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Devran YAZIR!
ABSTRACT

The maritime industry is a worldwide area of work where critical
decisions are made in critical situations. The fact that decision-making is based
on a scientific and mathematical basis has been in academic authorities'
attendance area for the last five decades. In this study, a literature review has
been conducted on the use of decision-making techniques in maritime practices.
In the literature survey, Multi-Criteria Decision-Making (MCDM) methods have
been examined, studies in Turkey and the International area carded; weights,
distributions, usage reasons, advantages, and disadvantages of methods
determined based on studies have been comparatively studied. The main aim of
this paper is to statistically compare the quality and quantity of the papers
published on the decision-making techniques used in maritime in Turkey and the
International area. In addition to MCDM techniques, other mathematical
methods used in shipping are also included in the study. The evaluation of other
mathematical methods and their comparison with the commonly used methods
have been made under a subtitle in this paper.

Anahtar Kelimeler: MCDM, MADM, Fuzzy, Maritime Decision-Making,
Mathematical Decision-Making Methods
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1. INTRODUCTION

Decision analysis is a process that provides a systematic order to
explain decision-making situations better. During this period, many
authors made different opinions. But systematic decision analysis is lying
down to Benjamin Franklin (1706-1790). Writing positive effects of
decisions on one side of a white paper and writing adverse effects of
decisions on the other side of the paper is fundamental of Benjamin’s
procedure.

On the other hand, the multi-criteria decision-making method examines
more than one criterion and tries to reveal the issue solution most
transparently with many concrete and abstract factors. Also, it is
accepted that the academic field of Multi-Criteria Decision Making
(MCDM) started with a paper which belongs to Stan Ziont named
‘MCDM- If Not a Roman Numeral, then What?’ (Zionts, 1979).
Definitely, some papers such as ELECTRE Method (Roy, 1968),
Choquet Integral (Choquet, 1954), AHP Method (Saaty, 1972), and
Fuzzy Set (Zadeh, 1965), underpin the MCDM by providing it to be
grown but the paper of Stan Zionts can be defined as a touchstone which
is accepted MCDM compilation by most of the academists. Multi-Criteria
Decision-Making (MCDM) method has been preferred in the maritime
industry in recent years. MCDM was chosen because it is a massive
factor in the transparent handling of events in the maritime sector.
Besides, while the MCDM method is preferred in the maritime sector, it
has also made significant progress in the last 45-50 years (Koksalan et al.,
2011). In this case, it caused the organizations affiliated with the
maritime sector to make fast and correct decisions. If it is necessary to
give some examples of the use of MCDM applications in the maritime
sector, these can be given as follows; MCDM (Multi-Criteria Decision-
Making) procedure on cargo type selection (Ozdemir and Guneroglu,
2018), the Hybrid MCDM method to determine service quality factors in
a port (Tsai et al., 2018), MCDM approach to decide dry port location
(Nguyen et al., 2016), etc. Many studies focused on MCDM methods in
maritime, and they will be considered in this working, detail. From a
general perspective; port performance evaluation and related topics have
been focused recent years and mostly used techniques can be given as
AHP (Analytic Hierarchy Process), TOPSIS (Technique for Order
Preference by Similarity to Ideal Solution), PROMETHEE (The
Preference Ranking Organization Method for Enrichment Evaluation)
and their combinations with their fuzzy versions. However, studies that
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have been done after the year 2016 are analyzed in this research. This
work aims to compare up to date MCDM workings on maritime in
Turkey with international workings.

For the literature survey, 19 national papers and 73 international papers
have been investigated and analyzed carefully. It is aimed to look at the
event globally through both national and international literature research.
According to analyses, workings have been classified into eight
categories for clear understanding and comparison, which are human
resources, ship machine, and equipment selection, port/facility location
decision, route selection, port performance/efficiency/risk analysis, ship
selection, port/facility, and management selection and others. This
classifying was created carefully for workings to be non-grouped as much
as possible. In this way, it provided the opportunity to make
understandable, simple, and wide-ranging research without getting things
too complicated. This study comprehensive compared the quality and
quantity of the papers published on the decision-making techniques used
in maritime in Turkey and the International area. Often a lot of research is
done to create a general perspective on a topic. These are, respectively,
obtaining data from the internet, scanning current articles on the subject,
reports, books, encyclopedias, etc. use of resources. However, presenting
that subject in a scientific form and, most simply, examining a lot of data
about that subject in an article will enable a more objective look at the
events. Therefore, this study is to serve as a resource to create an
overview of the topic.

2. METHODOLOGY

The introduction to a topic is vital in the subject, as much as the
topic be fluent. The national and international papers discussed in this
article can be a reference for the author. However, a start must
demonstrate how understandable and fluent this work is. This paper is a
point for the past, but a reference for the years to come. First of all, the
study on the mathematical methods used in Turkey's maritime activities
are correct, precise, concrete evidence and our systematic approach to the
subject effective decision-making situations are investigated. Taking the
events after 2016, it should obtain information with the available data,
develop ideas effectively, and evaluate the research results by minimizing
the margin of error. Therefore, decision analysis of mathematical
methods applied in maritime, taken up separately for Turkey and the
international arena, all the literature published after 2016 were screened.
After the incident's findings were handled meticulously, they were noted
independently, and the subject was continued with interpretation.

2
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Subsequently, the studies were divided into eight subgroups determined
by us, and the articles published were classified according to these
groups. With this grouping, when the events were gathered under eight
subtitles, it was possible to view the events from specific to general.
Thus, the findings were fed with enough evidence. Studies that stand out
in the specified subgroups are briefly explained, and the studies are
presented not only in terms of quantity but also in terms of quality. The
reason for this criterion is to add comments to the subject and to conclude
with opinions. Studies using similar methods have been analyzed in this
paper. However, the advantages, disadvantages and superior aspects of
these studies over other studies have been emphasized. Subsequently,
sub-fields that have been studied more in national and international
publications were determined. Compared with Turkey's efforts focus on
the issues to which the global study. Turkey's position in comparison with
the results it has been detected. Then, the usage weights of the methods
were determined, and the method usage orientations of the Turkish
researchers were compared with the average orientation of the
international studies. This comparison with researchers in other countries
who have researched Turkey's pros and cons gave rise to reveal aspects.
In this context, this study has been created an environment critically.
Also, the number of studies is weighted by years, and the performance of
mathematical decision-making techniques in maritime studies is
compared. Then, it looks for an answer to 'how should be mathematical
decision performances which are exhibited?' Then, studies other than
MCDM used in maritime were examined, featured studies were
mentioned and the reasons for using MCDM techniques more than other
methods were interpreted based on the studies. Finally, the methods used
were compared based on studies, and their advantages and disadvantages
were revealed in the quotations from the publications that were examined.

3. NATIONAL STUDIES

According to research, 19 papers have been published on MCDM
applications in maritime since 2016 in Turkey. The most focused subject
is seen as port performance and risk analysis. Ozdemir, (2016) has
studied the causes of work accidents in ports. In this study, fuzzy
DEMATEL (The Decision-Making Trial and Evaluation Laboratory), and
fuzzy TOPSIS (Technique for Order Performance by Similarity to Ideal
Solution) approaches were used to prevent or reduce accidents.
According to the study results, the causes of the accident are listed as
follows; Accidents due to human error, accidents due to administrative
reasons, accidents due to defective equipment and improper use of
equipment, and accidents due to working environment and conditions

3
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(Ozdemir, 2016). Acer and Yanginlar, (2017) investigated the
performance of container ports in Turkey. Their work included 20 ports
and they have examined selected ports according to 7 criteria with the
TOPSIS method. Mersin port appeared as the most performance port
(Acer and Yanginlar, 2017). In another study that belongs to Temiz et al.
(2018) Samsun Port has analyzed for gaining a point of view about the
future performance and opportunities of Samsun Port in the
Transcaucasia project. According to analyses, the dock length and port
depth's current situation is not enough to respond to the future demands
of the industry. They have used a hybrid method that included the
DEMATEL technique for their work (Temiz et al., 2018). Another study
for port performance and risk analysis has been published by Senel et al.
(2018), who worked on risk and accident analysis of ports. Accident risks
have been prioritized, and recommendations have been proposed to
reduce ports' accidents (Senel et al., 2018). Ship collision has caused the
loss of life and property. Besides, marine pollution can occur because of
ship accidents. For this, TCPA (Time to Closest Point of Approach) and
DCPA (Distance to Closest Point of Approach) values were applied most
appropriately according to COLREGs rules. This study tried to be
concluded by using AHP and TOPSIS (Inan and Baba, 2020).

The second most focused topic in national studies is human resources.
Four papers have been published since 2016. Situations that make
shipmen must be taken administrative penalty have carried by Ozdemir.
These situations have prioritized the FAHP method to foresee the
problems and to increase efficiency in the maritime industry (Ozdemir,
2018). Another study by Efe and Kurt (2018), on human resources is
selecting personnel for a port facility. Criteria that should exist in the port
personnel have been prioritized with a hybrid AHP-FTOPIS method, and
recommendations have been proposed. The study has done with 8 criteria
and ten candidates (Efe, and Kurt, 2018). The third most focused topic is
ship selection. Three papers focused on ship selection which is, decision
analyzing determining ship type that will be built in the shipyard by
Balbas and Turan (2019), criteria determination on ship selection in sea
transport by Sener (2016), and criteria determination on cargo type
selection by Ozdemir and Guneroglu, (2018).

Other study subject weights are port/facility location decision, route
selection, ship machine and equipment selection, and port/facility and
management selection. In the port/facility selection topic, a port selection
analysis for the Western Black Sea was carried out by Pekkaya and
Bucak in 2018. They have used PROMETHEE, TOPSIS, and VIKOR
techniques to select the best local port location (Pekkaya and Bucak,
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2018). Another study on this subject is fishery facility location selection
with the AHP method has been published by Arslan et al. (2019). They
have investigated the location of Mauritania's fishery facilities and found
that the best option is Nauadhibu. Outputs have been matched up with the
real data (Arslan et al., 2019).

2 studies have been completed since 2016 for ship machine and
equipment selection. Some studies can be summarized as:

Uzun and Kazan (2016) have proposed a decision-making system to
select primary machine selection in shipbuilding. 7 machines have been
evaluated according to 12 criteria with separately AHP, TOPSIS, and
PROMETHEE. An exact conclusion cannot be taken in this study, every
method showed differences. Uzun and Kazan, remark that approximate
selection can be done with this system because the system is created only
for one case (Uzun and Kazan, 2016). Last of all, one studies per other
subjects are determining route selection criteria by (Polat and
Merdivenci, 2019), evaluating criteria for selectin of broker in sea
transportation by (Ozturkoglu and Caliskan, 2016), and a study on future
of the maritime education in Turkey by (Ozdemir et al., 2017).

3.1. Evaluation Frequencies of Classified Topics of National
Studies

As explained before, studying has been classified into 8 sub-
topics. These are human resources, ship machine, and equipment
selection, port/facility location decision, route selection, port
performance/efficiency/risk analysis, ship selection, port/facility, and
management selection and others. There are 4 studies for human
resources, 2 studies for ship machine and equipment selection, 2 studies
for  port/facility location  decision, 5 studies for  port
performance/efficiency/risk analysis, 3 studies for ship selection, 1 study
for route selection, 1 study for ship selection, and 1 study for other
subject topics out of the 19 studies. The distribution of papers can be seen
in Figure 1. And the percentage of the topics can be seen in Table 1.
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Figure 1. Distribution of national papers by organised sub-areas.

The numerical expressions and percentage rates of organized sub-areas in
national studies are given in Table 1.

Table 1. Percentages of organized sub-areas.

Number of Study Percentage (%)

Human resources 4 21,05

Ship machine and equipment
selection 2 10,53
Port/facility location decision 2 10,53
Route selection 1 5,26

Port performance/efficiency/risk

analysis 5 26,32
Ship selection 3 15,79

Port/facility and management
selection 1 5,26
Others 1 5,26

3.2. Evaluation of Exercised Techniques

According to analyses, the most used method was TOPSIS in
Maritime MCDM studies in Turkey as 12 times (Sigle usage 5, hybrid
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usage 7). AHP follows TOPSIS with the number of 10 times (Sigle usage
5, hybrid usage 5) and the third one is VIKOR with the number of 4
(Sigle usage 3, hybrid usage 1). The general distribution can be seen in
Figure 2. And the percentage of the methods can be seen in Table 2.

TOPSIS PROMETHEE AHP VIKOR OTHERS

Figure 2. Distribution of MCDM methods in national studies.

The numerical expressions and percentage rates of methods in national
studies are given in Table 2.

Table 2. Percentages of methods in national studies.

Number of Usage Percentage (%)
TOPSIS 12 35,30
PROMETHEE 2 5,88
AHP 10 29,41
VIKOR 4 11,76
OTHERS 6 17,65
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3.3. Number of Paper Evaluation by Years

Another investigation has been done to determine studying
numbers according to years. As explained before, papers that were only
published after the 2016 year have considered to make up to date
comparison. 2018 was the most efficient year for MCDM studies on
maritime in Turkey with a study number of 7. The year 2016 is following
2018 with the paper number of 5. Other paper scores, according to years,
can be seen in Figure 3.

5

4 )
B Number of Studies

3

2

1 .

0

2016 2017 2018 2019 2020

Figure 3. Distribution of national studies by years.
4. INTERNATIOANAL STUDIES

For the international investigation, 73 papers have been
determined according to the literature survey criteria. These workings are
based on MCDM techniques because MCDM methods are generally not
used in the maritime field. The usage of MCDM techniques is rare for the
maritime industry. However, selected studies have been analyzed
carefully, and a general comparison between national and international
studies will be executed according to outputs. Determined 8 sub-areas are
used in this part of the work, too.

From a general perspective, the most focused sub-area in international
studies is port performance/efficiency/risk analysis. Global logistics hub
port evaluation criteria can be compared with the AHP method (Yang and
Chen, 2016). In another article about security, MCDM, AHP, and

8
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FTOPSIS models were used to conclude. This article has also modeled
what can be done in the selection of operational security strategies and
risk assessment at container terminals (Yami et al., 2017). Moreover,
FTOPSIS and AHP methods were used to prioritize port performance
improvement strategies (Ha et al., 2017). Kim has made a port
competition analysis on Korea and China ports with entropy weighed
TOPSIS method and tested it with real data. He has seen that outputs are
matched up with accurate data (Kim, 2016). In another study, Mladineo
et al. (2017) have created a decision support system using the
PROMETHEE method in the case of maritime accidents. They have
indicated that the system can be developed with Al and can be strongly
supportive of the maritime industry (Mladineo et al., 2017). Tsai et al.
(2018) have analyzed solutions for increasing port service quality with a
hybrid method, a combination of AHP-ANP-DEMATEL methods (Tsai
et al., 2018). On the other hand, Gao et al. (2018) have made a
competition analysis for Quanzhou Port with the ELECTRE III-FAHP
hybrid method and have seen that Quanzhou Port is weaker than other
ports (Gao et al., 2018).

AHP model was used instead of VFT and AFT models. With the
continuous expansion of the ports, the ships' location should be
dispatched may confuse recently. For this, the pilotage dispatch operation
is required in the port. However, there is little international study on how
to use or evaluate effectively for a port. Therefore, the AHP model should
be established to evaluate and effectively use port pilotage dispatch
operations (Du et al., 2017). In another similar article, there are many
ports around the world. With the development of technology, the capacity
of these ports is also increasing. Icaza and Parnell (2018) have wanted to
evaluate the region's economic potential due to the expansion of port
capacity, especially in West Africa, using multi-criteria decision analysis.
With this analysis, they have analyzed the strengths, weaknesses, and
aspects of the ports in West Africa with VFT (Value-focused thinking)
and AFT (Alternative-focused thinking) models (lcaza and Parnell,
2018). Globalization has led to the effective use of ports. There has been
an increase in containers, especially at ports. In this case, Alyami et al.
(2019) have used the FRBN (Fuzzy Based Bayes Network) method
instead of the AHP method to evaluate the security performance of the
Container Operating System (CTOS) and improve its functionality
(Alyami et al., 2019).

Maritime transport has increased in recent years with the development of
technology. In this case, it has triggered congestion in the river, strait, and
canals. Moreover, maritime transport has caused the deterioration of

9
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marine ecology and an increase in greenhouse gas emissions. TOS
(Terminal Operating Systems) operating the terminals is used to reduce
this greenhouse gas emission and marine ecology degradation. However,
Terminal Operating Systems should be developed based on technological
development. Therefore, the AHP method can be used to improve TOS
functions and make them hierarchical (Hervas-Peralta et al., 2019). After
the 2015 Tianjin Port explosion, international measures were taken
against port disasters. Together with these measures, the TOPSIS method
was used to measure the ex-post port vulnerability (Cao and Lam, 2019).
In another TOPSIS method, Kim and Lu (2016) compared the port
competitiveness of Busan and Shanghai ports (Kim and Lu, 2016).
Othman et al. (2020) have used the FAHP method to find the causes of
the imbalance in cargo flows in Malaysian ports. Thanks to this
modeling, factors that cause cargo flow imbalance have emerged. As a
result, it is understood that economic factors are the leading cause of
cargo flow imbalance (Othman et al., 2020). For the port/facility and
management selection, some studies can be summarized as; shipping
registry selection decision-making system with the ANP method (Chou,
2018), selecting a ship management company with a hybrid AHP-
FTOPSIS method (Seo et al., 2018). Sumner and Rudan have tried to
choose a transshipment port in pairwise compassion with Best Worst
Method. They have preferred BWS instead of AHP (Sumner and Rudan,
2018). These and similar papers tried to decide the most efficient
management or company in the maritime industry. TOPSIS method was
used instead of the AHP method to measure the service quality of
container terminal operators. It is understood that the proposed method is
consistent with the results obtained (Hemalatha et al., 2018). In another
similar article, the Consistent Fuzzy Preference Relation (CFPR) method
was used to create an idea about competitive factors and risk factors and
their overall service quality for container terminals (Pham and Yeo,
2019).

AHP, CFPR MCDM techniques can facilitate hub port selection by a
feeder port (Wang and Yeo, 2019). The MCDM technigque was used to
select a mid-level manager with managerial competency and capabilities.
This technique, it has enabled international shipping service providers to
effectively select the best middle manager (Ding et al., 2019). Another
article examines the key competencies that influence mid-level managers'
selection for global transport logistics service providers (GSLSPs).
Besides, middle-level managers' capabilities were investigated
experimentally using the AHP method (Ding et al., 2019). Using the
Kano model, one can create a different perspective on Port selection
factors (Min and Park, 2019). Port performance and Port selections are

10



A Survey on MCDM Approaches Denizcilik ve Lojistik Arastirmalar: Dergisi

considered separately as research topics. This situation will affect the port
performance when there are any changes in the ports in the coming years,
and the performance of the selected port will change. A solution can be
found for this complex situation using the MCDM technique (Rezai et al.,
2018). An evaluation can be made in another article on the Port selection
of linear carriers for ship calls with the MCDM technique. Besides, a
model based on the MCDM technique can be suggested to improve ort
management of port companies. Moreover, MCDM can provide
theoretical information and reference for methodological research (Hsu et
al., 2020).

People are always planning to achieve success, goals, and ideals in
professional life. This planning is a valid concept for people working in
the maritime industry. Also, when seafarers are planning, they look at the
ship type, salary status, occupational health, and work intensity criteria.
The AHP can be used to correlate seafarers taking these criteria. Besides,
a solution can be found with the most preferred Fuzzy TOPSIS
methodology (Kaya et al., 2018). The F-AHP method can be used to
compare the human factor affecting the management of container
terminals, the facility's strengths and weaknesses, and the systems used in
the port (Adenso-Diaz et al., 2019). Various services are provided to the
ships by the ports. These services are essential for the operation between
the ship and the port. Besides, the port service should be economical,
high quality, reliable and with them the operation should be fast. F-AHP
is also preferred in these port services (Longaray et al., 2019). Fan et al.
(2020) have proposed the maritime accident prevention strategy
formulation from a human factor perspective using Bayesian Networks
(BN) and TOPSIS. They also showed the characteristics of multiple
criteria and the relationships between strategies. As a result, they
emphasized what should be done to minimize the accident rates at sea
and to minimize human errors (Fan et al., 2020). The human factor has
always been the most effective in ship collisions. Also, analyzing the
human factor is hard to understand because it has a complex socio-
technical structure. Yildiz et al. (2020) have demonstrated the feasibility
of the modified Human Factor Analysis and Classification System for
Passenger Vessel Ship collisions (HFACS-PV) for other types of
accidents. Based on the results of this study, it can be said that the
HFACS-PV structure is compatible with collisions as well as contact,
grounding and sinking accidents (Yildiz et al., 2020). Song et al., (2020)
have proposed the Dynamic hesitant fuzzy Bayesian network and its
application in the optimal investment port decision making problem of
“twenty-first-century maritime silk road” using BN (Bayesian Network),
DHFBN (Dynamic Hesitant Fuzzy Bayesian Network), EM (Expectation-
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Maximization) and PSO (Particle Swarm Optimization). They have also
had the opportunity to compare the validity and positive aspects of the
method with an experiment by using these techniques together.
Moreover, with their research, they have offered opportunities to examine
humanity's new trade initiatives, socio-cultural interactions, and exchange
opportunities that may occur in the 21st century. Finally, they have
sought an answer to the question of how economically countries are
affected by this (Song et al.,2020).

Pressing and receiving ballast water on the ship is important for the
stability of the ship. However, IMO has made the ballast water treatment
system mandatory due to the increase in environmental problems.
Therefore, it is important to predict the malfunction of the ballast water
treatment system or make an effective repair. The MCDM method was
used for this fault solution (Bakalar and Beatriz Baggini, 2016). In the
ship machine and equipment selection sub-area, Agarwal, and Chand a
made decision analysis system is based on the AHP method for selecting
IT tools in shipping. It was revealed that the Internet is the most critical
IT tool (Agarwal and Chand, 2018). In another study, Jiang et al. (2019),
proposed a ‘fuzzy MCDM if than rule’ system to select a submarine
power cable (Jiang et al., 2019). Also, Sahin and Yip (2017) have offered
a Gaussian FAHP method for selecting shipping technology and found
that energy efficiency systems are more suitable in the long term (Sahin
and Yip, 2017). The Fuzzy TOPSIS model was used to find the root
cause of the engines' failure in the ships using the opinions of experts.
Thanks to this model, it has been observed that although engine fault
detection is difficult, faults can be diagnosed (Aikhuele et al., 2017).
Again, the Fuzzy TOPSIS model was used in another article. In this
article, expert opinions were taken to find the root cause of offshore boat
engine malfunctions. Besides, it was seen that the Fuzzy TOPSIS model
was used in the solution (Aikhuele et al., 2017). When looking at both
articles briefly, it is clearly seen that the Fuzzy TOPSIS model can be
used in the solution of ship engine malfunctions.

There are adverse environmental problems associated with high sulfur
dioxide emissions from ship machinery. Besides, health problems have
occurred. IMO has established rules following regulation 14 of MARPOL
Annex VI. However, it has been observed that the ship operators around
the Gulf of Guinea have difficulty in complying with the IMO regulation.
To identify these main obstacles, MCDM, AHP, TOPSIS, and FAHP
methods were used together. The findings have proved to be the most
effective obstacles to the lack of infrastructure, lack of maritime air
pollution laws and the need for high capital to reduce sulfur (Animah et
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al., 2018). In another article, the engine rooms of ships are critical for
sudden maneuvers and operations. Therefore, a model has been created
about how the ship's main engine rooms should be maintained. AHP and
PROMETHEE were used in this model, and a cost-benefit analysis was
made (Animah and Shafiee, 2019). Nowadays, choosing the appropriate
location for transshipment has become very important. Therefore, Zabihi
et al. (2016) have used the MCDM model to evaluate and select the
marine container transfer port. This model has been used in Iran's main
ports to offer a practical solution together with the technical solution. As
a result, it is understood that the MCDM model can be used in the
assessment and selection of the marine container hub location selection
(Zabihi et al., 2016).

In the developing world, people have started to turn to sea tourism in
recent years. In this case, it has caused countries to choose and plan
suitable places for sea tourism. The most convenient location can be
selected with the MCDM technique and VISUAL PROMETHEE
(Badurina Tomic et al., 2016). In another article, the AHP model was
used to determine the potential of RO-RO Short Sea Transport operations
(Arof, 2018). The tugboat to be used in the ports is selected according to
the procedures to be performed. Besides, many criteria are evaluated for
the tugboat required in the port and a conclusion is reached. However,
there are technical knowledge, experience, and many other issues that
need to be evaluated for tugboat selection in this process. Therefore,
Cakiroglu et al. (2018) for selecting tugs have made a numerical analysis
with the fuzzy AHP method within the framework of design, operational
and financial criteria (Cakiroglu et al., 2018). Suhario and Suharyo
(2019) have made the port evaluation by looking at the ports' technical,
political, and economic conditions using the Fuzzy MCDM technique. In
this way, they have provided ease of selection between ports by looking
at the current port or the various characteristics of the important ports to
be built (Suhario and Suharyo, 2019). As in other ports, it is vital to
choose an ideal location for the dry port. However, choosing a location
for a dry harbor is a complex decision. Because evaluating more than one
criterion creates decision problems in location selection. The fuzzy-AHP
method is used to minimize these uncertainties (Goncalves et al., 2019).
Another study is the CFPR method of LNG selection by Lu et al. (2019).
According to calculations, the Busan port has been stood as the best
option for LNG (Lu et al., 2019).

One of the most focused other sub-area in the MCDM maritime
applications is route selection applications. Bellsola Olba et al. (2019)
executed a SAW method on vessel traffic determination for Rotterdam
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Port. They provide a selection of scenarios according to five important
criteria (Bellsola Olba et al., 2019). Another study was carried out on
determining suitable routes that have environmentally friendly behavior.
Jugovic et al. (2017) have evaluated Croatia ports according to decided
criteria with PROMETHEE and found that none of the ports in Croatia
are suitable for environmental development (Jugovic et al., 2017). The
PROMETHEE method was used to direct an alternative route to cargo
transportation over the Adriatic Sea. With this model, issues that need to
be discussed in a new route are tested and evaluated (Vilke et al., 2017).
Due to the increase in trade in Asian countries, it is imperative to have an
efficient intermodal route for cargo transportation. FUZZY DELPHI and
ELECTRE | models were used for this intermodal route. As a result, it is
understood that the most important factor in route selection for logistics
companies is the total cost (Wang and Yeo, 2018). The fuel consumption
of the ships disrupts the ecological order. Therefore, studies have been
started in the maritime sector to protect the ecological balance of nature.
Accordingly, a different field has emerged in the maritime sector where
the MCDM method is used. For example, new low-fuel ship designs can
be given as examples. Within this, the Ship Energy Efficiency
Management Plan (SEEMP) adopted by IMO is of great importance for
the ecological balance (Besikci et al., 2016). MCA, PROMETHEE and
GAIA models can be used for the type of vessel and size that will connect
the mainland and island and island each other connections (Kovacic and
Mrvica, 2017). In another article, it was reported that various factors
affect ship maneuvering decisions. Xue et al. (2019) focused on factors
affecting decision-making in autonomous ship maneuvering. As a result,
the ship maneuver has allowed evaluating the factors affecting decision
making theoretically and practically. It has also demonstrated that
autonomous ship maneuvers can be used to make better maritime safety
decisions and that transportation can be safer (Xue et al., 2019). Recently,
ship selection has become a very complex affair. Because determining the
most suitable ship for maritime trade means having a say in the maritime
market. Therefore, the investor and the shipowner need to compare the
ships to solve this problem. For example, the EVAMIX (EVAluation of
MIXed Data) method was used for the first time in the articles of Yazir et
al. (2020), for comparison and the solution was tried to be reached (Yazir
et al., 2020). Safety at sea is paramount. Because if security is provided at
sea, the risk of collision of ships is reduced. Besides, the work that needs
to be done and delivered is done on time. For this, Wu et al. (2016) have
decided to use the TOPSIS technique to facilitate ship safety control on
uncontrolled ships. As a result of this decision, they have revealed that
ship security control can provide uncontrolled ships' practical decisions
(Wu et al., 2016).
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Another issue where the MCDM technique is discussed in the maritime
sector is the design of the holds of bulk carriers. Hatch cover design
selection is very important to prevent water ingress in bulk carriers'
structure and protect the transported cargo from damage caused by
external factors. For this design, a solution was tried to be found by using
AHP and VIKOR methods. In this way, a practical contribution has been
made to ship engineers, class societies and ship owners to facilitate the
selection of hatch covers (Soner et al., 2017). Celik and Akyuz (2018)
have proposed a hybrid FAHP-TOPSIS method for deciding ship loader.
They have recommended a parallel (traveling) ship loader for bulk
material loadings (Celik, and Akyuz, 2018). There are many reasons for
marine pollution. A few of them can be listed as follows; there may be
spills from ship collisions and oil spills during oil extraction and oil
tanker activities. Within the scope of this subject, Zafirakou et al. (2018),
what can be done to prevent oil spills with the PROMETHEE method
was theoretically evaluated (Zafirakou et al., 2018). Emergency response
is vital in the onshore sector as well as in the maritime sector. Wu et al.
(2018) have proposed the TOPSIS technique for managing ships without
command. As a result of the use of this technique, it is useful in handling
ships that are not under control (Wu et al., 2018). The maritime sector
has an impact on the development of world trade and the growth of the
logistics network. This growth has enormous implications for marine
safety, human health, and marine ecology. To reduce ship accidents,
which are the primary source of these factors, a solution can be made
with the TOPSIS technique (Chen et al., 2019). Maritime safety policy is
affected by many things. These are respectively: technological
developments, new political arrangements, infrastructure, socio-cultural
and the like. Hozairi et al. (2019) have tried to find solutions to what
needs to be done to develop the Indonesian maritime security policy
using AHP and TOPSIS techniques (Hozairi et al., 2019).

4.1. Evaluation Frequencies of Classified Topics of
International Studies

Studies have been analyzed according to created sub-areas. Eight
studies can be classified into our sub-areas. The reason for this situation
is being considered studies much more than national studies with the
number of 73. However, port performance/efficiency/risk analysis is the
most focused topic in international studies with a number of 18. It means
nearly a quarter of all studies. Port/ facility and management selection
follow the first rank with the study number of 13 and the third rank are
ship machine and equipment selection and port/facility location decision
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topics with 8 studies. Other distributions of their percentage can be seen
in Figure 4 and Table 3.
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Figure 4. Distribution of international papers by organized sub-areas.

The numerical expressions and percentage rates of organized sub-areas in
international studies are given in Table 3.

Table 3. Percentages of organized sub-areas in international studies.

Number of Study Percentage (%)
Human resources 6 8.22
Ship machine and equipment selection 8 10,96
Port/facility location decision 8 10,96
Route selection 6 8,22

Port performance/efficiency/risk

analysis 18 24,66
Ship selection 6 8,22
Port/facility and management selection 13 17,80
Others 8 10,96
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4.2. Evaluation of Exercised Techniques

In the studies, the AHP method was the most used. AHP is used
34 times and takes place as the first rank. In 20 studies AHP was used
alone and in 14 studies it was used hybrid type. The second rank is the
TOPSIS method, which was used 19 times in the distribution of 11
single, 8 hybrid ways. At third rank, there is PROMETHEE with the
number of 7, which separated as 5 single and 2 hybrid types. A however
interesting thing in the international studies is that there is 35 MCDM
method usage in others' class. Almost all the 23 methods are different,
and they have used some hybrid types. Some of these methods are: Saw
Method, ANP, BN, GRP, ER, ELECTRE, DEMATEL, and DELPHI.
Totally, MCDM techniques were used 96 times and 33 of them were the
hybrid type. Distributions and their percentages can be seen in Figure 5
and Table 4.

TOPSIS PROMETHEE VIKOR OTHERS

Figure 5. Distribution of MCDM methods in international studies.

The numerical expressions and percentage rates of methods international
studies are given in Table 4.
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Table 4. Percentages of methods in international studies.

Number of Usage Percentage (%)
TOPSIS 19 19,79
PROMETHEE 7 7,29
AHP 34 35,42
VIKOR 1 1,04
OTHERS 35 36,46

23

20

10

(¥,]
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4.3. Number of Paper Evaluation by Years

After the year 2016, 73 papers have published in the international
area for MCDM techniques in maritime. 2018 and 2019 were the most
effective year for the MCDM workings in maritime with a study number
of 20. And 2017 is following the years 2018 and 2019 with a study
number of 17. In 2016 and 2020, the number of papers is 9 and 7,
respectively. The number of articles in 2018 and 2019 exceeded half of
the total articles written. That is why 2018 and 2019 are milestones for
MCDM techniques in maritime. The distribution of the number of

published papers per year can be seen in Figure 6.

I I I m Number of Studies

2016 207 2018 2019 2020

Figure 6. Distribution of national studies by years.
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5. OTHER METHODS AND MATHEMATICAL MODELS
USED IN THE MARITIME INDUSTRY

Besides MCDM methods, there are other decision making or
analysis methods used in the shipping Industry. These methods can be
grouped generally as regression and forecasting. The regression methods
used frequently in shipping are as follows:

e Support Vector Regression (SVR)
e Linear Regression
e Vector Autoregression (VAR)

Forecasting methods do not have a general classification, but prediction
methods such as ARIMA and Markov Chain are used in maritime studies.
Wang et al. (2018) in the Target Direction of Arrival Estimation paper,
have evaluated possible routes to estimate arrival time using the Support
Vector Regression (SVR) method (Wang et al., 2018). Also, Kawan et al.
(2007) have done a ship motion prediction study with the SVR method
(Kawan et al., 2017).

Mobbing Examination in Maritime Sector article can be given as an
example for linear regression studies in recent years. In that work, factors
affected the mobbing were determined with Multiple Linear Regression
Analysis (MLRA) (Tavacioglu et al., 2018). Weng et al. (2018) made a
predicting shipping accident mortality study with MLRA, too. Twenty-
three thousand twenty-nine accidents between 2001 and 2011 were
examined, and a damage prediction method was created in ship accidents
(Weng et al., 2018). On the other hand, there are maritime studies where
forecasting methods have been used in recent years. Articles such as De
Girolamo et al. (2017), Stavroulakis and Papadimitriou, (2017), and Xiao
et al., (2017); have completed studies on such as Maritime activities,
Maritime traffic prediction, European cluster prediction.

During the investigations, it was seen that regression, forecasting, or any
type of decision supportive method have used much less than MCDM
techniques in the maritime industry. In MCDM techniques, dispersed and
multifarious data, criteria or alternatives are worked but in regression or
forecasting studies definite data is used to compare MCDM studies. To
be clearer, forecasting and regression analyses can be applied when their
previous data reservoir has a single or limited dimension. However, in the
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MCDM studies, much more data with infinite dimensions can be
analyzed according to the method's strength.

6. COMPARISON OF NATIONAL AND INTERNATIONAL
STUDIES
In national studies, port performance/efficiency/risk analysis is
the most studied subject with 26.32%. The second most focused subject
is human resources, with 21.4%, and the third rank is ship selection with
a nearly equal percentage of 16%.

In international studies, port performance/efficiency/risk analysis is the
most studied subject with a percentage of 24.66%, too. The second rank
is port/facility and management selection with 17.8% and the third rank is
shared by port/facility location decision and ship machine and equipment
selection with 10.96%. Port performance/efficiency/risk analysis is the
most studied sub-area according to our analyses. The reason for this
situation can be included other sub-areas such as human resources,
port/facility location decision, and route selection by port
performance/efficiency/risk analysis. It can be said that other sub-areas
are criteria for port performance/efficiency/risk analysis field. On the
other hand, AHP was the most used MADM technique in international
studies with 35.42%. Also, the second rank is TOPSIS, with 19.79% for
international studies. For national studies, this percentage is the opposite.
So, TOPSIS was the most used in national studies with 35.30%.
Moreover, the second rank is AHP, with 29.41% for national studies. The
third ranks are different, the VIKOR method is the third one for national
studies and the PROMETHEE method is for the international area. All in
all, it can be said that percentage of methods used in the studies in the
national area is matched up with the international area. Another analysis
is the usage of fuzzy methods. 38.24% of the methods are hybrid in
national papers and this percentage for the international area is 34.38%. It
is seen that hybrid method usage is better than the international level in
Turkey. Also, it shows that Turkey is willing to consider fuzzy and
uncertain data more than international colleagues. In other respects,
MCDM studies for maritime in Turkey have been rising and falling from
2016 to 2018. However, MCDM papers have been decreasing since 2018.
This situation, it can be problematic for future developments. And while
it can be said that MCDM studies have increased in the international
20
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arena from 2016 to 2018, it is clearly seen that it has decreased since
2019. Additionally, in the next few years, especially for 2020, the number
of studies might be decreased because of the coronavirus epidemic.

7. Advantages and Disadvantages of Methods
There are so many studies for different cases that are done with

different methods. Every method has advantages and disadvantages.
Every researcher finds some methods good or bad for their workings.
Some inferences have been determined due to evaluated papers for both
national and international studies. In national studies, it is seen that
hybrid methods will become more common in future works. 38.24% of
the papers included hybrid methods in the national area. Efe and Kurt
(2018), claim in their personnel selection for a port facility analysis that
hybrid methods are more beneficial for the maritime area (Efe and Kurt,
2018). Also, Gul (2019), supports this remark in the determination of
health and occupation risk analysis in the maritime industry (Gul, 2019).
In another remark, when a decision analysis system is created for only
one project, it can weaken performance. In Uzun and Kazan's study,
general evidence cannot be taken with AHP, TOPSIS, and PROMETHEE
methods for equipment selection in shipbuilding (Uzun and Kazan,
2016). Uzun and Yildirim also support this proposition with another
paper (Uzun and Yildirim, 2016). In the international area, the AHP
method is the most commented on and criticized one in the MADM
methods. It makes sense because it is the most common method with a
35.42% percentage. Othman et al. (2019), present AHP as complex but
net output given method in their Dry Bulk Cargo Application Analysis
(Othman et al., 2019). Also, Sahin and Yip remark that they chose the
AHP method because it is the most consistent method (Sahin and Yip,
2017). Sahin et al. (2020) also made another suggestion that AHP should
be used in purchase analyses in maritime (Sahin et al., 2020). AHP also
be used as a hybrid form with other methods and gives satisfactory
outputs in limited criteria and alternatives tried on Ballast Water System
Decision Analysis (Karahalios, 2017). On the other hand, the AHP
method has some disadvantages, according to some studies. Lu et al.
(2019) have not preferred to use the AHP method in their Location
Decision Analysis for LNG. They found the AHP method is less
consistent while increasing the number of criteria. Also, it is not possible

to do a pairwise comparison with the analytical hierarchy process (Lu et
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al., 2019). Sumner and Rudan (2018) support this remark in the
Transshipment Port Selection study and defends that the Best Worst
Method is much better than AHP in a pairwise comparison (Sumner and
Rudan, 2018). Tsai et al. (2018) propose that the AHP method has low
performance in the analyses in which dependent variables and feedback
mechanisms are used. ANP method would be more useful for this type of
analysis (Tsai et al., 2018). In several situations, PROMETHEE could be
more effective in the comparison of the AHP method. Gagatsi et al.
(2017) remark this inference in the Port Policy Comparison study and
claims that AHP has not performed well although the number of criteria
was limited (Gagatsi et al., 2017). The PROMETHEE method is another
MADM method that is favored in maritime studies internationally.
Mladineo et al. (2017) indicate that especially for the PROMETHEE Il
that the PROMETHEE method is simple and can be understood by non-
professionals (Mladineo et al., 2017). PROMETHEE Il also has accepted
better than PROMETHEE | for the studies that worked with fuzzy data.
This type of problem is generally solved by developing current methods
or has adopted them with fuzzy data. However, another common
technique to overcome this problem is working with hybrid methods.
Chen and Zheng (2018), state that hybrid methods give more objective
results in the Ship Targeting Method Analysis study (Chen and Zheng,
2018).

8. Results and Discussion
Looking at the national field studies, human resources, and port

performance/ efficiency/risk analysis studies are almost half of the total
studies as a ratio. From this result, the importance of human resources,
and port performance studies in national studies is clearly seen. When
looking at international studies, it is seen that port
performance/efficiency/risk analysis and port/ facility and management
studies have the highest two rates of comprehensive studies. Also, when
compared to national and international studies, a common point of them
is port performance. In both studies, the Port performance stands out as
the most common paper. The weights of the methods used in the analyzes
differ except for AHP. The reason for this may be differences in periodic
needs or maritime policies.
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If other methods are excluded from the research, when national and
international studies are examined, it has been determined that AHP
constitutes the basis of approximately half of the studies. This is because
AHP is a building block in determining criteria, and it can quickly adapt
to hybrid methods. On the other hand, when looking at international
studies, it is seen that the ‘others’ part in the method distribution is high
in MCDM techniques. It seems that the international arena is one step
ahead in trying different techniques and looking for new solutions to
problems.

Among the techniques used by adapting to common MCDM techniques,
there are methods such as ANP, BN, GRP, ER, ELECTRE, DEMATEL,
and DELPHI. To give an example, BN is a useful and indefinite causal
inference model in the field of uncertain reasoning. Unlike other
decision-making models, the BN model, which graphically visualizes
multiple information, is ideal for predicting probabilistic situations in any
study. Further, BN more conveniently includes causation and a
conditional correlation between network node variables. In this case, even
if the BN method is not used as much as the AHP method, it may be the
method that will stand out in the coming years. The use of hybrid
methods is quite common because the problems are wide and
comprehensive, and the methods are relatively limited in singlev use.
Analysis and hybrid usage rates show that hybrid methods are much more
efficient than using single methods. It is understood from the course of
studies that these methods and combinations should be improved and will
be so for the future position of decision-making techniques, especially for
maritime applications. An example of this is developing the AHP method
as ANP and the PROMETHEE method as PROMETHEE II, Ill. From a
general perspective, the AHP method loses its consistency when the
number of criteria increases and methods such as VIKOR and TOPSIS
are better than AHP in this regard. According to the literature search,
especially the TOPSIS method performs well in complex analyzes.
Although some shortcomings, the studies in Turkey and the international
arena continue apace and will be concluded in a decision given in a
purely mathematical base of the not too distant future of most of both
management and application areas. For this study to be better, the studies
should be examined in a broader time range, and the methods should be
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scanned in a broader range. In other words, the limitations of this paper
are that the studies didn't be examined in a wider range of time and
methods didn't be scanned in a wider range.
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Orta Asya ve Giiney Asya, tarihi Ipek Yolu'nun birlestirdigi iki bolge
olup, Orta Asya cumhuriyetlerinin bagimsizligina kavusmasindan sonra Ipek Yolu
yeniden canlanmistir. “Bir Kusak Bir Yol (OBOR) Projesi” Asya, Avrupa ve
Afrika’y1 kara ve deniz yoluyla birbirine baglayarak Orta Asya iilkelerinin ulagim
ve enerji aglart ile ekonomilerinin yeniden canlandrilmasini, baris ilkesini
desteklemeyi ve Cin ile Avrupa arasindaki ticareti gelistirerek uluslararasi
entegrasyonu saglamayr hedeflemektedir. “OBOR Projesi” ile Cin biiyiik
miktarlarda bir¢ok yatirim yaptigi ve yakin ticari iligkiler siirdiirdiigii bolgeler ile
tesis ettigi ulasim aglaryla ticari ve ekonomik iliskilerini geligtirmeyi
planlamaktadir. “OBOR Projesi” giizergalinda yer alan iilkelerin ortak
¢tkarlarina dayanmakta olup, Cin, Tiirkiye ve Tiirk Cumhuriyetleri ile giizergah
tizerindeki diger iilkeler i¢in ekonomi, ticaret, istihdam ve kiiltiirel agidan bir¢ok
fayda saglayacagi beklenmektedir. Calismada “OBOR Projesi” ile ilgili literatiir
arastirmast yapimis, Projenin kapsami ve rotalari, Projeye iliskin sorunlar,
Proje’nin  Tiirkive ve Tiirk Cumhuriyetleri iliskilerine potansiyel etkileri
incelenmigstir. Calismada, “OBOR Projesi”’nin gii¢lii ve zayif yonleri ile firsatlar
ve tehditlerin ortaya konulmasi amaciyla “Giiglii ve Zayif Yonler, Firsatlar ve
Tehditler (SWOT) Analiz Yontemi kullanilmistir. “OBOR Projesi’nin Tiirkiye ve
Tiirk Cumhuriyetleri ile Cin ve giizergah iizerindeki iilkelere saglayacagi
faydalar agisindan genel bir degerlendirme yapilmigtir.
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THE IMPORTANCE OF THE ONE BELT ONE ROAD
PROJECT FOR TURKIYE AND THE TURKIC REPUBLICS

ABSTRACT

Central Asia and South Asia are two regions united by the historical Silk
Road, and the Silk Road was revived after the Central Asian republics gained
independence. “The "One Belt One Road (OBOR) Project™ aims to revitalize the
transportation and energy networks and economies of Central Asian countries by
connecting Asia, Europe, and Africa by land and sea, to support the principle of
peace, and to ensure international integration by developing trade between China
and Europe. With the “OBOR Project”, China plans to develop its commercial
and economic relations through its transportation networks with the regions
where it has made large investments and maintains close commercial relations.
The “OBOR Project” is based on the common interests of the countries on its
route and is expected to provide many benefits in terms of economy, trade,
employment, and culture for China, Tiirkiye, the Turkic Republics, and the other
countries on the route. In the study, the literature research on the “OBOR
Project” was conducted, and the scope and routes of the Project, the problems
related to the Project, and the potential effects of the Project on the relations
between Tiirkiye and the Turkic Republics were examined. In the study, the
""Strengths and Weaknesses, Opportunities and Threats (SWOT) Analysis Method"
was used to reveal the strengths and weaknesses, opportunities and threats of the
“OBOR) Project”. A general evaluation has been made in terms of the benefits
that the “OBOR Project” will provide to Tiirkiye, the Turkic Republics, China,
and the countries on its route.

Keywords: The "One Belt One Road Project”, International Trade,
Transport Corridors, TRACECA, Turkic Republics

1. GIRIS

Cin Halk Cumhuriyeti, 1978-1979 willarinda liberallesme
politikalarin1 benimsemeye baslamis olup, 1978 yilindan itibaren yilda
ortalama %10 oraminda biyiimektedir (Okur, 2017: 45-55; Ticaret
Bakanligi, 2019). Cin Halk Cumbhuriyeti 2001’de Diinya Ticaret
Orgiitii'ne (WTO) iiye olduktan sonra piyasa ekonomisine gecis yapmis,
disa agilmanin neticesinde diinya tilkeleri igin cazip hale gelmistir. Diinya
Bankasi, Cin’in, 2020 yilinda diinyanin ikinci biiyiik ticaret hacmine sahip
ekonomisi haline gelecegini 6ngérmiistir (Yildizoglu, 2020). Tirkiye ile
Cin arasindaki ticari ve ekonomik iliskiler tarihi ipek yolu ile baslamustir.
Tiirk Cumhuriyetleri Azerbaycan, Ozbekistan ve Kazakistan zengin dogal
kaynaklara sahip olup, gelecekte diinya ticaretinde 6nemli rol oynacak
olup, diger Tiirk Cumhuriyetlerinin ise kii¢iik oyuncular olarak kalacagi
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tahmin edilmektedir. Tirk Cumhuriyetleri en fazla Cin, Rusya ve AB
tilkeleri ile ticaret yapmaktadir (Besel, 2012:33-35).

“Bir Kusak Bir Yol (OBOR) Projesi” Asya, Avrupa ve Afrika’y1
kara ve deniz yoluyla birbirine baglayarak Orta Asya lilkelerinin ulagim ve
enerji aglar1 ile ekonomilerinin yeniden canlandirmayi, baris ilkesini
desteklemeyi, Cin ile Avrupa arasindaki ticareti gelistirerek uluslararasi
entegrasyonu saglamay1 hedeflemektedir. OBOR Projesi ile Cin yaklagik
65 iilkede biyiik miktarlarda birgok yatirim yapmis olup, yakin ticari
iliskiler stirdiirdiigi bolgelerde tesis ettigi ulasim aglar1 vasitasiyla ticari
ve ekonomik iliskilerini gelistirmeyi planlamaktadir (Okur, 2017:45).
Sermaye transferini kolaylastirarak tiretimi artirmak, ekonomik biiylimeyi
ve Cin’in {retim acisindan rekabetini arttirmak, sanayilesme ve
kiiresellesmeyi artirmak, iilkeler arasindaki igbirligini arttirmak,
uzmanlagma saglamak OBOR Proje’sinin diger ekonomik hedefleri
arasindadir (Kopuk ve Bayrag, 2021: 1355-1356).

Tiirkiye OBOR Projesi’nin Cin ve Londra giizergahlari arasinda
alternatif giizergdh olarak yer almakta olup, Bakii-Tiflis-Kars hatti,
Asya’dan gelen trenler Tiirkiye’ye Kafkasya lizerinden giris yapmakta ve
Marmaray Hatti’nin diger demiryolu hatlarinin baglantilarin1 saglayarak
Avrupa’daki demiryollara ulasmaktadir (Ozkan ve Ay: 2020: 355-356).
OBOR Projesi’nin Cin, Tirkiye wve Tirk Cumhuriyetleri ile
giizergahindaki diger {ilkeler arasinda ulastirma, enertji, ticaret, kiiltiir ve
turizm alanlarinda isbirligini gelistirecegi ve yabanci sermayeyi ¢ekecegi
degerlendirilmektedir (Tuerdi, 2018: 4-7).

Calismada, “Bir Kusak Bir Yol (OBOR) Projesi” ile ilgili literatiir
arastirmasi yapilmis, kapsami ve rotalari, OBOR Projesi’nin Tiirkiye ve
Tirk Cumhuriyetleri iligkilerine potansiyel etkileri, Projeye iligskin
sorunlar incelenmis, OBOR Projesi”nin  giiglii ve zayif yonleri ile
firsatlar ve tehditlerin ortaya konulmasi amaciyla “Giiglii ve Zayif Yonler,
Firsatlar ve Tehditler (SWOT) Analiz Y6ntemi kullanilmig olup, Proje’nin
Tiirkiye ve Tiirk Cumhuriyetleri’ne saglayacagi faydalar agisindan genel
bir degerlendirme yapilmistir.

2. LITERATUR ARASTIRMASI

Tiirkiye ile Tirk Cumhuriyetleri arasindaki dis ticaret iliskilerinin
incelenmesi ile ilgili literatiirde bir¢ok caligma yapilmistir (Okur, 2017:
52). OBOR Projesi’nin Cin’i Avrupa ve Ortadogu’ya karadan tasiyacak en
giivenli giizergahin, Tiirk ve Miisliiman niifusun yogun oldugu “Orta
Koridor” oldugunu, bu kapsamda Cin’in Tirkiye yoluyla Avrupa ve
Ortadogu’ya giivenle ulastiracak bir uzun vadeli bir Uygur politikasina
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ihtiya¢ oldugu belirtilmektedir. OBOR Projesi ile olusturulacak biiyiik
pazarin giizergah1 lizerindeki llkelerin karsilikli yararini ve igbirligini

saglayacagl ve sozkonusu iilkelerin ekonomilerine katki saglayacagini
belirtmektedir (Durdular, 2016: 94).

Golovko (2009) Avrasya iilkelerinin bagimsizliklarini aldiktan
sonraki dis ticaretlerini ¢ekim modeli yontemi ile incelemistir. Analiz
sonucunda Avrasya iilkelerinin, kiigiik ve benzer olmalari nedeniyle ¢ekim
modelinin  yetersiz  kaldigi, kendi aralarinda ihracat yaparak
biiylimeyecekleri sonucuna varilmig olup, Avrasya {ilkelerinin dis
ticaretlerini  gelistirmesi i¢in gelisme stratejilerinin tespit edilerek
uygulanmasi, ticaretin serbestlestirilmesi ve kaynaklarin ham madde
yerine islenmis olarak ihrag¢ edilmesi gerektigini vurgulamistir (Golovko,
2009:16-17).

Tiirkiye ile Tiirk Cumhuriyetleri arasindaki dis ticaret pazara giris
yollar1, girisimcilik, arastirma-gelistirme ve yenilikgi altyapinin
gelistirilmesi ve etkin bir bolgesel lojistik sebekesine ihtiyag vardir (Yavuz
vd, 2012: 35). Tirk Cumhuriyetleri arasinda ekonomik isbirliginin
arttirilmasina yonelik igin sektorel bazda bir ortak politika olusturulmas,
tesvik ve sigorta sisteminin gelistirilmesi 6nerilmektedir (Bal ve vd., 2009:
1-23); Alagdz, 2004: 72; Tuerdi, 2018:1-15) OBOR Projesi’nin
Tirkiye'nin Tirkistan ve Kafkasya’da yer alan bolge iilkelerle isbirligini
daha fazla arttiracagini ve Tirkiye’nin dis ticaret hacmini arttiracag
vurgulanmaktadir (Tuerdi, 2018:13). OBOR Projesi’nin Cin’den
Avrupa’ya yiiklerin daha kisa siirede ulasmasi disinda Merkez Asya
iilkelerinin karayolu, demiryolu, liman ve lojistik vb. altyapilarim
gelistirmeleri agisindan da bir firsat yaratacagini ve bolgenin gelismesine
ve refahina katki saglayacagi 6ngoriilmektedir (Imomnazar, 2018: 402).

Tiirkiye ile Tlirk Cumhuriyetleri arasindaki ticaretin tarihi, kiiltiirel
ve toplumsal gegmise ragmen s6zkonusu iilkelerin ekonomik agidan biiyiik
Olciide Rusya’ya bagimli olmasi ve bolge iilkelerinin piyasa ekonomisine
tam olarak uyum saglayamamasi nedeniyle yeterli gelisememistir (Yavuz
vd., 2012:42). Ersungur (2007) Kazakistan’in ticaretinde iilkeler arasi
ticaretin, Gayri Safi Milli Hasila (GSMH) biiyiikliikleri ile dogru ve cografi
uzaklik ile ters orantili olan Cekim Modeli nedeniyle komsu iilkelerinin
paymin yiksek oldugunu belirtmektedir (Ersungur, 2007:297); Keskin
(2018) Tirkmenistan Hiikiimeti’nin yabanci yatirimer i¢in  bazi
kisitlamalar getirmesi ve ithalatta agir giimriik vergileri uygulamasina
karsin, Tiirk yatirimcilarin, altyapi, imalat sektorii, kimyasal {rlinler ve
pamuk isleme sanayi gibi dncelikli alanlara yatirim yaptiklarinda giimriik
vergisinden muaf olabilecegini ve tesviklerden faydalanabilecegini
vurgulamaktadir Keskin, 2018:421).
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Cin yeni ihracat pazarlar kesfetmeyi hedeflemekte olup, disariya
yaptig1 yatirimlar ile yerli sermaye sorununu ¢ozerek iilke i¢indeki kapasite
fazlasi tiretimin de tiiketilmesini saglayacaktir. Ayrica, Cin OBOR Projesi
kapsamindaki giizergahlar lizerinde yer alan enerji zengini iilkeler araciligi
ile enerji kaynaklarina erisimi kolaylastirmay1 hedeflemektedir (Tutar ve
Koger, 2019: 621). Tirk Cumhuriyetlerinin cografi olarak, OBOR
Projesi’nin birinci ¢emberinde yer aldigini ve projedeki olumsuzluklarin
en fazla s6z konusu iilkelerin etkileyecegi belirtmektedir (Bocutoglu,
2017:268-269). Modern Ipek Yolu Projesi’nin Tiirkiye ile bu Tiirk
Cumhuriyetler arasindaki igbirligini gelistirecegini  ongdriilmektedir
(Seyidoglu, 2014:215).

Kalayc1 (2013) Tiirkiye’nin OBOR Projesi’ne iliskin “Tarihsel Ipek
Yolu” giizergahlari1 ve buradaki yerlesim yerlerini belirlemek, ulasim
hatlarin1 ve bunlar iizerindeki tizerindeki kdprii, liman, pazar vb. yerleri
tesis etmek; giizergah tizerindeki iilkelerle ortak stratejiler gelistirmek,
serbest ticaret bolgeleri olusturmak, deniz ticaretini ve tagimaciligin1 daha
da gelistirmek, ticareti kolaylastirmak ve bu bolgelerde serbest dolagim
hakki tanimak gibi hususlara iliskin stratejiler gelistirilmesinin gerektigini
belirtmistir (Kalayci, 2013:109-118).

3. BiR KUSAK BiR YOL (OBOR) PROJESI
3.1 Bir Kusak Bir Yol Projesi’nin Kapsami ve Rotalar

Orta Asya ve Giiney Asya, tarihi Ipek Yolu’nun birlestirdigi iki
bolge olup, tarih boyunca s6zkonusu iki bolge arasinda yiiksek diizeyde
kiiltiirel etkilesim olmustur. Orta Asya cumhuriyetlerinin bagimsizligina
kavusmasindan sonra ipek Yolu yeniden canlanmustir. Orta Asya Tiirk
Cumhuriyetlerinin ekonomik olarak gelismesi ve diinya ile entegrasyonun
saglanmasi amaciyla yeni ulasim projeleri baslatilmistir (Purtas, 2011: 59).
Cin, OBOR Projesi ile eski ipek Yolu'nu yeniden canlandirmay1
amaclamaktadir. S6z konusu Proje ile Ipek Yolu iizerindeki Orta Asya
iilkelerinin  (Kazakistan, Kirgizistan, Ozbekistan, Tacikistan ve
Tirkmenistan vb.) demiryollar1 ile lojistik baglantilarinin saglanmasi
ekonomilerinin yeniden canlandirilmasidir (Tuerdi, 2018:3). Cin soz
konuusu proje kapsaminda insaat, enerji, ulasim ve sanayi alanlarina
biiylik yatirnmlar yapilmustir. Projenin karayolu, demiryolu ve havayolu
giizergah1 Cin’den baslayarak Hollanda’ya kadar uzanmaktadir (Cekerol,
2017:144).
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OBOR Projesi siyasi ve ticari firsatlar sunmaktadir. Cin, Sovyet
Sosyalist Cumhuriyetler Birligi (SSCB)’nin dagilmasiyla yeni bagimsiz
olan Orta Asya tlkelerinin hepsini tanimis olup, bu iilkelerle siyasi
iligkilerini gelistirmistir. Cin Halk Cumhuriyeti s6z konusu devletler
arasinda smir sorunlarmi ¢ozmek ve kendisi ve yakin bolgesindeki
tilkelerin iktisadi sartlarmi iyilestirme amaciyla Rusya Federasyonu,
Kazakistan, Kirgizistan, Tacikistan ile 1996 yilinda Sanghay Isbirligi
Orgiitii’'nii (Shanghai Cooperation Organisation-SCO) olusturmus olup,
2001 yilinda Ozbekistan, 2017 yilinda Hindistan ve Pakistan ve 2021°de
fran SCO’ya katilmustir. Cin; Tacikistan, Kirgizistan ve Ozbekistan ile
“kapsaml stratejik ortaklik” anlagmalarini imzalamigtir.

Orta Asya iilkelerinin cografyasi, alt yap1 sorunlari, denize direk
bir ulasimin olmamasi gibi sorunlart mevcuttur. Cin hiikiimeti olusan bu
ekonomik boslugu iyi degerlendirerek siyasi iligkilerin yaninda ticari
iligkilerini de gelistirmistir. S6z konusu bolgede dogal kaynaklarin olmasi,
Orta Dogu, Giiney Asya ve Avrupa’ya alternatif bir yol olma ihtimali Orta
Asya’yr cazip hale getirmistir. Cin, petrol vb. yatirnmlarla o6zellikle
Kazakistan, Ozbekistan ve Tiirkmenistan’mn biiyiik dis ticaret ortag haline
gelmistir. Uuluslararasi yatirimcilar ve OBOR Projesi kapsaminda temin
edilen krediler sayesinde enerji, alt yap1 ve lojistik projeleri hayata
gecirmistir (TUIC Akademi, 2021).

Ipek Yolunun Canlandiriimasi olan OBOR Projesi kapsaminda
yeni tren yollari, yeni limanlar, yeni otoyollari, telekomiinikasyon alt
yapisinin  iyilestirilmesi, enerji-maden ¢alismalarinin  yapilmasi
bulunmaktadir. OBOR Projesi’nde birden fazla alt giizergahlarin oldugu
bilinmektedir. Bunlardan bir tanesi Cin-Mogolistan-Rusya giizergahidir.
En ¢ok ragbet goriileni ise Cin-Kazakistan-Rusya-Belarus tizerinden
Avrupa’ya ulasan giizergahtir. Bir de tarihi olan Cin-Orta Asya-iran ve orta
koridor olarak nitelendirilen Tiirkiye {izerinden Avrupa’ya ulasan
giizergahtir.

Cin Halk Cumhuriyeti’'nin 28 Mart 2015 tarihli “Ipek Yolu
Ekonomi Kusagi ile 21. Yiizyll Deniz Ipek Yolunun Ortaklasa Insa
Edilmesini Tesvik Uzerine Vizyon ve Faaliyetler” bildirgesine gore
OBOR Projesi baris ilkesini desteklemekte, tiim iilkelerin katilimina agik,
karsiliklh fayda gozetilen, piyasa kurallar1 ve uluslararasi diizenlemelere
ile uyumlu bir pazar igermektedir. S6z konusu Proje Asya, Avrupa ve
Afrika’yr kara ve deniz yoluyla birbirine baglamay1 hedeflemektedir
(Durdular 2016: 80; Ticaret Bakanligi, 2019). OBOR Projesi’nin deniz
giizergah1 Cin’den Vietnam, Malezya, Endonezya, Sri Lanka, Hindistan,
Kenya, Yunanistan ve Italya vasitasiyla Avrupa’ya ulasmak igin birgok
yatirim yapilmistir (Kalayei, 2013: 102). Bu kapsamda Cin sirketi China
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Ocean Shipping Company (COSCO) Akdeniz limanlarinda 6nemli proje
ve ortakliklara imza atmigtir. Pire limanimmin 2008 yilimda COSCO
tarafindan isletilmeye baslatilmasinda sonra ellecleme miktarlar1 oldukga
artmistir (Sabanci ve Yilmaz, 2021: 92-93; Kalayci, 2013: 102).

OBOR Projesi ile ulagimin Yeni Avrasya Kara Kopriisii Ekonomik
Koridoru; Cin- Merkez ve Bati Asya; Cin- Mogolistan- Rusya, Cin- Hindi
Cini Yarimadasi; Cin- Banglades- Hindistan- Myanmar ve Cin- Pakistan
gibi 6 koridorla gergeklestirilmesi hedeflenmektedir (Ozsiimer, 2018:7).
Tiirkiye Cumhuriyetleri sozkonusu Proje’nin giizergahinda olup, jeopolitik
onemi haizdir. Bahsi gecen Proje’nin Tiirkiye’den gegen rotasi Istanbul,
Bursa, Iznik, Antakya, Konya, Adana, Ayas, Tarsus, Iskenderun, Antep,
Maras, Kayseri, Sivas, Erzurum, Erzincan ve Trabzon sehirlerini, nehir
rotas1 ise Firat ve Dicle nehirlerini kapsamaktadir. S6zkonusu Proje’nin
Tilirk Cumbhuriyetleri'nden gegecek rotalar1 ise Tiirkmenistan (Merv,
Kohne Urgeng, Ozbekistan (Buhari, Semerkand, Taskent, Sehrisabz),
Kazakistan (Tiirkistan), Kirgizistan ve Tacikistan’dir (Kalayci, 2013: 91).

OBOR Projesi ile kara yolu ve deniz yolu hatlar1 olusturulacaktir.
Bunlardan ilki Cin’den Avrupa’ya kadar olan tilkeleri birbirine baglayan
“Ipek Yolu Ekonomik Kusag1” olarak adlandirilan kara hattidir (Tuerdi,
2018: 3; MCBRIDE, 2015). Yeni Ipek Yolu'nun kara baglantis1 giizergah
tizerindeki kara yolu, demir yolu, hava ve deniz limanlari, endiistriyel
parklar dogalgaz hatlari, Avrasya Kara Kopriileri gibi koridorlar ve diger
altyap: projelerini kapsamaktadir. Sézkonusu Proje nin “Deniz Ipek Yolu”
olarak adlandirilan denizyolu baglantis1 ise Cin’i Hint Okyanusu ile
Akdeniz ve Basra Korfezi’ni baglayacak olup, glizergah tizerindeki biiyiik
limanlarin ulagim koridoruna entegre edilecektir (Tuerdi, 2018: 4;
Durdular 2016:82).

OBOR Projesi’nin baslica ana giizergahlar1 sunlardir: Birincisi,
Avrupa’ya ulasan Dogu Tirkistan-Kazakistan-Rusya-Beyaz Rusya
glizergahidir. Digerleri, Avrupa’ya uzanan Dogu Tirkistan-Kazakistan-
Azerbaycan-Giircistan-Tiirkiye-Balkanlar giizergahi, Dogu Tirkistan’dan
baslayarak Bati Tirkistan’daki Tiirk Cumhuriyetleri’nden gegen ¢esitli
rotalardan olusan giizergah ya da Pakistan iizerinden Iran’a ve Ortadogu’ya
baglanan giizergahdir. Ayrica, Kasgar’dan Pakistan’in Gwadar limanina
uzanan gilizergahdir (Okur 2017: 51).

OBOR Projesi’nin 68’den fazla {lilkeyi kapsayacagi, kiiresel
ekonomi kapasitesinin %30’unu, Diinya Gayri Safi Yurtici Hasila’nin
%551, diinya niifusunun yaklagik %70’ini, kiiresel enerji kaynaklariin
yaklasik %75’ini icerdigi belirtilmektedir (Imomnazar 2018:397). OBOR
Projesi’nin finansmaninin 50 milyar ABD Dolar’lik kisminmn “Ipek Yolu
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Fonu’ndan (Silk Road Fund), altyap1 yatirimlari i¢in 100 milyar ABD
Dolar’lik kisminin ise Asya Kalkinma Bankasi’'ndan (The Asian
Development Bank) karsilanacagi belirtilmektedir ~ (Imomnazar
2018:398).

3.2. Bir Kusak Bir Yol Projesi’ne iliskin Sorunlar

“Bir Kusak Bir Yol (OBOR) Projesi”ne iliskin bir¢cok sorun
bulunmaktadir. Baslica sorunlar asagida belirtilmektedir (Durdular
2016:86-92; Ticaret Bakanligi, 2019; Tuerdi, 2018: 10-11).

- Proje giizergahi tizerindeki iilkelerin siyasi istikrarsizliklari, sinir
anlagmazliklar1 gibi i¢ sorunlari, bu iilkelerin kendi aralarindaki
sorunlar;

- Sozkonusu iilkelerin altyapt sorunlari, bahsi gegen iilkeler
arasindaki dis ticaret ag1gi;

- Yeterli seffaflik olmamasi ve yerel uygulama farkliliklar1 gibi
mevzuattan kaynaklanan sorunlar;

- Cin’den ithal eden driinlere uygulanan anti-damping
uygulamalari;

- Bolge iilkelerinin ucuz Cin mallarmin pazarda egemen olmasina
iliskin endiseler;

- ABD’nin bolge iilkelerinde ticari giicliniin azalabileceginden
dolayr Projenin  ABD ve Rusya iligkilerini olumsuz
etkileyebilecegi endisesiyle bu iilkelerin projeye olumsuz
yaklagimlarti,

- Cinli sirketlerin uluslararsi ticaret konusunda yeterli tecriibeye
sahip olmamalar1 ve uluslararasilasmamig olmasi;

- Ihracata uygun standarlarin uygulanmamas;

- Fikri miilkiyet haklarinin ihlali ve taklit¢ilik;

- Proje giizegahinda yer alan diger iilkelerin projeye gerekli destegi
Vermemesi;

- Yiiksek igletim maliyetleri;

- Giizergah tizerindeki iilkelerin bazilarinin projeyi Cin’in politikasi
olarak gérmesi ve bazi ilkelerin de kendi igislerine miidahale
olarak algilamast;

- So6z konusu tilkelerin jeopolitik stratejilerindeki farkliliklar.

Ortadogu’daki ¢atigma riski OBOR Projesi’nin giiney rotasini da
riskli hale getirmektedir. Sozkonusu risklerden dolayr en giivenli
glizergahin “Orta Koridor” oldugu goriilmektedir (Okur, 2017: 52). Orta
koridor bir enerji koridoru olup, hem Avrupa-Asya arasinda enerji akigini
temin etmeyi hem de bolge lilkeleri arasindaki siyasi sorunlar1 azaltmay1
amaclamaktadir. Giiney koridorda &zellikle Afrika'da altyapi yatirimlar
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yapilmakta ve yeni ekonomik bélgeler olusturulmaktadir (DEIK, 2023).
S6z konusu Proje giizergahi iizerindeki iilkelerin giivenli ve etkin bir ag
olusturabilmesi igin kara-deniz-hava altyapisini gelistirmesi, ticaret ve
yatirimi  kolaylastirmasi, serbest bolgelerin olusturulmast ve iilkeler
arasindaki siyasi giiveni daha fazla tesis edilmesini gerekmektedir.
S6zkonusu Proje’ye iliskin bir diger sorunda uzun mesafe karayollari,
demiryollar ve gilizergah iizerindeki havalanlari, kdpriiler ve limanlar i¢in
giivenlik riski tagtyabilir (Imomnazar, 2018:402).

OBOR Projesi giizergahi tizerinde yer alan tilkelerden bazilarinin
diistik kredi derecelerine sahip olmasinin Cin’i finansal agidan etkilemesi,
Projede yer alan Orta Dogu tilkelerindeki istikrarsizligin risk olusturmast,
Orta ve uzun dénemde Cin ekonomik niifuzunun artmasi, para ve mallarin
ve iggiiciiniin serbest dolasimi ve Tiirk Cumhuriyetlerin niifus dengesini
bozma potansiyelini tagimasi Proje’ye iligkin diger sorunlarn
olusturmaktadir (Bocutoglu, 2017:67-269). OBOR Projesi basta Cin, iran
ve Pakistan olmak tizere 60’1n tizerinde iilke desteklemesine ragmen, Siyasi
ve ekonomik nedenlerden dolayr Japonya, ve ABD Proje’yi
desteklememektedir. Bahsi gecen Projenin AB iilkeleri aleyhine haksiz
rekabete yol acacabilecegini degerlendirmesi ve s6z konusu iilkeler ile dis
politika konusunda bir ortaklik olmamasi1 gibi nedenlerden dolay1 Avrupa
Birligi Proje konusunda g¢ekimser kalmakla birlikte Projeden dogacak
firsatlar1 da degerlendirmek istemektedir. Rusya projenin uzun vadede
jeopolitik sonuglart nedeniyle ¢ekimser kalmaktadir (Bocutoglu,
2017:267).

Covid-19 pandemisi nedeniyle OBOR Projesi’ne iliskin 2021
yilinda yapilan yatirimlarin maliyeti, enerji basta olmak tizere 476 milyar
dolar olarak olup, 2015 yilina gore %21 oraninda azalmistir. Cin
firmalarinin ¢ogunlukla Cinli is¢ileri ¢alistirmasi, endiistriyel kapasiteyi
arttiracak yatirimlar yapmamasinin halkin tepkisini ¢ekmesi nedeniyle Cin
istihdam ve Kkapasiteyi artiran ve ¢evre dostu yatirimlar yapmaya
baglamistir (Sener ve Sugozi, 2022:5). Orta Asya iilkeleri Rusya’nin
onciiliigiinde olusturulan bir¢ok ekonomik, siyasi ve askeri birligin iiyesi
olmasi nedeniyle Rusya-Ukrayna savasindan oncelikle etkilenen bdlgeler
olup, savas siirecinde genel olarak tarafsiz kalmislardir. S6z konusu savas
nedeniyle Rusya’ya yaptirimlar oncelikli Rusya olmak iizere, bolge
tilkelerde ve kiiresel ekonomide biiyiik sorunlara neden olmustur (Buyar
ve Sener, 2022: 141-143).

4, METODOLOJI

Caligmada literatiir taramasi sonucu incelenen makaleler ve
calismalar degerlendirilerek OBOR Projesi’nin i¢ etkenler olan gii¢lii ve
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zayif yonleri ile dis etkenler olan firsatlar ve tehditlerin ortaya konulmasi
amaciyla “Gli¢li ve Zayif Yonler, Firsatlar ve Tehditler (Strenghts,
Weaknesses  Opportunities, Threats (SWOT)) Analiz Yontemi
kullanilmigtir. SWOT Analizi; isletmenin giliglii-zayif yonler ile firsat ve
tehditleri analiz ederek gelecek icin stratejiler gelistirmeyi ifade eder
(Yesiltas, 2019:252). Giiglii yonler isletmenin i¢ ortaminin analizi ile
ortaya ¢ikan ve rakiplere karsi iistiinliik saglayan varlik ve yeteneklerini
kapsamaktadir. Zayif yonler isletmenin belirli amacglara ulagsmasini
engelleyen, mevcut varlik ve yeteneklerin daha giigsiiz ve diisiik oldugu
durumlardir. Firsatlar, igletme icin olumlu sonuglar yaratabilecek dis
¢evrenin ve yakin gevrenin analizi sonucundan ¢ikan politik, teknolojik,
hukuki, sosyokiiltiirel, uluslararasi ¢evre, miisteriler, demografik,
tedarikgiler ve rakiplerin statiisii gibi firsat yaratan faktorlerdir. Tehditler,
dis ¢evredeki degisimler sonucunda isletmenin belirli bir amaca
ulagmasinda sorun olusturan, varligini siirdiirememesine veya rekabette
iistiinliigii kaybetmesine neden olabilecek durumlardir. (Cinar ve Oguz,
2020:6; Kamilgelebi, 2012: 45-54). “Bir Kusak Bir Yol Projesi nin giigli
ve zayif yonleri ile firsatlar ve tehditleri ortaya koyan SWOT Analizi
Tablo 1 ve Tablo 2’de verilmigtir.

Tablo 1. Bir Kusak Bir Yol Projesi’nin Giiglii ve Zayif Yonleri

Giiclii Yanlar

Zayif Yonler

Orta Asya ve Giiney Asya’nin
tarihi Ipek Yolu’nun birlestirdigi
iki bolge olmasi

OBOR Projesi giizergaht tizerindeki
iilkelerin etkin bir bolgesel lojistik
sebekesi ihtiyact

Cin’in, diinyanin ikinci biyiik
ticaret hacmine sahip ekonomisi
olmasi

Orta Asya ililkelerinin cografyasi, alt yap1
yetersizligi, denize direk bir ulagimin
olmamasi

Yiiklerin Cin’den Avrupa’ya daha
kisa siirede ulagmast

OBOR Projesi giizergaht iizerindeki
tilkelerin ticaret pazarina giris yollart,

girisimcilik, arastirma-gelistirmeyi
gelistirme ihtiyaci
Cin’in yeni ihracat pazarlar1 | Tirkmenistan Hiikiimeti’nin yabanci
kesfetmeyi hedeflemesi yatirimel i¢in bazi kisitlamalar getirmesi
ve ithalatta agir glimrik vergilerinin
uygulamasi
Enerji  kaynaklarina  erigimin | Dis ticaret vb. mevzuatindan kaynaklanan
kolaylagmasi sorunlar

S6z konusu bolgede yeni ulagim
projelerinin baglatilmasi

Cin’den ithal eden iriinlere uygulanan
anti-damping uygulamalar

Bakii-Tiflis-Kars hatti, Asya’dan
gelen trenler ve Marmaray Hatti
vasitastyla Avrupa’daki

Cinli  sirketlerin  uluslararst ticaret
konusunda yeterli tecriibbeye sahip
olmamasi
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demiryollarina ulagilmast
Cin’in OBOR Projesi kapsaminda | Proje glizegahinda yer alan diger
ingaat, enerji, ulasim ve sanayi | lilkelerin  projeye  gerekli  destegi
alanlarma biiyiik yatirim yapmasi | vermemesi

Projenin Kkarayolu, demiryolu ve | OBOR Projesi'ne dahil olan iilkeler
havayolu gilizergahinin Cin’den | arasinda ekonomik gelismislik diizeyinde

baslayarak Hollanda’ya kadar | dengesizligin Cin’in  bolgedeki
uzanmaslt yatirimlarini zorlagtirilmasi
OBOR Projesi giizergahindaki | S6z konusu iilkelerin jeopolitik
iilkelerin kiiresel enerji | stratejilerindeki farkliliklar

kaynaklarmin yaklagik %75’ine
sahip olmasi

OBOR Projesi'nin  Orta Dogu,
Gliney Asya ve Avrupa’ya
alternatif bir yol olmasi

Giiclii Yanlar Zayif Yonler
Tim ilkelerin katilimina agik,
karsilikli fayda gozetilen, piyasa
kurallart  ve uluslararasi
diizenlemelere ile uyumlu bir
pazar1 igermesi
Cin’in istihdam ve kapasiteyi
artiran ve g¢evre dostu yatirimlar
yapmast
Ticaret hacmini arttirmasi, mal,
hizmet ve isgiictiniin dolagimini
kolaylastirmasi
Bolgelerin refahint ve istihdami
arttirmasi
S6z konusu tilkelerin ekonomik
kalkinmas1 ve Kkiiltiirel refahina
katk1 saglamasi
Asya, Avrupa ve Afrika’y1 kara ve
deniz yoluyla birbirine baglamasi

OBOR Projesi’nin baslica gi¢lii yonleri; Orta Asya ve Gliney
Asya’nin tarihi Ipek Yolu’nun birlestirdigi iki bolge olmasi, Cin’in, ticaret
hacmiyle diinyanin ikinci biiyiik ticaret hacmine sahip olmasi, enerji
kaynaklarina erisimin kolaylagmasi, ticaret hacmini arttirmasidir. OBOR
Projesi’nin baslica zayif yonleri; Orta Asya iilkelerinin cografyas, alt yapi
yetersizligi, denize direk bir ulasimin olmamasi1 ve Cin’den ithal eden
iiriinlere uygulanan anti-damping uygulamalaridir.
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Tablo 2. Bir Kusak Bir Yol Projesi’ne iliskin Firsatlar ve Tehditler

Firsatlar Tehditler
Orta Asya iilkelerinin ulasim ve | OBOR Projesi’ni kapsayan uzun mesafe
enerji aglar1 ile ekonomilerini | karayollari, demiryollar1 ve gilizergah

yeniden canlandirmak

iizerindeki havalanlari, kopriiler ve
limanlar i¢in giivenlik riski

Baris ilkesini desteklemek

OBOR Projesi’nde yer alan Orta Dogu
iilkelerindeki istikrarsizlik

Cin ile Avrupa arasindaki ticareti
geligtirmek

Rusya-Ukrayna Savasi’'nin  OBOR

Projesi’ne olumsuz etkileri

Sermaye transferini kolaylagtirarak
iiretimi arttirmak

AB ve ABD’nin OBOR Projesini
desteklememesi ve Rusya’nin ¢ekimser
kalmas1

Ekonomik biiylimeyi ve Cin’in
iiretime iligskin rekabetini arttirmak

Cin’in  bolgesel niifuzunu artirma
ihtimalinden dolay1 endigse duyulmasi

Firsatlar Tehditler
Sanayilesme ve kiiresellesmeyi | Bolgesel giivenlik sorunlari
arttirmak
Ulkeler  arasindaki  isbirligini | OBOR Proje giizergdh1 {izerindeki
arttirmak tilkelerin siyasi istikrarsizliklari, smir

anlasmazliklar1 ve bu iilkelerin kendi
aralarindaki sorunlar

Uzmanlagmay1 saglamak

OBOR Projesi giizergahi tizerindeki
tilkelerle karsilikli yarar ve igbirligi
saglamak

OBOR Projesi giizergahi tizerindeki
ilkelerin ~ ekonomilerine  katki
saglamak

OBOR  Projesi’nin  Tiirkiye'nin
Tirkistan ve Kafkasya’da yer alan
bolge iilkelerle igbirligini ve
Tirkiye’'nin dig ticaret hacmini
arttirmak

OBOR Projesi’nin Merkez Asya
tilkelerinin  karayolu, demiryolu,
liman ve lojistik  altyapilarini
gelistirme imkan1 saglamak

Bolgenin gelismesine ve refahina
katk1 saglamak

Tirkiye 1ile Asya iilkelerinin
ticaretinde  iki bdlge arasindaki
ulagimi kolaylastirilmak

Yabanci sermayeyi ¢ekmek
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OBOR Projesi giizergahlar1 ile
yiiklerin Cin’den Avrupa’ya daha
kisa siirede ulagmasini saglamak
Sosyal ve Kkiiltiirel ¢aligmalara
destek saglamak

OBOR Projesi kapsamindaki bir¢ok
limanin isletmesi ve gelistirilmesi
icin olanaklar saglamak

OBOR Projesi i¢in baslica firsatlar; Orta Asya tilkelerinin ulasim
ve enerji aglar ile ekonomilerini yeniden canlandirmak, Cin ile Avrupa
arasindaki ticareti gelistirmek, sanayilesme ve kiiresellesmeyi arttirmak,
OBOR Projesi giizergah1 {izerindeki {ilkelerin ekonomilerine katki
saglamak, bolgenin gelismesine ve refahina katki saglamaktir. OBOR
Projesi i¢in baslica tehditler; OBOR Projesi giizergahi tizerindeki iilkelerin
siyasi istikrarsizliklari, smir anlagmazliklari ve bu dilkelerin kendi
aralarindaki sorunlar ve Rusya-Ukrayna Savasi’nin OBOR Projesi’ne
olumsuz etkileridir.

. Bir Kusak-Bir Yol Projesi’nin Tiirkiye ve Tiirk Cumhuriyetleri
Iliskilerine Potansiyel Etkileri

“Bir Kusak-Bir Yol (OBOR) Projesi” giizergahinda yer alan
iilkelerin ortak c¢ikarlarina dayanmakta olup, Cin’e yapacagi katkilar
disinda Tiirkiye ve Tirk Cumhuriyetleri ile gilizergah iizerindeki diger
iilkeler acisindan bircok fayda saglayacagi beklenmektedir. S6zkonusu
Proje’nin bahsi gegen {ilkeler arasindaki ekonomik iliskileri
giiclendirecegi, ticaret hacmini arttiracagi, mal, hizmet ve isgiicliniin
dolagimimi kolaylastirmasi, bolgelerin refahini arttiracagi, yeni istihdam
alanlar1 acarak istihdami arttiracagi, sozkonusu iilkelerin ekonomik
kalkinmasina ve kiiltiirel refahina katki saglayacagi, bolge halklart
arasinda kiiltiirel baglantilar1 kuvvetlendirecegi diistiniilmektedir (Tuerdi,
2018: 4).

Tiirkiye’nin dig ticaret rakamlar1 analiz edildiginde Tiirkiye ile Asya
iilkelerinin ticaretinde iki bolge arasindaki ulasim yetersiz ve oldukca
maliyetlidir. Projenin hayata ge¢mesiyle birlikte Tiirkiye Bati, Orta ve
Glney Asya pazarina rahatca ulasabilecek ve hammaddeleri daha ucuza
karsilama imkani bulabilecektir (Tuerdi, 2018: 6-9). Lojistik, Ar-Ge,
tiretim ve lojistik alanlarinda yapilacak etkin ¢aligmalarla, OBAR Projesi
ile Tirkiye'nin genel ihracatinda %15 artis olacagr Ongoriilmektedir
(DEIK, 2023). Ayrica, Proje giizergahindaki iilkelerin sanayisi gelisecek,
uzmanlagma saglanacak ve pazar paylar artacaktir (Tuerdi, 2018: 4-7).
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OBOR Projesi ¢er¢evesinde Cin; Tiirkiye ve Tiirk Cumhuriyetleri
ile glizergahindaki diger iilkeler arasinda ulastirma, enerji, ticaret, kiiltiir
ve turizm alanlarinda, isbirligini gelistirecek ve yabanci sermayeyi
cekecektir. Cin, Rusya ile Kuzey Koridoru, Iran ile Giiney Koridoru ve
Tirkiye ile Orta Asya’yr baglayan Orta Koridoru olusturmay1
hedeflemektedir. Orta Koridor gegislerinden bir digeri de, Tiirkiye-
Giircistan, Azerbaycan,Tirkmenistan ve Afganistan transit ulagtirma
koridorudur (Tuerdi, 2018: 4-7). Orta koridor ticari iliskilerini
gelistirecektir. OBOR Projesi’nin ayn1 zamanda bélgesel ve dolayisiyla
kiiresel barisa katki saglayacag diistintilmektedir.

Kazakistan; cografi ~ konumunun genigligi, Orta Asya
Cumbhuriyetlerini Karadeniz ve Kafkasya {izerinden Avrupa’ya baglamayi
amaglayan Avrupa Birligi (AB) tarafindan olusturulan bir Dogu-Bati
Koridoru olan “Avrupa Kafkasya Asya Ulastirma Koridoru (TRACECA)”
ve Cin ve Bati Avrupa arasindaki karayolu baglantisi projeleri nedeniyle
bolgede onemli bir lojistik merkezi olma ve Uzakdogu ile Avrupa
arasindaki  biiyilk miktarlarda yik tasimacilig gergeklestirme
potansiyeline sahiptir (Cekerol, 2017:158).

OBOR  Projesi,  Uluslararasi ~ Tirkmenbast  Limani’nin
(Turkmenbashi International Port) agilmasi bir firsat yaratmistir. OBOR
Projesi’nin hayata gecmesiyle birlikte Turkmenbashi Limani’ndan Merkez
Asya’da yer alan Cin, Japonya, Kore Limanlarindan Iran ve Azerbaycan
Limanlarina kadar denizyolu ile yiik tagimaciligi gerceklestirilecektir
(Imomnazar, 2018:401). S6zkonusu rota ile yiikler Cin’den Avrupa’ya
daha kisa siirede wulagacak olup, demiryolu tasimaciligi deniz yolu
tagimaciligindan iki kat1 hizli olup, 15 giin siire almas1 beklenmektedir.
Boylece, sozkonusu Proje ile yerel kaynaklar diinya pazarlarina
ulagabilecek, yeni altyapr yatirimlari hizlandirabilecek, ilgili iilkelerin
lojistik ve liman altyapisi ile sektorleri ve dolayisiyla bolgesel ve ulusal

ekonomileri gelisecektir. Tiirkmenistan-Afganistan-Tacikistan
uluslararasi demiryolu Cin, Hindistan ve Pakistan ile birlesecektir
(Imomnazar, 2018:402). S6z konusu Proje Tirkiye’nin Tirk

Cumbhuriyetler iizerinden Cin’e baglanmasi imkanin1 saglayacaktir. Bu
kapsamda Cin Azerbaycan ile OBOR Projesi kapsaminda yakin isbirligi
yapmaktadir (Bocutoglu, 2017:268).

OBOR Projesi ile 234 demiryolu hublar1 ve bunlarla baglantili
Avrasya Kara Kopriileri, Deniz Ipekyolu giizergahi iizerinde yer alan
yaklagik 600.000 gemiye hizmet verecek sekilde 2.378 liman
tasarlanmaktadir. S6zkonusu Proje giizergahinda kiiresel tedarik zinciri
icin altyapinin gelistirilmesi ve bolgesel isbirlikleri ve firmalar arasi
isbirligi i¢in strateji planinin gelistirilmesi gerekmektedir (Lee, P.Tae-Wo0
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vd, 2017:294). Pekin ve Londra’y:r birbirine baglayacak olan demir
yolunun orta kusaginda yer alan 30 Ekim 2017°de agilan Bakii-Tiflis-Kars
demir yolu ve 29 Ekim 2013’de agilan Marmara Denizi Tiip Gegidi
Projenin 6nemli halkalaridir. Tiirkiye s6z konusu Proje sayesinde Cin’de
daha fazla yatirnm yapma imkanina da sahip olacak, istihdam ve ekonomik
biiylimeye de katki saglayacaktir (Seyidoglu ve Goniiltas, 2014:207).

OBOR Projesi, Tiirkiye ve Tiirk Cumhuriyetleri ile diger iilkeler
arasinda daha serbest bir ticaretin olusturulmasini, yeni igbirliklerini,
sermaye, mal ve hizmetler akisinin kolaylastirilmasini ve yeni pazarlara
entegrasyonun saglanmasini saglayacak olup, ayrica sosyal ve kiiltiirel
calismalar1 da destekleyecektir (Ozsiimer, 2018:7). Cin’in Tiirkiye'yi
yatirim yapilacak bir iilke olarak gérmesini saglamak, Tiirkiye'nin Cin ile
birlikte teknoloji gelistirmesi ve iiretmesi, Tiirkiye'nin bir lojistik merkezi
haline gelmesini saglamak ve Cin ile baska pazarlara girilmesi Tiirkiye
acisindan  OBOR  Projesi’nin  saglayacagi  firsatlar  olarak
degerlendirilmektedir. Ayrica, Mersin ve Iskenderun gibi yiiksek
kapasiteli Akdeniz limanlari, Deniz Ipek Yolu planlarinin bir parcasi
haline getirilebilir (DEIK, 2023).

6. SONUC VE DEGERLENDIiRME

“Bir Kusak Bir Yol (OBOR) Projesi” kapsamindaki iilkeler
arasinda isbirligine dayali olup, Proje gilizergahi iizerindeki {ilkelerin
birbirleriyle yakin igbirligi igerisinde olmasi ve ortak fayda saglamalarinin
uygun olacagi diigiiniilmektedir. OBOR Projesi kapsaminda giizergah
tizerindeki {ilkelerin altyapisini ve bolgesel isbirliginin gelistiilmesi,
firmalarin uluslararas: tecriibelerinin arttirilmasi, sdzkonusu tlkeler
arasinda dogru ve tam bilgi akisinin saglanmasi gerekmektedir.
Tiirkiye’nin tarihi ve kiiltiirel baglarmin bulundugu Tirk Cumhuriyetleri
ile kiiltiirel ve ekonomik iligkilerini gelistirmesi, ¢esitli alanlarda isbirligi
yapmasi, serbest ticaret bolgeleri olusturmasi, ortak yatirimlarin yapilmasi
onem arz etmektedir. Tiirkiye ve Tirk cumhuriyetlerinin ekonomik ve
ticari acgidan isbirligini ve karsilastirmali dstiinliikler teorisine gore
endiistrilerini gelistirmelesinin uygun olacag diigiiniilmektedir.

Tarihi ipek Yolu TRACECA, Asya Otoyolu, Trans-Asya Demiryolu
gibi projelerin 6nemli bir boliimii Tiirkistan’dan gegmekte olup, Tiirkiye
tizerinden Avrupa'ya ulasmaktadir. OBOR Projesi Tirkiye i¢in birgok
firsat icermektedir. Tiirkiye, OBOR Projesi ile Tirk Cumhuriyetler
iizerinden Cin’e ve Avrupa’ya baglanacaktir. Proje’nin Tiirk
Cumbhuriyetleri ile ticari, ekonomik ve Kkiltiirel iligkileri arttiracagi,
kombine tasimaciligr gelistirecegi, ulasim ve depolama maliyetlerini
azaltacagi, lojistik sektoriinii gelistirecegi, bolge iilkelerinin ekonomisi,
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sanayisi, istthdami ve refahina biiyllk bir katki saglayacagi
diisiintilmektedir.

Tirkiye'nin OBOR Projesi ¢ercevesinde Avrupa ile baglantisinin
saglanarak Proje kapsaminda konumlandirilmasi i¢in Cin ile birlikte
teknoloji gelistirmesi ve tretmesi, bir lojistik merkezi haline gelmesi,
kombine ve intermodal tagimacilifin gelistirilmesi, Mersin, Iskenderun,
Samsun gibi limanlara gerekli yatirimlar yapilarak COSCO gibi Cin
kiiresel konteyner operatdrleri igin cazip hale getirilmesi ve OBOR
Projesi’nin denizyolu baglantisina dahil edilmesi, OBOR Projesi
yatirimlarina iligkin gerekli finansman kaynaklarimin bulunmasi, Tiirk
Cumbhuriyetleri ve Cin ile koordinasyon halinde Proje’ye iliskin gerekli
fizibilite ¢alismalarinin yapilmasinin uygun oldugu disiintilmektedir.
OBOR Projesi’ne iligkin yeterli verilerin saglanamamasi c¢aligmanin
kisitlar1 arasindadir. Calismada SWOT Analizi sonucu elde edilen OBOR
Projesi giizergahindaki tilkelerin karayolu, demiryolu, liman ve lojistik
altyapilarini gelistirme projeleri gibi bulgulara iliskin gelecekte detayli
calismalar yapilmasi literatiire katki saglayacaktir.
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ABSTRACT

The main engine selection is a critical decision in the shipbuilding
process, as it impacts the vessel's overall performance, efficiency, and operational
costs. In this article, we present a comprehensive evaluation of marine engine
selection criteria using Fuzzy Analytical Hierarchy Process (AHP). This approach
provides a systematic framework for evaluating the criteria based on their relative
importance, incorporating both qualitative and quantitative data. In the selection
of the main engine, three main criteria were determined as economic criteria,
technical criteria, and company-related criteria, and each main criterion was
detailed with four sub-criteria. The results indicated that after considering the
relative significance of each sub-criterion, fuel oil consumption emerged as the
top priority, accounting for 17.01% of the overall importance. Following closely
behind, easy operation held the second position with a rating of 16.11%, signifying
its considerable importance.
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Gemi Ana Makine Seciminde Temel Faktorlerin Bulamik AHP
Yontemi ile Degerlendirilmesi

OZET

Gemi ana makine segimi, geminin genel performansini, verimini ve
isletme maliyetlerini etkiledigi i¢in gemi inga siirecinde kritik bir karardir. Bu
calismada Bulantk Analitik Hiyerarsi Siirecini (AHP) kullanarak gemi ana makine
secim kriterlerinin kapsamli bir degerlendirmesi yapumustir. Bu yaklagim, nitel ve
nicel verileri iceren kriterleri géreceli onemlerine dayali olarak degerlendirmek
icin sistemli bir ¢erceve sunmaktadir. Ana makine se¢iminde, ekonomik, teknik ve
sirketle ilgili kriterler olmak iizere ii¢ ana kriter belirlenmig ve her bir ana kriter
dort alt kriter ile detaylandrilmistir. Sonuglar, her bir alt kriterin géreceli
onemini birlikte degerlendirildiginde, yakit tiiketiminin genel énemin %17.01'ini
Olusturan en yiiksek dncelik olarak ortaya ¢iktigini gostermigtir. Bunu yakindan
takip eden makinenin kolay kullamimi ise %16,11'lik oranla ikinci swrayr alarak
biiyiik onem arz etmigtir.

Anahtar Kelime: Ana Makine Secimi, Ticari Gemiler, Gemi Insa, Karar
Verme, Bulanik AHP

1. INTRODUCTION

Making decisions is an important factor that will play a significant
role in determining the outcome of any given event. It entails examining
choices, reflecting on their potential outcomes, and selecting the most
suitable option. Successful decision-making requires an in-depth
understanding of the situation, well-defined objectives, and the ability to
evaluate and compare numerous options. Fuzzy decision-making utilized
when the information available for solving a problem is unclear and
insufficient, is a commonly studied subject in academic literature. The
Fuzzy Analytical Hierarchy Process (AHP) method is one of the widely
used fuzzy decision-making techniques and has seen successful
implementations in many fields (Cebi et al., 2016; Kahraman et al., 2015;
Kaya et al., 2019; Mardani et al., 2015).

Further, fuzzy AHP is a popular tool in several maritime areas,
including naval architecture, maritime transportation, maritime risk
management, marine engineering, etc. It makes the incorporation of
subjective knowledge and ambiguity possible, which ultimately leads to
findings that are more accurate and reliable. Fuzzy AHP offers a flexible
and organized framework for decision making in the maritime sector by
considering a wide range of factors and expert opinion. This method
provides valuable insights and enables more informed decision making in
a wide range of maritime applications. For instance Kafali and Ozkdk
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(2015) used fuzzy AHP to assess the criteria for shipyard selection by
shipowners. Tiirk and Ozkdk (2020) utilized the Fuzzy AHP method to
assess the critical factors in choosing a shipyard location. The same
research group (2022) also evaluated the risk of falling accidents in
shipyards. Sahin and Yip (2017) effectively applied the Fuzzy AHP
approach in the selection of technology in the maritime industry. Celik and
Akytiz (2018) performed a Fuzzy AHP study in the maritime transportation
sector. Sahin and Senol (2015) conducted an analysis of marine accidents
using the Fuzzy AHP method. Kassav et al. (2022) carried out a Fuzzy
AHP implementation in the field of maritime supply chains.

As was briefly discussed earlier, numerous decision-making issues
can be found in a variety of maritime areas, and associated research is
carried out in an effort to find answers to these issues. One of the
significant decision-making problems in maritime sector is the selection of
the main engine for a ship. Selecting the main engine is a crucial step in
the shipbuilding process. When it comes to selecting the main engine for a
ship, there are a few key considerations to keep in mind. It is necessary to
appropriately determine these criteria and to establish the degree to which
each of them should be given importance. When this is completed,
selecting the best option from the alternatives is simple. The main engine
of the ship not only meets the energy needs of the ship, but also affects
safety, efficiency, cost, and environmental factors. In light of this, ship
owners can obtain long-term economic and operative benefits from making
the most effective decision.

Although the selection of ship's main engine is of vital importance,
there is surprisingly little research in the academic literature on the topic
of ship main engines. In a study by Bulut et al. (2015), they used the AHP
method to choose a main engine for a Panamax bulk carrier. The main
motivation of the study was to compare the fuzzy AHP using the rotational
priority search (RPI) method and the classical fuzzy AHP method. In the
study, six key criteria were identified, power, cost of purchase, fuel
consumption, maintenance, majority in the current merchant fleet, damage
history of the main engine model. For the case study, six alternative models
were selected from two major manufacturers, with power capacities
ranging from 8,000 to 14,000 kW. According to the classic fuzzy AHP
analysis, cost of purchase and popular usage in the current world fleet were
the most important criteria, followed by power, fuel consumption, damage
history and maintenance, respectively. Then, RPI method was performed
and it was determined that the results were largely similar to the classic
fuzzy AHP. While there were some differences in the importance levels of
the last three criteria, the first two criteria were obtained as similar.
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In the study conducted by Heriscakar (1999), AHP and SMART
methods were used in ship main engine selection. The case study focused
on a 6000 DWT chemical tanker, whose main engine power was 4000 kW.
The study identified five key objectives when it came to choosing the main
engine: low cost, reliability, best technical features, easy maintenance and
handling, and compliance with international rules and regulations for the
environment. Later, these main objectives were turned into first-level
criteria such as financial criteria, reliability, technical features,
maintenance and environment, and related sub-criteria were added to them.
Six options with a total power of about 4000 kW were selected. At the end
of the study, SULZER 6ZAL40S and DEUTZ 645L8 were the best
alternatives with the SMART method, while SULZER 6ZAL40S was the
alternative with the best score in the solution with AHP.

Uzun and Kazan (2016) compared three methods, AHP, TOPSIS
and PROMETHEE, for selection a marine engine. They applied the
methods to a fishing vessel, the NB 25 Wartsila. The study considered 12
criteria and evaluated 7 main engines to determine the most suitable engine
for the vessel. The main criteria were; technical specifications, contract
criteria, reliability, operating costs and maintenance costs. The technical
features were further divided into sub-criteria such as power, speed,
weight, volume, class requirements and other technical competencies. The
contract criteria included initial investment cost and delivery time, while
the operating costs were further divided into fuel consumption and oil
consumption. As a result of the application, it was observed that the AHP
and PROMETHEE methods produced similar results. In general, Wartsila,
MAN, and MAK were determined as the best alternative.

Previous studies have not thoroughly explored the problem of ship
main engine selection and mainly focused on comparing different methods.
They also lacked examination of the details of the ship main engine
selection problem, leading to weaknesses in criteria determination. For
instance, engine power is often used as a criterion, but it is determined at
the design stage and should only be considered as a constraint. In other
words, before starting a ship's main engine selection, the ship's engine
power must be determined and the selection is carried out among the
engines with a power close to this value.

The main purpose of the presented study was to evaluate the
marine main engine selection criteria. First, the ship main engine selection
problem was explained in detail. Then, the main engine selection criteria
for a merchant ship were determined by considering the literature and
expert opinions. Finally, a pairwise comparison of the criteria was
performed and the importance weights were calculated with the fuzzy AHP
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method. Because one of the most important steps in the selection of the
main engine is the selection of the appropriate one among the alternatives,
this study revealed the necessary criteria for selection stage. It is thought
that the present study will serve as a valuable resource for researchers
working in the field of selection of marine main engine. The main
contributions of this study can be summarized as follows: (i) the ship main
engine selection problem is presented in a comprehensive way, (ii) the
main engine selection criteria for a merchant ship are determined, (iii) the
importance weights of the main engine selection criteria are calculated.

2. MARINE ENGINE SELECTION PROBLEM

Determining the ship's main engine is an iterative process
consisting of calculating the ship's main engine power and selecting the
appropriate main engine. In general, the ship main engine determination
process can be summarized in seven steps as shown in Figure 1 (Diesel,
2018).

+ Determination of ship type, speed and load capacity

» Carrying out the ship design according to the desired ship
2 characteristics

» Calculating of ship resistance

» Carrying out propeller design

*Determination of marine, engine and light running margins to
5 determine maximum continuous rating (MCR)

» Examination of the engine characteristic diagrams of the
suitable engines for the determined MCR and selection of the
appropriate one

(o]

~

+ Checking compliance with international regulations

Figure 1: Main engine selection spiral (Diesel, 2018).
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First of all, the desired load capacity and service speed of the ship
are determined by the ship owner. Then, the ship design is carried out
according to the desired ship characteristics. In the third step, ship
resistance calculations are carried out. Then, propeller design is performed.
In the initial project phase, the required propeller power and propeller rpm
estimates are based on theoretical calculations of calm water resistance for
loaded ship and propeller working conditions behind the hull. After the
resistance calculations are validated, the design is further optimized by
experimental towing tank tests to obtain the final propeller curve for the
project. In the step 5, some margin must be added to the propeller design
point (PD). One of these, the sea margin, includes resistance increase
caused by the expected average wind and waves. A reasonable sea margin
ranging from about 10% to 30% depending on the project must be
established by the designer. Another margin added to the propeller design
point is the engine margin. Generally, it is not desirable to use 100% engine
power for normal operation due to increased fuel consumption and a desire
for power reserve. For this reason, an engine margin is often added. Engine
margin can vary between 10% and 30% depending on the priorities of the
project. In addition, the engine margin can be higher than conventional
engine margins to comply with the "IMO Minimum Propulsion
Requirements" regulation. Weather conditions change during the voyage
of the ships, and over time, contamination occurs on the hull and propeller.
During the voyage of the ships, contamination occurs on the hull and
propeller. As it is known, a dirty hull reduces the speed of the arriving
water and increases the slip on the propeller. In addition, ship resistances
increase in cruising in heavy seas. Therefore, the light running margin is
also added. After adding all the margins, the SMCR point is obtained and
the appropriate main engine for this point is determined (Diesel, 2018;
Giirgen, 2021).

At this stage, there are many criteria depending on the project and
the selection is made by evaluating these criteria. In general, the selection
of the engine with greater power causes a decrease in fuel consumption,
while increasing the initial investment cost and machine dimensions.
Therefore, it is inevitable to use decision-making methods to evaluate these
criteria. The last stage of the ship main engine selection process is to check
the compliance of the selected engine with international regulations. NOx
and SOx emission restrictions and regulation of EEDI are the leading ones.
EEDI was introduced by IMO to reduce greenhouse gases from ships. If
the EEDI is high, options such as speed reduction, hull optimization and
specific fuel consumption reduction should be considered by returning to
the first step and this process should be repeated until the restrictions are
met. (Diesel, 2018; Giirgen, 2021).
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As mentioned above, determining the most suitable one among the
main engine options is a decision-making problem involving many criteria.
Therefore, at this stage, the main engine selection criteria must be
determined appropriately and they must be weighted. In this study, the
criteria for selecting the main engine of a merchant ship were established
through review of existing literature and consultation with marine
engineers, as presented in Figure 2.

Main Engine Selection Criteria

1
. ] Company
Tgmg#ic: ! Economic Related
Criteria Criteria
[ Weight — Capital Cost H Reliability
i Space | | Fuel Oil Support
Consumption services

Vibration and | Lubréci?tlon Technological
1  Noise : | Infrastructure
Consumption
Ease of | | Maintenance || Delivery on
operation Cost time

Figure 2: Main engine selection criteria for a merchant ship

As shown in Figure 2, there are 3 main criteria and 12 sub-criteria
in main engine selection. The sub-criteria of technical criteria were
determined as main engine weight, space, vibration-noise and easy
operation. Engine weight is usually not a very important issue for the
majority of merchant ships. However, it plays a very important role in
ferries and high-speed boats. The power-to-weight ratio is vital in the
design of warships and catamarans, as high speed is required from a
relatively small ship. Engine dimension is considered as an important
criterion in the selection of a main engine. Reducing the dimension of the
engine will cause the engine room to be smaller and increase the cargo
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carrying capacity of the ship. However, height can also be a constraint,
especially for low-speed two-stroke engine. In addition, since the volume
is a priority issue in warships, the power/volume ratio is very important for
these ships. Vibration and noise are factors that can cause problems in both
the engine room and the living space. Today, there are international
standards that must be complied with for both noise and vibration. In
addition, it is desired that the vibration and noise level be as low as
possible. Noise and vibration are becoming more important for some
vessels, such as cruise ships, fishing vessels, oceanographic vessels, and
warships operating submarine detection equipment. The marine engineers
want to work on diesel engine that are light and easy to maintain, with less
maintenance parts. In addition, new technologies such as hybrid and dual
fuel are not preferred by conservative marine engineers due to system
complexity and lack of experience. If a ship's main engine is not fully
understood by the marine engineer, a negative aspect of that machine will
be formed due to usage errors (Giirgen, 2021; Herisgakar, 1999; Watson,
1998).

The sub-criteria of economic criteria were determined as initial
investment cost, fuel consumption, oil consumption and maintenance cost.
The purchasing cost of the ship's main engine is undoubtedly one of the
important criteria for choosing an engine. The cost of the main engine also
includes the transportation cost and the installation (gear box, pump, etc.)
cost. Fuel consumption of a marine main engine has a significant share in
operating costs. The preference of engine with lower fuel consumption
contributes to the reduction of operating costs. In order to make
comparisons between the machines in terms of fuel consumption, the
specific fuel consumption is usually given in the catalogs instead of the
fuel consumption. Specific fuel consumption shows the amount of fuel
consumed by an engine per kilowatt hour, and its unit is expressed in
o/kWh. The decrease in the specific fuel consumption of an engine depends
on its efficiency. As it is known, lubrication is used in ship engine to reduce
friction. The fuel injected into the cylinder mixes with the oil film between
the piston ring and the cylinder liner, and some oil burns together with the
fuel. However, there are some factors that affect oil consumption.
Examples of these are engine design, operating conditions, oil and fuel
quality, system losses and maintenance status. The cost of cylinder
lubricating oil is one of the biggest contributors to total operating costs,
alongside the cost of fuel. The maintenance cost of a ship's main engine is
one of the important factors affecting the sustainability of the machine. The
number and cost of maintenance parts are factors that directly affect the
maintenance cost. For example, an increase in the number of cylinders for
a main engine will cause an increase in the number of parts requiring
maintenance. In addition, the cost of spare parts is also considered as an
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important parameter and varies according to the manufacturers (Diesel,
2018; Giirgen, 2021; Heriscakar, 1999; Watson, 1998).

The sub-criteria of the company (engine manufacturer) related
criteria were determined as reliability, support services, technological
infrastructure and delivery on time. While reliability is important for all
ships, it is especially very important on ocean-going ships. Also, reliability
is vitally important for warships, and the main engine must be highly
reliable to minimize the consequences of any loss of capability from
mechanical failure or enemy movement. Generally, main engine that have
been tried before and proven to be reliable by marine engineers are
preferred. Main engines with frequent breakdowns and complex systems
are not preferred. Support services include customer service, technical
support, repair-maintenance services and training support. In particular, the
supply of spare parts should be easy and accessible. Any problem in the
supply of spare parts can cause very heavy economic losses for the ship.
The technological infrastructure of the engine manufacturer is very
important in terms of their competition with each other. The existence of
environmentally friendly technologies that reduce fuel consumption and
exhaust emissions, waste heat recovery systems and technologies, and
R&D activities are evaluated within the technological infrastructure.
Especially in order to meet the international restrictions introduced in
recent years, the above-mentioned parameters are of great importance.
Delivery on time and assembly of the main engine in the shipbuilding
process is one of the important criteria. Failure to deliver the main engine
at the time specified in the project delays the launch of the ship and causes
serious economic losses for both the shipyard and the ship owner. In
addition, shipyards do not want the main engine to be delivered early in
order to reduce storage costs. Therefore, delivery on time of the engine is
considered as an important criterion (Giirgen, 2021; Herisgakar, 1999;
Watson, 1998).

3. FUZzY AHP METHOD

For real-world problems, decisions are accomplished using
incomplete and non-numerical information. The decision makers generally
prefer to make judgments within certain intervals due to the fuzzy nature
of the process of comparing alternatives, rather than making fixed-valued
judgments. The classical AHP method created by Satty (1980) has a major
drawback because it utilizes precise expressions. For this reason,
researchers have combined the fuzzy theory presented by Zadeh (1965)
with the classical AHP method to present more realistic tools for real-world
decision making problems. In 1983, triangular fuzzy numbers were used
for the first time in the AHP method with the study by Laarhoven and

65



Assessing Key Factors in ... Denizcilik ve Lojistik Arastirmalar: Dergisi

Pedrycz (1983). In the following years, this idea was adopted and different
approaches were presented by many researchers. The most well-known of
these are the studies by Buckley (1985) and Chang (1996). The extended
fuzzy AHP method presented by Chang was used in the study, and the steps
of the method are given below.

In Chang (1996)'s fuzzy extend analysis method, X =

{x1, x5, ..., xp}isaset of objects and U = {uy, u,, ...., u, } is goal set. Thus,
m extend analysis values for each object can be given as follows:

M, M?g, . .MMy i=12,..,n €))
where Mfgl. (j = 1,2,...,m) are triangular fuzzy numbers.

Step 1: The fuzzy synthetic extent for the i-th object is computed using the
following formula.

-1
m n

Si=) Mi®|) D M) @)

]:]_ = ]:1

}”21 Mé'i is calculated as the following equation.

iMéf ilj'imj'iuj 3

follows:

:;iﬂféi==<:§:li,:§:1ni,:§:1q> 4)

Then, the inverse of the vector is calculated as follows

n

m -1
:E::E:A4j __( 1 1 1 > )
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i=1 j=1
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Step 2: The degree of possibility of M, = (l;,my,uy) = M; =
(I3, mq,uq) is given as:

V(Mz = Ml):Sylixp[min(ﬂMl(X)!#MZ(y))] (6)

M; = (I;, my,uy) and M, = (l,, m,, u,) are triangular fuzzy numbers
and the degree of possibility is calculated as follows:

1 , m, =2m,

0 , lz = uq
= pu,(d) = - @
,otherwise

(my —uy) — (my — Iy)

where d is y-axis value of the highest intersection point D between u,,, and
K, and is shown in Figure 3.

|
|
|
|
|
|
|
+
|
|
|
1

v

1, m, I, d u, m u,

Figure 3: The intersection of M, and M, fuzzy number
Step 3. The degree of possibility for a fuzzy number to be greater than k
fuzzy numbers can be defined as follows:
V(M = M, M,, ..., My)

=V[(M = M) ve (M = M,) ve.. (M= M,)]

=minV(M =>M,), i=123,..,k (8)

fork=1,2,...,n; k# 1, assume that d'(4;) = minV (S; = Si), then the
weight vector is given as follows:

67



Assessing Key Factors in ... Denizcilik ve Lojistik Arastirmalar: Dergisi

W' = (d'(41),d'(43), ..., d" (A4)" )
Step 4. Finally, W' is normalized and W is produced as follows:
W = (d(41),d(Ay), ., d(A)" (10)

Generally, evaluations are performed by more than one expert or
decision maker for fuzzy AHP applications. Then, the above-mentioned
steps are carried out by aggregating obtained evaluations and aggregated
results need to be consistent. However, although consistency analysis is a
critical step for group decision making, it is often overlooked in the
literature. In this study, central consistency index (CCl) proposed Bulut et
al. (2012) based on the geometric consistency index (Aguarén and
Moreno-Jiménez, 2003; Crawford and Williams, 1985) was used. A =
(aLij, amij, ayij) is fuzzy decision matrix and w = [(wy1, Wy1, Wy1),
WLz Whi2o Wy2)s oo s Wi, Wams Wy )] i priority vector derived from A
vector. The CCl is calculated as follows:

aij + amij + anj)

2
cera) = m;“"g( 3

(Wu +wy; + WUi)
—log

3
Wi + Wy + wy;
+log(————)? an

A value of CCI(A) equal to zero indicates that the matrix is

completely consistent. In the study by Aguarén et al. (2003), GCI values
according to the number of criteria are given as follows:

e GCI=031 (n=3)
e GCI=035 (n=4)
e GCI=037 (n>4)

where n is number of criteria. CCI is fuzzy version of GCI and the
matrix will be consistent when CCI(A) < GCI
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4. IMPLEMENTATION

In general, the criteria to be considered during the selection process
of the main engine selection of a ship have been explained in Section 2 and
illustrated in Figure 2. Furthermore, specific criteria to a particular project
can also be considered by incorporating them into the selection process. In
this study, the evaluation of the effective criteria in the selection of the
main engine of a ship was carried out using the Fuzzy Analytical Hierarchy
Process (AHP) method proposed by Chang (1996). The steps taken
towards this objective are shown in Figure 4.

1. Determination of criteria

2. ldentification of linguistic expressions
and fuzzy numbers

3. Evaluation of the criteria by experts

4. Conversion of expert opinions to
triangular fuzzy numbers and aggregation
of them

5. Calculation of criterion weights using
the Fuzzy AHP method presented by
Chang and ranking of them

Figure 4: The main steps in the evaluation of ship main engine selection
criteria

As seen in Figure 4, the first step of identifying the criteria has
been discussed in the second section. Then, the linguistic expressions are
defined as in Tiirk and Ozkok’s study (2020). Linguistic expressions and
fuzzy sets are given in Table 1.
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Table 1: Linguistic expressions and fuzzy sets

Linguistic expressions Fuzzy sets
Equally important (E) (1,1,1)
Moderately more important (M) (1,3,5)
Strongly more important (S) (3,5,7)
Very strongly more important (VS) (5,7,9)
Demonstratively more important (D) (7,9,9)

After the criteria and linguistic expressions were determined,
expert opinions were collected. Questionnaires containing pairwise
comparisons of the main and sub-criteria were prepared and the verbal
answers given by the engineers specialized in the field of ship engine were
recorded. Evaluations were carried out by considering a merchant ship
such as a container ship, tanker, general cargo ship. A total of 5 experts
participated in the study and the impact weights of the experts were taken
equally. All the answers obtained were converted into triangular fuzzy
numbers in order to apply the method, and the answers given by each
expert to the related question were collected and aggregated decision
matrices were formed. Finally, the consistency of the decision matrices
was checked and the method was applied. Please take note that this study
provides a general assessment for selecting conventional diesel main
engines in commercial ships. Within a broad framework, these findings can
be deemed reasonable for studies conducted in the sub-classes of
commercial ships. However, it is important to acknowledge that
conducting separate studies with different experts for each sub-class may
result in slight variations in the weighting of criteria. Furthermore, it is
worth noting that significantly different outcomes can arise for ships with
diverse concepts, such as warships.

5. RESULTS AND DISCUSSION

Since there are five experts in the study, it is necessary to obtain
aggregated decision matrices. The arithmetic average method was applied
by taking the effect values of all experts equal in the aggregation stage. As
a result, the aggregated matrix for the main criteria, technical criteria,
economic criteria and company-related criteria were given in Table 2, 3, 4
and 5, respectively.
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Table 2: Aggregated pairwise comparisons for the main criteria

Technical criteria  Economic criteria relcaflgergeziri]t}gria
Technical criteria 1,11 (0.49, 0.93, 1.50) (2.28, 3.53, 5)
Economic criteria (2.04, 3.27, 4.61) 1,11 (2.04, 3.66, 5.4)
Company-related criteria (0.47,1.31,2.17) (0.33, 0.80, 1.50) 1,11

Table 3: Aggregated pairwise comparisons for the technical criteria

Vibration and

Weight Space Noise Ease of operation
Weight @11 (0.31,036,054) (0.89, 1.72,2.69) _ (0.15, 0.22, 0.54)
Space (3.00, 4.61, 6.21) (1, 1,1) (1.06,1.48,2.02)  (0.47,0.50, 0.57)
\N/:)?;:t'on and (2.27,353,4.49)  (2.03, 2.84, 3.26) 111 (0.71, 1.17, 1.77)

Ease of operation

(3.00, 5.02, 7.01)

(2.60, 3.80, 5.01)

(2.42, 4.04, 5.68)

(1,1,1)

Table 4: Aggregated pairwise comparisons for the economic criteria

Capital Cost

Fuel Oil
Consumption

Lubrication Oil
Consumption

Maintenance
Cost

Capital Cost

Fuel Oil Consumption

(1,1,1)

(2.66, 3.92, 5.29)

(0.87, 1.69, 2.54)

(1,1,1)

(1.85, 2.68, 3.53)
(2.60, .4.60, 6.60)

(0.82, 1.64, 2.46)
(1.62, 2.42, 3.24)

Lubrication Oil

Consumption (1.45,2.26,3.12)  (0.15, 0.24, 0.57) 1,1,1) (0.88, 1.31, 1.86)

Maintenance Cost (1.08,1.53,2.20)  (1.46,1.90, 2.44) (2.83, 4.06, 4.88) 1,11

Table 5: Aggregated pairwise comparisons for the company-related
criteria

L . Technological . .
Reliability Support services Infrastructure Delivery on time

Reliability
Support services

Technological
Infrastructure

1,1,1)
(2.51, 3.47, 4.72)

(1.67, 2.50, 3.37)
@,1,1)

(2.26, 3.49, 4.84)
(1.80, 2.60, 3.40)

(2.02, 2.84, 3.66)
(2.20, 4.20, 6.20)

(1.27,2.12,2.97)  (0.65, 0.68, 0.73) 1,1,1) (1.88, 3.13, 4.60)

Delivery on time (1.05,1.46,1.91) (0.17,0.26,0.70) (0.49, 1.34, 2.30) (1,1,1)

After the aggregated decision matrices were obtained, consistency
analysis was performed. The central consistency index proposed by Bulut
et al. (2012) was used for the consistency analysis. The consistency ratios
of the aggregated decision matrices for the main and sub-criteria, and the
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maximum values according to the number of relevant criteria were given
in Table 6. The results indicated that the consistency ratio of all decision
matrices was lower than the maximum value, leading to the conclusion that
all decision matrices were deemed consistent.

Table 6: The consistency ratio of aggregated decision matrices

Main and sub criteria Maximum value Consistency
ratio

Main criteria CClmax = 0.31 0.2077

Technical criteria CClmax =0.35 0.2255

Economic criteria CClmax = 0.35 0.2030

Company-related criteria ~ CClmax = 0.35 0.1599

After showing that the combined decision matrices are consistent,
the important weights of all main and sub-criteria were calculated with the
fuzzy AHP method proposed by Chang (1996). The crisp and normalized
weights of all main and sub-criteria were given in Table 7. In addition, the
relative weights of the sub-criteria were calculated by taking into account
the weight of the relevant main criteria.

Table 7: The important weights of main and sub criteria

Main and sub criteria cl;lizgn\:\?e:ii;ifs Rel\;a\\/'gi\;ehisrisp
Technical Criteria 0.348 -
Weight 0.004 0.001
Space 0.250 0.087
Vibration and Noise 0.283 0.098
Ease of operation 0.463 0.161
Economic Criteria 0.456 -
Capital Cost 0.23 0.105
Fuel Oil Consumption 0.373 0.170
Lubrication Oil Consumption 0.124 0.057
Maintenance Cost 0.273 0.124
Company Related Criteria 0.196 -
Reliability 0.314 0.062
Support services 0.347 0.068
Technological Infrastructure 0.228 0.045
Delivery on time 0.111 0.022
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The findings indicated that economic criteria were the most crucial
of the main criteria, followed by technical criteria and company related
criteria respectively. These results revealed that economic criteria were the
most influential factor in selecting a main machine, with a 45% impact.
Despite being the least effective criteria, the significance of company
related criteria cannot be ignored.

Figure 5 presents the technical criteria's importance weights as
percentages. The most critical criteria was found to be ease of operation,
with a 46% weight. This was followed by vibration and noise, volume, and
weight, respectively. It's not surprising that weight was considered the least
important in the selection of a main engine for a merchant ship.

Weight
1% Space
25%

Ease of
operation
46%

Vibration and
noise
% 28

Figure 5: The importance weights of the technical criteria

In Figure 6, the importance weights of the economic criteria were
shown as percentages. The criterion with the highest importance was
determined as fuel consumption. Then, the maintenance cost and the
capital cost were important criteria, respectively. Lubrication oil
consumption was the least effective criterion with a weight of 13%.
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Maintenance

cost Capital cost
27% 23%
Lubrication Oil
Consumption Fuel Qil
13% Consumption
37%

Figure 6: The importance weights of the economic criteria

The importance weights of the company related criteria were
shown in Figure 7 as a percentage. Among the sub-criteria related to the
company, the most important criteria was determined as support services
with a value of 35%. This was followed by reliability, technological
infrastructure and delivery on time, respectively.

Delivery on time

Technological 11%
Infrastructure
23%
Reliability
31%
Support
services
35%

Figure 7: The importance weights of the company related criteria

Comparison of all sub-criteria was shown in Figure 8. The most
important criterion among the sub-criteria is fuel oil consumption with a
value of 17.01%. The fuel consumption of the main engine, which has a
large share in the ship operating costs, is desired at the lowest possible
level. Therefore, it is reasonable to determine fuel consumption as the most
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important criterion. Especially considering the long-term, the selection of
the main engine with lower fuel consumption is of great importance. Easy
operation of the main engine was the second most important criterion with
avalue of 16.11%. As it is known, the main engine of the ships is operated
by the marine engineer, and they have two big expectations for the main
engine: the main engine has few parts that require maintenance and its easy
operation. Engine weight was the least effective criterion with a value of
0.14%. The fact that weight was not an important criterion for merchant
ships was effective in this result. However, weight would be crucial if a
main engine was chosen for a warship.
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Figure 8: The relative weights of all sub-criteria

6. CONCLUSION

This study aimed to evaluate the key factors in the selection of a
marine main engine using the Fuzzy AHP method. The study analyzed the
main criteria such as economic criteria, technical criteria, and company-
related criteria. The technical criteria were divided into sub-criteria of main
engine weight, space, vibration-noise, and ease of operation. The economic
criteria were split into initial investment cost, fuel consumption, oil
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consumption, and maintenance cost. The criteria related to the engine
manufacturer were reliability, support services, technology infrastructure,
and timely delivery.

As a consequence of the findings of the research, when the main
criteria were compared with each other, it became clearly obvious that the
economic factors were the most significant aspect. The economic criteria
were the first to be considered, then the technical criteria, and finally the
company-related factors. When the importance levels of each of the sub-
criteria were taken into account, it was concluded that fuel oil consumption
was the most important factor, scoring 17.01% importance. With a rating
of 16.11%, easy operation took the position as the second most important
factor. After these came the maintenance costs then the cost of capital, then
the vibration and noise levels, in that order. It was determined that weight
was the was the least effective criterion in the selection of the main engine

In this study, fuzzy AHP method was used to evaluate the main
and sub-criteria. The use of the Fuzzy AHP method allows for a more
comprehensive analysis of the criteria, taking into account the uncertainty
involved. Additionally, Fuzzy AHP method provides a systematic and
structured approach for decision making, ensuring fairness and
consistency. Overall, the utilization of Fuzzy AHP in decision making
improves the accuracy and reliability of the decision making process. The
findings emphasize the significance of fuel consumption and ease of
operation and also suggest that company-related criteria should not be
overlooked. The findings of this study can serve as a valuable reference for
those involved in the selection process of a marine main engine. By
highlighting the importance of various criteria, the study can guide
decision-makers towards making informed choices.

Some potential studies can be conducted in the future. In this study,
the traditional diesel engine has been taken into consideration as the main
engine. However, the selection criteria for main engines for ships utilizing
innovative motor technologies such as dual-engine and methanol-fueled
engines can be evaluated. Detailed studies can be conducted for specific
types of merchant ships. Additionally, a study can be carried out for
warships where different criteria will be emphasized.
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