Fuzzy Linguistic scales Membership Reciprocal
Ay Equally important (1,1,1) (1,1,1)
A, Slightly important (1,1,3) (1/3,1,1)
A3 Moderately important (1,3,5) (1/5,1/3,1)
A, More important (3,5,7) (1/7,1/5,1/3
As Strongly important (5,7,9) (1/9,1/7,1/5)
As Extremely important (7,9,9) (1/9,1/9,1/7)

5.1 The Consistency Control for Pairwise Matrices

The consistency control is very important for accepting decision maker’s pairwise
matrices. Bulut et al. (2014) proposed the centric consistency index (CCI) to control
the consistency of each matrix [52]. CCI method is based on row geometric mean
method proposed by Crawford and Williams (1985) and Aguaron and Jimenez
(2003) [54,55]. The algorithm of CCI is stated as follows;

Let A=(aLij,aMij,aUij)nxn be fuzzy judgment matrix,
and let w=[(wL1,wM1,wU1),(wL2,wM2,wU2),...,(WLn,wMn,wUn)]T  be  the

priority vector derived from Ausing the RGMM [8]. The centric consistency index
(CCI) is computed by
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a. +a. +a. W W
CoI(A)=—2 Y (g s Tty g T g

(n-1(n-2) % )" (s.11)

Where n is the number of criteria.

When CCI(A)=0, we consider A fully consistent. The thresholds of GCI is used for

the CCI and its scale is GCl = 0.31 for n=3; G_C|:0.35 for n=4 and ﬁ:0.37 for
n>4 [55].

5.2 The Prioritization of Decision Maker

Bulut et al. (2014) proposed the value of CCI as weight of each decision maker. The
calculation of the weight of each decision makers is found like [52]:

Let D = {dy, d,,...,dn}is a set of decision makers, and A = {11, 42,..., Am} IS the
weight of decision makers. The weight of decision makers () is the normalized Iy

for group of experts which is calculated as [8]:

| — 1
K ccl, (5.12)
Where I is the inverse of the CClI,
PR
m (5.13)

Zk:llk

Where 4>0, k= 1,2,...m,and > " 4, =1.
Let A® = (@) be the judgment matrix provided by decision maker dy.

ij

w is the priority vector of criteria for each decision maker calculated as follows

Wi =

(5.14)

41



The aggregation of individual priorities is defined by

Y

W — 1., w®)
! T (YA
2l 1 ()

Where W™ is the aggregated weight vector.

(5.15)

5.3 Example for Extented Fuzzy Analytic Hierarchy Process Application

In this research, GFAHP method is selected for the location selection problem of a
possible marine LNG terminal in Turkey. Applied method for the study is tried to
describe. There are seven criterias and three candidate regions for this problem,

which are also shaping the hierarchical structure.

OPTIMUM LOCATION
FOR LNG TERMINAL
/// \\ \\\\\
_— /// Ny T~
— \\\\\\
- _— / \ \\\\\ N
CRITERIAS FOR TRANSPORTS: MARINE POTENTIAL ECONOMIC
LOCATION DERANCE AN S DISTRIBUTE TRAFFFIC FOR GROWTH POTENTIAL
SELECTION
CANDIDATE
LOCATIONS MARMARA AEGEAN MEDITERRIANNIAN

Figure 5.4: The hierarchical structure.

Expert decisions were utilizied for this multi-criteria decision making problem.
Experts are both from academia and private sector. A questionary is sent to each
other and their answers are assessed according to method applied. Here, a brief

example for method application is given for Distance criteria accordingly;
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Table 5.2: Aggregated Individual Judgments for Distance.

Alternatives Marmara Aegean Mediterriannien
Marmara 1.001.00|1.00{0.21/0.40|0.88(0.19|0.31 |1.00
Aegean 113247468 |1.00|1.00|100 052|100 |1.00
Mediterriannien | 1.00 | 3.19 | 5.21 | 1.00 | 1.00 | 1.91 | 1.00 | 1.00 | 1.00
3 3 3 -1
Ss= ) M) ® ZZM;l (5.16)
j=1 i=1 j=1
n
RSy = Z MéM = (1,1,1) € (0.21,0.40,0.88) & (0.19,0.31,1)
= (5.17)
= (1.4,1.71,2.88)
n
RS, = Z MéE = (1.13,2.47,4.68) & (1,1,1) € (0.52,1,1)
=1 (5.18)
= (2.65,4.47,6.68)
n
RSwep =ZMéA =(1,3.19,5.21) @ (1,1,1.91) & (1,1,1)
=1 (5.19)
= (3,5.19,8.12)
[RSy @ RS, @RS ]—1—( ! ! 1)
M O Roa W omep = \17768° 71377 7.05 (5:21)
Su=RSy ® [RSy @® RSy ® RSypp]™" (5.22)
Sy = [(1,1,1) @ (0.21,0.40,0.88) & (0.19,0.31,1)]
1 1 1
® (17.68' 11.37'7.05) (5.23)
Sy = (14,1.71,2.88) ® (—, ——, —
m = (1.4,1.71,2.88) (17.68'11.37'7.05) (5.24)
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Sa=RS, ® [RSM ® RSy D RSyep ]_1

Sy =[(1.13,2.47,4.68) @ (1,1,1) @ (0.52,1,1)]
1 1
® (

17.68°11.37’ 7.05)

1 1
17.68°11.377.05

Sa = (2.65,4.47,6.68) ® ( )

SA = (015, 039, 095) = (lA,mA, uA)

Suep = RSuep @ [RSy @D RSy @ RSyep 1™

Suep = [(1,3.19,5.21) @ (1,1,1.91) @ (1,1,1)]
1

1
® (17.68' 11.37’ 7.05)

1 1
17.68°11.377.05

SMED = (017, 046, 115) = (lMED,mMED, uMED)

According to equation 5.7;

(la—um) (0.15-0.41)
> = =
V(SM_ SA) (lA_mA)_(uM_mM) (0.15—0.39)—(0.41—0.15)
=0.52
if m M=Ma V(SAESM) =1
_ (lMED—uM) _ (0.17—0.41)
V(Su= Sweo) = (IMED-MMED)—(Um—mpr)  (0.17—0.46)—(0.41-0.15)
=0.44
if Mvep >Mmm V(Swep >Suw) =1
_ (IMEp—u4) _ (0.17-0.95)
V(Sa= Sweo) = (IMED—MMED)—(Ua-ma)  (0.17—-0.46)—(0.95—0.39)

=0.92

if mveo>mA,  V(Swep> Sa) =1

44

(5.25)

(5.26)

(5.27)

(5.58)

(5.29)

(5.30)

(5.31)

(5.32)

(5.33)



The minimum degree of possibility is stated as:

d'(M)=V (Sm > Sa, Smep)=min (Sm > Sa, Smep) = Min (0.52, 0.44) = 0.44
d'(A)=V (Sp> Sm, Smep)= Min (Sa > Sw, Swep) = min (1,0.92) = 0.92
d'(MED)=V (Smep > Sm, Sa)=min (Smep > Sm, Sp) =min (1,1) =1
Therefore the weight vector is given as:

W’ =(0.44,0.92, 1)"
After normalization, weight vector of the criteria distance for the candidate regions

Marmara, Aegean and the Mediterriannien is found as; W = (0.19, 0.39, 0.42)"

respectively.
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6. RESULT AND DISCUSSIONS

Three alternatives considered for the possible LNG terminal location and the related
criteria that play very important role for the selection problem defined. In empirical
study, all alternatives compared with each other according to the criteria. Seven
practitioners are willing to participate consultation including academician and
experiential experts found and asked. The pairwise comparison decision analyze is
carried out in three steps and all these process and results are reported. Table 6.1
presents the aggregated fuzzy judgment matrix (AFJM) which is calculated by
considering each individual fuzzy judgment matrix [8]. The results of the AFIM
presents mean aggregated weight (MAW) for each criterion. The construction and
operational cost (C) has the major contribution on the outcome with its value 0.41,
and safety (G) has the second major contribution on the outcome of 0.18 as seen in
Table 6.1. Potential area for stocking, economic potential, transportation, maritime
traffic, and distance from LNG import countries has the remaining contributions of
0.16, 0.14, 0.05, 0.04 and 0.02 respectively. The value of CCI displays that all
pairwise matrix found consistent, since it is found less than the threshold of 0.37.
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Table 6.1: Aggregated fuzzy judgment matrix for criteria of location selection.

D G C T M S E MAW
D (1,1,1) (0.47,1,1) (0.14,0.20,0.45) | (0.79,0.85,1) (0.80,0.89,1) (0.37,0581) | (0.350.73,1) | 0.02
G| (1,1212) 1,1,1) (0.20,0.33,1) | (0.85,1.77,3.32) | (0.85,1.77,3.32) | (0.47,0.96,1.44) | (0.85,1,2.54) | 0.18
C | (2.23,5,7.03) (1,3,5) (1,1,1) (3.49,5.32,7.36) | (3.17,5.27,7.09) | (1.38,3.40,5.23) | (1.65,3.17,5.27) | 0.41
T | (1,1.18,1.27) | (0.30,0.57,1.18) | (0.14,0.19,0.29) (1,1,1) (1.05,1.14,1.23) | (0.51,0.72,1.34) | (0.39,1,1.13) | 0.05
M | (1,1.13,1.25) | (0.30,0.57,1.18) | (0.14,0.19,0.32) | (0.81,0.88,0.95) (1,1,1) (0.45,0.60,1.22) | (0.39,1.05,1.20) | 0.04
S | (1,1.73,2.69) | (0.69,1.05,2.13) | (0.19,0.29,0.73) | (0.75,1.39,1.95) | (0.82,1.65,2.20) (1,1,1) (0.65,1.69,2.30) | 0.16
E | (1,1.38,2.89) | (0.39,1,1.18) | (0.19,0.32,0.60) | (0.89,1,2.54) | (0.83,0.96,2.54) | (0.43,0.59,1.54) (1,1,1) 0.14
CClI 0.01
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Table 6.2 displays the priority of alternatives, and their MAW are assessed for each
criteria. Except safety, according to the almost all criteria, the MAW for
Mediteriannien (MED) found superior to other choices [8]. Mediteriannien found
unsafe comparing with other regions, one of the explenation for this result is; sea
border of Mediteriannien Region with Syria and relatively close distance with Iraq,
where nowadays exists turmoil and war, and also there have been a long political

dispute over Cyprus, between Turkey and Greece, which locates not so far to the

region.
Table 6.2: Aggregated fuzzy judgment matrix for alternatives.
Distance M A MED MAW
M (1,1,1) (0.21,0.40,0.88) | (0.19,0.31,1) (0.19)
A (1.13,2.47,4.68) (1,1,1) (0.33,1,1) (0.39)
MED (1,3.19,5.21) (1,1,1.91) (1,1,1) (0.42)
CCI 0.02
Safety M A MED MAW
M (1,1,1) (0.39,1.02,1.23) | (0.40,1.13,1.43) | (0.34)
A (0.81,0.98,2.54) (1,1,1) (0.87,0.99,1.07) | (0.33)
MED (0.70,0.89,2.49) | (0.93,1.01,1.15) (1,1,1) (0.33)
CCI 0.01
Cost M A MED MAW
M (1,1,1) (0.25,0.56,0.94) | (0.18,0.29,0.75) | (0.17)
A (1.06, 1.77, 3.96) (1,1,1) (0.33,1,1) (0.37)
MED (1.34,3.46,5.50) (1,1,3) (1,1,1) (0.46)
CCI 0.01
Transportation M A MED MAW
M (1,1,1) (0.43,0.85,1.06) | (0.34,0.50,1.43) | (0.26)
A (0.94,1.18,2.32) (1,1,1) (0.45,1.06,1.09) | (0.34)
MED (0.70,2.01,2.96) | (0.92,0.94,2.22) (1,1,1) (0.40)
CCI 0.01
Maritime M A MED MAW
Traffic
M (1,1,1) (0.54,0.62,0.91) | (0.28,0.62,0.91) | (0.22)
A (1.10,1.62,1.85) (1,1,1) (0.35,0.79,1.18) | (0.37)
MED (1.10,1.62,3.58) | (0.84,1.26,2.82) (1,1,1) (0.42)
CClI 0.01
Stock M A MED MAW
M (1,1,1) (0.24,0.52,0.70) | (0.17,0.26,0.63) | (0.12)
A (1.42,1.92,4.19) (1,1,1) (0.29,0.73,1) (0.37)
MED (1.58,3.81,5.90) (1,1.36,3.47) (1,1,1) (0.51)
CClI 0.01
Economy M A MED MAW
M (1,1,1) (0.42,1.02,1.77) | (0.49,0.80,1.64) | (0.32)
A (0.56,0.98,2.41) (1,1,1) (0.59,1,1.48) (0.33)
MED (0.61,1.25,2.03) (0.68,1,1.71) (1,1,1) (0.35)
CClI 0.01
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Table 6.3 illustrates outcome. The priority weight of alternatives, Marmara, Aegean
and Mediteriannien regions found as 0.22, 0.36 and 0.42 respectively. As seen Table
6.3, Mediteriannien is superior to other alternatives according to experts. The
construction and operational cost play the critical role and Mediteriannien is best
place for the LNG terminal construction while it is risky according to the safety
criteria. In addition, Mediteriannien has the advantage for the potential area for
stocking and growth of terminal and loading discharging operations can be much
faster than other alternatives [8]. As known, maritime traffic density in Marmara is
much more than Mediteriannien and Aegean areas, which is sometimes declared by
pilotage and maritime traffic experts, bringing risks for population, especially for
Istanbul, as well as Canakkale. However, according to some experts, with who
carried out an interwiev, they consider Marmara Region, especially izmit Gulf area
will be the best option for this kind of investment. They list the economic facts and
being the core of Turkish economy, point out that the region needs a new terminal.
Turkey supplies almost half of her electric demand from natural gas and gas shortage
may directly effect electric production. Electric shutdowns that happen in the region
may give harm to production, in which the most of the major companies of Turkey

like Tiipras exists.

Table 6.3: Results for priority weight of alternatives.

Criterias D G C T M S E Priority
Weight
Candidates | 0.02 | 0.18 | 0.41 | 0.05 | 0.04 | 0.16 | 0.14
M 0.19 | 0.39 | 0.17 | 0.26 | 0.22 | 0.12 | 0.32 0.23
A 0.39 | 0.35 | 0.37 | 0.34 | 0.37 | 0.37 | 0.33 0.36
MED 042 | 0.26 | 0.46 | 0.40 | 0.42 | 0.51 | 0.35 0.41
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7. CONCLUSIONS AND RECOMMENDATIONS

Demand on energy in Turkey increases. Several nuclear power plants are considered
to build in Turkey, as well as alternative energy souces. However, natural gas still
saves its critical role in energy sources since it has some advantages such as low cost
and environmental friendly, in Turkey. In addition, diversification of energy source
causes to minimize the risk for energy dependent country.

LNG, the liquefied form of the natural gas gains importance in both utilization and
transportation all over the World. Actually, LNG should be considered as natural gas,
as a form of fossil fuel. However, it has some advantages against natural gas which
were described in previous pages. Especially in long-range transportation, it provides
price advantage and source diversification for energy dependent countries. Unlike
pipeline gas import, LNG gives advantages for spot intakes. This is an important
advantage when there is high demand and it is difficult to provide this demand, for
energy dependent countries like Turkey.

Considering the increase of natural gas consumption figures in Turkey and the
growing economy, it is not difficult to say that there will be more demand for natural
gas for Turker in following years. LNG/Natural gas utilization rates are also given in
the previous pages, in the research. It is also seen that Turkey’s rate of LNG, in total
natural gas consumption is relavitly low compared to other countries. Also energy
security is tried to be explained and the role of LNG in energy security pointed out.
By searching other studies, it is seen that increasing the ratio of LNG in total natural
gas utilization should be increased for energy security of Turkey. It is tried to point
out the importance of LNG for Turkey. In addition, some technical limitations and
properties of LNG terminals are given. By searching all these parameters, in this
research, the need for an additional LNG terminal is proposed for Turkey, and the
location selection area problem for the LNG terminal in Turkey investigated. For the
problem, GF-AHP method used to assess the alternatives to choose proper one.

GFAHP is a developed version of AHP method, which is widely used in multi-
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criteria decision-making problems. Criterias that may effect the best location for an
LNG terminal are identified from logistic literature mostly, and among several
criterias, the construction and operational cost is found the most important one
according to expert opinions. For the candidate locations, the Turkey is divided into
three parts, according to geographic regions and the shores of these regions are
considered. Black Sea, Marmara, Aegean and the Mediterriannien coasts are
considered as the possible locations; however, Black Sea is excluded due to some
reasons, which were described in previous chapters.

A questionary is prepared and directed to the experts from both academy and the
private sector, and their answer were assessed. According to the method applied and
the expert decisions, both the criterias and the candidate locations were assessed and
the importances of the criterias are pointed out. In addition, candidate locations
assessed between each other, and the superiorities of each option against the other
ones assessed.

The result of study shows that Mediteriannien is the most proper alternative for the
next LNG terminal location, in which Ceyhan and Mersin was once planned as LNG
terminal place and was in agenda of police makers. According to some experts, the
Marmara Region urgently needs one LNG terminal, due to its role for production of
Turkey and the power cut off which may occur due to lack of natural gas supply.
Gulf of Izmit has heavy industry and the power generation in Turkey is based on
natural gas, which makes the gas demand always high in the region. Even, Aliaga
region considered as an alternative location for an extra LNG terminal. The result

findings are summarized as follows:

e The Turkey has an emerging energy market and will need more energy in
close future,

e As like the most of the World, Turkey is still dependent on primary fossil
energy sources like; Coal, oil and the natural gas,

e Turkey is lacking of primary fossil energy sources, which makes it an energy
dependent country and a net importer for fossil fuels,

e Seen from the figures and tables, natural gas import figures are increasing for

Turkey,
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LNG as form of natural gas, is widely used in World, as well as Turkey for
many years, it is a proven technology,

LNG utilization and the transportation of LNG is also increasing in the World
and also Turkey,

But the ratio of LNG in total natural gas consumption is relatively low, when
compared to other natural gas importing countries.

Due to its advantages and flexibilities, rate of LNG should be increased up to
about 25% of total natural gas utilization,

LNG terminals are identified and restrictions of these terminals point out in
the study, so increasing the LNG utilization means more LNG terminals for
Turkey, in which there are two terminals in operational mode,

Location selection for a LNG terminal is considered as a logistic problem and
cirterias for proper location selection is gathered from literature about LNG
as well as logistic literature,

Possible candidate locations identified in Turkey, the three coasts of Turkey
except Black Sea are considered as possible locations,

Generic Fuzzy AHP method is used as a multi-criteria decision-making
making method for this problem and expert decisions are considered.

The Mediterranean Region found superior to all other candidates except
safety, which is becames meaningfull in these days especially where is
turmoils and civil wars are encountered in Middle-East, which is close to
area,

Between the criterias, construction and the operational costs after

construction found superior to other criterias, based on the expert decisions.

It should be remember that, this research may contribute to, and be a pre-study for a

comprehensive feasibility report. It is not simple research to find out the proper

location for a LNG terminal, and a feasibility report is necessary. Even it may cost

millions of dollars to make a proper feasibility report for these kinds of projects. This

study may contribute to this kind of projecs and may give an idea for possible future

research. It is thought as a pre-feasibility report and a research for LNG utilization in

Turkey.
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Several direct numerical inputs might be used, instead of asking experts but it was a
challenging task, and gathering data was also difficult. Also results illustrated that
expert assessments were consistent.

After deciding the region, an exact location for a LNG terminal, by using direct
numerical inputs may be a further study area, and this study may guide that kind of

researchs.
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APPENDICES

Questionary for LNG Terminal Location Selection Problem

LNG Terminal Yer Secim Anketi
Aciklama: Ekte sunulan anket LNG terminali i¢in iilkemizde kurulabilecek 3 farkl
bblgeden en uygun bolgenin se¢imiyle ilgilidir. Bu bolgeler sirastyla;

e Marmara — Istanbul/izmit Kérfezi

e Ege - Izmir

e Akdeniz — iskenderun/Ceyhan
Bu amagla, karar verici olan sizlerden asagida belirtilen kriterleri birbirleriyle
karsilastirmaniz istenmektedir.
Anketin doldurulmasina katki saglamasi1 amaciyla asagida belirlenen kriterlerle ilgili
tanimlamalar1 okumaniz yararli olacaktir.

Belirlenen vedi (7) temel kriter ve bunlarla ilgili tamimlamalar;

1. LNG ithal edilen iilkelere uzakhk - D
Ulkemiz LNG ihtiyacin1 Cezayir (%53), Nijerya (%19), Katar (%16), Misir (%6),
Norveg (%3) ve kalan ylizdeyi farklt Avrupa iilkelerinden temin etmektedir. Bu
anlamda kurulacak limanin ve buna bagli terminalin bu iilkelere uzakligi 6nem
gostermektedir. Bunun yanis sira, spot alim ile c¢ok farkli iilkelerden degisik
miktarlarda gaz alimi gergeklestirilebilmektedir. Burada sizden isteden LNG ithal
edilen kaynagin uzakliginin diger etkenlerle kiyaslanmasidir.

2. Giivenlik - G
Kurulacak olan terminalin gilivenligi. Kurulacak terminal yerinin yapim ve isletim
stiresince dogal afet ve farkli saldirilara kars1 giivenlikli olmasi. Ayrica tesisin yakin
dogal gevre, niifus ile olan etkilesimi.

3. Kurulum ve isletme maliyetleri - M
Kurulacak terminalin ilk yapim masraflar1 ve isletme masraflari

4. Tasima ve ulasim - T
LNG dagitim1 ve tagmmas icin araglarin giivenligi, terminalin potansiyel dagitim
merkezlerine, ana kara ve demir yolu hatlarina uzakligi.

5. Deniz trafigi acisindan uygun yer - L
Kurulacak liman ve yanagsacak gemiler i¢in uygun yer. Bu anlamda gemi trafigi ve
demirde bekleme siireleri. Deniz trafik yogunlugu. Hava kosullar1 ve denizin
durumu.

6. Stok yapabilecek potansiyel biiyiime alani1 — S
Terminalin gelecege yonelik biiylimesi i¢in potansiyel alan varlig.

7. Bolgenin ekonomik ve niifus yogunlugu biiyiikliikleri - E
Terminal kurulacak bdlgenin ekonomisi, bolgenin sanayi tesislerine yakinligi, niifus
ve niifus artisi.
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Liitfen Dikkat;

Asagida ornek olarak verilen kisim, sizlerin dolduracagi anketi agiklamak amaciyla
hazirlanmistir. Anket ¢alismasinin amaci her bir kriteri kendi i¢inde diger kriterlerle
karsilastirmak ve bu yolla her kriterin iistiinliiglinii ya da 6énem derecesini aciga
cikarmaktir. Onem dereceleri asagida gosterilen sekilde tablo icinde sdzel olarak
verilmistir..

Ornegin:

Eger Maliyet(M) ve Stok yapabilecek potansiyel biiyiime alani(S) karsilastirrsak,
ilk satirda M Kriterinin, S kriterine gore az éneme sahip oldugu géoriilecektir. Ikinci
satirda da M, LNG ithal edilen iilkelere uzaklik(D) kriteriyle karsilastirdigimizda,
LNG ithal edilen iilkelere uzaklik kriterinin Maliyet kriterine gore Onemli oldugunu
tespit etmis oluruz. Dikkat edecek olursak, Sol siitunda bulunan kriteri ayn satirda
bulunan sag siitundaki kriterle karsilastirmis oluyoruz.

Yukarda aciklandig1 iizere anket yapmaktaki amacimiz her bir kriterin Onem
derecesini agiga ¢ikarmaktir. Bunu gergeklestirmek amaciyla kriterleri birbirleriyle

karsilastirma yontemi kullanilmaktadir.

Ornek anket uygulama:

Asiri Az

dnem ?Ok .| Onemli Maku Az . Esl One Ma Onemli FOK . 6§|r| )
i onemli | Onemli | T mli kul 6nemli | 6Gnemli
Stok
. yapilabile
Maliy
ot X cek .
potansiy
el alan
Maliy LNG )
et X kaynagin
a uzaklik
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ANKETIiMiZ BASLIYOR LUTFEN DiKKAT!
Terminal Yer Secimi I¢in Anket Calismasi
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Deniz 5
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Alternatiflerin Kriterlere gore Karsilastirnlmasi

Asir ok |. A . A R ok Asir
. # I, ) ¢ _|Onemli | Makul | .. : | ESIT . : | Makul |Onemli _C . 8 I,
onemli | 6nemli Onemli Onemli énemli | 6nemli
LNG kaynagina uzaklik
Marmara | U Ege
Marmara | : | Akdeniz
............................................................................................................................ [
Ege : l Akdeniz
Giivenlik
Marmara Ege
E ]
Marmara : Akdeniz
!
Ege Akdeniz
Maliyet
Marmara : Ege
e B e e B e A . S w——
Marmara : : : ; Akdeniz
i e e i Sai
Ege : : : ‘ ; : ; i Akdeniz

Tagima ve Ulagim

Marmara : Ege

Marmara VVVVVV - Akdemz
Ege | Akdeniz

Deniz Trafigi

Marmara ! ! ! ;

Marmara ] Akdeniz
Ege ! ! ! : ] Akdeniz
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Marmara

Marmara Akdeniz
Ege
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