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Special Issue on International Symposium of Sustainable Logistics

This is the second special issue of Toros University FEAS Journal of Social Sciences. The articles
published in this issue were found eligible for publication by being subject to the blind peer-review
process applied within the scope of journal publication rules from the papers presented at 2™
International Symposium on Sustainable Logistics “Circular Economy” held on June, 23-24 2022,
hosted by Toros University in 2022. The International Symposium on Sustainable Logistics was held
online in cooperation with Toros University Faculty of Economics, Administrative and Social Sciences
Department of International Trade and Logistics and Tokyo University of Marine Science and
Technology (TUMSAT) and Jean Monnet Centre of Excellence on Sustainability (ERASME), with the
support of the Logistics Association (LODER).

2" International Symposium on Sustainable Logistics “Circular Economy” was held for the second
time and attracted attention by researchers and industry representatives from home and abroad.
Participants from 5 different countries (Estonia, France, Greece, Japan, and Turkey) attended at this
organization. 60 papers were accepted to the symposium and 45 paper was presented in English and 15
papers was presented in Turkish as well.Papers within the scope of the symposium focused on Applied
Logistics, Logistics in Business, Environmental Logistics, Agricultural Logistics and Marine Science.
In this context, an academic discussion platform has been established.

In this special issue, 12 valuable full papers from among the ones presented at the symposium were to
be appropriated for publication as result of the peer review.

4 different valuable keynote speakers delivered presentations at the symposium as well.

Professor Dr., Michael Schneider, RWTH Aachen University-Germany

Title: Freight Transportation Using Electric VVehicles.

Professor Dr., Hakan Keskin, Istanbul Aydin University

Title: he Role of Logistics for the Sustainable Development of Global Economy

Assoc. Prof. Dr., Arnaud Diemer, Université Clermont Auvergne / Jean Monnet Centre of Excellence
on Sustainability

Title: How Circular Dynamics redesign our economic system ? Drivers and Challenges

Assoc. Prof. Dr., Ryuichi Shibasaki, The University of Tokyo, Graduate School of Engineering

Title: Logistics Analyses Using Maritime Big Data.

We hopefully that this special issue of Toros University FEAS Journal of Social Sciences will be
fruitful to the all-academic world.

Toros University FEAS Journal of Social Sciences

Editors
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Blockchain Technology and Sustainable Logistics: Integration in the
Circular Economy

Blockchain Teknolojisi ve Siirdiiriilebilir Lojistik: Dongiisel Ekonomi Entegrasyonu

Emel YONTAR?

ABSTRACT

Recycling, reuse and reduction, which are among the “3R” actions of the circular economy, have an important place in
ensuring resource efficiency. Minimizing the use of resources, ensuring their reuse and obtaining gains by recycling them
at high standards can contribute to the sustainability studies of the logistics sector. This study covers associating the
circular economy with blockchain technology, taking into account sustainable logistics studies. From the circular economy
perspective, the features of blockchain technology that are thought to affect sustainable logistics; carbon emission
reduction, logistics cost reduction, ease of communication, hacking, increased performance, data immutability, effective
information sharing, transparency, uncertain legal situation, new technology and trust. From this point of view, the place
of blockchain technology on the road to circular economy has been examined in the current study.

Keywords: Blockchain technology, Circular Economy, Sustainable Logistics, Logistics, Entropy Method

0z

Dongiisel ekonominin “3R” eylemleri arasinda yer alan geri doniisiim, yeniden kullanim ve azaltma, kaynak
verimliliginin saglanmasinda 6nemli bir yere sahiptir. Kaynaklarin kullaniminin en aza indirilmesi, yeniden
kullanilmasinin saglanmasi ve yiiksek standartlarda geri doniistiiriilerek kazanimlarin elde edilmesi lojistik sektoriiniin
stirdiiriilebilirlik ¢aligmalarina katki saglayabilir. Bu ¢aligma, siirdiiriilebilir lojistik ¢calismalari dikkate alinarak dongiisel
ekonomiyi blockchain teknolojisi ile iligkilendirmeyi kapsamaktadir. Dongiisel ekonomi perspektifinden bakildiginda,
maliyetlerinin azaltilmasi, iletisim kolayligi, bilgisayar korsanligi, artan performans, veri degismezligi, etkin bilgi
paylasimi, seffaflik, belirsiz yasal durum, yeni teknoloji ve giiven. Bu noktadan hareketle mevcut ¢alismada blockchain
teknolojisinin dongiisel ekonomiye giden yolda yeri incelenmistir.

Anahtar Kelimeler: Blockchain teknolojisi, Déngiisel Ekonomi, Siirdiiriilebilir Lojistik, Lojistik, Entropi Y 6ntemi

Aunf (to cite): Yontar, E. (2022). Blockchain Technology and Sustainable Logistics: Integration in the Circular Economy. Toros
University FEASS Journal of Social Sciences, 9(Special Issue): 1-9. doi:10.54709/iisbf.1161463
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1. INTRODUCTION
Logistics activity, which is the last link of supply chain management, has become more important when
it is associated with sustainability. Logistics activities not only make a significant contribution to
economic performance, but also contain elements that must be taken into account in terms of
environmental and social aspects. The first is responsible for consuming significant energy resources
and generating greenhouse gas emissions. On the other hand, it causes air and noise pollution. Again,
with the increase of industrialization, increasing wastes due to the use of resources bring along various
problems. The signal of depletion of resources, that resource use is expected to increase threefold
globally until 2050 due to the increase in consumption (Jaeger and Upadhyay, 2020), and the circular
economy, which is a sustainable model as a result of seeking solutions to the increasing environmental
pollution, may be an idea for the sector at this stage.
The circular economy model, which ensures the use of resources as long as possible, energy savings and
reduction of waste by keeping the resources in the loop, is based on sustainability and was born against
the known linear economy model.
Recycle, reuse and reduce, which are among the “3R” actions of the circular economy, have an important
place in ensuring resource efficiency. Reduce, reducing the use of raw materials; Reuse, the most
efficient reuse of products and components; Recycle means high quality reuse of raw materials.
Minimizing the use of resources, ensuring their reuse and obtaining gains by recycling them at high
standards can contribute to the sustainability efforts of the logistics sector. In the circular economy,
waste is minimized by properly designing products and industrial processes so that resources and
materials are constantly flowing and in use; The wastes and residues that are inevitable to come out are
recycled or recovered (EMF, 2014).
On the other hand, technological developments provide various benefits to businesses on the way to
sustainability. Blockchain technology, which is one of them and has been frequently heard in studies in
recent years, can be the subject of sustainable studies within the scope of circular economy. Blockchain
is recognized as a cost-effective technology (using smart contracts) to control communication between
multiple participants in a reliable, efficient and decentralized manner (Nesarani et al., 2020). Blockchain
technology includes three core technologies: asymmetric encryption algorithms, distributed data
storage, and consensus algorithms. This technology can actually be defined as a system that allows the
flow of information to be done reliably and without any outside interference.
While blockchain technology benefits the supply chain line in many ways, it is considered to be capable
of solving many problems, especially when logistics activities are taken into account. In the literature,
studies using blockchain technology within the scope of logistics activities and associating it with
sustainability have been examined (Table 1).

Table 1. Literature reviews contributing to the study
Authors Scope Methodology  Sector

Tektas and A case study is conducted on the use of blockchain Case study Logistics
Kirbag (2020)  technology in logistics and supply chain, and an

application study of this case study is carried out in a

logistics company using appropriate methodological

methods.
Orjietal. It proposes a technology-organization-environment ANP Logistics
(2020) (TOE) theoretical framework of critical factors affecting

the successful adoption of blockchain technologies in the
transportation logistics industry and prioritizes it using
ANP.
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Tijan et al. “It explores the decentralized data storage represented by — Case study Logistics
(2019) blockchain technology and the possibility of its
development in sustainable logistics and supply chain
management.”
Sundarakani et It explores the need for blockchain in the Industry 4.0 Case study Logistics
al. (2021) environment from the perspective of Big Data in supply
chain management.
Andreou etal. In this study, a smart contract mechanism over blockchain  Case study Logistics
(2018) is presented for advantages in logistics.
Yi (2019) It offers techniques to leverage blockchain to secure Case study Logistics
logistics.
Sunmola and It focuses on blockchain technology and explores Literature General
Apeji (2020) sustainable supply chain visibility and features of review
blockchains.
Upadhyay et Discusses the current and potential compatibility of Case study General
al. (2021) blockchain with circular economy.
Rejeb and It explores the blockchain literature and its relevance to Literature General
Rejeb (2020) supply chain sustainability. review
Kouhizadeh et  Provides a comprehensive overview of the barriers to DEMATEL General
al. (2021) adopting blockchain technology to manage sustainable
supply chains.
Esmaeilian et It provides an overview of Blockchain technology and Literature General
al. (2020) Industry 4.0 to drive supply chains towards sustainability. review
Yadav and It allows the use of blockchain technology to be explored Fuzzy General

Singh (2020) and supply chain management to develop efficient DEMATEL
sustainable supply chain management.

Tsolakis et al. It examines the design of blockchain-based food supply Case study Food
(2021) chains that support the Sustainable Development Goals.
Nandi et al. Using blockchain technology and circular economy Case study General
(2021) principle capabilities, it offers a potential solution by

addressing localization, agility and digitization (LAD)

features.

In the circular economy integration of blockchain technology, which is considered within the scope of
sustainability, its compliance with the supply chain line has had a positive effect in many studies. Some
of the benefits can be listed as follows;

- Faster and error-free process management

- Accelerating the physical flow of goods thanks to its transparency feature

- Efficient process operations

- Preventing fraud in resource management and tracking

- Increased trust as a result of effective information sharing among supply chain stakeholders

- Avoiding delivery delays

- While doing all this, reducing carbon emissions with optimum planning

In the current study, it is aimed to contribute to the literature by examining the place of blockchain
technology on the road to circular economy. Blockchain technology allows the monitoring of all
workflows, from the material selection point of the products to the distribution, when logistics activities
are taken into account in designing the circular economy. Many parameters such as the material of the
product purchased as raw material, whether it uses fossil fuels during production, the amount of carbon
emissions exposed in the logistics processes, the amount of product and waste suitable for recycling can
be provided with blockchain. These are positive developments that will contribute to the circular
economy.
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The aim of this study is to evaluate the compatibility of blockchain technology with the circular economy
in sustainable logistics activities without being indifferent to technological developments. Considering
the circular economy on the road to sustainability, the criteria that are among the features of blockchain
technology have been evaluated in this context.

2. METHODOLOGY
In this section, the criteria determined by considering the concept of circular economy and its
compatibility with the sustainable logistics sector by considering blockchain technology are tried to be
explained. At this stage, Entropy Method, one of the Multi-Criteria Decision Making methods, is used.

2.1. Entropy Method
The entropy method is used to measure the amount of useful information provided by existing data (Wu
et al., 2011). In the entropy method, the data in the decision matrix is used to calculate the weights of
the criteria in the decision problem. The applicability of the method is made strong because there is no
need for any other subjective evaluation. The entropy method consists of 5 steps (Wang and Lee, 2009).
Stage 1. Creation of the decision matrix; the decision matrix consisting of xij values (the value of the i.
alternative according to the j. evaluation criterion) is included in Equation (1).

Ay (X o Xig
D= ..]: : Q)
Am Xml an
Stage 2. Normalization of the decision matrix; the values are standardized with the help of Equation (2).
Xij
pij = W]XU (2)

Stage 3. Finding the entropy values of the criteria; the entropy values (gj) of each evaluation criterion
are calculated by the Equation (3).

e = —k. Z;’l=1 pl]lnpl] |=1,2m j:1,2..n (3)

Stage 4. Finding degrees of differentiation; using the ej values found in the 3rd stage, the dj values are
found by Equation (4). A high dj value indicates that the distance or differentiation between alternative
scores for the criteria is large.

di=1-¢ j=12.n 4)

Stage 5. Calculation of entropy criterion weights; the weight values of the criteria are calculated with

the help of Equation (5).

dj
W; = =5
J Yj=14;

()

3. RESULTS AND FINDINGS
Considering the “3R” headings of the circular economy, the criteria considered appropriate for the
logistics sector and in the literature are brought together. (Table 2).
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Table 2. Definitions of the criteria that are the subject of the study

Criteria Authors Code Description
Reducing carbon Green, 2018 BC1  Blockchain technology can promote clean energy
emissions trade by improving carbon emissions with optimum
transport management.
Reducing logistics costs  Tijan etal., BC2 It can significantly reduce logistics costs, additional
2019; Chang costs, transportation costs.
etal., 2019
Ease of communication  Author* BC3 It provides accurate and reliable communication
between the end-to-end stakeholders of the supply
chain process.
Hacking Min, 2019 BC4 It can prevent hacking, vulnerability disputes by
increasing transaction security.
Increased performance  Author* BC5 It increases the end-to-end speed of the supply chain
process and provides performance increase.
Data immutability Dutta et al., BC6  Data is immutable due to the need for verification by
2020 other nodes and traceability of changes.
Effective information Litke et al., BC7 It can contribute effectively to information sharing
sharing 2019; Min, among supply chain stakeholders.
2019
Transparency Wang et al., BC8 It helps to keep track of the status of an item during a
2019; Saberi transaction
etal., 2019
Uncertain legal status Niranjanamur BC9  The uncertain legal situation can be confusing and
thy et al., prohibitive.
2018
New technology Hughesetal., BC10 The fact that it is a new technology may cause it to
2019; not be understood yet.
Johansson
and Nilsson,
2018
Trust Saberi et al., BC11 Trust among stakeholders can increase as data
2018; Tijan et becomes more transparent.
al, 2019

* Created by the author.

As explained in Table 2, when the recycle, reuse and reduce activities of the circular economy are
considered, the sustainable criteria in these stages are included in 11 studies. These are the blockchain
features obtained from the literature by considering every stage of the logistics process (Reducing carbon
emissions, Reducing logistics costs, Ease of communication, Hacking, Increased performance, Data
immutability, Effective information sharing, Transparency, Uncertain legal status, New technology,
Trust). These parameters in advanced technology are of a nature that will benefit the circular economy
and explain its compliance with sustainability. Accordingly, a decision matrix is first created (Table 3)
and normalized for the evaluation between criteria (Table 4).

Table 3. Decision matrix of Entropy method

BCl1 BC2 BC3 BC4 BC5 BC6 BC7 BC8 BCY9 BC10 BCll
BC1 100 700 200 700 020 700 017 6.00 800 7.00 0.25
BC2 014 100 200 200 033 300 200 500 6.00 6.00 3.00
BC3 050 050 100 200 020 025 020 033 6.00 6.00 033
BC4 014 050 050 100 014 017 017 020 050 033 0.20
BC5 500 300 500 700 100 300 200 400 6.00 6.00 200
BC6 014 033 400 600 033 100 033 300 600 500 033
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BC7 6.00 050 5.00 6.00 050 3.00 1.00 6.00 7.00 7.00 3.00
BC8 0.17 0.20 3.00 5.00 0.25 0.33 0.17 1.00 5.00 5.00 1.00
BC9 0.13 0.17 0.17 2.00 0.17 0.17 0.14 0.20 1.00 2.00 0.25
BC10 0.14 0.17 0.17 3.00 0.17 0.20 0.14 0.20 0.50 1.00 0.25
BC11 400 033 3.00 500 050 3.00 0.33 1.00 4.00 4.00 1.00
Table 4. Normalized decision matrix of Entropy method
BC1 BC2 BC3 BC4 BC5 BC6 BC7 BC8 BCY9 BCl10 BCl1
BC1 0.06 051 008 015 005 033 003 022 0.16 0.14 0.02
BC2 0.01 0.07 0.08 004 009 024 030 019 012 0.12 0.26
BC3 0.03 0.04 0.04 0.04 0.05 0.01 0.03 0.01 0.12 0.12 0.03
BC4 001 004 002 002 004 001 003 001 0.01 0.01 0.02
BC5 0.29 0.22 0.19 0.15 0.26 0.14 0.30 0.15 0.12 0.12 0.17
BC6 0.01 0.02 015 013 009 005 005 011 012 0.10 0.03
BC7 0.35 0.04 0.19 0.13 0.13 0.14 0.15 0.22 0.14 0.14 0.26
BC8 0.01 0.01 0.12 0.11 0.07 0.02 0.03 0.04 0.10 0.10 0.09
BC9 0.01 0.01 001 004 004 001 002 001 0.02 0.04 0.02
BC10 0.01 0.01 0.01 0.07 0.04 0.01 0.02 0.01 0.01 0.02 0.02
BC11 023 0.02 012 011 013 014 005 0.04 0.08 0.08 0.09
After the normalized matrix, the entropy values (e]) of the criteria are found (Table 5).
Table 5. Entropy values for criteria
BC1 BC2 BC3 BC4 BC5 BC6 BC7 BC8 BCY9 BCl0 BCl1
BC1 -0.16 -034 -020 -029 -0.16 -037 -009 -033 -0.29 -0.28 -0.08
BC2 -0.04 -019 -020 -0.14 -021 -0.28 -0.36 -031 -025 -0.26 -0.35
BC3 -0.10 -0.12 -0.13 -0.14 -0.16 -005 -0.11 -005 -025 -0.26 -0.10
BC4 -0.04 -0.12 -008 -0.08 -0.12 -0.04 -0.09 -0.04 -0.05 -0.03 -0.07
BC5 -036 -033 -032 -029 -035 -028 -036 -028 -025 -0.26 -0.30
BC6 -0.04 -009 -029 -027 -021 -014 -015 -024 -025 -0.23 -0.10
BC7 -0.37 -0.12 -032 -0.27 -0.27 -0.28 -0.28 -0.33 -0.28 -0.28 -0.35
BC8 -0.04 -006 -025 -024 -0.18 -0.07 -0.09 -0.12 -0.23 -0.23 -0.21
BC9 -0.04 -0.05 -003 -0.14 -0.14 -004 -008 -0.04 -008 -0.13 -0.08
BC10 -0.04 -005 -0.03 -0.18 -0.14 -0.04 -0.08 -0.04 -0.05 -0.08 -0.08
BC11 -0.34 -009 -025 -0.24 -0.27 -0.28 -0.15 -0.12 -020 -0.20 -0.22

Then, the weightings of each criterion are determined (Table 6).
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Table 6. Determination of weights
BC1 BC2 BC3 BC4 BC5 BC6 BC7 BC8 BC9 BCl10 BC1l1
ej 0654 0658 0870 0941 0917 0774 0773 0799 0912 0931 0.811
dj 0345 0341 0129 0058 0.082 0225 0226 0.200 0.087 0.068 0.188

wj 0177 01748 0.0661 0.0301 0.0421 0.1152 0.1159 0.1025 0.0446 0.0351 0.0965

Accordingly, the targeted reduction of carbon emissions in the circular economy is benefited by using
blockchain technology from the logistics sector. Looking at the ranking between the criteria (Table 6)
(Figure 1), the BC1 coded “Reducing carbon emissions” criterion proves this benefit.
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0.0600
0.0400
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0.0000
BC1 BC2 BC3 BC4 BC5 BC6 BC7 BC8 BCY9 BC10 BCl1

Criteria 0.1770 0.1748 0.0661 0.0301 0.0421 0.1152 0.1159 0.1025 0.0446 0.0351 0.0965

Figure 1. Ranking of criteria

In the same way, the circular economy BC2 coded “Reducing logistics costs”, which calls for a source
different from the linear economy to stay in the heart at the point of contributing to the economy, and
when blockchain technology is used, it will help to reduce costs. These criteria are followed by BC7
“Effective information sharing” and BC6 “Data immutability” parameters. With effective information
sharing and data immutability, stakeholders in the supply chain line will be able to assume more
effective roles. The BC8 “Transparency” criterion that follows will provide a high-level impact on the
resource management for the visibility and tracking system and will be able to decide on the evaluations
of the resources within the economy. BC11 “Trust” criterion ensures trust between stakeholders. With
the BC3 “Ease of communication” criterion, which comes later, it will again facilitate communication
between stakeholders and provide the opportunity to produce fast solutions to problems that may arise.
The BC9 “Uncertain legal status” criterion is currently considered negative for the cross-country
adoption and enforcement of blockchain technology, so it is at the bottom of the list. It is inevitable that
BCS5 “Increased performance” will contribute to the increase in performance in logistics processes at the
point of circular economy. The BC10 “New technology” criterion is that the technology is new and has
low awareness among stakeholders, which negatively affects it. The BC4 “Hacking” criterion, which is
in the last place, is effective against hacking and damage that may occur to works with blockchain
technology.
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4. CONCLUSION
The circular economy model, which keeps resources in the loop, ensures the use of resources as long as
possible, enables energy savings and reduces waste, is a concept developed against the known linear
model. On the other hand, developing technologies that contribute to businesses also support this
economic model. Every business aiming at sustainable logistics also contributes to the circular economy
model. This model, which makes resource management effective, reduces carbon emissions, and ensures
recycling and recovery of waste, is possible with blockchain technology. In this study, the circular
economy and blockchain technology integration, which are discussed in the light of these parameters,
are shown with criteria.
At this stage, Entropy Method, one of the Multi-Criteria Decision Making methods, was used. As a
result of the blockchain technology literature examined within the scope of sustainability, 11 criteria
(Reducing carbon emissions, reducing logistics cost, ease of communication, hacking, increased
performance, data immutability, effective information sharing, transparency, uncertain legal status, new
technology, trust) were decided and evaluated. As a result of the evaluation, the most important criteria
were Reducing carbon emissions and reducing logistics cost. It can be said that these criteria will
contribute significantly to the “3R” rule of the circular economy.
Considering the sustainable logistics studies for businesses, the importance of blockchain technology,
which has been shown to facilitate the transition to the circular economy, has been tried to be conveyed
in this study. The importance of blockchain technology will increase gradually when uncertainty
disappears in future studies. In this process, in addition to this study, criteria can be developed and
solutions can be evaluated with new methods. At the same time, logistics activities of different sectors
can be examined in detail and contribute to the literatiire.
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ABSTRACT

Considering that it will not be easy to make an improvement in production factors without any cost, the most critical field for businesses to minimize
costs is logistics and supply chain structures. Likewise, the most important production factor that provides competitive advantage for businesses is human
resources, also known as intellectual capital. In this context, it is vital to assign the right personnel to the right job. In case of selection and assignment of
personnel based on merit, efficient use of business resources will be ensured and the final efficiency of the business will be positively affected, thereby
paving the way for competitive advantage. Today, a wide variety of applications and tests are carried out for personnel selection. These methods, most of
which are based on intuitive and personal judgments, can sometimes lead to wrong selection. It is obvious that short job interviews and/or job trial periods
will not be enough to get to know the individual with his/her personality. In this context, the importance of multi-criteria decision-making techniques,
which are frequently used in choosing the most suitable one among different personnel alternatives, is mentioned in the study. Multi-criteria decision-
making techniques are an important aid for decision makers in personnel selection, as in many different areas. Although a significant part of the methods
still require intuitive approaches such as expert opinion, the PSI method used in the study allows for the impartial evaluation of the alternatives and to
reach conclusions on the numerical values they have, with the application stages in a completely rational way. In the study, a personnel selection decision
to be made under the influence of many criteria with different importance levels is solved with the PSI method, which is one of the multi-criteria decision-
making techniques and has been frequently used in different fields recently, and the results are shared. In this context, one of them is cost-oriented (C1-
Negative Personality Traits) and the others are benefit-oriented (C2-Foreign Language Grade, C3-Year of Experience, C4-Team Work Skill, C5-Empathy
Ability, C6-Problem Solving Ability and C7-Appearance) considering a total of 7 criteria, the most suitable one among 6 candidates was determined.

Keywords: Multi-Criteria Decision-Making Techniques, Personnel Selection, PSI.

0z

Belirli bir maliyete katlanmaksizin iiretim faktorlerinde bir iyilestirme yapilmasinin ¢ok da kolay olmayacag: diistiniiliirse, isletmeler i¢in maliyet
minimizasyonu yapilabilecek en kritik faaliyet alani lojistik ve tedarik zinciri yapilanmalaridir. Aym sekilde isletmeler igin rekabet avantaji saglayan en
onemli iiretim faktorii entelektiiel sermaye olarak da bilinen insan kaynagidir. Bu kapsamda dogru ise dogru personel gorevlendirilmesi hayati 6nemi
haizdir. Liyakate dayal1 bir personel secimi ve gorevlendirilmesi halinde, isletme kaynaklarinin verimli kullanimi saglanacak ve isletmenin nihai etkinligi
olumlu etkilenerek rekabet stiinliigiiniin 6nii agilacaktir. Giiniimiizde personel se¢imi igin ¢ok ¢esitli uygulamalar ve testler yapilmaktadir. Biiyiik
cogunlugu sezgisel ve kisisel yargilara dayali olan bu yontemler zaman zaman hatali se¢imi beraberinde getirebilmektedir. Kisa is goriismelerinin ve/veya
is deneme siirelerinin, bireyi kisiligiyle birlikte tammaya yetmeyecegi asikardir. Bu kapsamda calismada farkli personel alternatifleri arasindan en uygun
olan1 segmekte siklikla yararlanilan gok kriterli karar verme tekniklerinin 6nemine deginilmistir. Cok kriterli karar verme teknikleri ¢cok farkli alanlarda
oldugu gibi personel seciminde de karar vericiler i¢in 6nemli bir yardimer durumundadir. Yontemlerin 6nemli bir bolimii yine uzman goriisii gibi sezgisel
yaklasimlara ihtiya¢ duymakla birlikte, ¢alismada kullanilan PSI yontemi tamamen rasyonel bir sekilde uygulama asamalariyla, alternatiflerin tarafsiz
olarak degerlendirilmesine ve sahip olduklari sayisal degerler {izerinde sonuca gidilmesine olanak saglamaktadir. Yapilan calismada birbirinden farkli
onem seviyesindeki ¢ok sayida kriterin etkisi altinda verilecek bir personel segim karar1, ¢ok kriterli karar verme tekniklerinden biri olan ve son zamanlarda
farkl1 alanlarda siklikla kullanilan PST yéntemiyle ¢oziilmiis ve sonuglar paylasiimistir. Bu kapsamda biri maliyet yonlii (K 1-Olumsuz Kisilik Ozellikleri)
ve digerleri fayda yonli (K2-Yabanci Dil Notu, K3-Tecriibe Yili, K4-Takim Calisma Becerisi, K5-Empati Yetenegi, K6-Problem Cézme Yetenegi ve K7-
Dis Goriiniis) olmak iizere toplam 7 kriter dikkate alinarak 6 aday arasindan en uygun olani belirlenmistir.
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1. INTRODUCTION

Human resources, or intellectual capital as it is expressed today, is among the most important inputs of
a business. It is often not possible to compensate for a mistake that can be made in assigning the right
employee to the right job. In this context, all personnel who will take part in any organization, talent,
competence, etc., it is vital that the criteria are chosen correctly and assigned to the right position under
appropriate conditions. The importance of a personnel to be selected in accordance with the purpose of
existence of the organization and/or the position within the organization is extremely important in terms
of sustainability and competitiveness. Therefore, "recruitment of the right personnel will provide many
benefits for the business, and the wrong selection will have many negative effects on the business by
reducing productivity" (Y1ldiz and Aksoy, 2015).

The competitive environment accelerated by the development of technology necessitated the continuous
renewal of enterprises. No matter how much a business invests in its brand, the value of that business
determines the personnel it employs. One of the primary objectives of human resources is to select
personnel who can best meet the requirements of the business, adapt to the corporate culture, and are
open to change and development. It is not easy for businesses to identify the candidates who meet the
criteria they are looking for and to choose the most suitable one among them, and it is an important cost
item. For this reason, the solutions of decision-making problems, which are at the core of the selection
process, should be carried out with scientific methods (Bedir & Eren, 2015).

Most of the decisions taken on extremely mundane issues in daily life are affected by more than one
criterion. This situation causes the decisions made by different people to differ from each other on the
same issue. The decision-making problem, which becomes more complex as the number of criteria
increases, becomes more complex if these criteria affect each other (Demirci, 2020).

For this reason, Multi-Criteria Decision Making Techniques, which provide ease of solving the problem
in parts and produce relatively more rational results, enable the optimization of more than one criterion
by including all the criteria affecting the decision in the solution at the same time, and offer a single
decision distribution to the decision maker in the selection of the best alternative (Yaralioglu, 2010;
Turan, 2015).

In this context, the aim of the study is; It is to assist decision makers who are faced with the decision of
personnel selection with methods based on scientific principles. For this, there are a wide variety of
methods that have undergone significant developments in recent years and their numbers are increasing
day by day. These methods, which are gathered under the title of multi-criteria decision making
techniques (MCDM), can find application in many different areas in the literature today.

The PSI method used in the study was found to be important and preferred in that it does not require
expert opinion due to the application stages and therefore produces completely rational results.

2. LITERATURE REVIEW

In the literature, MCDM applications are encountered in the solution of decision-making problems in
many different fields. In accordance with the subject of the study, a literature review on personnel
selection problems was made and the criteria in the existing studies were preferred during the application
phase. In this context;

Ilgaz (2018) selected the personnel to work in the logistics sector by using AHP and TOPSIS methods
in his study. As personnel selection criteria in his study; technical competence (reference, foreign
language knowledge, active computer use), professional competence (year of experience, logistics
information technology knowledge, reporting skills, vocational training), physical competence
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(presentable appearance, physical endurance, being active) and social competence (team work) and
harmony, effective communication skills, helpfulness) were used (llgaz, 2018).

Bedir and Eren (2015) in their study on the solution of a personnel selection problem for the retail sector;
personal qualities (appearance, self-confidence, ability to cope with stress), interpersonal abilities (the
ability to persuade, influence, empathize, teamwork and problem-solving), qualities necessary for the
job (being active and dynamic, inclination to retail industry, knowledge about the product, taking
initiative), experience (previously working time in the retail industry) and test result (personality
inventory test result sent to the e-mail addresses of the candidates after the job application). They used
AHP and PROMETHEE methods to select personnel for retail sector by usin these criteria (Bedir and
Eren, 2015).

Ibicioglu and Unal (2014) used the AHP method in their study. Accordingly, human resources managers
were selected based on a total of 46 sub-criteria related to these, including corporate, demographic,
professional, communication, managerial, mental and personality criteria (Ibicioglu and Unal, 2014).

Dogan and Emre (2014) have brought a solution to the problem of human resources selection with the
AHP and TOPSIS methods. 23 subjective and objective sub-criteria were used based on the main criteria
of experience/work experience, education, professional requirements and individual characteristics, and
external appearance, which were discussed in the study (Dogan and Emre, 2014).

Unal (2011) presented examples of personnel selection belonging to different professions in his study.
In his analysis with AHP, by using the main and sub-criteria required by the personnel to be selected,;
For the Engineering Department, it has brought solutions to the problems of selecting suitable personnel
for the positions of manager candidate, Dean, Academic Staff, General Manager, Sales Representative
and Marketing Manager, Nurse (Unal, 2011).

3. METHOD

It is seen that methods that require expert opinion and depend on intuitive pre-assessment are generally
used in personnel selection practices with MCDM in the literature. In this context, the PSI method
applied in the study differs from the others in this respect.

The PSI (Preference Selection Index) method proposed by Maniya and Bhatt (2010) is a multi-criteria
decision-making technique that produces solutions based on basic statistical information. Alternatives
are ranked by taking into account a score value, known as the preference index, which is determined
during the application process of the method.

In PSI method; there is no need to determine the relative importance of alternatives or criteria and to
weight the criteria. Moreover, it does not require sensitivity analysis like some other multi-criteria
decision making techniques. However, if the number of alternatives or criteria increases, the consistency
of the results may become difficult (Attri & Grover, 2015). In this respect, criterion weights in PSI
applications are determined using only the information provided in the decision matrix (Madic et al.,
2017). Therefore, it also avoids possible disagreements about criterion weighting.

The application stages of the PSI method are as follows (Maniya & Bhatt, 2010; Vahdani et al., 2014;
Chauhan et al., 2016);

Creation of Decision Matrix; At this stage, as in all other MCDM, an m x n-dimensional decision
matrix is created with m decision alternatives and n decision criteria. The prepared decision matrix will
be as seen in Equation 1.
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Normalizing Decision Matrix; At this stage, the decision matrix is normalized (x;*j), taking into
account the benefit and cost orientation of the criteria. Equation 2 is used for the normalization of the
benefit-oriented criteria and Equation 3 for the normalization of the cost-oriented criteria.
xr = —xij 2
Y maks. x;; )

. min. xl-j

Determination of Average Performance Value; At this stage, the average values of the normalized
performance values (;z;j) for each criterion are determined with the help of Equation 4.

*

ﬁlxlj (4)

—%

m

Calculation of Preference Variability Value; At this stage, the preference variability value (PV;)
between the values of each criterion is calculated with the help of Equation 5.

m
PV; = Z(xi} - %)’ (5)
i=1

Calculating the Deviation in Preference Value; At this stage, the deviation (¢;) in the preference
variability value of each criterion is calculated with the help of Equation 6.

¢; = (1-PV)) (6)
Calculation of Total Preference Value; At this stage, the total preference value (w;) for each criterion
is calculated with the help of Equation 7, with the total value equal to 1 (Zj.l:l w; = 1).
¢,

wj = ;}=1 ¢j (7)

Determination of Preference Selection Index; In this last stage, the preference selection index (1;) of
each alternative is determined with the help of Equation 8. Accordingly, among the alternatives ranked

from the largest to the smallest, it is decided that the alternative with the highest preference index is the
best alternative.

Iy = z(xfj * wj) (8)
=1

4. RESULTS AND CONCLUSION

In the study, a selection was made among 6 candidates according to the applications made to the staff
needed by a business with the PSI method, which is a MCDM which is frequently used in different fields
in the literature recently. For this, first of all, the job description of the said staff was examined and the

13



Demirci, A., Multi-Criteria Decision-Making Technique for Personnel Selection: PSI Sample

criteria (7 criteria) that should be found in the candidates were determined bu literature. The criteria
determined in this context are; C1-Negative Personality Traits (This criterion, which is considered as
minimization-oriented, is expected to be low. Candidates are scored between 0-100 according to the
results of the tests), C2-Foreign Language Grade (This criterion, which is maximization-oriented, is O
in the form of a grade taken from the generally accepted foreign language exam. -100 were included in
the analysis), C3-Year of Experience (This criterion, which is maximization-oriented, was determined
as years according to the previous work experience of the candidate), C4-Team Work Skill, C5-Empathy
Ability, C6-Problem Solving Ability and C7-Appearance (These criteria are maximization-oriented and
included in the analysis by scoring between 1 and 9 according to the information obtained during the
interview conducted by the Human Resources Department).

Then, the criteria values of the candidates were determined and the initial decision matrix was created
and presented in Table 1.

Table 1. Decision Matrix and Ranking of Alternatives

C1 C2 C3 C4 C5 C6 C7
Candidates

Min. Maks. Maks. Maks. Maks. Maks. Maks.
Candidate 1 25 80 13 7 6 7 5
Candidate 2 10 75 7 9 8 7 4
Candidate 3 20 60 9 8 5 6 4
Candidate 4 25 65 8 7 7 8 5
Candidate 5 50 95 9 8 6 8 3
Candidate 6 35 70 12 9 7 9 5

Then it is obtained the Normalized Decision Matrix by using the Equation 2 and Equation 3 and
presented in Table 2.

Table 2. Normalized Decision Matrix

Candidates C1 C2 C3 C4 C5 C6 c7
Candidate 1 0,4000 0,8421 1,0000 0,7778 0,7500 0,7778 1,0000
Candidate 2 1,0000 0,7895 0,5385 1,0000 1,0000 0,7778 0,8000
Candidate 3 0,5000 0,6316 0,6923 0,8889 0,6250 0,6667 0,8000
Candidate 4 0,4000 0,6842 0,6154 0,7778 0,8750 0,8889 1,0000
Candidate 5 0,2000 1,0000 0,6923 0,8889 0,7500 0,8889 0,6000
Candidate 6 0,2857 0,7368 0,9231 1,0000 0,8750 1,0000 1,0000
Mean 0,4643 0,7807 0,7436 0,8889 0,8125 0,8333 0,8667

After then by using the Normalized Decision Matrix and mean values of the column, it is obtained the
Average Perfomance Value with the help of Equation 4.
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Table 3. Average Performans Value

Candidates C1 Cc2 C3 C4 C5 C6 Cc7

Candidate 1 0,0041 0,0038 0,0657 0,0123 0,0039 0,0031 0,0178
Candidate 2 0,2870 0,0001 0,0421 0,0123 0,0352 0,0031 0,0044
Candidate 3 0,0013 0,0222 0,0026 0,0000 0,0352 0,0278 0,0044
Candidate 4 0,0041 0,0093 0,0164 0,0123 0,0039 0,0031 0,0178
Candidate 5 0,0698 0,0481 0,0026 0,0000 0,0039 0,0031 0,0711
Candidate 6 0,0319 0,0019 0,0322 0,0123 0,0039 0,0278 0,0178

Then it is calculated the Preference Variability Value, Deviation in Preference Value and Total
Preference Value by using the Equation 5, Equation 6 and Equation 7, and presented in Table 4.

Table 4. Preference Variability Value, Deviation in Preference Value and Total Preference Value

Parameters C1 C2 C3 Cc4 C5 C6 Cc7 Total
PV; 0,3983 0,0854 0,1617 0,0494 0,0859 0,0679 0,1333
®; 0,6017 0,9146 0,8383 0,9506 0,9141 0,9321 0,8667 6,0180
wj 0,1000 0,1520 0,1393 0,1580 0,1519 0,1549 0,1440 1,0000

Finally it is determined the Preference Selection Index bu using the Equation 8, to rank all alternatives
in order for selection decision. The Preference Selection Index values and rank values of alternatives
presented in Table 5.

Table 5. Preference Selection Index and Rank Value of Alternatives

Candidates C1 C2 C3 C4 C5 C6 c7 Total Rank
Candidate 1 0,04 0,13 0,14 0,12 0,11 0,12 0,14 0,8085 3
Candidate 2 0,10 0,12 0,08 0,16 0,15 0,12 0,12 0,8405 2
Candidate 3 0,05 0,10 0,10 0,14 0,09 0,10 0,12 0,6962 6
Candidate 4 0,04 0,10 0,09 0,12 0,13 0,14 0,14 0,7671 4
Candidate 5 0,02 0,15 0,10 0,14 0,11 0,14 0,09 0,7468 5
Candidate 6 0,03 0,11 0,13 0,16 0,13 0,15 0,14 0,8589 1

At the end of the prosess of PSI technique, it was determined that the most suitable candidate for the
required staff of the enterprise was Candidate 6.

The issue of human resources procurement is considered to be an extremely complex and often
subjective process by its nature. Keeping this process separate from personal approaches is extremely
important for hiring the right staff for the right job. At this point, it would be appropriate to benefit from
MCDMs, as in complex decisions to be made in many areas today. Because the decision to supply

15



Demirci, A., Multi-Criteria Decision-Making Technique for Personnel Selection: PSI Sample

human resources is too important to be left to subjective approaches.

MCDM has become the focus of attention in recent years and the number of methods has increased day
by day. In this context, it is possible to come across a large number of MCDMs with different application
stages in the literature. MCDM, which is used in the selection of the most suitable one among various
alternatives, is an important helper for decision makers in matters under the influence of many criteria
with different weights. Personal perception, emotion, attitude, manners, etc. It is considered that
MCDM, which paves the way for objective decision-making in a completely rational way, will maintain
its importance in the coming period as well.

Due to its structure, MCDM achieves results rationally and objectively according to the criteria values
obtained for the alternatives, therefore it is not affected by the personal attitudes and behaviors of the
decision makers. In this respect, the decision to procure human resources, which is extremely important
for businesses, should be determined with objective approaches.

At this point, the MCDM to be chosen has a special importance. Some of the methods in the literature
are criticized for their structures that require expert opinion and are partially based on subjective
foundations. In this context, the PSI method was preferred in the study. The PSI method is seen as a
completely objective approach, as it is a method that is based only on the criteria values and produces
results with this information.

However, considering the differences in practice, another MCDM can be selected in future studies, and
it is considered that the results may be healthier if the same data are applied together with two or more
MCDMs for confirmation purposes.
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Abstract

Sustainable logistics can be defined as all logistics activities carried out by preserving and maintaining the present and the future for
generations in environmental, economic, and social dimensions. In the study, the impact levels and sub-components of the main
components in environmental, economic, and social dimensions, which are important for sustainable logistics, are examined. When the
environmental dimension is examined, it is seen that its sub-components are use of resource (energy, water, material, etc.), water/soil
pollution, greenhouse gas emissions, noise pollution, and waste management. When the sub-components of the economic dimension are
examined, it includes the components of product and service quality, cost minimization, recycling, market share/growth, and goods
transport intensity. When the sub-components of the social dimension are examined, it is seen that the components of occupational health
and safety, education and training, working conditions, and public health are covered. The impact levels of the main components of
sustainable logistics are evaluated with the DEMATEL method, which is one of the MCDM methods. According to the DEMATEL
method, while economic and environmental dimensions are in the affecting group, social dimension is in the affected group.

Keywords: Sustainable Logistics, MCDM, DEMATEL Method.

Oz

Stirdiirtilebilir lojistik, ¢evresel, ekonomik ve sosyal boyutlarda bugiinii ve gelecegi nesiller boyu koruyarak ve yasatarak
gergeklestirilen tiim lojistik faaliyetler olarak tanimlanabilir. Calismada siirdiiriilebilir lojistik i¢in dnemli olan gevresel, ekonomik ve
sosyal boyutlardaki ana bilesenlerin etki diizeyleri ve alt bilesenleri incelenmistir. Cevre boyutu incelendiginde, alt bilegenlerinin kaynak
kullanimi (enerji, su, malzeme vb.), su/toprak kirliligi, sera gazi emisyonlar1, giiriiltii kirliligi ve atik yonetimi oldugu goriilmektedir.
Ekonomik boyutun alt bilegenleri incelendiginde {irlin ve hizmet kalitesi, maliyet minimizasyonu, geri doniisiim, pazar payi/biiyiime ve
mal tagima yogunlugu bilesenlerini icermektedir. Sosyal boyutun alt bilesenleri incelendiginde is saglig1 ve giivenligi, egitim ve dgretim,
yontemlerinden biri olan DEMATEL yontemi ile degerlendirilmektedir. DEMATEL ydntemine gore ekonomik ve gevresel boyutlar
etkilenen grupta yer alirken, sosyal boyut etkilenen grupta yer almaktadir.
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1. INTRODUCTION

Sustainability is all of the efforts applied to protect and maintain the existence of natural and human
resources. Although sustainability is encountered in many areas of our lives, technological changes,
globalization, increasing population, use of fossil fuels, and social and environmental pressures have
integrated sustainability into the field of logistics. For this reason, it is seen that the logistics industry
gains more importance than ever in terms of sustainability. The field of logistics is significantly impacted
by Industry 4.0 in an accelerated manner and there is a constant need to use these new technologies to
support sustainability by increasing efficiency, reliability, and flexibility along with saving energy and
time by protecting the environment (Akkad et al., 2020).

There are different definitions of sustainable logistics. According to Chang and Qin (2008), sustainable
logistics “planning, control, management and implementation of the logistics system through advanced
logistics technology and environmental management aimed at reducing pollutant emission”. Zhao et al.
(2009), it is defined as "improving resource use, reducing resource consumption and waste, and
minimizing environmental pollution through rational planning while implementing logistics activities,
optimizing resource allocation and using environmental technology". Shihi and Eglese (2010) state that
“green logistics is concerned with the sustainable production and distribution of products, taking into
account environmental and social factors”. In general terms, sustainable logistics can be defined as all
the logistics activities from the starting point to the end point of the products, which are carried out by
preserving and continuing for the present and future generations in environmental, economic, and social
dimensions.

A sustainable logistics system framework combines sustainable development with elements typically
found in a traditional logistics system. Focusing on sustainable development and implementing a
sustainable logistics system, can positively impact long-term performance goals. A sustainable logistics
system will enable long-term performance goals to take steps to maximize profitability, minimize its
environmental impact, and ensure that it has a positive impact on improving society's quality of life
(Croom et al., 2009).

Sustainability is an essential issue in economic, social, and environmental fields. Two aims are
considered in this study. As a first aim, the impact levels of the main components in environmental,
economic, and social dimensions, which are essential for sustainable logistics, are taken into account.
This purpose is used to help reveal which main component is affected by which conditions, which main
components are affected, and which main components should be given weight. There is no study in the
literature examining the effect levels of the main components. As a second aim of the study, sub-
components for sustainable logistics were examined. It is thought that this aim will contribute to the
development of sustainability.

In the Introduction section, which is the first part of the study, the introduction to sustainable logistics
and the aim of the study is included. The literature review is handled in the second section. In the third
part of the study, in the Methodology section, the definition of the problem and the details of the
DEMATEL method are given. The fourth section of the study includes Results and Discussions. In the
last section, the Conclusion section, the results of the study and suggestions for future studies are
included.

2. LITERATURE REVIEW

Within the scope of Sustainable Logistics, there are current studies (Neto et al., 2008; Grant et al., 2017,
Grzybowska and Awasthi, 2020; Lan et al., 2020; D’ Amico et al., 2021; Hussein et al., 2022; Jayarathna
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et al., 2022) in the literature. Elkington (1997) proposes considering three closely related economic,
ecological (environmental), and social aspects of sustainability. Wichaisri and Sopadang (2013) stated
in their study that a sustainable logistics system takes into account three aspects and that economic,
environmental, and social areas are necessary for a logistics system. This article provides a framework
for a sustainable logistics system that will address these three criteria. In the study, social criteria include
the sub-criteria of health and safety and quality of life. Environmental criteria include the sub-criteria of
resource usage, pollution, emission, waste, and eco-efficiency. Economic criteria include the sub-criteria
of quality, responsiveness, cost, profit, and mobility. Morana and Gonzalez-Feliu, J. (2015) state in their
study that the evaluation of urban logistics projects should be viewed from the perspective of sustainable
development, and three dimensions (economic, environmental, and social/social) should be taken into
account. Alshubiri (2017) states in his study that green logistics includes three components, the
independent variables of which are economic, social, and environmental, and that these components can
be applied to clarify the effect of expansionary monetary policy indicators as an important signal in
determining a country's economy. Qaiser et al. (2017) state to explore the current state of research in the
field of Decision Support Systems for logistics, taking into account the sustainability aspects. As a result
of the study, it is seen that social impact is given less importance compared to economic and
environmental aspects. Zhu and Hu (2017) examine the sustainability optimization of corporate logistics
networks from a strategic perspective and propose a multi-purpose sustainable logistics optimization
model that takes into account three dimensions of sustainability: economy, environment, and society. In
their work, Cetin and Sain (2018) aim to reveal the level of sustainability practices in the logistics sector,
and the concepts of environmental, economic, and social sustainability are discussed in terms of the
logistics sector investigated. Solomon et al. (2019) state that there are very few studies showing a clear
relationship between economic, operational, and environmental performance. In this context, he
considers the role of social performance (both in terms of society and employees) in his work. Ren et
al. (2020) stated in their study that about a quarter of the literature they reviewed (71 out of 306 articles)
focused on evaluating and measuring social, environmental, and economic criteria. Yontar (2021),
discussed 15 articles that were studied with sustainable logistics criteria between 2008-2020 and
determined the sustainable logistics criteria and ranked the criteria according to their importance with
Pareto analysis. In the study of Miicevher (2021), priority strategies that can be used for sustainability
in the logistics sector are examined. In the study, three priority strategies that can be used for sustainable
logistics are emphasized. These strategies are reverse logistics, green logistics, and lean logistics
approaches. Yontar (2022) deals with the logistics activities carried out by companies on the basis of
sustainability and the aim of the article is to present a framework that will contribute to the sustainability
initiative of companies that carry out logistics activities.

In order to ensure that the decision-making process operates smoothly with minimum error, Multi-
Criteria Decision Making methods abbreviated as "MCDM" are used to obtain the solution (Singh and
Pant, 2021). There are also studies using MCDM methods within the scope of sustainable logistics. Senir
and Biiyiikkeklik (2017) aim to rank some logistics companies in terms of environmental performance
within the scope of their sustainability reports. Environmental Performances of logistics companies are
evaluated by the TOPSIS method, one of the MCDM Techniques. In the study of Broniewicz and
Ogrodnik (2021), the application potential of Multi-Criteria Decision Making (MCDM) methods is used
in decision-making problems in transportation in the light of sustainable development. Within the scope
of literature studies, a review has been made of the latest applications of MCDM/MCDM methods for
decision-making problems in the field of transportation. For this purpose, a mixed approach consisting
of three selected MCDM methods was used: DEMATEL, REMBRANDT, and VIKOR. It is stated that
multi-criteria analyses are performed to allow the final multidimensional evaluation of the most popular
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MCDM methods currently applied in the field of transportation. Pamucar et al. (2021) present a long-
term strategic perspective to reach a zero-carbon city by 2050. According to the results of the MCDM
method proposed in the study, "introducing zero-emission zones" emerges as the first attempt to be
applied. As a result of the study, it is revealed that the proposed method will be transferred to other cities
aiming to provide zero-carbon transportation.

3. METHODOLOGY

3.1.Problem Definition
It is an approach that enables sustainable logistics products to be carried out from the starting point to

the end point in an innovative and environmentally conscious manner. Sustainable logistics basically
includes three main components: environmental, economic and social. In this study, the effect levels of
the main components (environmental, economic, and social) are examined with the DEMATEL method,
which is one of the Multi-Criteria Decision Making methods. It is aimed to generate effecting - effecting
cause and effect diagrams of the main components. In addition, the sub-components of the main
components are investigated in the study. It is planned to find out which sub-components each main
component has. In this context, there are two main research questions in the study:

o What are the impact levels of the main components of sustainable logistics?

o What are the sub-components of sustainable logistics?

3.2.DEMATEL Method
MCDM methods are applied in a different way from statistical analysis techniques, that is, it is one of
the methods in which objective and non-objective factors are evaluated together. Analyzes are carried
out within the framework of and at the same time, a single expert opinion or The study can also be
shaped according to the opinion of a group of experts (Korucuk, 2021).

Multi-Criteria Decision Making methods are methods used to rank, select, evaluate or determine the
effect levels of different alternatives in accordance with the determined criteria. There are many Multi-
Criteria Decision Making methods available. One of these methods is the DEMATEL method. The
DEMATEL method is an effective method that examines the structure and relationships between system
components or a valid number of alternatives. DEMATEL can arrange the criteria in order of priority in
terms of the type of relations and the importance of their effects on each other.

The DEMATEL method has become popular mainly because it is a pragmatic approach to visualizing
the structure of complex causal relationships. Specifically, the DEMATEL method is based on digraphs
that can separate the relevant factors into cause group and effect group. Directed graphs, known as
digraphs, are more useful than undirected graphs because digraphs can show directed relationships of
subsystems (Wu and Lee, 2007).

The DEMATEL methodology consists of the following five steps (Gabus and Fontela, 1972; Fontela
and Gabus, 1976):

1. Establishment of the direct relationship matrix. Five scales are used to measure the relationship
between criteria: 0 (no impact), 1 (very low impact), 2 (low impact), 3 (high impact), and 4 (very
high impact).

2. Normalization of the direct relationship matrix.

3. Calculation of the total relationship matrix.
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4. Generating a cause and effect diagram.
5. Obtaining the internal dependency matrix.
6.

4. RESULTS AND DISCUSSIONS

4.1.Results
There are two main research questions in the study:

o What are the impact levels of the main components of sustainable logistics?
o What are the sub-components of sustainable logistics?

The main components of Sustainable Logistics are economic, social, and environmental. In this context,
the effect levels of the main components of sustainable logistics in the research question in the first item
are evaluated by The Decision Making Trial and Evaluation Laboratory (DEMATEL) method, which is
one of the Multi-Criteria Decision Making methods. The direct relationship matrix, which is the first
step of the applied DEMATEL method, is shown in Table 1. Table 2 shows the normalized direct
relationship matrix.

Table 1. Direct Relation Matrix

Social Environmental Economic
Social 0 1 1
Environmental 3 0 1
Economic 3 2 0

Table 2. Normalization of The Direct Relationship Matrix

Social Environmental Economic
Social 0.00 0.17 0.17
Environmental 0.50 0.00 0.17
Economic 0.50 0.33 0.00

Prominence levels (D+R) and relation levels (D-R) are determined in Table 3.

Table 3. The Prominence and Relation Axis for Cause and Effect Group
D(Sum) R(Sum) D+R D-R

Social 0.872 2 2.872 -1.128
Environmental 1.4 1.127 2.527 0.273
Economic 1.727 0.872 2.599 0.855

Figure 1 shows the cause and effect graph. The figure is arranged according to Table 3. According to
the figure, economic and environmental criteria are in the group that affects them. Social criteria are
included in the affected group. In addition, when the prominence levels are examined, it is seen that
each main component takes approximate values.
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Figure 1. Cause and Effect Graph

Economic, social, and environmental main components are taken into consideration as the main
components of Sustainable Logistics. When the sub-components of these main components are
examined, they emerge as follows.

Sub-components of the environmental main component;

Use of resources (energy, water, materials, etc.) (Chaabane et al., 2012; Large et al., 2013)
Water/Soil pollution (Large et al., 2013)

Greenhouse gas emission (Large et al., 2013)

Noise pollution (Bjérklund and Forslund, 2019)

Waste management (Large et al., 2013; Bjorklund and Forslund, 2019)

ub-components of the main economic component;

Product and service quality (Chaabane et al., 2012; Large et al., 2013)

Cost minimization (Bjorklund and Forslund, 2019; Sidiropoulos et al., 2021)

Recycling

Market share/growth (Chaabane et al., 2012; Rota et al., 2012)

Goods transport density (Large et al., 2013)

ub-components of the social main component;

Occupational health and safety (Gallego, 2006; Gimenez et al., 2012)

Education and learning

Working conditions

Public health (Gallego, 2006)

NN N NN N N N

AN N NI

4.2.Discussions
Sustainable logistics can be defined as all logistics activities carried out by preserving and sustaining
the present and the future for generations in environmental, economic, and social dimensions. In the
study, sustainable logistics are discussed within the scope of the main components. The main
components of sustainable logistics: environmental, economic, and social aspects are discussed. These
main components have been taken into account in many studies. Elkington (1997), Sopadang (2013),
Morana and Gonzalez-Feliu, J. (2015), Cetin and Sain (2018), and Ren et al. (2020) discussed the
environmental, economic, and social aspects of sustainable logistics in their work. There are two main
aims of the study. The first purpose is to measure the impact levels of the main components of
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sustainable logistics (environmental, economic, and social components). As a result of the study, it is
seen that the economic and environmental component is in the affecting group and the social component
is in the affected group within the scope of sustainable logistics. In addition, when the degree of
importance of the main components is examined, it is seen that they take approximately close values. In
the study of Wichaisri and Sopadang (2013), the importance degrees of the main components were
evaluated and it was seen that the main component with the highest importance was the economic
component. Social and environmental components have taken close value.

The second aim addressed in the study is to determine the sub-components of the main components.
When the sub-components of the main environmental component are examined, it is seen that the sub-
components are use of resource (energy, water, material, etc.), water/soil pollution, greenhouse gas
emissions, noise pollution, and waste management. When the sub-components of the economic main
component are examined, they include the components of product and service quality, cost
minimization, recycling, market share/growth, and goods transport intensity. When the sub-components
of the social main component are examined, it is seen that the components of occupational health and
safety, education, and training, working conditions, and public health are covered. These components
are obtained by reviewing the literature.

5 CONCLUSION

Sustainability can be defined as all practices carried out to protect and maintain resources. Sustainability
has begun to be taken into account in many different sectors with increasing environmental awareness.
One of the leading ones in these fields is the logistics sector. Sustainable logistics can be defined as all
logistics activities carried out by preserving and sustaining the present and the future for generations.

Two main problems are investigated in the study. First of all, environmental, economic, and social
components, which are the main components of sustainable logistics, are taken into account, and the
effect levels of the main components of sustainable logistics are evaluated with the DEMATEL method,
one of the MCDM methods. According to the DEMATEL method, the economic and environmental
components are in the affecting group. Social component is included in the affected group. When the
importance degrees of the main components are examined in the study, it is seen that each main
component takes approximate values. These components are listed from most to least as social,
economic, and environmental. Secondly, the sub-components of the main components are determined
by examining the literature. When the sub-components of the main environmental component are
examined, it is seen that the sub-components are use of resource (energy, water, material, etc.),
water/soil pollution, greenhouse gas emissions, noise pollution, and waste management. When the sub-
components of the economic main component are examined, they include the components of product
and service quality, cost minimization, recycling, market share/growth, and goods transport intensity.
When the sub-components of the social main component are examined, it is seen that the components
of occupational health and safety, education and training, working conditions, and public health are
covered.

In future studies, the importance levels of the sub-components can be examined and comparisons can
be made by applying different Multi-Criteria Decision Making Methods.
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Rollover Prevention By Maximum Lateral Force Based On The Detection

of Three-Dimensional Center of Gravity
Uc Boyutlu Agwrlik Merkezi Tespitine Dayali Maksimum Yanal Kuvvetle Devrilme Onleme

Kailun YU!  Yutaka WATANABE?

ABSTRACT

The center of gravity (COG) height is an important factor affecting rollover. Earlier studies by the authors assessed the theory of
Detection of Three-Dimensional Center of Gravity (D3DCG), which provides an innovative and accurate method for COG height
detection. This report describes development of D3DCG, which can be used to prevent rollover accidents by calculating the maximum
height of COG and the maximum lateral force that can exist without causing rollover. For a fixed total weight of a vehicle, the COG
height has an upper limit. Based on the law of energy conservation, if the COG height is lower than that upper limit, then the vehicle
has potential energy against rollover. When the vehicle is running, road disturbances make its body shake. Some potential energy
transfers to the spring energy to provide a restorative force and to make the COG return to its original position. Therefore, when the
COG height reaches its maximum value, the potential energy disappears, causing rollover. The highest COG can be expressed
according to the principle of the balance of rotational torque. To verify this theory, a COG adjustable experiment is designed with a
table-top D3DCG device and a tower object. The total object weight does not change, but its COG height increases until the object
cannot maintain stability on the device anymore. Comparison of the real COG and the highest COG confirmed that only when the COG
is lower than the highest COG, the object will not roll over. If a lateral force is acting on a moving object such as a vehicle, then the
object will tilt. At the same time, the restoring moment will resist the rolling moment. According to the theory of D3DCG, the lateral
force has relation with the rolling angle. When the vehicle starts to roll over, based on the physical structure of moving vehicle, the
critical lateral force can be represented by the rolling angle. Therefore, by eliminating the rolling angle as an unknown variable, the
maximum lateral force can be expressed by two known variables: the actual COG height and the maximum height of COG. To verify
this theory, a remotely controlled truck is made to rotate in a random rotation radius. Then its speed increases gradually until it rolls
over. The real-time lateral force is recorded and compared with the calculated maximum lateral force. Results indicate that rollover
occurs when the real-time lateral force reaches the maximum lateral force. This study examines a novel method of rollover prevention
without knowing either the total weight, the vehicle speed or turning radius. The accuracy of this theory was well confirmed by
comparing the real-time lateral force and the calculated maximum lateral force based on D3DCG.

Keywords: Accident prevention, D3DCG, motions of moving objects, safety of vehicles.

0z

Agirlik merkezi (COG) yiiksekligi devrilmeyi etkileyen 6nemli bir faktordiir. Yazarlarin daha onceki ¢aligmalari, COG yiikseklik
tespiti igin yenilik¢i ve dogru bir yontem saglayan Ug Boyutlu Agirlik Merkezinin (D3DCG) Tespiti teorisini degerlendirdi. Bu rapor,
maksimum COG yiiksekligini ve devrilmeye neden olmadan var olabilecek maksimum yanal kuvveti hesaplayarak devrilme kazalarini
onlemek i¢in kullanilabilecek D3DCG'nin gelisimini agtklamaktadir. Bir aracin sabit toplam agirlig1 icin COG yiiksekliginin bir ist sinirt
vardir. Enerji korunumu yasasina gore, eger COG yiiksekligi bu iist sinirdan daha diisiikse, o zaman aracin devrilmeye karsi potansiyel
enerjisi vardir. Arag calisirken yoldaki bozulmalar viicudunu sallar. Bazi potansiyel enerjiler, onarici bir kuvvet saglamak ve COG'nin
orijinal konumuna geri donmesini saglamak i¢in yay enerjisine aktarilir. Bu nedenle, COG yiiksekligi maksimum degerine ulastiginda,
potansiyel enerji kaybolur ve devrilmeye neden olur. En yiiksek COG, dénme torku dengesi ilkesine gore ifade edilebilir. Bu teoriyi
dogrulamak igin, bir masa iistii D3DCG cihazi ve bir kule nesnesi ile COG ayarlanabilir bir deney tasarlanmigtir. Toplam nesne agirlig
degismez, ancak COG yiiksekligi, nesne artik cihaz iizerinde dengeyi koruyamayacak duruma gelene kadar artar. Gergek COG ve en
yiiksek COG'nin karsilagtirtlmasi, yalnizca COG en yiiksek COG'den diigiik oldugunda nesnenin devrilmeyecegini dogruladi. Tasit gibi
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hareketli bir nesneye yanal bir kuvvet etki ediyorsa, nesne egilir. Ayn1 zamanda, geri yiikleme momenti, yuvarlanma momentine
direnecektir. D3DCG teorisine gore, yanal kuvvet yuvarlanma agist ile iligkilidir. Arag devrilmeye bagladiginda, hareket eden aracin
fiziksel yapisina bagh olarak kritik yanal kuvvet, yuvarlanma agisi ile temsil edilebilir. Bu nedenle, yuvarlanma agisini bilinmeyen bir
degisken olarak ortadan kaldirarak, maksimum yanal kuvvet bilinen iki degiskenle ifade edilebilir: gergek COG yiiksekligi ve maksimum
COG yiiksekligi. Bu teoriyi dogrulamak i¢in, uzaktan kumandali bir kamyon rastgele bir doniis yarigapinda donecek sekilde yapilir.
Sonra devrilene kadar hiz1 kademeli olarak artar. Ger¢ek zamanl yanal kuvvet kaydedilir ve hesaplanan maksimum yanal kuvvet ile
karsilagtirilir. Sonuglar, ger¢ek zamanli yanal kuvvet maksimum yanal kuvvete ulastiginda devrilmenin gergeklestigini géstermektedir.
Bu ¢alisma, toplam agirligi, ara¢ hizini veya doniis yarigapini bilmeden yeni bir devrilmeyi 6nleme yontemini incelemektedir. Bu teorinin
dogrulugu, ger¢ek zamanli yanal kuvvet ve D3DCG'ye dayali hesaplanan maksimum yanal kuvvet karsilagtirilarak iyi bir sekilde
dogrulandi.

Anif (to cite): Yu, K. & Watanabe, Y. (2022). Rollover Prevention By Maximum Lateral Force Based On The Detection of Three-
Dimensional Center of Gravity. Toros University FEASS Journal of Social Sciences, 9(Special Issue),26:38. doi:
10.54709/iisbf.1169500

Received Date (Makale Gelis Tarihi): 01.09.2022 Accepted Date (Makale Kabul Tarihi): 03.10.2022

1. INTRODUCTION

Road traffic is the most common and widely used mode of transportation. Therefore, road safety should
attract more attention. Based upon data from the US National Highway Traffic Safety Administration
(NHTSA, USA), rollover accidents have become the second most dangerous road traffic accident type,
after crash accidents. Figure 1 shows that the number of occupants killed in all road traffic accidents
and rollover accidents declined from 2007, but the percentage of rolloveraccidents in all road accidents
showed no marked decrease. Consequently, preventing rollover accidents is necessary for promoting
road traffic safety.
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Figure 1. Statistics data of death in road accidents and rollover accidents in the USA during 1982—
2019. Data source: Traffic Safety Facts Annual Report Tables from National Highway Traffic Safety
Administration (NHTSA,USA)

Rollover accidents invariably occur on curved sections of roads because they are caused by external
horizontal force. In this case, the most important factors that affect rollovers include the curve radius,
velocity, and the center of gravity (COG) height. Vehicles are loaded with a wide variety of goods. Also,
the COG changes before and after loading and unloading.For that reasons, detecting the COG height,
let alone the real-time COG height, is difficult.
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Some researchers have reported effective methods for detecting the COG height of objects that have
large mass. Watanabe created the theory of Detection of Three-Dimensional Center of Gravity
(D3DCG) by applying the principle of ship buoyancy to moving vehicles. The buoyancy supports a ship
as it stays on the water surface in a vertical direction, although no definite force acts in the horizontal
direction. Even a breeze or a ripple can make a ship shake. Such a shaking process is permanent. The
shaking frequency depends on the ship’s COG height. Watanabe found that, when avehicle moves, road
surface disturbances will make the vehicle body shake. This phenomenon is similar to that for a ship.
Later, Watanabe combined the equations of vertical and horizontal oscillation to obtain an expression
of COG height. The theory provides an innovative means of detecting the COG height without the need
to ascertain the object’s mass.

Dang and Watanabe conducted experiments to verify the D3DCG theory accuracy. They first designed
an experiment that incorporates a truck model. The model was hung from three directionsby a line. The
intersection of the lines’ extensions showed the COG position. Compared to the intersection height, the
D3DCG calculation result was verified accurately. Then they detected the COG height of an actual truck.
The results were also satisfactory.

Yu and Watanabe conducted controlled experiments to prove, based upon D3DCG, the COG height
effect on rollover. They detected the COG heights of truck models that had the same load but different
COG heights by D3DCG. Then they calculated the critical rollover radii with the full speed.

The experiment radius was chosen between the larger one and the smaller one. The model withlower
COG passed through the curve safely, although model with higher COG rolled over. Theexperiments
demonstrated that an object with higher COG rolls over easily.

Merely knowing the COG height of a moving object is insufficient to avoid rollover. This study is a
development of D3DCG theory. It proposes the maximum lateral force of rollover by combining the
dynamic rolling angle in a shaking process and a moving vehicle’s geometric structure of critical
rollover state. The study can produce a means of preventing rollover by comparison of the maximum
lateral force with the real-time lateral force.

2. MAXIMUM HEIGHT OF COG DETECTED USING D3DCG
2.1. Theory of the maximum height of COG

Every object’s COG height has an upper limitation. Even though it is in a static state, the object cannot
remain steady if its COG height is beyond the upper limitation. Actually, D3DCG theory can detect the
real-time COG height; it can also be used to detect the maximum height of the COG of a moving object.

When a vehicle is moving, disturbances from the road surface make the vehicle’ s body shake around
the oscillation center. Figure 2 presents an oscillation diagram of a moving vehicle at a certain point
during shaking.



29

Center of gravity

Oscillation center

=

Figure 2. Oscillation diagram of a moving vehicle

When the vehicle body tilts to one side, springs on this side are squeezed, whereas the springs on the
other side are stretched. Therefore, the direction of elastic moment is in the opposite direction of rolling.
However, because of the inertia, the direction of gravity moment is consistent with the rolling direction.

The elastic moment and gravity moment are not equal. Therefore, the balance of the rotational moment
is expressed as

b . b : b . b
Lf=—k(;sm9)5+mgLsm9—k(;sm@)z , (1)
which equals

2
f= (—% + mg) sin 6, 2

where L denotes the COG height from the oscillation center, f represents the force perpendicularto the
connecting line between COG and oscillation center, k denotes elastic coefficient of spring, b represents
the width of the portion that supports the whole weight, 6 stands for the rolling angle,

m denotes the whole mass of the vehicle, and g signifies the gravitational acceleration which is 9.8
m/s2.

The direction of force f depends on the gravity moment and elastic moment. In this case, if the gravity
moment is dominant, then f will have a positive value; the vehicle will roll over. However, if elastic
moment is dominant, then f will have a negative value. Here f can be regarded as restoring force to
return the COG to its original position.

When rollover does not happen, the restoring moment direction reverses the gravity moment. In other
words, the value of f should be no more than 0, so Equation (3) exists as

2
—%+mg$0, 3)

When f becomes 0, in a static condition, L becomes the maximum height of COG denoted as Lmax,
which can be expressed as shown below.

kb?
Lax = 2L (4)
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It can be found from Equation (4) that because the spring constant and the width of supportingpart
does not change, the maximum height of COG depends only on the total mass. In other words, if the
total weight does not change, then the maximum height of the object is constant.

Based on the basic equations of D3DCG, the COG height can be detected through the natural frequencies
of simple harmonic oscillation of a moving object caused by elastic structures. The formula of vertical
simple harmonic motion is therefore

V=L % (5)

2

where 7 denotes the frequency of vertical simple harmonic oscillation of the wvehicle body.
Therefore, k/m can be expressed by 7’ as

= = 2m?y?, (6)
If Equation (6) is put into the Equation (4), then Equation (4), then the expression of themaximum

height becomes

2y.2,2
Lipax = z g ™

2.2. Verification of the maximum height of COG by experimentation

The experiment uses a table-top device shown in Figure 3 to simulate the vehicle structure. The device
comprises two plates and four springs. Springs represent the elastic structures of a vehicle. When the
disturbances act on the wheels, the vehicle body starts shaking. Similarly, when an external force is
given from the vertical direction to the table-top device, the object on the upper plate starts shaking.
Furthermore, the shaking frequency depends on the COG height. The experiment object is a tape tower
consisting of nine tapes with a metal component. The metal mass is much greater than that of the tape.
Therefore, the COG height of the tape tower changesas the position of the metal changes. The tapes are
numbered from the bottom to the top. First, themetal is put under Tape 1; then it is lifted one tape height
to the position between Tape 1 and Tape 2. This process is repeated until the metal reaches the top of
tape tower. At every different position, the tape tower is provided with a vertical force to make it shake.
At the same time, the motion sensor records the motion data. The tape top device and the COG height
changing processare shown in Figure 3.

9 9 9 |
Tape > g | 8 |
(light) 7 7 8
Metal 6 | 6 | 7
(heavy) 5 6
4 eee | S
u p
5 3
— 2
1 1
Ji=—=nae——— | o=
- a | | L
~ _— =l
Table top device Table top device

Figure 3. Picture and diagram of table-top device and tape tower.

The sensor can record the motion data including acceleration, angular velocity and angle from three
directions, front and back, up and down, and left and right. Eight sets of data were collected when the
metal is settled on one position. Table 1 presents the average of heaving frequency, rolling frequency,
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COG height and the maximum height of COG with the metal settled on different positions. Appendix 1
presents the specific data of each stage.

Table 1. Results of tape tower experiments with the table-top device

Number of tapes under the metal

0 1 2 3 4 5 6 7 8
V’ (hz) 3.614 3.593 3.591 3.560 3.565 3.551 3.572 3.520 3.553
V (hz) 0.870 0.850 0.773 0.681 0.583 0.486 0.390 0.264 0.165
b (m) 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.160
L (m) 0.206 0.207 0.218 0.229 0.245 0.261 0.281 0.295 0.315
SD of L 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.002
Lmax (M) 0.337 0.333 0.332 0.327 0.328 0.325 0.329 0.320 0.325
SD of Lmax  0.002 0.001 0.001 0.002 0.002 0.001 0.001 0.001 0.002

To eliminate the effects of errors, both L and Lmax are calculated with the average values of heaving

frequency and rolling frequency on different stages. The standard deviations of L and Lmax are no more
than 0.002, which means that the results are not discrete. Therefore, these datasets are accurate. Figure
4 intuitively shows the change of L and Lmax and the relation betweenL and Lmax as the metal position
rises.

04 0337 0333 0332 0327 0328 0325 0329 (320 0325

f=)
%
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\

g e aa0s 0308
'§0 0.2 M— 0.245 0.261
3 0206 0207 0218 0229
T 01
0
0 1 2 3 4 5 6 7 8

Number of tapes under the metal

i | Lmax

Figure 4. Height of COG and maximum height of COG.

The total weight of the object is fixed. Therefore, the maximum height of COG should be constant.
Because of the errors, the calculated values of Lmax are not absolutely the same, but they do not change
a lot. It is statistically satisfactory. As the metal position rises gradually, the COG height increases. The
object becomes increasingly difficult to keep steady. When there are eight tapes under the metal, the
COG height is very close to the maximum height of COG. In this case, if the object is given an external
force, then it is very easy for a rollover to occur. Furthermore, even if there is no existing external force,
it is impossible to lift the weight to the top of the tape tower (nine tapes under the metal).
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This experiment proves that an upper limitation of COG height exists. Objects with lower COG height
are easier to keep steady than the higher ones. As the COG height increases, the stability lessens. In
addition, the COG height cannot be greater than the maximum height of COG without rollover. The
closer the COG height is to the maximum height of COG, the easier the object is to roll over.

3. MAXIMUM LATERAL FORCE OF ROLLOVER

3.1. Equation of rotational moment

Based on Figure 5 and Equation (2), the gravity moment and elastic moment are not always the same.
Therefore, a force that can make COG keep rolling or return it to the original position exists. This force
is presumed to be perpendicular to the contact line between COG and the oscillation center and is
presumed to have a relation with gravity, which is expressed as

f=qgmg cos ¥, (8)

where g stands for the multiple of lateral force relative to gravity in horizontal direction. Because the
force is perpendicular to L, g should be multiplied by cosé.

Center of gravity

L

max <

Oscillation center
Figure 5. Simplified sketch of oscillation
If this force is replaced by its expression, then Equation (2) will become
kb? .
qmg cos 0 = (—Z+mg) sin @, 9)

or

kb?
g + 1) tan@, (10)

q=_(

2

If unknown variables m and k are eliminated by the expression of Lmax in Equation (4), then the
relation between rolling angle 6 and the multiple of lateral force g becomes

6 = tan‘l(i—q), (11)

3.2. Maximum lateral force without rollover

When a vehicle moves steadily along a road, the vehicle body is able to maintain a simple harmonic
motion; the COG shakes around the oscillation center, which is located on the supporting portion. The
line connecting it and the COG is perpendicular to the support.
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When a moving vehicle is given an external force from lateral direction, for example, when a vehicle is
affected by the centrifugal force when passing through a curve, the vehicle body willtilt to the opposite
direction.

If the lateral force is sufficiently strong, then the vehicle will roll over. Figure 6 shows the criticalstate
of the start of rollover.

' Center of gravity

- _Movement trajectory of
COG during rollover

max <

Contact point

Figure 6. Diagram of the start of the rollover critical state.

According to the geometric structure of vehicle, when rollover starts, the rolling center is the contact
point between the outer wheel and the road surface.

The lateral force is presumed as F. Its expression is
F = q,mg, (12)
where g represents the multiple of lateral force relative to gravity.

As Figure 6 shows, F1 is the component of lateral force on the tangent line of COG’s movement
trajectory. To prevent rollover occurrence, F1 should not be greater than the component of gravity
denoted as mg1 in Figure 6. That is

mgsing = q,mgcose, 13)
which is also written as
tang = q, (14)

where ¢ stands for the angle between the vertical direction and the connecting line of COG andthe
contact point between the outer wheel and the road surface.

Therefore, at the critical state of rollover, the maximum value of ¢ equals the minimum value of

tang, which is expressed as

Qomax = tanQyin, (15)

where qpmax is the maximum multiple of lateral force relative to gravity, and gmin is the minimum
angle between the vertical direction and the connecting line of COG and the contact point.

According to the geometric structure shown in Figure 6, tang is expressed as

Y _Lsin® —
2

tangp = (16)

Lcos@+h’
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where w denotes the distance between the outer sides of the wheels on both sides, and where h
represents the oscillation center height.

In Equation (15), tang decreases as 6 increases. Therefore, when 6 reaches &max, tanp becomes tanpmin
so that the multiple of lateral force becomes maximum. By combining Equation (15) and Equation (16),
the maximum multiple of lateral force becomes

b . .
E—Lsmemax -

Qomax = LcoSOpmax+h’ (17)

Based on Equation (11), the only unknown variable #max can be replaced. Thereby, Equation (17)
becomes

w_ _1(L¢I(pmax)]
3 Lsm[tan I—Lmax

Qymax = Lcos[tan‘l(—ﬁ(zrrsz)] +h

(18)

Therefore, the expression of the maximum lateral force without rollover has been found.

3.3. Rollover experiment verification

To verify the theory of the maximum lateral force, a rollover experiment is conducted. The experiment object is a
model truck on which a motion sensor is settled, as Figure 7 shows.

Figure 7. Object of rollover experiment.

Sensor

Model truck

The model truck runs straight for a while so that the COG height and the maximum height of COG can
be detected according to D3DCG. The detection process is repeated 10 times. The results are presented
below.

Table 2. Detected results of model truck by D3DCG
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Experiment V’ (hz) V (hz) b (m) w (m) L (m) Lmax (M)
number

Exp. 1 9.473 3.516 0.192 2.033
Exp. 2 8.203 3.516 0.165 1.525
Exp. 3 8.398 3.516 0.169 1.598
Exp. 4 8.008 3.613 0.157 1.453
Exp. 5 9.668 3.516 0.196 2.118
Exp. 6 9.863 3.809 0.150 0.170 0.186 2.204
Exp. 7 8.301 3.613 0.163 1.561
Exp. 8 8.594 3.906 0.157 1.673
Exp. 9 9.473 3.809 0.178 2.033
Exp. 10 9.961 3.613 0.197 2.248
Average 8.994 3.643 - - 0.176 1.845

As Table 2 shows, the COG height of the model truck is 0.176 m. The maximum height of the COG is
1.845 m. The distance between the outer sides of the wheels on both sides (w) ismeasured as
0.170 m. The oscillation center height (h) is 0.005 m. When these values are put into Equation (18), the
maximum lateral force without rollover is found to be 0.481 g.

Based on the expression of maximum lateral force in Equation (18), neither the spring constant, total
mass, speed nor curve radius is considered. Consequently, the experiment is designed to make the model
truck continue turning with a random but fixed turning angle. Initially, the model truck speed is low. It
speeds up gradually until the truck rolls over.

R T FETg AT ST < AT

Figure 8. Motion process of model truck.

The motion process of the model truck is shown in Figure 8. First, the model truck speed is very low;
the lateral force (centrifugal force herein) is weak. Therefore, the truck body merely tilts outward
slightly. As the truck speeds up, the outward inclination of the truck body increases. Then, the truck
body shakes dramatically. Finally, it rolls over.

During the experiment period, the motion sensor continues recording data. The original data are regarded
as those for real-time lateral force after processing. The data processing process is shown in Figure 9.
Panel (a) presents the original data, which have both positive and negative values. The plus and minus
marks merely demonstrate the direction of the lateral force. This study does not take the marks into
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consideration. Consequently, the original data are transferred to their absolute value, as Panel (b)
shows. The sampling frequency of the motion sensor is 200. To reduce the errors, the average value in
a half second is chosen for this research. In other words,the data in Panel (c) are the average of every
100 data. To make the results more convincing, the real-time lateral force is the average absolute value
of original data plus a 2.5 multiple of standard deviation, as Panel (d) shows.

Horizontal acceleration abs(q)

«  1n=100 u+2.56

Figure 9. Process of lateral force data processing.

Both the real-time lateral force and the maximum lateral force without rollover are portrayed together
in Figure 10. Two lines intersect on the red point, with rollover starting at the purple point. This
phenomenon indicates that after the intersection the model truck loses control; it is at the critical state
of rollover. In this condition, if the driver does not take some measure such as lowering the speed or
turning the steering wheel, then the truck will roll over. The experiment is repeated seven times. Other
results are presented in Appendix 2
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1.4

Lateral force

Figure 10. Real-time lateral force and maximum lateral force without rollover

4. CONCLUSION
This research first derives the equation of the maximum height of COG according to the basic equation

of D3DCG. The tape tower experiment verifies the theory that the COG height closer to the maximum
height of COG makes it more difficult for the object to remain stable and makes it easier to roll over.
Furthermore, the object can not avoid rollover if the COG is higher than the maximum height of COG.

Based on the rotational moment of a moving vehicle, the lateral force has a relation with the rolling
angle. Rollover often occurs in curved sections of a road because of lateral forces such as centrifugal
force. When rollover starts, the rolling center changes from the oscillation center tothe contact point
between the outer wheel and the road surface. At this critical state, according to vehicle ’ s geometric
structure combined with the relation between the lateral force and rolling angle, the maximum lateral
force which does not cause rollover is expressed by the COG height, the maximum height of COG and
some basic parameters. The COG height and the maximum height of COG can be detected based on
D3DCG. The basic parameters can be measured directly. Therefore, no unknown variable exists in the
equation of the maximum lateral force without rollover.

The process of detection and calculation takes only a few seconds, therefore allowing real-time usability.
Furthermore, when the lateral force acting on the vehicle reaches the maximum lateral force calculated,
the vehicle will not roll over immediately. It just loses control. Nevertheless, some time remains for a
driver to take some measures to avoid rollover accidents such as slowing the speed or adjusting the
direction.

This research provides a method for vehicle rollover prevention while using simpler calculations and
fewer errors. Because the sensor repeats collection of data, both the real-time lateral force andthe
calculated maximum lateral force without rollover are renewed continuously. The results updated in real
time can greatly reduce the influence of external factors. This research has great prospects for application
to vehicles of all types, even trains and aircraft, and especially to vehicles for which the COG position
changes frequently.
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Giiniimiizde tiiketicinin degisen davranislari, istekleri, cevreye karsi artan hassasiyetleri igsletme ve markalar1 bu degisimlere ayak

uydurmaya ve faaliyetlerini siirdiiriilebilir bir pazarlama anlayis1 ile gerceklestirmeye zorlamaktadir. Isletmelerden faaliyetlerinde
ekonomik, sosyal ve ¢evresel boyutlar1 goz ardi etmeden tiiketicinin ihtiyag ve isteklerini karsilamasi beklenmektedir. Ancak, isletmelerin
sektorleri ve iriinlerinin ozellikleri agisindan siirdiiriilebilir pazarlama faaliyetlerinde hangi boyut ve kriterleri 6nceledikleri
farklilagmaktadir. Bu baglamda yapilan aragtirmanin ana amaci, siit tirinleri iireticisi bir firmanin stirdiiriilebilir pazarlama kapsaminda
ekonomik, sosyal ve ¢evresel boyutlarin hangisine ne derecede dnem verdiklerinin belirlenmesidir. Bunun i¢in 6nce siirdiiriilebilirligin
ekonomik, sosyal ve gevresel boyutlarinin alt kriterleri belirlenmis, sonrasinda ¢ok kriterli karar verme tekniklerinden analitik hiyerarsi
yontemi kullanilarak alt kriterlerin dnem diizeyleri hesaplanmis ve hangi boyut ve alt kriterlerin firma 6zelinde 6nemli oldugu ortaya
konmustur. Arastirmayla ilgili firmanin ekonomik faktdrlere yonelik 6nem diizeyinin, sosyal ve gevresel faktorlere gore daha yiiksek
oldugu sonucuna ulasilmistir. Firmanm siirdiiriilebilir pazarlama anlayisini biitiinciil agidan ele almadigi, ¢evresel faktorler i¢in heniiz
orgiit kiiltiirii ve yapilanmalarinin olmadigi, buna yoénelik devlet destek ve tesvikleriyle birlikte ancak bu siirece dahil olabileceklerini
belirlenmistir.

Anahtar Kelimeler: Siirdiiriilebilir pazarlama, ekonomik faktérler, sosyal faktorler, cevresel faktorler, AHP.
ABSTRACT

Today, the changing behaviors of the consumers, their demands and increasing sensitivity towards the environment force businesses
and brands to keep up with these changes and to carry out their activities with a sustainable marketing approach. It is expected that the
businesses will meet the needs and demands of the consumers without ignoring the economic, social and environmental factors in their
activities. However, the dimensions and criteria that businesses prioritize in sustainable marketing activities differ in terms of their sectors
and the characteristics of their products. In this context, the main purpose of the research is to determine to what extent a dairy producer
company attaches importance to the economic, social and environmental dimensions within the scope of sustainable marketing. For this,
first the sub-criteria of the economic, social and environmental dimensions of sustainability were determined, then the importance levels
of the sub-criteria were calculated using the analytical hierarchy method, which is one of the multi-criteria decision-making techniques,
and it was revealed which dimensions and sub-criteria are important for the company. It has been concluded that the level of importance
of the company related to the research for economic factors is higher than that of social and environmental factors. It has been determined
that the company does not consider the concept of sustainable marketing from a holistic perspective, that there is no organizational culture
and structures for environmental factors yet, and that they can only be involved in this process with government support and incentives.
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1. GIRIS

Tiiketicinin bilin¢lendigi, dogay1 korumaya yonelik duyarli yaklasimlarin benimsendigi, tiiketicilerin
olumlu/olumsuz tepkilerinin hizli bir sekilde yayildig1 giinlimiiz diinyasinda isletmelerin sadece
tiikketimi karsilamak yerine topluma daha fazla fayda saglayacak ¢alismalar yapmasi, sosyal ve ¢evresel
acidan da deger yaratmasi beklenmektedir. Cevreye yonelik olusturulan stratejiler birgok isletmeye
rekabet avantaji saglamaktadir (Vafaei vd., 2019). Toplumlarin ve ekonomilerin yirminci ylizyilin
siirdiiriilemez diisiince, uygulama ve teknolojilerinden ¢ok daha siirdiiriilebilir bir doniisiim iginde
oldugu goriilmektedir ve bu yolda ilerleyen isletmeler artmaktadir (Chomova, 2022). Diger yandan,
toplumdaki biling arttikca bireysel acidan kisisel gereksinimlerin karsilanmasi ve tatmin edilmesinin
yan1 sira sosyal ve gevresel agidan insanlarin duyarliliklar1 da artmaktadir. Isletmelerin ve markalarin
stirdiiriilebilir bir diinya igerisinde ayakta kalabilmesi ve yeni normlara ayak uydurabilmesi
gerekmektedir. Bu kapsamda, isletmeler siirdiirtilebilirlik faaliyetlerine gegmise kiyasla daha fazla Gnem
vermek zorunda kalmis, siirdiiriilebilirlik ve siirdiiriilebilir pazarlama yoniinde ¢aligsmalar igletmelerin
oncelikli konular1 halini almustir.

Stirdiiriilebilirlik yapisinin bir biitiin olarak ele alinarak isletmenin tiim faaliyetlerinde benimsenmesinin
gerekli oldugunun bilincinde olunmasi ve buna yonelik adimlarin planlanmasi isletmelerin
rekabetgiliklerini devam ettirmelerine yardimer olmaktadir. Bu durum gevresel, ekonomik ve sosyal
esitlik ilkelerinin ayni anda benimsenmesini gerektiren “liglii temel model (triple bottom-line)”
perspektifi olarak ele alinmaktadir (Elkington, 1998; Stankeviciute ve Savaneviciene, 2013).
Stirdiiriilebilir kalkinma yaklagiminda sosyal, ¢evresel ve ekonomik boyutlar biitiinlestirmeli ve birlikte
kullanilmahdir (Goodland, 1995). Bu ¢ergevede siirdiiriilebilirlikle ilgili ¢aba gosteren isletmelerin
ekonomik, sosyal ve gevresel faktorlere biitiinsel yaklagsmasi dnemlidir. Her ne kadar siirdiiriilebilirlik
cercevesinde sosyal ve gevresel yapinin onemli oldugu dile getirilse de hala gelencksel yaklagim
benimseyerek ekonomik faktorleri 6nceleyen salt bir iiretim ve tiikketim anlayisi ile hareket eden
isletmeler de bulunmaktadir. Toplumsal anlayisa sahip isletmeler siirdiiriilebilirlik konusunda énemli
sorumluluklar iistlenirken; geleneksel pazarlama anlayisiyla toplumu siirekli olarak tiiketime zorlayan
ve daha fazla iiretmeyi hedefleyen isletmeler de bulunmaktadir. Gelecek nesilleri diisiinmeksizin sadece
kendi menfaatleri dogrultusunda hareket eden, topluma ve ¢evreye verdigi olumsuz etkilere goz ardi
eden bu tip isletmeler daha fazla pazar pay1 almanin ve daha fazla kar elde etmenin ¢abasi i¢indedirler.
Isletmeler tarafindan sergilenen bu yondeki tutum ve davranislar hem isletmelerin kendi varliklarimi
stirdiirmelerine hem de diinyaya ve insanliga 6énemli tehlikeler yaratmaktadir (Sarikaya ve Kara, 2007).

Siirdiiriilebilir pazarlama tiiketicilerin ihtiyag ve isteklerini karsilama, toplumsal refah1 artirma, ¢evreyi
korumay1 birlikte amaglar (Kayike1 vd., 2019). Geleneksel pazarlama tiiketici ihtiyaglarini tatmin ederek
uzun vadeli iliski kurmay1 temel alirken; siirdiiriilebilir pazarlama tiiketiciler, sosyal ¢evre ve dogal
cevre ile siirdiiriilebilir iliskiler kurmay1 hedefler (Once ve Marangoz, 2012). Siirdiiriilebilir pazarlama
yaklasiminda ise pazarlamaya makro pazarlama perspektifinden bakilarak miisteri degeri ile birlikte
sosyal ve c¢evresel degerler de yaratilmakta, isletme ile ekolojik ¢evrenin birbirleriyle iliskisi
dengelenmektedir (Kayikei1 vd., 2019).

Arastirmada, siit {irlinleri {ireticisi bir firmanin pazarlama faaliyetlerinde siirdiiriilebilirligin ekonomik,
sosyal ve cevresel boyutlarina verdikleri 6nem derecesinin belirlenmesi amaglanmistir. Bu kapsamda
once siirdiiriilebilirligin ekonomik, sosyal ve ¢evresel boyutlarmin alt kriterlerinin belirlenmesi, alt
kriterlerin 6nem diizeylerinin siralanmasi ve bunun sonunda hangi boyut ve alt kriterlerin firma 6zelinde
onemli oldugunun ortaya konmasi hedeflenmistir. Aragtirmada Cok Kriterli Karar Verme
Tekniklerinden (CKKV) Analitik Hiyerarsi Siireci (AHP) kullanilarak firma agisindan 6nceliklendirilen
kriterler ve bunlarm 6nem dereceleri belirlenmistir. Yapilan literatiir incelemesinde Tiirkiye’de siit
iiriinleri iretimindeki isletmeler 6zelinde siirdiiriilebilir pazarlama boyutlarina yonelik bir aragtirmaya
rastlanamamigtir. Bu kapsamda ¢alismanin farkli bir sektdor uygulamasiyla literatiire katki
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saglamasi6beklenmektedir.

Alt1 boliimden olusan bu ¢alismada, giristen sonra ilk olarak kavramsal olarak siirdiiriilebilirlik ve
boyutlari ile siirdiiriilebilir pazarlama hakkinda bilgi verilmis, literatiirden érnekler sunulmustur. Daha
sonra aragtirmanin metodolojisi agiklanmis, uygulamanin bulgulari yorumlanmistir. Caligma sonug ve
oOneriler boliimii ile tamamlanmustir,

2. SURDURULEBILIRLIK

1987 yilinda Birlesmis Milletler Diinya Cevre ve Kalkinma Komisyonu tarafindan yayimlanan “Ortak
Gelecegimiz (Our Common Future)” raporunda siirdiiriilebilir kalkinma gelecek nesillerin ihtiyaglarini
karsilayabilmesinde zorluk yasanmayacak sekilde bugiiniin ihtiyaglarimin karsilanabilmesi olarak
tanimlanmustir.  Stirdiiriilebilirlik toplumun, ekosistemin igleyisini kesintisiz bozulmadan asir
kullanimla tiiketmeden veya kaynaklari tiiketmeden siirdiirme kabiliyeti olarak anlagilmalidir (Kaypak,
2010). Siirdirilebilir kalkinma, herkesin temel ihtiyaglarimin karsilanmasi ve daha iyi yasam
standartlarina sahip olunmasi icin firsatlarin genisletilmesini Onerir ve asagida agiklanan iki anahtar
kavramu igerir (Nations, 1987):

Ihtiyaglar: Diinyadaki yoksullarin temel ihtiyaclari olup, her seyden énce bunlara dncelik verilmeli,
Stnirlamalar: Teknoloji ¢evresinin mevcut ve gelecekteki tiiketici ve isletme ihtiyaclarini
karsilayabilme yetenegine dayattigi engeller.

Stirdiiriilebilirlik; ekonomik kalkinma ile refah artisini, ¢evrenin korunmasi, c¢evresel zararin
azaltilmasini ve sosyal adaletin saglanmasini amaglayan temel, biitiinsel bir yaklasgimdir (Biiyiikkeklik
ve Ozoglu, 2021). Siirdiiriilebilirlik, ekonomik ve ydnetisim faaliyetlerini icine alarak, toplumsal
sorunlari, ekolojik ve cevresel meseleleri de kapsayacak sekilde genislemistir. Bu durum simdiye kadar
ticari faaliyetlerin bir pargasi olarak siirdiiriilen siirdiiriilemez iiretimi ve tiiketimi durdurmak veya
tersine ¢evirmektir. Siirdiiriilebilir kalkinma kaynaklara olan ihtiyacin insanlarin refahinin ekonomik
gelismesi ile sosyal ve ekonomik c¢evresinin birlikte ele alinarak genis bir perspektiften bakilmasini
gerektirir. Buna gore siirdiiriilebilir kalkinmanin 3 boyutu vardir.

Ekonomik Boyut: Siirdiriilebilirlik, ulusal ve/veya uluslararasi diizeylerdeki ekonomik sartlara ve
sistemlere baglhidir. Ekonomik olarak siirdiiriilebilir bir sistemde, isletmelerin siirekli olarak mal ve
hizmet tiretmesi ve iretim gerceklestirirken sektorel dengesizliklerden uzaklagmasi gerekmektedir
(Harris, 2000).

Sosyal Boyut: Sosyal olarak siirdiiriilebilir bir sistemde isletmeler ve kurumlar; gelir dagitiminda esitlik,
saglik ve egitim dahil olmak iizere daha bir¢ok acidan yeterli sosyal hizmet sunumu, is ortaminda ve
toplumda cinsiyet esitliginin ve ¢ogulcu katilimin saglamasi yoniinde ¢aba sarf etmelidir (Harris, 2000).
Sosyal stirdiiriilebilirligin saglanmasinda, ¢evresel siirdiiriilebilirlik veya yasam destek sistemleri birer
on kosul olusturmaktadir (Goodland, 1995).

Cevresel Boyut: Cevresel acidan siirdiiriilebilirlik yenilenebilir kaynak kullanimimi temel alan
atmosferik dengenin, biyolojik ¢esitliligin saglanmasi ve ekosistemin korunmasi olarak ifade edilebilir
(Soydan ve Baskol, 2022). Saglikl1 bir toplum ve ekolojik ¢cevre olmadan, ekonomiler basarisiz olacak
ve ekonomilerin pargasi olan isletmeler de varliklarini kisa siireli devam ettirebilecektir.

Iklim degisikligi, hava kirlilik, ¢evresel bozulma, tiikkenen kaynaklar, diinyadaki kalici aglik ve
yoksullugu karakterize eden sosyo-ekonomik esitsizliklerle baglantili sayisiz sorunu ele almak igin
isletmelerin birlikte hareket etmesi ve 3 boyutu biitiinciil degerlendirmesi gerektigi diigiiniilmektedir.
Siirdiiriilebilirlik, bu tic boyutun birlikte ele alinmasiyla saglanabileceginden isletmeler; sosyal
faaliyetler ve ¢evre koruma caligmalari gibi finansal/mali olmayan performanslarini ekonomik
gelisimindeki karar verme ve stratejik planlama caligmalarina dahil etmelidir (Orlitzky, 2008). Sosyal
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ve cevresel iyilestirmelere yapilan yatirimlar isletmelerin sadece giivenilirliklerini artirmakla kalmayip;
ayni zamanda uzun vadeli karliliklarin1 da artirmaktadir.

Siirdiiriilebilir kalkinma igin her sektdr veya isletme kendi biinyesinde farkli ¢ozlimler ve cevaplar
tiretmelidir. Isletmelerin ¢6ziim odakl isbirlikleri deger yaratmaktadir. Ornegin, otomotiv sektdriinde
pek ¢ok marka elektrikli otomobilleri desteklemekte, kimya alaninda petrol bazli malzemeler yerine
organik tiriinlerin kullanimina odaklanilmakta, enerji sektoriinde yenilenebilir enerjilere dogru bir gegis
soz konusu olmaktadir. Hizli tiiketim triinlerinde Unilever karbon ayak izlerini azaltmaya yonelik
faaliyetler yapmaktadir (Cirik, 2010). Walmart hammaddeden atiklara kadar bir {irlinlin yasam
dongiistindeki her agamayi siirdiiriilebilir liretim anlayis1 dogrultusunda sekillendirmektedir.

Aslinda siirdiiriilebilirlik bakis acisini tetikleyen bircok unsurdan bahsetmek miimkiindiir. Sirketler,
kendilerini ¢evreye kars1 daha sorumlu ve duyarli hissetmeye baglamakta; tiiketiciler ise bu sorumlulugu
izerine almak istemeyen, bu konular1 géz ardi eden sirketler iizerinde ise baski kurmaktadir. Bir bagka
tarafta ise, tim bu siirdiiriilebilir ¢calismalar tasarruf ve verimliligi artirmaktadir (Tayman, 2010).
Pazarlama faaliyetleri de bu kapsamda tiiketici ve pazar ihtiyaglarina yanit verirlikten, pazarlar
stirdiiriilebilir iiriin ve hizmetlere yonlendiren ve siirdiiriilebilir toplumlar insa eden daha sorumlu bir
yaklagima dogru degismektedir (Sheth ve Parvatiyar, 2021).

3. SURDURULEBILIR PAZARLAMA VE LITERATUR OZETi

Siirdiiriilebilir pazarlama, pazarlama faaliyetlerinde miisterilerin ihtiyag¢ ve isteklerine cevap verirken
tiretim ve tiiketim arasindaki dengenin ¢evreye zarar vermeden saglanmasidir (Kirchgeorg ve Winn,
2006). Siirdiiriilebilir pazarlama, modern pazarlamanin kisa vadeli islem odagmin aksine, iligkisel
pazarlamanin uzun vadeli yonelimini esas almaktadir (Peattie ve Belz, 2010). Siirdiiriilebilir pazarlama
yalnizca triin gelistirme, satig ve pazarlamanin degil, bir isletmenin tiim eylemlerine rehberlik edecek
bir stratejinin pargasi olarak anlamlidir.

Isletmelerin dogal kaynaklarin tiiketilmesi ve kiiresel 1smnmadan dolay: siirdiiriilebilir pazarlama
faaliyetlerine 6nem vermesi gerekmektedir (Reutlinger, 2012). Tiiketiciler, isletmelerden siirdiiriilebilir
pazarlama stratejileri gelistirmesini beklemektedir. Stirdiiriilebilir pazarlama, her sektdrde biiyiiyen bir
endigse haline gelmis, sosyal medyanin yiikselisi ve milyonlarca tiiketici tizerindeki etkisiyle, hem
sirketler hem de halk arasinda hizla kabul gérmektedir (Charter vd., 2002).

Surdiriilebilirlik ile kast edilen sadece sirketlerin iyi yonetilmesi, dogru strateji ve taktiklerin
olusturulmasi degil, bunun daha o6tesinde ¢evre ve toplumdan kaynaklanan riskleri ve firsatlart ig
modellerinin igerisine entegre etmektir (Cirik, 2010). Sirketlerin ve tiiketicilerin sosyal ve cevresel
acidan verdikleri etkilerinden dolay: iiretim ve tiiketimde sorumluluk almalar gerektigini savunan
stirdiiriilebilir pazarlama, kilit oyuncularin ¢evrelerini etkileyici bir giice sahip oldugunu kabul etmekte
ve bugiiniin kararlarinin gelecek nesil tiiketiciler, vatandaslar, yatirimeilar ve yoneticiler iizerindeki
etkisinin oldugunu vurgulamaktadir (Peattie ve Belz, 2010). Bunun i¢in isletmenin yiiriittiigii faaliyetler
nedeniyle ¢evrenin ugradigi zararlarin olusturdugu maliyetlere yonelik biitge ayrilmasi, iiriin yasam
egrisi yaklasiminin kullanimi, sifir-atik sistemlerinin gelistirilmesiyle kirliligin engellenmesi ve kaynak
geri kazanimmin saglanmasi, israfin engellenmesi gibi uygulamalar siirdiriilebilir pazarlamada
kullanilabilmektedir (Ayyildiz ve Geng, 2010). Siirdiiriilebilir pazarlama i¢in Wal-Mart, Ikea, P&G,
Bosch gibi pek ¢ok diinya devi is ve iiretim siireglerini gozden gegirmekte, yoneticiler biitiinlesik
uygulamalar1 isaret etmektedir. Ornegin; Siemens Ceo’su Peter Ldscher dev sirketlerin iiretim
siireglerinde, is yapma sekillerinde ve hatta is ortamlarinda yesil bir degisim gerceklestiginden
bahsetmektedir. Walmart’in eski Ceo’su ise, en biyiik amaglarimin siirdiiriilebilir bir {iretim
yaklagimiyla ¢evreci hareket eden tedarikgilerle calismak istedigini vurgulamistir (Tayman, 2010).
Buradan sirketlerin, tedarikgilerini de siirdiriilebilirlik perspektifinden degerlendirme ihtiyacinin da
arttig1 anlagilmaktadir (Dai ve Blackhurst, 2011).
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Sirketlerin siirdiiriilebilir pazarlamaya dair uygulamalarinin yam sira literatiirde siirdiiriilebilirlik ve
stirdiiriilebilir pazarlama (Trivedi vd., 2018; Vafaei, 2019; Sun vd., 2019; Igbal vd., 2020; Vinuesa vd.,
2020; Jamwal vd., 2021; Ruggerio, 2021; Khandai vd., 2022; Rastogi vd., 2022) konular1 ele alinip
arastiran ¢ok sayida ¢aligma bulunmaktadir. Siirdiiriilebilirligin boyutlarina yonelik ¢alismalarda CKKV
yontemleri siklikla kullamlmaktadir. Ornegin Fettahlioglu ve Birin (2016) Kahramanmaras ilinde
bulunan ambalaj atiklarindan geri doniistim gercgeklestirerek plastik sanayi sektoriinde faaliyet gosteren
bir isletmenin siirdiiriilebilir pazarlamay1 etkileyen faktorlerini CKKV yontemleri kullanarak
incelemistir. Analiz sonuglarina gore, karar verici firmanin siirdiiriilebilir pazarlamay1 etkileyen en
onemli temel faktoriin ekonomik gereksinimler kriteri oldugu belirlenmistir. Birin (2015), plastik sanayi
sektorlinde siirdiiriilebilir pazarlamay1 etkileyen faktorlerin belirlenmesine yonelik bir uygulama
yaparak, CKKV yontemiyle kriterlerin 6nem diizeyini tespit etmistir.

Dogrudan siirdiiriilebilirligin boyutlarinin 6nemine yonelik bu caligmalarin yani sira CKKV
yontemlerini kullanarak siirdiiriilebilirlik performansin1 boyutlar cergevesinde ele alan farklh
sektorlerden de ¢ok sayida galismaya rastlanmustir. Bunlardan Oztel vd. (2012) kimya sektoriinden
Henkel firmasinda siirdiiriilebilirlik performansinin 6l¢giimiinde, Alp vd. (2015) yine kimya sektoriinde
Linde firmasmin kurumsal siirdiiriilebilirlik performansinin degerlendirilmesinde CKKV yontemlerini
kullanmiglardir. Ersoy (2016) Argelik firmasinin kurumsal siirdiiriilebilirlik performansinin ekonomik,
cevresel ve sosyal siirdiiriilebilirlik gostergeleri ¢ergevesinde analizinde, Aksoylu ve Tasdemir (2020)
metal esya, makine ve gere¢ yapimi sektdriinde ¢aligmalar yapan 6 isletmenin siirdiiriilebilirlik raporlari
cercevesinde ekonomik, sosyal ve ¢evresel boyutlarini incelemis olup, isletmelerin siirdiiriilebilirlik
performanslarini degerlendirmede CKKYV yontemlerinden faydalanmiglardir. Oral ve Gegdogan (2020)
Borsa Istanbul’da islem goren ve kurumsal siirdiiriilebilirlik calismalarina yénelik rapor diizenleyen
bankalarin siralanmasinda CKKV yéntemlerini kullanmustir. Ozevin (2022), arastirmasini yaptigi
calismada sirketlerin cevresel sosyal ve ekonomik olmak {iizere {i¢ boyuttan olusan kurumsal
stirdiiriilebilirlik performanslarinin 6l¢iilmesinde hangi kriterlerin etkili oldugu ve olusturulan kriterlerin
hangi sirketlerin kurumsal siirdiiriilebilirlik performansi kapsaminda daha etkili sonuglar sagladigi yine
CKKYV metodlariyla analiz etmistir.

4. ARASTIRMA YONTEMI

Aragtirmanin bu bdliimiinde ¢alismanin amaci, 6nemi ile veri toplama siireci ve kullanilan yonteme ait
bilgiler sunulmustur.

4.1. Arastirmanin Amaci

Aragtirmada, siit tirtinleri tireticisi bir firmanin pazarlama faaliyetlerinde siirdiiriilebilirligin ekonomik,
sosyal ve gevresel boyutlarina verdikleri 6nem derecesinin belirlenmesi amaglanmistir. Bu kapsamda
once sirdirilebilirligin ekonomik, sosyal ve c¢evresel boyutlarmin alt Kkriterlerinin belirlenmesi, alt
kriterlerin 6nem diizeylerinin siralanmasi ve bunun sonunda hangi boyut ve alt kriterlerin firma 6zelinde
onemli oldugunun ortaya konmasi hedeflenmistir. Calismada siirdiiriilebilir pazarlama boyutlarinin
O6nem dereceleri siit tiriinleri lireticisi bir firma tizerinden ele alinarak incelenmistir.

4.2. Arastirmanin Onemi ve Katkisi

Siirdiiriilebilirligin kazandig1 6nem dolayisiyla igletmelerin siirdiiriilebilir pazarlama faaliyetlerine
odaklandiklart bilinmektedir. Diger yandan, akademik arastirmalarda da yogun olarak siirdiiriilebilirlik
ve stirdiiriilebilir pazarlama konulari ele alinip arastirilmaktadir. Ancak literatiir incelendiginde gegmiste
yapilan ¢aligmalarda Tiirkiye’de siit {iriinleri {iretimindeki isletmeler 6zelinde siirdiiriilebilir pazarlama
boyutlarina yonelik bir aragtirmaya rastlanamamistir. Bu kapsamda c¢aligmanin farkli bir sektor
uygulamasiyla literatiire katki saglamasi beklenmektedir.
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4.3. Veri Toplama ve Analiz Yontemi

Arastirmada veri Nigde ilinde faaliyet gosteren siit iiriinleri {ireticisi firmanin uzmanlariyla yiiz yiize
goriistilerek toplanmistir. Firma uzmanlarindan siirdiiriilebilir pazarlama boyutlar1 ve alt kriterlerine
Satty Olgegi kullamlarak 1 ile 9 arasinda puan vermeleri istenmistir. Kriterler ve boyutlar arasinda
kiyaslama yapilarak faktor ve alt boyutlarin 6nem dereceleri siit {irlinleri iireticisi isletme 6zelinde
degerlendirilmistir.

Calismada, CKKYV yontemlerinden AHP (Analitik Hiyerarsi Prosesi) kullanilarak uygulama yapilmistir.
CKKYV yontemleri karar vericiler agisindan birden fazla sayida ve birbirine bagimli olmayan faktorlerin
ne derecede etkili oldugunu dikkate alarak, arastirma problemlerine ve olusturulan faktérlere gore en
optimal kararin verilmesinde yol gosteren yontemlerdir (Hamurcu ve Eren, 2018). CKKV yontemleri
icerisinde yer alan AHP ise, alternatifler arasinda bir tercih ve se¢imde bulunabilmek i¢in ikili
karsilastirma prosediiriinii kullanan cok amacli, ¢cok kriterli bir karar verme yaklagimidir. AHP bir
problem ¢dzme gercevesi olup, her bir degiskenin goreli 6nemine iliskin yargilara sayisal degerler
atamak, hangi degiskenlerin en yiiksek oncelige sahip oldugunu belirlemek ve buna gore karar vermek
amaciyla yargilar sentezlemede kullanilir (Satty, 1984).

5. BULGULAR

Nigde ilinde faaliyet gostermekte olan siit dirtinleri dreticisi firmanin siirdiiriilebilir pazarlamayi
etkileyen faktorlerinin 6nem diizeyinin tespit edilmesini amaglayan uygulamanin adimlar1 asagida
verilmistir.

Hiyerarsik Yapinin Olusturulmasi: Calismada siirdiiriilebilir pazarlamay1 etkileyen ana faktorler
stirdiiriilebilirligin temel boyutlar1 olan ekonomik, sosyal ve ¢cevre boyutlari olarak ele alinmig; Moshood
vd., 2002; Coskun, 2011; Terzi vd., 2020; Sager, 2019’den faydalanarak da bu boyutlarin altinda on ii¢
alt kriter belirlenmistir. Boyutlar ve alt kriterler Sekil 1’de sunulmustur.

Surdurilebilir Pazarlama Faaliyetlerin
Etkileyen Faktorler

gkonomik

gevrese'l
Faktorler raktorler Faktorler

sosyal

» St Tedarik » Calisanlarin saglik ve > Hava Kirliligini Azaltma
Maliyetleri guvenligi > Cevresel Duzenlemelere
> Uretim > Dezavantajli Gruplan Uyma
Maliyetleri destekleme > Atk Olusumunu Azaltma
» Hijyen > Hesap Verilebilirlik > Yenilenebilir Enerji

» Calisanlar arasindaki esitlik

Sekil 1: Siirdiiriilebilir Pazarlama Faaliyetlerini Etkileyen Faktorler

Ikili karsilastirma matrislerinin olusturulmasi: Siit iirinleri iiretici isletmenin siirdiiriilebilir pazarlama
faaliyetlerini etkiledigi diisiiniilerek literatiirden edinilen bilgiler dogrultusunda faktorlerin belirlenmesi
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icin olusturulan hiyerarsik yapida bulunan kriterlerin kiyaslanmasina yonelik ikili karsilastirma
matrisleri Satty Olgegi kullamlarak meydana getirilmistir. Arastirmanin ana Kriterleri olan ekonomik,
sosyal ve gevresel boyutlariin ikili kargilagtirma matrisi Tablo 1’dedir.

Tablo 1. Siirdiiriilebilir Pazarlama Ana Kriterleri Arasinda Ikili Karsilastirma Matrisi

Ana Kriterlerin Karsilastirildigi Matris

EF SF CF
EF 1 4 3
SF
CF 0,25 1 2
0,33 0,5 1
Tutarhlik Orani 0,06

*EF: Ekonomik Faktorler; SF: Sosyal Faktorler; CF: Cevresel Faktorler

Tablo 1°de incelendiginde, ekonomik faktorlerin sosyal faktorlere gore ’orta diizeyde 6nemli’” oldugu,
ekonomik faktorlerin cevresel faktorlere gore de “’orta derecede 6nemli’’ oldugu goriilmektedir.
Aragtirma yapilan firmadaki uzmanlara gore siit {iriinleri iiretimi gergeklestirirken ekonomik faktorler
diger faktorlere gore daha yiiksek onemde; sosyal faktorler ve ¢evresel faktorler kiyaslandiginda ise
sosyal faktorler gevresel faktorlere gére daha yiiksek 6nemde bulunmaktadir.

Kriterler Icin Agirliklarin Hesaplanmas:: Siirdiiriilebilir pazarlama faaliyetlerini etkileyen ana faktdrler
incelendiginde Tablo 2’ye gore lizerinde arastirma yapilan bu firma i¢in ana kriterlerden olan ekonomik
faktorler 0,62 6nem derecesine sahiptir. Ekonomik faktérler birinci derecede firma i¢in éneme sahip
oldugu goriilmiistiir. Ekonomik faktorlerden sonra gelen dnem derecesi yliksek olan faktorler sirasiyla
0,22 ile sosyal faktorler, 0,16 6nem derecesi ile ¢evresel faktorler olarak tespit edilmistir.

Tablo 2. Sirdiiriilebilir Pazarlama Ana Kriterlere Gore Onem Derecesi

Kriterler Onem Derecesi
Ekonomik Faktorler 0,62
Sosyal Faktorler 0,22
Cevresel Faktorler 0,16

Tablo 3’te goriildiigii tizere ekonomik faktorlerin alt kriterlerinden stit tedarik maliyetlerinin 0,43 6nem
diizeyi ile firma i¢in en énemli kriter oldugu sonucuna ulasilmistir. Uretim maliyetleri de 0,21 agirlik
degeri ile ikinci sirada 6nemlidir. En az 6neme sahip maliyet kriteri ise hijyen maliyeti (0,11) olarak
goriilmektedir.

Tablo 3. Ekonomik Faktiorlerin Alt Kriterine Gére Onem Degef

Alt Kriterler Onem Degeri
Siit Tedarik Maliyetleri 0,43
Uretim Maliyetleri 021
Hijyen Maliyetleri 011
Teknoloji Maliyetleri

0,17
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Sosyal faktorlerin alt kriterlerinin agirlik diizeyleri siraladiginda (Tablo 4) 0,40 6nem degeri ile en
yiiksek 6nemin hesap verilebilirlik oldugu goriilmektedir. Daha sonra sirasiyla 0,25 degerle ¢alisanlar
arasinda esitlik, 0,17 ile calisan egitimi, 0,12 saglik ve giivenlik; 0,06 agirlik orani ile dezavantajli
gruplari destekleme gelmektedir.

Tablo 4. Sosyal Faktérlerin Ana Kriterinin Alt Kriterine Gore Onem Degeri

Alt Kriterler Onem Degeri
Calisan Saghg ve Giivenligi 0,12
Dezavantajli Gruplar 0,06
Hesap Verilebilirlik 0,40
Calisanlar arasinda esitlik 0,25
Calisan Egitimi 0,17

Cevresel faktorlerin alt kriterlerinden yenilenebilir enerji 0,46 6nem degeri ile en fazla 6neme sahiptir.

Yenilebilir enerjiden sonra ise ikinci sirada 0,27 6nem degeri ile atik olusumunu azaltma kriteri yer
almaktadir (Tablo 5).

Tablo 5. Cevresel Faktérlerin Esas Kriterinin Alt Kriterine Gére Onem Diizeyi

Alt Kriterler Onem Diizeyi
0,18
Hava Kirliligini Azaltma
Cevresel Diizenlemelere Uyma 0,09
Atik Olusumunu Azaltma 0.27
Yenilebilir Enerji :
0,46

Tutarlilik Hesaplamasi: Tablo 6’da siirdiiriilebilir pazarlama faaliyetlerine ait ana kriterlerin ve alt
kriterlerin tutarlilik degerleri gosterilmektedir. Ana kriterlerin tutarlilik degeri 0,06 olarak bulunmustur.

Tablo 6. Siirdiiriilebilir Pazarlama Ana Kriterlerin Matrislerinin Tutarliik Degerleri

Kriterler Tutarhhk Degeri
Ana Kriterler 0,06
Ekonomik Kriterler 0,09
Sosyal Kriterler 0,06

Cevresel Kriterler 0,08

Ekonomik faktor kriterleri 0,09, sosyal faktor kriterleri 0,06 ve ¢evresel faktor kriterleri 0,08 tutarlilik
degerlerine sahiptir. Ana kriterlerin karsilastirma matrisi i¢in tutarlilik degerleri hesaplanmis olup
0,10’un altinda degere sahip olmasi nedeniyle karsilastirma matrislerinin yeterli derecede tutarliliga
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sahip oldugu soOylenebilir. Tutarlilik oram1 0,10 ve altinda bir degere sahip olmasi matrisin tutarlt
oldugunu gostermektedir (Satty, 1994).

Kriterler I¢in Nihai Onceliklerin Hesaplanmasi: Siirdiiriilebilir pazarlamay1 etkileyen faktorler
firmadaki uzmanlar tarafindan degerlendirildiginde Tablo 7’de verildigi gibi en 6nemli degere sahip
faktoriin 0,62 6nem derecesi ile ekonomik faktér kriteri oldugu goriilmektedir. Tkinci siradaki énemli
faktor ise 0,22 agirlik degeri ile sosyal faktor kriteridir. 0,16 agirlik degeri ile en az 6nem degerine sahip
kriter ise ¢evresel faktor kriteridir.

Tablo 7. Siirdiiriilebilir Pazarlamanin Ana Faktérleri ve Alt Kriterleri Onem Diizeyi

Ana Faktérler Onem Degerleri Alt Kriterler Onem Diizeyleri
Siit Tedarik Maliyetleri 0,43
Uretim Maliyetleri 0,21
Ekonomik 0,62
Hijyen Maliyetleri 0,11
Teknolojik Maliyetler 0,17
Saglik ve Giivenlik 0,12
Dezavantajli Gruplar 0,06
Sosyal 022 Hesap Verilebilirlik 0,40
Calisanlar Arasinda Esitlik 0,25
Calisan Egitimi 0,17
Hava Kirliligini Azaltma 0,18
Cevresel Diizenlemelere Uyum 0,09
Cevresel 0,16
Atik Olusumunu Azaltma 0,27
Yenilenebilir Enerji 0,46

6. TARTISMA VE SONUC

Bu ¢aligmada siit tirtinleri tireticisi bir firma i¢in siirdiiriilebilir pazarlamay1 etkileyen faktorler ve alt
kriterleri literatiirden alinan bilgiler ve uzman goriisleri dogrultusunda belirlenmis, bunun akabinde hem
ana boyutlar olan ekonomik, sosyal ve gevresel boyutlarin hangisine ne derecede 6nem verdikleri hem
de alt kriterlerin 6nem diizeyleri hesaplanmistir. Buna gore en 6nemli temel faktor 0,62 6nem diizeyi ile
ekonomik boyuttur. Tkinci sirada énemli boyut 0,22 degeri ile sosyal boyuttur. En az énemdeki ise 0,16
onem diizeyi ile gevre boyutudur. Bu durum geleneksel yapida olan firmanin hala ekonomik faaliyetlere
oncelik verdigini, sosyal ve 6zellikle ¢evresel ¢alismalar1 daha geri plana aldigim gostermektedir. Buna
gore firmanin Tiirkiye’deki pek ¢ok firma gibi siirdiiriilebilir pazarlama anlayisini biitiinciil agidan ele
almadi, cevresel faktorler i¢in heniiz 6rgiit kiiltiirli ve yapilanmalarinin olmadigi ifade edilebilir. Diger
yandan firma yetkilileri ile yapilan goriismelerde, uzmanlar firmanin oncelikli olarak gelir ve kar
acisindan iyi durumda olmasi ve bu temel ekonomik faktorlerini rahatlikta karsilayabilmesi gerektigini
dile getirmislerdir. Herhangi bir igletmenin bu temel diizeydeki ekonomik faktorleri karsilayabilmede
yasadigi sorunlar, sikintilar varken ¢evresel faktorler igerisinde yer alan faaliyetleri yerine
getiremeyeceklerini belirterek, ekonomik faktorlerine daha fazla 6nem verdiklerini de ifade etmislerdir.
Cevresel faaliyetlere yonelik calismalar yapilabilmesi i¢in de devletin bu yondeki destek ve tesviklerinin
kendileri agisindan motive edici olabilecegini belirtmislerdir.
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Siirdiiriilebilirligin ana boyutlarina bagh alt kriterler agisindan bakildiginda ise ekonomik boyutun alt
kriterlerinden siit tedarik maliyetleri 0,43 degeri ile en 6nemli Kriter olmustur. Bu durum Tiirkiye’de son
yillarda yasanan yem maliyetlerinin yiikselisi nedeniyle artan siit {iretim maliyetlerine baglanabilir.
Diger taraftan ekonomik boyut altinda yer alan hijyen maliyetlerinin 0,11 degeri ile en diisiik onemde
goriilmesi, gida sektoriinde bulunulmasi ve toplum sagligi agisindan dikkat ¢ekicidir. Sosyal boyuta
bakildiginda en onemli alt kriterin 0,40 degeri ile hesap verilebilirlik oldugu goriilmektedir. Cevre
boyutunun alt kriterlerinden en dnemlisi ise 0,46 agirlik degeri ile yenilenebilir enerji, ikinci olarak da
0,27 degeri ile atik olusumunu azaltma kriteri olmustur. Aslinda bu iki kriter de saglanmalari durumunda
maliyetleri diigiireceginden ekonomik yansimasi da olacak kriterlerdir. Dolayisiyla firmanin ¢evresel
boyutta da 6nceligi aslinda ekonomik boyutla iligskilendirilebilecek kriterler yoniinde olmustur.

Bu sonuglar gercevesinde uzman goriislerinden faydalanilan ve uygulamanin yapildigr firmanin,
giiniimiiz rekabet kosullarina ayak uydurabilmesi ve ¢evreye duyarli bir isletme kiiltiirii olusturmasi i¢in
stirdiiriilebilirlikle ilgili ivedilikle caligmalara baslanmasi gerekmektedir. Bu c¢alismalarin da
stirdiiriilebilirligin sadece ekonomik boyutunda degil tiim boyutlarinda ve siirdiiriilebilir pazarlamaya
biitiinsel bir yaklagimla planlanmasi 6nerilebilir. Bu konuda hizli bir sekilde yol alinmasi igin galisanlara
yonelik stirdiiriilebilirlikle ilgili bilgilendirici, farkindalik yaratici ve yeni uygulamalar gelistirebilme
becerisi kazandirmaya yonelik egitimlerin verilmesi ¢cok faydali olacaktir. Firmanin kendi biinyesindeki
calismalarin1 artirmasmin yani sira, tedarikgilerinden de siirdiriilebilirlik yoniinde faaliyetler talep
etmesiyle her {i¢c boyut i¢in de kazanimlarin artacagi ve ivme kazanacagi sOylenebilir. Ayrica, firma
yetkilileri siirdiiriilebilirlikle ilgili faaliyetler i¢in devlet destek ve tesviklerinin olumlu etkisi olacagini
belirttiginden otoriterlerin bu talepleri dikkate almalar1 da isletmeler agisindan fayda saglayici olacaktir.

Gelecek caligmalarda, siit tirlinleri tiretimi alaninda birden ¢ok isletmeyi kapsayan daha genis ¢apl
arastirmalar planlanabilir. Bu arastirmalarla alt kriterlerde cesitlenme saglanarak ve ayni sektorde yer
alan farkli isletmelerin siirdiiriilebilir pazarlama kriterlerine verdigi nem diizeylerinin kiyaslanmasiyla
ve nedenlerinin arastirilmasiyla literatiir zenginlestirilebilir. Diger yandan farkli CKKV yontemleri
kullanilarak yeni ¢aligmalar planlanabilir.
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Tiirkiye'de Kamyon Miifrezesi icin Miifreze Olusturma Merkezi Konumunun Optimizasyonu
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ABSTRACT

In Road Transportation, truck transportation is commonly being categorized into Less Than Truckload (LTL), Partial
Truckload and Full Truckload (FTL). The standard LTL transportation is carried out by means of consolidated freight at
optimized depots of designation, in the form of single or multiple assignment. Nowadays, freight transportation industry is
now facing a serious problem of scarce labor force and environmental concerns. One solution for that is truck platooning.
Truck Platooning is a grouping of freight vehicles into connected vehicle convoys using electronic coupling as an application
in automated driving technology with the aim of saving fuel, reducing travel costs, and improving infrastructure efficiency.
Platoon planning is required to obtain the best results of platooning. Therefore, the objective of this study is to find the
optimal locations of Platoon Formation Center (PFC) in Turkey for (de)formation truck platoons by using discrete
mathematical optimization.

Keywords: Truck Platooning, Logistics, Discrete Mathematics, Transportation, Optimization, Facility Location.
(074

Karayolu Tagimaciliginda, kamyon tagimacilig1 yaygin olarak Kamyon Yiikiinden Az(LTL), Parsiyel Kamyon Yiiki ve
Tam Kamyon Yiikii(FTL) olarak siniflandirilmaktadir. Standart LTL tagimaciligi, tek veya ¢oklu atama seklinde optimize
edilmis atama depolarinda konsolide navlun vasitasiyla gergeklestirilir. Glinimiizde yiik tagimaciligi sektorii, artik kit isgiicii
ve gevresel kaygilar gibi ciddi bir sorunla karsi karstyadir. Bunun i¢in bir ¢6ziim kamyon miifrezesidir. Kamyon Miifrezesi,
yakit tasarrufu saglamak, seyahat maliyetlerini azaltmak ve altyapi verimliligini artirmak amaciyla otomatik siiriis
teknolojisinde bir uygulama olarak elektronik kuplaj kullanan yiik araglarinin bagli ara¢ konvoylari halinde
gruplandirilmasidir. Takim olusturmanin en iyi sonuglarini elde etmek icin takim planlamasi gereklidir. Bu nedenle, bu

calismanin amaci, ayrik matematiksel optimizasyon kullanarak (de)formasyon kamyon takimlar1 i¢in Tiirkiye'deki PFC'nin
en uygun yerlerini bulmaktir.
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1. INTRODUCTION
Road transport occupies a vital role of this transport system. It has high flexibility in trip scheduling,
allowing a more frequent freight transport service. Road transport can be served as the initial and final
transport phase in supply chain process, thus serving a bridge to connect with other transportation
modes.

Nowadays, road freight transportation industry is now facing a serious problem of scarce labor force
while, on the other hand, the transportation demand is growing very rapidly (Watanabe et al. 2021).
Moreover, air pollution and global warming have become top concerns in freight transportation. To
tackle such challenges, truck platooning technology has been adopted. A truck platoon is a convoy of
electronically connected vehicles, which can be achieved by using Cooperative Adaptive Cruise
Control(CACC).

In Japan, field operational tests on expressways have been conducted with manned following vehicles
since 2017 and unmanned following vehicles since 2018 respectively. The optimal location models for
truck platooning considering the case in Japan were presented by a continuous approximation
model(Watanabe et al.2021) and a discrete mathematical optimization(Watanabe and Aung 2022). It is
necessary to consider the optimal facility location that corresponds to the deployment of truck platooning
in various countries. Therefore, the objective of this study is to find the optimal locations of Platoon
Formation Center (PFC) in Turkey for (de)formation of truck platoons by using discrete mathematical
optimization.

2. TRUCK PLATOONING CHARACTERISTICS
In fact, truck platooning is not a novel technology, and it has been reasonably researched since the 1940.
So far, the focus area has been on the vehicle connection and sensor technology. Bhoopalam et al.2018
provided a framework to classify various new transportation planning problems that arise in truck
platooning, as well as surveying relevant operational research models for these problems in the literature.
Truck platooning scenario can be different depending upon trip information management. A platoon
plan generally requires information such as (1) which trucks will form a platoon, (2) where and when
the platoons will be created, (3) which routes they will travel, and (4) what is the order of the trucks in
that platoon. Nevertheless, based on truck platooning management and trip information, three platoon
formation scenarios have been mainly considered as follows (Janssen, 2015).
(1) Scheduled platooning: Trip information is obtained before travel and platoon management is made
in advance. Therefore, this is also known as off -line or static planning.
(2) Opportunistic platooning: Platoons are formed spontaneously on the road between the trucks
travelling at a proximity. This type of platoon planning does not require much trip information early or
before departure. Since this platooning system does not need prior platoon planning, it is called
spontaneous or on-the-fly platooning.
(3) Orchestrated Platooning: It is a platooning managed by Platooning Service Providers(PSPs). Platoon
Formation Center(PFC) for (de)formation of platoons plays a vital role in this platooning technology.
It should be noted that platooning technology is still at its early stage, and it still needs a lot of
infrastructure development and legal maturity for large-scale business operation and spontaneous
platoon formation. There are still compatibility challenges existing for platoon creation among different
truck makers. In addition, a simulation study by Liang et al. 2014 showed that there can be tremendous
amount of economic and environmental benefits due to precise planning of platoons before their
departure. Therefore, it can be concluded that some of platooning management is required to obtain the
best results of platooning.
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3. PLATOONING FACILITY CENTER (PFC) LOCATION MODELLING USING
DISCRETE MATHEMATICAL OPTIMIZATION

3.1. Truck Platooning and Hub Location Research

Hub Location is a fertile area for multi-disciplinary research such as operation research, transportation,
geography, network design, telecommunications, regional science, economics etc. (Campbell et al.
2012). Therefore, hub location research can also be applied to logistics industry in order to solve various
economical and sociological problems(Kara and Tansel 2003, Alumur et al. 2009, Kara and Tansel
2009).

There is a need to locate the PFC for the formation of truck platooning to run unmanned operation in
platoon (Watanabe et al. 2021). Larsen et al. (2019) presents a model for optimizing truck platoons
formed at a PFC at a fixed location using a dynamic programming based local search heuristics. PFC
optimizing problem can be considered as hub location problems (HLPs) and there are a lot of related
studies for hub location optimization for logistics operation (Laporte et al. 2015). Considering discrete
optimization scheme, truck platooning operation can be modelled by using inter-hub travel (inter-PFC
in the case of truck platooning). There will be cost efficiency benefit for inter-PFC travel, due to fuel
saving and reduction in aerodynamic drag between trucks. There have been a lot of research about
discount factor calculation in hub location research. Almost all researchers consider discount factor
calculation on the grounds of economies of scale. When we model truck platooning scenario, it will be
reasonable to consider the discount factor calculation due to other factors rather than freight
consolidation. The factors that can reduce the cost in truck platooning can be the number of trucks in a
platoon and the driving system of the truck platooning and so on. So far, there has been almost no
research which discusses about truck platooning discount factor except a recent study by Watanabe et
al. (2021) and Watanabe and Aung (2022) about unmanned platooning system in Japan. He considered
discount factor calculation based on the number of trucks in a platoon and the vehicle driving system
such as manual or automated. Apart from that, there has been very few research about PFC optimization
for truck platooning.

3.2. Modelling

The hub location model has started gaining its popularity since O’Kelly (1987) adopted a single
allocation P-hub location problem. Almost all later hub location models and heuristics algorithms are
developed based on this model. In this model, it is necessary to locate exact number of hubs
exogenously. This is a discrete mathematical model problem where the number of participant nodes is
finite. As the model’s name suggests, each non-hub node is allocated to exactly one hub node out of p
nodes. This model assumption is also based on complete graph in which there is a complete connection
between each and every hub node. There is also a constraint that travelling between two non-hub nodes
needs to go through two hubs at most, i.e. there is no direct connection between non-hub nodes. The
fixed cost of locating hubs is not considered. There is no consideration of capacity limit of the hubs as
well. All decision variables of the model are binary variables.

The problem with the above formulation is that there is a quadratic term, which makes the optimization
relatively difficult to be solved. Since O’Kelly (1987) first introduced such discrete hub location
problem, there were rapid advances in mathematical models which attempted to locate the exact
solutions in several hub location networks. A large humber of research was also carried out and an
example of this was that Campbell (1994) reviews over 70 papers on hub network optimization. O’Kelly
and Miller (1994) also identified several prototype models for hub network design analysis. The two
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most well-known versions of design networks are based on completely connected hubs, with two types
of spoke-hub connectivity— single allocation and multiple allocation. In both assignments, the hubs are
assumed to be completely connected and all flow must be through hubs. A linearization developed by
(Skorin-Kapov et al., 1995) gives an effective method of finding solutions especially in case of small
hub and spoke network models.

3.3. Multiple Allocation

As the name suggests, all the origin and destination nodes are assigned to more than one PFC node.
There can be multiple network assumptions based on how PFC nodes are connected with each other. In
our analysis, we will consider the complete connection among all PFC nodes as shown in the following
figure.

In Fig 3.1, all the yellow nodes serve as origin, blue as PFC and orange as destination. The thick red
arrows represent the complete connection among PFC nodes without any detour. In the multiple
assignment hub location (Campbell, 1994), each origin-destination pair is allowed to utilize the hub that
will give the lowest travel cost, independent of how this flow can produce a large amount of interaction.
As a result, the objective function can minimize the total travel cost for the system. A compact
formulation of that model, known as HUBLOC (Skorin-Kapov et al. 1997) is as follows, which is used
in our analysis.

Minimize ¥i;; Yk m tij ci]]?m zi}]?m ,where cﬁm = Cjx + aCyy +Cy  [3.1]

Subject to

2iXk =P [3.2]
Tim ™ =1Vi,j [3.3]
Tmz™- X S 0Vi,jk [3.4]
Tmz™ X, <0Vijk [3.5]
Xk =[01]Vk [3.6]

Let’s consider the transportation networks modelled by complete graphs G=(V,E), where the node set
V' =1{12,....,n} represents the origin, destination and possible hub locations. Let tij be the number of
trucks (the total flow in the classical model) travelling from node i to node j. The cost cl-kjm is a total
costof (fromoriginitoPFCK), acy, (discounted inter-PFC cost) and c,,; (from PFC m to destination
j). Constraint (3.2) ensures that the number of PFCs (P) is determined exogenously. Constraint (3.3)
ensures that all flow be routed via exactly one path. Constraints (3.4) and (3.5) prevent flow from being
routed via a non-PFC node. All flow must travel through at least one PFC. Constraint (3.6) ensures the
integrity of the decision variable.
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Fig 3.1 Complete Connection among PFC nodes (Multiple Assignment)

3.4. Multiple Allocation

Similar to multiple allocation, the complete connection among the PFC nodes is assumed as in the
following figure.

It can be noted that in Fig 3.2, all origin and destination nodes are connected to each respective PFC
node via a single link. From the modelling perspective. the following model by Skorin-Kapov (1996) is
used for single assignment in our study. This model is a LP relaxation of Campbell (1996b).

Minimize ;5 Y m tij cill?m zil]?m ,where cil}m = Cik + QCy +Cmj [3.7]

Subject to

2k Xk =P [3.8]
Yk Xik =1Vi [3.9]
Xik < Xk V1, [3.10]
T z™ = Xy Vi, k [3.11]
Y zi™ = X Vi,j,m [3.12]
Zi™ >0V ik [3.13]
Xy = [0,1]V ik [3.14]

Constraint (3.8) ensures that the number of PFCs, which is P, is determined exogenously. Constraint
(3.9) forces single assignment. Constraint (3.10) ensures that no node is assigned to a location unless it
is a PFC. Constraints (3.11) and (3.12) determine that there must be only one flow through the link i-k-
m-j. Constraints (3.13) and (3.14) determine the decision variables. The objective is to minimize the
total transportation cost for the trucks travelling through the i-k-m-j link.
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Fig 3.2 Complete Connection among PFC nodes (Single Assignment)

3.5. Platooning Discount Factor Calculation

Watanabe et al. (2021) considers the discount factor calculation thanks to truck platooning. The discount
factor calculation in truck platooning should be different from the traditional calculation of discount
factor which highly depends on trade flow due to economies of scale. Truck platooning mainly benefits
from the platoon in which trucks travel together, which must be included in the discount factor
calculation. Driving at a close distance between trucks reduces the aerodynamic drag between them,
which leads to the reduced fuel emission and cost saving.

The normal truck travel costs without platooning can be calculated as follows.

Ts=sn [3.15]

The truck travel costs without platooning (T's) can be calculated as the single truck travel cost (s)
multiplied by the number of trucks (n). In the case of platooning, there will be two different types of
truck travel costs— the first leading truck travel cost and the following truck travel costs because these
two types of costs are different due to aerodynamic properties. The truck travel costs in the case of
platooning can be calculated as follows.

Tp=a+(n-1)b [3.16]

The platooning truck travel cost is calculated by the leading truck travel cost (a), the following trucks
travel cost (b) and the number of vehicles (n). We will always assume that s>a, s>b and a>b. The
discount factor (@) is simply the ratio of the platooning truck travel costs (Tp) to the normal traveling
truck costs (T's), which can be calculated as follows.

q= 2=2H@Db 1347

T sn
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From the equation (3.17), it is obvious that the discount factor (a) is highly dependent on platooning
trucks travel costs (a and b) and the number of platooning trucks (n). If we can decrease a and b, and
increase n; we can hypothetically assume that we can enjoy more of the benefits of the platooning
discount factor ().

3.6. Platooning Scenario

In this section, we will consider the parameter settings for calculating discount factor («). Watanabe et
al (2021) assumes that based on Japan condition, the ratio of the labor costs in the trucking industry is
around 40 % , which implies the cost difference between unmanned and manned driving. When it comes
to the fuel saving due to platooning, leading vehicle can enjoy around 10% and the following vehicles
around 20%.We assume the same parameter settings based on the aforementioned Japan condition. As
a result, three platooning scenarios can be considered as follows.

In the table 3.1, for scenario I, when there are all manned trucks in a platoon, there will be cost saving
benefit solely due to the platooning. When the trucks are unmanned in the scenario Il and Ill, the
platooning benefits can be added by the labor cost saving benefits, leading to more saving in total travel
cost. Therefore, in scenario 1l, the cost saving for the following trucks becomes 60% (20% + 40%),
leading to the discount value 0.4. In the case of unmanned scenario 11, not only the leading vehicle has
the discount value benefit of 50% (10% + 40%), but also the following vehicles have the discount value
benefit of 60% (20% + 40%). The number of platooning trucks is restricted depending upon each
country’s regulation requirement. In our analysis, the number of platooning trucks is hypothetically
varied from 3 to 10 in order to provide a wide range of discount factor value, which can be analyzed for
its impact on total travel cost in both single and multiple assignments. As a result, the following table
3.2 is obtained.

In the table 3.2, for platooning scenario I, although the number of platooning trucks is hypothetically
varied from 3 to 10, a value does not change much and stays around 0.8. Therefore, we assume the
average o value as 0.8 in manned platooning scenario, for all number of platooning trucks from 3 to 10.
For unmanned following vehicles in scenario Il, the number of platooning trucks from 4 to 10 provides
a value around 0.5. For almost all the instances at which our optimization are made, a values 0.6 and
0.5 give the same PFC. Similarly, the platoon of all automated vehicles gives the o value of around 0.4.
Therefore, it can be summarized that in each platooning scenario, the discount factor value does not
change very much for a range of number of platooning trucks from 3 to 10 and hence, it gives almost
the same optimal PFCs for each instance in each scenario. In other words, the number of platooning
trucks do not have much impact on discount factor for each different platooning scenario.

Table 3.1 Three platooning scenarios based on different driving systems

No Scenario S a b

I Platoon with all manned vehicles 1 0.9 0.8
I1 Platoon with unmanned following vehicles 1 0.9 0.4
11 Platoon with all fully automated vehicles (FAVs) | 1 0.5 0.4
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Table 3.2. Three different platooning scenarios based on the number of platooning trucks

Scenario s a b n o
| | Platoon of all manned vehicles 1 0.9 0.8 3—10 0.8
Il | Platoon with unmanned following vehicles 1 0.9 0.4 3 0.6
4—10 0.5
I | Platoon of all fully automated vehicles (FAVs) 1 0.5 0.4 3—10 0.4

3.7.Computational Environment

All optimization instances are carried out by using XpressIVE 8.11 commercial optimizer. Regarding
the device specification, Intel Xeron Bronze 1.9 GHz (16 CPUs) computer with 32768 MB RAM, and
1 MB Cache was used for data analysis. Computation time highly depends upon computational
complexity. It was found out that single assignment takes a wide range of duration, ranging from half
an hour to even more than 12 hours in rare cases. In addition, more PFC node assignment also lead to
more computational duration, regardless of single and multiple allocation. Multiple assignment
generally takes about 2-3 hours as an average.

4. OPTIMIZATION
4.1. Dataset

The dataset is the Turkish Network Dataset with Freight Transported provided by Kara,
B.(https://ie.bilkent.edu.tr/~bkara/dataset.php), which includes 81 cities as demand nodes. This includes
different data for travel distance, travel times, freight flow and fixed link costs for Turkish 81 cities. As
a benchmark size, we took 20 cities which represent uniform distribution across the region as shown in
Figure 4.1. For the simulation of truck platooning, we took the freight flow in Table 4.1 and travel time
data.
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Figure 4.1. Turkish Dataset Spatial Distribution Pattern
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Table 4.1. Decreasing Order of Trade Flow

City Outflow |Inflow Total

Ankara (PFC) 737202| 704085| 1441286
Adana (PFC) 389583| 389236 778819
Antalya (PFC) 364921 365405 730326
Balikesir (PFC) 236571 239346 475917
Aydin (PFC) 210361| 213233 423594
Afyon (PFC) 181059| 183908 364967
Adapazari (PFC) 169016 171817 340833
Sivas (PFC) 168785 171585 340369
Adiyaman (PFC) 140386 142986 283372
Agri (PFC) 119571 121949 241520
Batman (PFC) 103664 105833 209497
Aksaray 90174 92138 182312
Bitlis 88521 90458 178979
Amasya 83279 85129 168408
Bingol (PFC) 58180 59563 117744
Bilecik 44689 45788 90477
Artvin 44144 45231 89375
Bartin 42377 43425 85801
Ardahan 30852 31636 62488
Bayburt 22497 23080 45576

4.2.Optimization Analysis

Multiple PFC allocation can also reduce the travel cost considerably. Figure 4.2 is the graphs which
show the total travel cost of the different datasets in cases of single and multiple assignment with respect
to the number of PFCs. For all platooning scenarios, increasing the number of PFCs can significantly
reduce the total travel cost, no matter whether the PFC assignment pattern is single or multiple
allocation. However, the decline rate of the cost becomes less steep when the number of platooning
trucks becomes larger. For example, the travel cost reduction rate is quite noticeable from two to five
platooning trucks but becomes less significant when the number of PFCs becomes larger.

The nodes with the larger trade flows mostly serve as PFCs. The trade flow here is defined by the total
value of incoming and outgoing flows. Incoming trade flow of a node is the total value of the trade flows
coming to that node from the other nodes. Outgoing trade flow of a node is the total value of the trade
flows going out of that node to the other nodes. Therefore, trade flow value of a node shows how much
trade is flowing through that certain node and how strategically important that node can be in terms of
trade volume for the whole transport system. In table 4.1, all nodes which appear as PFCs in optimization
instances are described as PFC besides their names. The table is sorted in decreasing order of trade
flows, i.e. the nodes in the top positions have a larger trade flow than the ones in the bottom positions.
It is easily noticeable that the nodes with the larger trade flows mostly appear as PFCs in most
optimization instances with some exceptions. Moreover, most of the nodes with the lower trade flows
never appear as PFCs as well. Therefore, it can be reasonably concluded that the nodes which have
greater importance in terms of trade flow have high possibility to become PFCs in all platooning
scenarios and assignment systems.
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Fig 4.2 Travel Cost with respect to the number of PFCs in Turkey

4.3.Optimal Location

As discussed above, the platoon driving system has high impact on o value. That o value, in turn, has a
certain degree of impact on PFC location. The lower a value makes PFC locate at a far distance between
two PFCs. The reason is that when there is much inter-PFC benefit, the trucks have much interest to
travel by platooning for a larger distance. Therefore, in other words, unmanned platooning scenarios
tend to have further PFCs than manned platooning scenario.

From figures 4.3 and 4.4, when o value is 0.8, PFCs tend to locate closely, with not much great distance
between them. When it comes to a value 0.5, even for the same number of PFCs which is 4, PFCs tend
to locate at a far distance. The PFC location at Sivas from figure 4.3 shifts towards Bing6l in figure 4.4.
This same characteristic can also be found in Japan dataset as well(Watanabe and Aung 2022).

When it comes to multiple assignment, PFCs do not change a lot depending upon a value, at least as
frequently as what it happens in single assignment. For example, when we will decide to assign four
PFCs in multiple assignment, the same four PFCs appear no matter what o value is, which in other
words, no matter what the platooning scenario is. This finding is same for all these three datasets. So, it
can generally be concluded that multiple assignment is less sensitive to platooning scenario variation
which can lead to different a values.
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Fig 4.3 PFC location (yellow-colored) in Turkey when o value is 0.8 and the number
of PFCs is 4 with single assignment

SARTIN
SAKARYA
- ARTVIN
BALIKESIR PILEQK', o AMASYA VI ARDAHAN
‘WKARA BAYBURT
S e . IVAS
LFYONKARAHISAR ¢ h AGRI
YDIN : e
é QKSARAY BINGOL
) o gus
ANTALYA LDIYAMAN HATMAN

%, ADANA

>y

Fig 4.4 PFC location (yellow-colored) in Turkey when a value is 0.5 and the number
of PFCs is 4 with single assignment

5. CONCLUSION

For platooning operation, it is very important to strategically locate PFCs for several objectives and one
of which includes reduction in total transportation cost, just like any other hub location problems.
However, for PFC location problem, it is also very important to include the assumption of cost reduction
due to platooning in our PFC location model to better reflect the realistic benefit of the truck platooning,
unlike economic scales in other normal hub location models. From our analysis, the conclusions

including the following points but not limited to, can be made.

(i) Increasing the number of platooning trucks in each platoon cannot significantly bring down the inter-
PFC travel cost between two platooning hubs. Changing the platooning system from completely manned
driving to semi-unmanned or totally unmanned driving system can reduce the inter-PFC travel

reasonably.
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(i) If trucks from a specific origin can be assigned to more than one single PFC, it can reduce the total
travel cost considerably as well. Therefore, it can be summarized that increasing the number of PFCs or
allowing multiple PFC assignment system can reduce the total travel cost more than increasing the
number of platooning trucks in a platoon.

(iii) Lower inter-PFC discount factor means that truck platoons can enjoy more of the platooning benefit.
Therefore, lower inter-PFC discount factor can generally lead to larger inter-PFC distance. This
characteristic is more commonly found for single assignment. In other words, optimal PFC location in
multiple assignment is less sensitive to discount factor variation or different platooning scenarios.

(iv) Nodes with the larger trade flows tend to appear as PFCs repeatedly in almost all optimization
instances, regardless of the spatial distribution pattern of the dataset. Most of the nodes with lower trade
flows never appear as PFCs in all optimization instances.

For future study, we need to consider the optimal location model for a large scale model with the actual
transport demand and road networks.
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ABSTRACT

Unmanned aerial vehicles (UAVSs), widely known as drones, are used in various domains for tasks including geological prospecting, e-commerce
business, and emergencies. Because of the necessity for fast and efficient delivery for emergency medicine distribution, drones can play crucially
important roles by their ability to pass through complex urban environments. Drones might therefore aid people living under strict lockdown conditions
during surges cases of COVID-19 or other communicable diseases. Nevertheless, distribution routes are usually planned in two-dimensional space.
Moreover, restricted areas in urban aerial domains might be overlooked because of complex environmental considerations. To boost the feasibility of
drone use, three-dimensional (3D) path routing can be applied when planning aerial distribution routes for drones, such as those used for delivering
emergency medicines. This study specifically examines a more reliable method of using heuristic algorithms and software ArcGIS. After collecting
location data of chronic patients in lockdown areas from the Shanghai official information system database, 3D visualization of the terrain and complex
airspace was done using ArcGIS. Secondly, UAV routing constraints are summarized according to current laws and regulations for UAV operation at
low altitudes. Furthermore, feasible solutions are incorporated into this model. Finally, after improved ant colony optimization (ACO) application to 3D
route planning problems, programming was done using MATLAB (ver. 2017b). Assuming guaranteed safety and compliance with regulations, the
solutions demonstrate the algorithmic efficiency and provide a satisfactory route plan for emergency medicine delivery that might guide emergency
delivery system routing design in similarly complex urban environments.

Keywords: 3D route planning; emergency; geographic information system; heuristic algorithm; medical emergency; unmanned aerial vehicle.
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Yaygin olarak insansiz hava araglari olarak bilinen insansiz hava araglari (IHA'lar), jeolojik arama, e-ticaret isi ve acil durumlar dahil olmak
iizere gesitli alanlarda kullanilmaktadir. Acil ilag dagitimi i¢in hizli ve verimli teslimat gerekliligi nedeniyle, dronlar karmagik kentsel ortamlardan
gecme yetenekleriyle cok onemli roller oynayabilir. Bu nedenle drone'lar, COVID-19 veya diger bulasici hastaliklarin dalgalanma vakalari sirasinda
kati karantina kosullar altinda yasayan insanlara yardimci olabilir. Bununla birlikte, dagitim yollari genellikle iki boyutlu uzayda planlanir. Ayrica,
kentsel hava alanlarindaki kisithi alanlar, karmasik ¢evresel hususlar nedeniyle gézden kagabilir. Drone kullaniminin fizibilitesini artirmak igin, acil
durum ilaglarinin teslimi i¢in kullanilanlar gibi dronlar i¢in hava dagitim rotalari planlanirken ti¢ boyutlu (3D) yol yonlendirme uygulanabilir. Bu
calisma ozellikle sezgisel algoritmalar1 ve ArcGIS yazilimini kullanmanin daha giivenilir bir ydntemini incelemektedir. Sanghay resmi bilgi sistemi
veri tabanindan karantina bolgelerindeki kronik hastalarin konum verileri toplandiktan sonra, ArcGIS kullanilarak arazinin ve karmagik hava
sahasmm 3 boyutlu gorsellestirilmesi yapildi. Ikinci olarak, IHA'nin diisiik irtifalarda ¢alismasi icin mevcut yasa ve yonetmeliklere gore IHA
yonlendirme kisitlamalar1 6zetlenmistir. Ayrica, uygulanabilir ¢oziimler bu modele dahil edilmistir. Son olarak, 3B rota planlama problemlerine
gelistirilmis karinca kolonisi optimizasyonu (ACO) uygulamasindan sonra MATLAB (ver. 2017b) kullanilarak programlama yapilmigtir. Giivenlik
ve diizenlemelere uygunlugu garanti eden ¢6ziimler, algoritmik verimliligi gosterir ve benzer sekilde karmasik kentsel ortamlarda acil durum
dagitim sistemi yonlendirme tasarimia rehberlik edebilecek acil ilag dagitimi igin tatmin edici bir rota plani saglar.
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1. INTRODUCTION
With advancements in unmanned aerial vehicles (UAVS) intended for use in various domains, they are

applicable in times of emergency. For emergency medicine delivery, drones can play a crucially
important role by passing through complex urban environments because of the urgent necessities of fast
and efficient delivery. Particularly in traffic-restricted areas, drones can be substituted easily for
traditional transportation in lockdown areas. On March 29, 2022 ,with the advent of the Omicron
pandemic and the surge in the confirmed cases, the local government of Shanghai, China chose to
prevent all human travel and commuting in the city. Subsequently, 25 million people in Shanghai lived
under strict lockdown for two months. In the lockdown area, roads were closed by fencing, making it
impossible to continue the use of traditional traffic methods. Patients were confined to their homes,
where they waited for volunteers to deliver medicines on foot. Along with extension of the lockdown,
delivery services become increasingly overwhelmed, leading to inability to deliver medications to
patients as quickly as possible in emergency situations. In such cases, drones can be deployed to deliver
emergency medicines. However, earlier studies of drone emergency medicine delivery presented several
limitations in its application to real practice. Primarily, the complex urban terrain conditions and the
high density of buildings increase the difficulty of transporting emergency medicines by drones.
Secondly, the flight path nodes of drones fluctuate severely, increasing power consumption and
instability during transport. Therefore, carrying out a new safe and efficient method for drones is
important to overcome those obstacles and serving patients who urgently need medication during a
lockdown period. Otherwise, there might be no way for medicines to be delivered to patients in an
emergency.

This study uses heuristic algorithms and ArcGIS software for specific examination of a more reliable
distribution method. First, location data of patients in lockdown areas are collected from the Shanghai
official information system database. Then three-dimensional visualization of the terrain and the
complex airspace was done using ArcGIS. Secondly, a complex urban flight environment within a
blocked area is modelled and simulated for actual terrain ground conditions. Flight constraints on UAV
performance are summarized. Integrated cost functions are established. Threat areas are added. Optimal
paths are calculated. The drone path planning environment is assessed, including representation.s of
paths and search spaces, threat space models involved in the path planning, and the main constraint
models for track planning. Drone routing constraints are summarized according to the current laws and
regulations for drone operation at low altitudes. Finally, heuristic features of the ant colony algorithm
are analyzed. After the algorithm parameter factors are improved to address shortcomings in the
algorithm, a mathematical model of the problem and a flow chart of the algorithm are presented to model
the drone's three-dimensional path planning problem. The improved ant colony optimization (ACO) was
applied to three-dimensional path planning problems, with programming done using MATLAB
(ver.2017b). Assuming guaranteed safety and compliance with regulations, the solutions demonstrate
algorithmic efficiency and provide a satisfactory route plan for emergency medicine delivery that might
be useful to guide emergency delivery system routing design, which can be resolved similarly to
complex urban terrain problems.

The conceptual framework of this study is shown as Figure 1:
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Figure 1. The conceptual framework

2. LITERATURE REVIEW

2.1. Drone path planning

In the mid-twentieth century, several economically developed countries began researching drone path
planning technology. By the 1970s, a series of basic theories on flight had been constructed in this
research area. Along with the widespread application and rapid development of computer technology,
it was applied to remote control and remote sensing in the middle and late 1980s, leading to a qualitative
change in operational planning systems. The United States, as a global military technology powerhouse,
has continued to increase its investment in intelligent path planning and other aspects of research, taking
the Predator as an example and establishing a ground control station system for drones. The newest
model, the Air guard, can generate new paths in real-time based on navigation systems. Its drones can
already fly independently around the world, across regions such as the Pacific and Atlantic Oceans,
applying and performing various functions such as target surveillance and image processing. Rosner et
al. (2018) designed a sensor that judges electromagnetic fields during UAV flight and which reduces
the destructive power of magnetic fields during disruptive flights. Hirsch et al. (2011) developed a
method of geometric mathematics to resolve difficulties of constraining the radius of a turn and choosing
adirection in the trajectory planning process. This method allows the shortest path to be planned quickly,
but it does not add a threat factor. Moreover, it is unsuitable for practical applications. VVoos et al. (2018)
investigated the detection and recognition of obstacles in complex and changing environments, using
rapid commands through the autonomous judgment of flight control systems for collision-free
navigation. Lobo et al. (2018) developed three-dimensional models to estimate drone trajectories using
predictive models, to simulate wind speeds, and to calculate the likelihood of flight direction, with
adjustment of the flight attitude to reduce crash probability. The research directions related to drone path
planning mainly follow real-time planning, multi-aircraft collaborative planning, and ground station
software system planning. In response to the difficulties posed by slow speed and flawed accuracy in
the calculation of route length in path planning, the following shortcomings are readily apparent: Control
must be maintained in a complex environment with a certain degree of randomness, with little assumed
stability, with cooperation among different drones, and with monitoring of the emergency environment,
in addition to strong requirements for technical personnel operation skills. Secondly, in response to the
frequency of multiple events, operators must carry out re-planning and manual adjustments to change
the path offsets. In summary, research on drone path planning in terms of algorithm accuracy and
simulation of the real environment must still be enhanced, technical development is still limited, and
research on drone path planning technology is urgently necessary.

2.2. Applications of drones for medical needs
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Literature related to drones in medicine and healthcare studies is increasing. The rapid development of
drone technology has led to a revolution in the medical domain. Major drone applications include pre-
hospital emergency care, pre-laboratory diagnostic testing, and first aid. Choi et al. (2021) developed a
UAV-AED flight simulation using topographic information such as natural terrain and buildings in
Seoul, South Korea. Saeed et al. (2021) developed an Android application for patients through which
the patient can send a request to the control centre whenever the patient must test for COVID-19. Khan
et al. (2021) studied effective path planning methods applied to provide medical first aid in real-time
with efficacy. Ling et al. (2019) studied a NASA medical supply delivery test conducted at a medical
clinic in rural Virginia for the first government-approved drone delivery in the United States. The role
of healthcare is crucially important for humanity. Therefore, research in this field is extremely important
because it can save many lives, especially during urban lockdowns under epidemics. Therefore, we also
emphasize ideas of applying drones for emergency medicine delivery.

3. METHODOLOGY
3.1. Basic methodology for path planning
3.1.1. Data sources and analysis

(1) Geographical data

To develop drone flight path planning and simulation, we compiled a geographic information database
that includes building height by combining data related to the altitudes of terrain features with the
altitudes of all buildings in the lockdown area.

The geodatabase includes not only urban geospatial data (e.qg., rivers, slopes) but also data from elevation
models (e.g., buildings, roads) in the area. Geographic information can be collected in various ways:
photogrammetry, field surveys, extraction of existing digital maps and extraction of existing Digital
Elevation Model (DEM) databases. Because of the terrain complexity and the density of buildings in
the lockdown area, photogrammetry and field surveys are difficult and time-consuming, although they
might provide complete data. Therefore, we extracted data related to the topography and altitude of
Shanghai city from Open Topography. The existing DEM database was chosen for this study. The data
were then vectorized in ArcGIS: vertex positions of the building models in the city area were extracted.
Data structures of two types are useful to represent urban geospatial data for experiments in ArcGlIS,
raster data structures and vector data structures. The chosen data structures differ among the types of
data in the study area. The chosen data structure differs for each type of data in the study area. For this
study, the raster data structure was chosen because of its ease of describing terrain undulations, the
convenience of overlaying and combining spatial data, and the ease of performing spatial analyses of
various types. The raster data structure is used to describe the topographical environment of the city.
Because this study elucidates the route planning of drones in complex urban environments, accurate
three-dimensional models of sensitive airspace and parametric modelling of feature data are required.
Therefore, to describe the flight environment of drones in cities, it is necessary to use the vector data
structure with its small data volume, easy processing of graphic data and attribute data, and high
accuracy of geographic information data.

(2) Patient data

The data of COVID-19 patients in lockdown areas were collected from the Shanghai Municipal Health
Commission using programs in Python. The data include the locations of newly confirmed cases and
reported death cases from April 17 through May 25, 2022.

Data for causes of death in lockdown areas were also collected. More than half of the deceased were
chronic patients who required timely use of medicines daily, and who might even need emergency
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medicine in a case of sudden illness. As presented in Figure 2, the line in orange shows the average ages
of newly reported deaths. Almost all new death cases in the Shanghai lockdown area were elderly
people. Data related to newly reported deaths were analyzed. Results in Figure 3 were obtained,
indicating that more than half were patients with chronic diseases (e.g., hypertension). Greater attention
must be devoted to elderly people, and especially to older people with chronic illnesses.

New confirmed Cases in Shanghai New Death Cases in Shanghai
from April 18 to May 26 from April 17 to May 25
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Figure 3. Top 10 Causes of death in Shanghai lockdown area.™
*12 Data Source: Daily Reports from Shanghai Municipal Health Commission (up to 2022.5.26)

3.1.2. ArcGIS Technology

With powerful data storage, spatial analysis and data visualization, ArcGIS is a highly scalable,
comprehensive software platform that is able to describe complex urban geographic environments
and to provide a good database. Therefore, this study uses ArcGIS for route planning. At the same
time, the geographic information database used for this study is a data table form that can convert
a large range of geographic information into an information model, and which can store and manage
geographic information in a simple data table line book. Finally, the information model can be
managed in a hierarchical manner according to the different needs of users, thereby ensuring the
data effectiveness.

3.1.3. Modelling of complex urban terrain

Description of the complex urban environment for drones consists of two parts: creation of spatial
terrain and representation of flight constraints. Digital elevation models of three types are in
common use: the contour model, the irregular triangular network model, and the regular network
model. The contour model is a map that represents the undulations and height conditions of the

69



Watanabe, Y. & Xu, S(2021). Three-Dimensional Path Planning of UAVs in Complex Urban Terrains: A Case Study of Emergency
Medicine Delivery in Shanghai (China).

ground by joining adjacent points of the same elevation to form a collection of closed curves. The
model shortcomings are that it does not represent all elevations, and that it is insufficiently three-
dimensional. Calculating and representing some fine terrain features between two contour lines is
difficult. An irregular triangulation model consists of a continuous triangular surface on which the
surface shape and size depend on the sampling point location and density. Compared to regular grid
cells, the map resources required for construction and processing are greater. For that reason, the
costs of acquiring the original map data can be high. Also, the computational efficiency is low. The
regular grid model is used widely for the creation of terrain environments because of its structural
gridding characteristics. Actually, the model can be represented by a matrix that is easy to process
by computer and which can better reflect the actual terrain topography.

As described herein, the regular grid model approach is used to achieve a spatial description of
complex urban terrain. Furthermore, the relevant literature shows that the interpolation algorithm
can restore the real terrain better. The initial map data are constructed using the original terrain map
generated according to this method, as shown in Figure 4.

diem: My == :
“fll ! s L ' N

Figure 4. Three-dimensional mathematical model of complex urban terrain.

3.1.4. Ant colony algorithm

The ant colony algorithm (ACO) is an intelligent optimization algorithm that simulates an ant
colony’s foraging activities. Biologists have demonstrated that ants have no visual system and that
they mutually communicate by releasing pheromones along the paths they travel. By sensing the
presence and concentrations of pheromones during movement, ants can guide their movements,
and those of ants following later, and ultimately find the best path to food. The ACO algorithm is
based on the method used by real ants to find an optimal path. It is a simulation of evolutionary
algorithms, which simulates ant behaviors in finding paths during their food searching.

The ACO algorithm has been used widely for solving hard combinatorial optimization problems in
several domains, such as the traveler problem, resource scheduling, and other problems. The ACO
algorithm has excellent robustness, making it an effective method for solving drone path planning
problems. In the drone path planning problem and the simulation algorithm, the ants represent the
drones. Furthermore, the probabilities for choosing the next spatial coordinate location are related
to the pheromone. Dorigo et al. (2005) established the transition probabilities, which are defined as
presented below.
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0, otherwise

Therein, p{‘j(t) stands for the transfer probability of ant k from node i to node j at time t. The
following variables are also used:z;;(t) denotes the amount of pheromone on path (i, ) at time ¢;
n;;(t) expresses the heuristic function indicating the expected degree of transfer of ant k from node
i to node j; 7;5(t) signifies the amount of pheromone from node i to destination s at time t; n;,(t)
denotes the expected degree of transfer of ant k from node i to node j; and node i to node j; a and
B respectively represent the information-inspired and expectation-inspired factors. Also, allowed),
denotes the set of transfer nodes allowed by ant k.

The ACO algorithm is influenced by the pheromone update model, which tends to cause the
population to lose diversity and fall into a local optimum. To overcome that tendency, some
research is conducted to propose a three-dimensional path planning method to improve the ant
colony algorithm and to ascertain the guiding factors of ants and the nodes to be transferred. The
new regeneration mechanism and pheromone diffusion mechanism are established. The feasibility
and effectiveness of the proposed algorithm are verified through realistic examinations. The
feasibility and validity of the proposed algorithm are verified through real-life tests.

3.2. Study setting
3.2.1. Problem description

First, data on the topography and altitude of Shanghai city are extracted from Google maps (Figure
5). Secondly, a 2 km x 2 km lockdown area in Shanghai is chosen. In this area, there are 1034
buildings, including one hospital (red building), two government offices (pink buildings), and three
residential buildings (blue buildings) in which the patients reside. As shown in Figure 6, the drone
takes off at the red point and ends at three blue points. The route involves traversing a complex of
urban terrain while avoiding pink government buildings.

Figure 5. Three-dimensional model of complex urban terrains in Shanghai lockdown
area.
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Figure 6. Locations of buildings in google maps.

3.2.2. Problem description

The drone constraints are the performance indicators of the airframe itself. These indicators
measure the maximum distance travelled, the maximum altitude flown, the maximum speed flown,
etc. The indicators limit whether the drone can safely traverse the area, whether a possibility of
flight failure exists, and whether the attitude and speed adjustments are restricted during flight. As
described in this paper, the performance indicators above are regarded together. The constraints of
the corresponding mathematical model are established.

(1) Minimum step length
The drone might shift its flight attitude during performance of its delivery. In the process of
completing an attitude shift, it will perform a straight flight to a distance necessary for an actual
safe flight. This distance is designated as the minimum step length. At the same time, the minimum
stride length is also the minimum value of the stride length of the drone to maintain the inertial
state in an unexpected situation, which, in general is the length of one second flown at the current
speed conditions. The constraint of minimum stride length is determined mainly by the flexibility
of the drone itself and the compactness of the airframe, but is also related to the navigation
performance of the vehicle. If the attitude is not adjusted correctly or if it is adjusted too slowly,
then the remote control and guidance functions will fail during subsequent flights. The aircraft
might crash in treacherous terrain.

Letting L; represent the total route length in segment i and letting L,,,;,, denote the minimum
total route length, then the minimum step lengths can be defined as shown below.

Li = Lypin(i=1,2,...,n) )

(2) Maximum voyage
The drone range is the main indicator of the maximum flyable distance of a drone during flight.
The maximum range is the maximum distance a drone can fly with a full charge, assuming the
maximum range as L,,q, - The total route length of the drone must meet the following conditions.

2:1_11 Li < Lmax (3)
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(3) Minimum height from the ground
When carrying out distribution tasks, drones should be operated at as low a height as possible to
prevent effects their operations, but too low a height from the ground can easily pose a threat to
people on the ground. Therefore, a minimum height from the ground should be set in conjunction
with relevant legislation. Letting [x;, v;, h(x;, y;)] be the elevation coordinates of the route point,
and letting Z (x;, y;) be the elevation of the geographical model point corresponding vertically to
the route point, and letting h,,;, and h,,,, respectively denote the minimum and maximum flight
altitudes, then the constraint can be expressed as shown below.
h(xi, yi) = Z(x, Y1) Z hmins h(X3, Yi) < hipax 4

(4) Total route length
The maximum power storage and power consumption determine the maximum distance that the
drone can fly. From a flight safety perspective, the total range of the drone must be as short as
possible. Letting d,,,4, be the maximum route length, then the total route length constraint is the
following.

?=1Li < dmax (5)

3.2.3. Implementation process of the improved algorithm

The specific implementation steps of the improved ant colony algorithm are presented as shown
below.

Step 1: First initialize the parameters. Empty the forbidden table. Then set the number of iterations;
place the ant in the initial node.

Step 2: Place the ants at an initial node in the neighborhood space and start iterating.

Step 3: Increase the number of ants.

Step 4: Calculate the probability of state transfer from node i to node j based on the transfer
probability formula. Then move the ant from node i to node j. Add the coordinates of node j to the
taboo table of k ants.

Step 5: Return to step 3. If kK < m , then perform step 6 if this condition does not hold.

Step 6: If the ant traverses all nodes, then find the paths of all ants. Follow the update node
pheromone method to find the number of pheromone increases. Then update the pheromones on
all paths for updating and empty the taboo table of all ants.

Step 7: Determine whether it falls into a local optimum. If so, then dynamically adjust the volatility
factor according to the distribution.

Step 8: If the maximum number of iterations is reached, then the search ends. Compare the resulting
paths after each search and output the shortest path. If this condition does not hold, then go back to
step 2 and search again.

3.2.4. Improvement Strategies

After a certain number of iterations of the ant colony algorithm, the search for the optimal solution
is fundamentally the same. A stagnation phenomenon occurs. This phenomenon can reflect an
excessive pursuit of optimal solutions, resulting in overly rapid convergence and a gradual decrease
of the solution space. Reasons for this phenomenon are explained hereinafter: the algorithm lacks
blind search capability at the beginning of the iteration; moreover, the direction of travel cannot be
determined, therefore increasing the search time. The pheromone size determines the choice of
subsequent ants. With an extreme increase in pheromone concentration, the algorithm falls into a
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local optimum. The pheromone concentration is constantly volatile along the paths along which the
ants pass. The volatility per unit of time affects the guidance function of subsequent ants. The basic
idea of the improved ant colony algorithm is to adjust the pheromones during the search process
dynamically, and thereby to influence the decisions of the ants which follow later.

As shown in Figure 7, no better result was obtained using the traditional ant colony algorithm. Most
ants showed a local optimum solution on the route of operation and a large jump when traversing
the buildings. Such simulation results are not conducive to a smooth drone ride. The Unimproved
ant colony algorithm cannot be used directly for drone path planning problems.

80,

60

0 50 100 1

Figure 7. Path results obtained using the unimproved algorithm.

As described herein, the following improvements have been undertaken to address the
shortcomings of the ant colony algorithm described above. Our calculated path makes the drone to
deftly avoid obstacles when it encounters buildings along the way, as shown in Figure 8. A target
node bootstrap factor was added to the state transfer probabilities of the algorithm. First, a target
node bootstrap factor was added. It reduces the blind search of ants at the early stage of the
algorithm, determines the main direction of feasible solutions, makes the ant colony move in that
direction, determines the feasible solution range as soon as possible, reduces the iteration time of
the algorithm and improves the convergence speed of the algorithm. Second, the pheromone on the
path is updated reasonably dynamically. As the number of iterations of the algorithm increases, the
paths of the respective iterations of the ants are sorted according to their length. The results are fed
back to the ant colony for learning, thereby reducing the pheromones of the inferior ants and
increasing that of the superior ants. The ranking is then weighted according to the degree of
contribution, therefore expanding the path space available to the ant and increasing the diversity of
solutions.
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Figure 8. Path results obtained using the improved algorithm.

3.3.Simulation and analysis of results

To validate the simulation of emergency medicine delivery using quadcopter drones, several tests
were conducted in the software. The Shanghai Renji Hospital was chosen as the test site, mainly
because it is the only highest-level hospital in the lockdown area which had no shortage of
medicines. In addition, three randomly selected emergency medicine demand nodes with different
positions and different directions were chosen from within the lockdown area. In addition, two
government buildings must be avoided. Detailed information of the building model is presented in
Table 1.

Table 1. Building model information

No. Address Coordinate points
of the model
Case 1 No. 556 Changping Road Jiangning Road Street 135.96.2
Case 2 Lane 420, Changhua Road, Jiangning Road Street 120.240.3
No. 145, Shandong Middle Road 120.50.5
Case 3
. Lane 99, Yongxing Road Baoshan Road Street 20.75.5
Hospital
Government 1 No. 31 Shanxi Road 37.63.5
No. 215 Jiangxi Middle Road 35.95.5

Government 2

The paths for cases 1-3 can be derived using the algorithm. As shown in Figure 9, the improved
ACO algorithm's route paths have better smoothness than the paths planned using the traditional
ACO algorithm, as well as avoiding obstructions of buildings in complex urban terrains.
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Figure 9. Rendering for cases 1-3 using the :mproved algorithm.

4. FINDINGS AND DISCUSSION

The advent of drones has led to huge technological advances in the 21st century. They offer numerous
benefits for almost every area of life. These drones can also play a role in saving time and valuable lives
by delivering emergency medication during the widespread pandemic of COVID-19. A similar study
was conducted by the authors with the aim of safely and efficiently delivering medicines by drone to
patients who are compelled to stay at home. In addition to simulate a realistic drug delivery scenario,
we conducted a study to analyze data related to newly reported cases of infection and newly reported
deaths in Shanghai during the outbreak. The study showed that elderly people with underlying medical
conditions needed more help and attention during the epidemic. We developed a method for hospitals
and medicine delivery volunteers to derive efficient and safe routes for drone delivery when patients
need emergency medication, even in complex urban terrain. Based on the problem of three-dimensional
path planning for drones in complex urban terrain environments, this paper first proposes a method for
transforming GIS data models into mathematical models that extract urban geography and terrain
conditions into polyhedra, making the simulation environment more closely resemble the real complex
urban environment. Secondly, an improved ant colony algorithm is proposed to solve the three-
dimensional path planning problem of drones. Characteristics of the traditional ant colony algorithm
were analyzed. To improve the algorithm in terms of the search direction and the optimization heuristic
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function, the algorithm was improved based on the traditional ant colony algorithm to keep the algorithm
from falling into a local optimum solution. The simulation experiment results confirm that the improved
algorithm provides marked improvement in both optimal calculation results. The experimentally
obtained data of route planning for the same task start point (hospital) and delivery target points
(patients) indicate that the flight route of the improved ant colony algorithm is more stable. Moreover,
it can obtain a better solution than the traditional ant colony algorithm under the same conditions.

5. CONCLUSION

The results obtained using Google Maps and algorithms for path planning are shown in Figure 10 and
Table 2. However, it is readily apparent that a difference exists in cumulative times of walking and drone
travel. The distance of the algorithm is shorter than that presented by Google Maps. When a patient
needs medication, drones can get to a destination faster than a volunteer can reach it by walking. The
advanced ACO solves the drone path planning problem effectively in complex urban terrains. As a future
work, we are going to improve the stability and safety of drone in bad weather by combined with three-
dimensional center of gravity. Also, we will improve the accuracy of the algorithm by comparing
multiple heuristics algorithms.

Table 2. Comparison between two methods of medicine delivery

Start Destination
coordinate coordinates . . .
Case  points points of the Distance of  Cost time of Distance of Cost time of Google
- drone path drone path Google map by .
No. (hospital)  model (m) (min) walk (m) map by walk (min)
of the destination
model position
1 20.75.5 135.96.2 566.76 1.7 953.72 19.07
2 20.75.5 120.240.3 984.53 2.95 1893.78 37.88
3 20.75.5 120.50.5 454.68 1.36 923.62 18.47

Figure 10. Emergency medicine delivery paths in a lockdown area
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ABSTRACT

One of the most difficult issues that the world is currently facing is the pollution caused by greenhouse gases (GHG), which is caused by the
transportation industry. All of the international transportation organizations, such as the International Maritime Organization (IMO), the International
Civil Aviation Organization (ICAO), and others, have implemented climate change mitigation and adaptation measures. After that obliged the shipping
industry to take particular measures after the 1st of January 2020, the International Maritime Organization (IMO) laid out a plan and provided an initial
strategy for reducing GHGs in 2018. Emissions caused by humans are a well-established contributor to both the progression of climate change on a
global scale and the deterioration of public health. It is an inescapable fact that ports, which serve as one of the touchpoints between different modes of
maritime transportation, will also be impacted by these emissions. At Ro-Ro ports, the presence of air pollution is caused by anthropogenic emissions
that are produced when ship generators are used in the process of handling goods. Because of this, it is essential to investigate the movements of ships
in Ro-Ro ports as well as the quantity of fuel and its features that are consumed by the generators utilized in these ships. Ship movements of a Ro-Ro
port that is operational in the Tuzla administrative port region were obtained by using the data from 19 distinct ships' hotelling times by day at the quays
in 2019 and 2020. At 2019 and 2020, ship movements in the relevant port were analyzed, and data regarding the length of time that vessels spent at the
quays was collected. The data on fuel usage for these ships was used in conjunction with an estimating model that was presented by the European
Environment Agency (EEA) in its Air Pollutant Emission Inventory Guidebook. In this study, comparisons were made between ship emissions in
different years at the berths of a Ro-Ro port.

Keywords: Maritime, Atmospheric Effect, Ro-Ro Port.

0z
Diinyanin su anda kars1 karstya oldugu en zor sorunlardan biri, ulasim endiistrisinin neden oldugu sera gazlarinin (GHG) neden oldugu kirliliktir.
Uluslararasi Denizcilik Orgiitii (IMO), Uluslararasi Sivil Havacilik Orgiitii (ICAO) ve diger tiim uluslararasi tasimacilik orgiitleri, iklim degisikligini
azaltma ve uyum Onlemlerini uygulamaktadir. 1 Ocak 2020'den sonra denizcilik endiistrisini belirli 6nlemler almaya mecbur birakan Uluslararasi
Denizcilik Orgiitii (IMO), 2018'de sera gazlarim azaltmak icin bir plan hazirlamis ve bir baslangic stratejisi saglamistir. insanlarin neden oldugu
emisyonlar, hem iklim degisikliginin kiiresel 6lgekte ilerlemesine hem de halk sagliginin bozulmasina kokli bir katkida bulunmaktadir. Farkli deniz
tagimaciligi modlari arasinda temas noktalarindan biri olan limanlarm da bu emisyonlardan etkilenecegi kaginilmaz bir gergektir. Ro-Ro limanlarinda,
hava kirliliginin varligi, mallarin taginmasi siirecinde gemi jeneratorleri kullanildiginda tiretilen antropojenik emisyonlardan kaynaklanmaktadir. Bu
nedenle Ro-Ro limanlarindaki gemilerin hareketlerinin ve bu gemilerde kullanilan jeneratorlerin tiikettigi yakit miktar1 ve 6zelliklerinin arastirilmasi
gerekmektedir. Tuzla idari liman bolgesinde faaliyette olan bir Ro-Ro limaninin gemi hareketleri, 2019 ve 2020 yillarinda 19 ayr1 geminin rihtimlarda
giinlitk konaklama siireleri verileri kullanilarak elde edilmistir. 2019 ve 2020 yillarinda ilgili limandaki gemi hareketleri analiz edilerek, gemilerin
rihtimlarda gecirdikleri siirelere iligkin veriler toplanmustir. Bu gemiler i¢in yakit kullanimina iliskin veriler, Avrupa Cevre Ajansi (ACA) tarafindan
Hava Kirletici Emisyon Envanteri Kilavuzunda sunulan bir tahmin modeli ile birlikte degerlendirilmistir. Bu ¢alismada bir Ro-Ro limani1 rihtimlarindaki
farkl1 yillardaki gemi emisyonlart arasinda karsilastirmalar yapilmistir.
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1. INTRODUCTION

Ports are junction points of different transportation modes connecting international and domestic
markets. This propriety of ports makes them home to industrial clusters and thus high emission zones.
It is recognised that auxiliary marine engines powering hotelling, mooring and unmooring operations of
ships are accounted for a considerably big part of port emissions. Exhaust gases and particles emitted
by marine engines are considered to be highly harmful for human health and environment, therefore
reducing emissions has been at the top of the International Maritime Organization’s (IMO) agenda.

Istanbul with 15,4 million habitants is one of the most congested European cities where air and marine
pollution is an increasing threat to economy and public health. Ports are very close to residential spaces
and densely populated neighbourhoods. Mucilage events and foul-smell observed in several coastal
districts frequently make news by invoking public backlash.

Moreover, Istanbul’s urban expansion towards the neighbouring cities fuelled by its relatively higher
rates of economic growth and waves of rural exodus has meant a significant increase in the port activity
in Northern Marmara making pollution the problem of a wider region. Hence, reducing the port
emissions in Istanbul and in the wider Marmara Region is becoming one of the prominent environmental
issues which is to be tackled by the Turkish national and local authorities.

In this paper, ship emissions at the quay of an international Ro-Ro port located in Tuzla, Istanbul were
compared according to years. Firstly, previous work on port emissions and possible solutions were
reviewed and measures to reduce shipping emissions assessed. Then, methodology explained and the
data was analysed. In the final section, conclusions summarized.

2. LITERATURE REVIEW

According to IMO estimates, maritime emissions accounted for 2,89% of global anthropogenic
emissions in 2018 (IMO, 2020), and is expected to increase its share significantly over the next 30 years,
although a decline related to COVID-19 is likely to be recorded in 2020 and 2021 (IMO, 2020). The
maritime transport sector is estimated to be responsible of almost one fourth of all SOx and NOx
emissions in 2018 as a proportion of EU emissions from all industries (EU, 2021).

The International Council for Clean Transport (ICCT) has recognized that the majority of ship emissions
occur in seas where ships are dependent on their main engines in the face of heavy seas and severe
weather conditions. (Olmer, et al., 2017).

The cruising speed of a ship approaching port decreases, reducing fuel consumption and carbon
emissions. At the quay, the main engines are shut down, but the auxiliary engines that power the
handling operations continue to run and emit pollutants such as, particulate matter (PM), nitrous oxides
(NOx), volatile organic compounds (VOC) and sulphur oxides (SOx) emissions which are main
contributors to acidification and eutrophication.

Emissions from a single ship can be relatively higher during the navigation, but ports are places where
pollutants are concentrated and have serious environmental and public health impacts threatening
densely populated coastal cities. While greenhouse gas (GHG) emissions from ships are associated with
global warming, research shows that exhaust gases and particles emitted from marine engines are closely
linked to premature deaths, cardiovascular and respiratory diseases (Anenberg, et al., 2019).
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One of the most important measures addressing the ship emissions in ports is the “IMO 2020 sulphur
cap which decreases the sulphur limitation of fuel oils from 3.5% to 0.5% outside emission control areas
(ECA) and to 0.1% in ECAs. Use of low sulphur marine diesel oil (MDO) instead of heavy fuel oil
(HFO) is shown to reduce PM and SOx emissions significantly (Shen and Li, 2020), thus the sulphur
cap is considered to be an important step to achieve emissions reduction targets of the industry (Shen,
et al., 2020). However, Sofiev et al. (2018) predicted that even if low sulphur regulations were in place,
ship emissions would still be responsible for approximately 6.4 million childhood asthma cases and
approximately 250000 deaths per year (Sofiev, et al., 2018). There have been also studies to develop
spatial modelling frameworks to understand the shipping traffic-based emission behaviour for habitat of
the certain areas (Wang, et al., 2007; Hadipour, et al., 2021).

In addition to the negative impact of ship-borne air pollution on human health, there are also external
costs such as loss of yield and material damage in agricultural products. Considering the health spending
and the burden placed on the social security system, it is thought that ship emissions will have an even
more significant annual cost. This external cost calculation concept is explained in detail in Jugovi¢ et
al (2018) (Jugovic, et al., 2018). For a comprehensive review of the literature on quantification and
monetization of adverse impacts from human emissions, the reader can refer to Tichavska et al (2017)
(Tichavska, et al., 2017).

Increasing external costs with ship sizes and maritime trade make ship emissions at ports a major
concern for local and national authorities. Consequently, over the last twenty years, international bodies
have been steadily increasing their efforts to decarbonise the industry. Kotrikla et al. (2019) argue that
the European Union lacks a comprehensive legal framework regarding pollution caused by ships, yet
IMO conventions and national laws of the member states are there to play a complementary role
(Kotrikla, 2019). In addition, ports are expected to play an important role in decarbonisation of maritime
transport by promoting green technologies and the use of environmentally friendly fuels by ships,
thereby promoting the reduction of CO2 emissions on the high seas (COGEA, 2017). Zhu et al. (2017)
discussed the importance of encouraging shipping companies to invest in PM emission reduction
technologies by introducing market-based measures such as preferential taxation and green credits to
reduce pollution in ports and offshore (Zhu, et al., 2017).

However, while green incentive schemes implemented by terminals and port authorities can partially
reduce ship-to-port emissions by promoting voluntary speed reduction (VSR) and low-sulphur fuels,
some argue that it is possible to reduce emissions more radically by combining renewable energy with
onshore power supply (OPS). Using OPS, also known as "cold ironing" (Cl), a docked ship can turn off
auxiliary engines and use electricity from an onshore source to power its lighting, cargo handling, and
other electronic equipment and machinery. Recent research shows that providing even a part of the
energy demand of the ship with renewable sources during the hotelling at the quay phase can
significantly reduce the emissions from berthing ships (Kotrikla et al, 2017; Rolan et al, 2019).

Moreover, Spengler and Tovar (2021) suggest that even without integration of renewable energy sources
into the grid, onshore electricity provided by oil-fired power plants could significantly reduce external
costs associated with in-port emissions (Spengler, 2021). By combining the global and local externalities
of ship emissions, Spengler and Tovar (2021) calculate the potential gains of cold ironing in Spanish
ports, which means a reduction in annual external costs of up to tens of millions of euros for certain port
cities (Spengler, 2021). On the other hand, power supply to ships on land requires a complex electrical
interface described in Coppola et al (2016) (Coppola, et al., 2016). Zis (2019) argued that the main
obstacle to the rapid increase in Cl availability was the lack of sufficient ports with the necessary
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technological infrastructure and the rarity of refurbished ships that could be connected to a grid on land
(Zis, 2019). The same article discusses that factors such as extensions of the geographic scope of low
sulphur regulations may force ship operators to invest in universal solutions such as scrubbers rather
than invest in Cl improvement. It depends on the energy mix as suggested in Zis et al. (2016), cold
ironing also has a disadvantage in terms of transmission and energy conversion losses, which can lead
to underestimation if not included in emission calculations (Zis, et al., 2016).

A not-so-sophisticated but effective technology being deployed to cap emissions in port areas is the
Automatic Mooring Systems (AMS). AMS do not only promise reduction in emissions but they also
promise a productivity increase by decreasing the time spent on mooring/unmooring operations. AMS
are machines consisted of vacuum pads placed on remote-controlled robotic arms which can stretch out
to a ship’s hull and stabilize it for port operations. While mooring a vessel by using traditional rope
systems take minutes, it only takes seconds with the AMS. The purpose of this technology is to reduce
the time a vessel spends manoeuvring by the quays, thus the amount of fuel burnt by marine engines.
This simple principal of the AMS makes it a safer and more feasible investment which can be realised
in many commercial ports giving service to various types of vessel. In a case study focusing on a certain
Ro-Ro/Pax port, Diaz-Ruiz-Navamuel et al (2018) compared the traditional mooring method and the
AMS in terms of emissions by using an estimation model combining the EPA and the ENTEC methods.
According to the calculations of Diaz-Ruiz-Navamuel et al (2018), using AMS technology reduce
emissions during mooring operations by 96.67% (Diaz-Ruiz-Navamuel, et al., 2018).

3. ANALYSIS

In this study, data on the duration of the ships hotelling at the quay and the amount of ship emissions at
the quay were analysed with statistical comparative analysis. It has been assumed that one generator of
a ship is running at the maximum continuous rating. Normally fuel consumption for every different
brand and type of engines are different but for approximation for consumption of similar kind of high
speed diesel engines Turkish Maritime Administration’s set value of 134 g/kW-h has been used
(IMAMB CoS., 2019). Thus, ships’ hotelling time at quays and the total yearly emission amounts of
them for the years 2019 and 2020 were estimated and compared with graphs. For this study, bar graphs
in SPSS program were used (IBM. In Figure 1, there is comparison of ships’ hotelling times for 2019
and 2020 years. According to this, it is seen that, the longer time of hotelling belongs to S11 in 2019
and S04 in 2020.

In Figure 2, there is total emission rates at the quay for 2019 and 2020 years. According to the 2019
version (updated in October 2020) of European Environment Agency’s air pollutant emission inventory
guidebook, the coefficients of PM, NOy, and non-methane volatile organic compounds (NMVOC) for
auxiliary high speed marine diesel engines are 3.5, 47.6, 1.7 kg/tonnes fuel, respectively (EMEP/EEA.,
2019). Therefore, in 2019, the total emission rates of PM, NOy, and NMVOC at the quay are 17.18,
233.70, and 8.35 metric tonnes respectively. In 2020, the total emission rates of PM, NOy, and NMVOC
at the quay are 19.03, 258.81, and 9.24 metric tonnes respectively. In accordance with the results, the
more emissions have occurred at the quay in 2020 than in 2019.

It can be understood from the figures that how many days the ships made a hotelling at the Ro-Ro quays
separately in 2019 and 2020. Some ships have never came to the quay for 2019 or 2020. For this reason,
the graph information of some ships which belongs to 2019 or 2020 has one column.
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Figure 1. Hotelling times at port for ships in 2019 and 2020
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Figure 2. Total emission rates at the port in 2019 and 2020

4. CONCLUSION

Reducing greenhouse gas emissions is key to avoiding the most devastating effects of climate change. It
is well accepted that ships are responsible for about 1 billion tons of GHG emissions. This fact alone

underlines the important role of IMO and local maritime authorities in fighting climate change and
pollution.
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Due to the lack of a comprehensive historical database on shipping emissions, it is unable to determine
which ship types have been accounting for the bigger parts of shipping emissions and thus have more
responsibility in air and marine pollution. However, with environmental disasters claiming hundreds of
lives, human beings are at point where every effort to fight climate change counts.

In this study, the emission data of ships at the quay of a Ro-Ro port in Tuzla for two consequent years,
2019 and 2020 were compared. Total emission rates by year are shown in Figure 2. In 2019, the total
emission rates of PM, NOx, and NMVOC at the quay are 17,18, 233,70, and 8,35 metric tonnes
respectively. In 2020, the total emission rates of PM, NOx, and NMVOC at the quay are 19,03, 258,81,
and 9,24 metric tonnes respectively. It is seen that the values have increased in general terms. It was
observed that the most significant increase was in NOx emissions.

According to calculations made, it can be said that there is no decrease in the emissions caused by the
burning of hydrocarbon fuels in the generators of the ships approaching at the Ro-Ro ports in 2020 in
Tuzla region, but an increase compared to the previous year, 2019.

In Karl et al. (2019), the Community Multiscale Air Quality Modeling System (CMAQ) model and the
System for Integrated Modelling of Atmospheric Composition (SILAM) model were compared and used
by comparing to EMEP model. It has been seen that CMAQ and EMEP models give similar results and
different results than SILAM model. Additionally, it has been observed that three different models give
different results, particularly in PM emissions. (Karl, et al., 2019). Calculations of emissions, particularly
PM emission calculations, can also be performed with the CMAQ and SILAM models, in addition to the
EMEP model, which is a model that is continually undergoing development.

In conclusion, it is seen that the COVID-19 pandemic did not affect Ro-Ro transportation in Tuzla Port.
Therefore, higher quantities of in port emissions occurred at the Tuzla Port from Ro-Ro ships’ generators
in 2020 than in 2019. Although it is clear that the logistics networks were damaged during the COVID-19
pandemic, the increase in the total need for goods with the increasing population may have caused this
situation. The temperature of the planet we live on is increasing day by day. Even the smallest increase in
temperature on earth can have a significant impact on the outcome. As more heat is retained in the
atmosphere, seawater temperatures will increase along with it (Galashev, 2011). The use of new
technologies such as cold ironing to reduce the GHG released into the atmosphere by the ships at the quay
may help to reduce the problem to some extent. With more detailed and more precise studies to be carried
out in the future, the ecological effects created or to be caused by emissions and the harms to nature they
may cause to environment and human health should be revealed more precisely and appropriate
environmental policies can be developed.
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Experienced Problems with Online Shopping: The Case of Turkey

Online Ahgveriste Yasanilan Sorunlar: Tiirkiye Ornegi
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ABSTRACT

This study’s objective is to investigate the sociodemographic and economic elements that are important in cases when people
experience problems with their online purchases. A microdata set from the 2021 Information and Communication Technology Usage
Survey in Households conducted by the Turkish Statistical Institute is used in the study. The factors connected to the problem
individuals have with online purchases have been determined using binary logistic regression analysis. In the data set included in the
analysis in this study, 52.4% of the men reported that they had encountered problems with their purchases made on the website or
mobile application in the last three months. According to the study, 51.9% of individuals in the eastern region reported having
difficulty with transactions made through a website or mobile application. As a result of the research, it has been discovered that
education level, income level, age, gender, profession, family size, financial transactions conducted over the Internet, and regional
characteristics are all linked to experiencing problems with online shopping.

Keywords: Online shopping, binary logistic regression, Turkey.

Oz

Bu ¢aligmanin amaci, bireylerin internet lizerinden yaptiklar1 satin alma islemlerinde sorun yasama durumlarinda etkili olan
sosyo-demografik ve ekonomik faktorlerin arastirilmasidir. Calismada, TUIK tarafindan 2021 yilinda yapilan Hanehalki Bilisim
Teknolojileri Kullanim Arastirmasindan elde edilen mikro veri seti kullanilmigtir. Bireylerin internet tizerinden yaptiklari satin alma
islemlerinde sorun yasama durumlart ile iliskili faktorlerin belirlenmesi igin binary logistic regresyon analizi kullanilmistir. Bu
calismada analize dahil edilen veri setinde erkeklerin %52,4’# son {i¢ ay i¢inde web sitesi veya mobil uygulama iizerinden yaptiklari
satin alma iglemlerinde sorunlar ile karsilagtiklarini bildirmistir. Calismada dogu bolgesinde yasayan bireylerin %51,9’unun da web
sitesi veya mobil uygulama {izerinden yaptiklar1 satin alma iglemlerinde sorunlar ile karsilagtiklarini bildirdikleri tespit edilmistir.
Calismanin sonucunda egitim durumu, gelir diizeyi, yas, cinsiyet, meslek, hanehalki biiyiikliigii, internet iizerinden gercgeklestirilen
finansal islemler ve bolge degiskenlerinin online aligveriste sorun yasama durumuyla iligkili oldugu tespit edilmistir.
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1. INTRODUCTION

The Internet plays a vital role in our lives in that it allows people to easily access our world and opens
international borders. E-commerce is now widely accepted as a way of purchasing goods and services.
Online shopping is the dominant alternative to traditional retail shopping (Cera et al., 2020). The basic
concepts of online shopping have been developed in the Western World, and most of the relevant studies
are centered in the US/EU or the Far East (Usunier et al., 2005). Due to social and economic variations,
the findings of these studies might not be applicable to other regions of the world, and there hasn’t been
much comparative research on information and communication technology (ICT) in developing nations
(Akman & Rehan, 2014). Turkey is a developing country with a relatively young and high population and
is located between the individualistic and collectivistic cultures of Western and Far Eastern countries
respectively (Chirkov et al., 2003). With all these characteristics, Turkey is an important and interesting
example of developing countries and markets with high potential.

Turkey began using the internet in 1993. In 1996, the internet started to be used in homes and changed
people’s usage purposes day by day (Erceg &Kilig, 2018). With the rapid development of internet usage
and communication technologies in the world, a new economic order has spread. Parallel to this, physical
boundaries between buyers and sellers have disappeared, the breadth of markets where they interact has
expanded, and sellers have elevated their commercial activities to web-based platforms by accepting
clients from all over the world (Lightner, 2003).

Extensive research has been conducted by academics to learn about consumer behavior on online
shopping platforms. Consumer-oriented and technology-oriented studies have tried to provide information
about consumer behavior from various perspectives. Consumer-oriented studies have examined consumer
shopping behavior in terms of consumer demographics (Alaam et al., 2008), cultural factors (Ko et al.,
2004), psychological factors (Lin, 2007; Lian & Lin, 2008), and perceived risk factors (Almousa, 2011).
In a study conducted on undergraduate and graduate students in Taiwan, it was stated that consumers’
trust in online retailers affects not only their attitudes towards online shopping but also their online
shopping intentions (Phung, Yen & Hsiao, 2009). Technology-oriented studies have evaluated consumer
behavior in terms of technical features of online stores, such as privacy and design, ease of navigation and
information content (Ranganathan & Ganapathy, 2002). Research has found that online consumers’
privacy and security concerns are the main factors that significantly affect their intention to shop online
(Lian & Lin, 2008).

Online shopping has various advantages, such as time saving, wide product options, ease of shopping,
24/7 shopping, saving the trouble of waiting in shopping lines, special internet discounts, but it also has
various risks (Agag, Sevinir, & Yilmaz, 2018). Cheng, Liu, & Wu (2013), present these risks in five
dimensions: financial risks, performance risks, social risks, time risks and privacy risks. Research shows
that perceived benefits have a positive effect on consumers’ attitudes towards online shopping, while
perceived risks have a negative effect. (Hsu & Bayarsaikhan, 2012). In a study conducted in Turkey, it
was determined that the most important risk dimension perceived by consumers in online clothing
shopping is product risk (Alkibay & Demirgunes, 2016). The product risks mentioned in the research are;
problems in sizing, lack of opportunity to try and examine the product, lack of opportunity to touch and
see the product live. In another study, product performance risks were grouped as visual (design, fabric,
color, detail), tactile (touch, feel, weight) and trial (fit, comfort, appearance on the body). The results of the
study showed that online consumers perceive visual, tactile and trial product risks related to product
performance based on evaluating product attributes through visual product experience. The study also
found a positive relationship between visual and tactile risks and between tactile and trial risks (Yu, Lee,
& Dambhorst, 2012). In a study conducted in Ankara, the attitudes of university student internet users
towards online shopping were investigated. It was found that financial problems, product quality
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problems, refund problems, product delivery problems, security problems and privacy problems were
effective factors in online shopping concerns (Huseynov & Yildirim, 2016).

The characteristics that influence people’s online shopping behaviour have been identified in research
recently undertaken in Turkey (Unver & Alkan, 2021; Alkan & Unver, 2021; Akman & Mishra, 2010;
Akman & Rehan, 2014; Huseynov & Yildirim, 2016). It is seen that the online shopping activities of
individuals take place in several different ways and for various purposes (Potosky, 2007). Because online
shopping improves opportunities in many areas, it is important to assess the extent of factors affecting
online shopping and the underlying causes (Ono & Zavodny, 2007). It was found that demographic
characteristics of individuals affect their actions before they commit any certain behavior (Zhang, 2005).
Therefore, the differences in various aspects of experienced problems in online shopping among
demographic groups have become an interesting area of research (Yang & Tung, 2007). It is important
that both e-commerce providers and online shoppers understand the factors associated with individuals
having problems with online shopping (Unver &Alkan, 2021). In this study, binary logistic regression
analysis was carried out to investigate the effect of selected demographic factors on individuals’ online
shopping problems.

This study investigates the factors related to the problems that the participants have had in the past three
months when using the website or mobile application to shop. In this study, the research questions that
are emphasized on the situation of individuals living in Turkey experiencing problems with online
shopping are as follows: “What are the sociodemographic and economic characteristics of individuals?”
and “Ts there a relationship between the demographic and economic characteristics of individuals and
their problems in online shopping?”.

The aim of this study is to look into the sociodemographic and economic elements that are important in
cases when people experience problems with their online purchases. The study used a microdata set from
the 2021 Information and Communication Technology Usage Survey in Households conducted by the
Turkish Statistical Institute. The factors connected to the problem individuals have with online purchases
have been determined using binary logistic regression analysis. The remainder of this study is organized
as follows. In Chapter 2, the data, variables and analysis method used in the study are mentioned. In
Chapter 3, the results obtained from the research are explained in detail. In Chapter 4, the results obtained
from the study are discussed and its relation with the literature is mentioned.

2. MATERIAL AND METHOD
2.1. Data

In this study, the Information and Communication Technology Usage Survey on Households performed
by the Turkish Statistical Institute in 2021 was used as a microdata set. The Information and
Communication Technology Usage Survey in Households, which has been carried out since 2004, aims
to collect information about information and communication technologies owned by households and
individuals and their uses. The sampling method employed in the study was stratified 2-stage cluster
sampling (Alkan & Unver, 2020; Alkan & Unver, 2022).

Data from 9,438 participants in the Information and Communication Technology Usage Survey in
Households in 2021 who were 15 years of age or older were used in this study.

2.2. Outcome Variables

The dependent variable of the study is the problems encountered in the purchases made by individuals
through the website or mobile application in the last three months. Participants were asked about the
problems encountered in their purchases made through the website or mobile application in the last three
months as of the survey period:
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1. Difficulty of use or inadequate operation of the website (1-Yes, 2-No)

. Difficulties finding information on warranty conditions or other legal rights (1-Yes, 2-No)
. Slower delivery than stated (1-Yes, 2-No)

. Higher final costs than stated (1-Yes, 2-No)

. Delivery of incorrect or damaged goods/services (1-Yes, 2-No)

. Problems related to fraud (1-Yes, 2-No)

. Difficulty or unsatisfactory response to complaints and redress (1-Yes, 2-No)

o N O O A WD

. Not selling goods and services to the country from websites originating abroad (1-Yes, 2-No)
9. Other (1-Yes, 2-No)

questions were asked. Participants were coded as “1” if they encountered at least one of these problems,
and as “0” if they didn’t.

2.3. Independent variables

The independent variables to be included in this study are the variables that are available in the
Information and Communication Technology Usage Survey in Households and the variables that stand
out as a result of the literature research. The independent variables of the study are age (16-24, 25-34,
35-44, 45-54, 55+), gender, education level (uneducated/primary school, secondary school, high school,
university), occupation (unemployed individuals, managers, professionals, technicians and associate
professionals, clerical support workers, service/sales workers, skilled agricultural/ forestry/ fishery
workers, craft/related trades workers, plant-machine operators/assemblers, elementary occupations).
Financial transactions carried out over the internet; participants are asked about financial transactions
made for private purposes through a website or mobile application:

1- Purchase of insurance policies or renewal of existing ones (Insurance policies purchased as a package
with other services are also included) (1-Yes, 2-No)

2- Obtaining loans from banks or other financial institutions (1-Yes, 2-No)
3- Buying and selling stocks, bonds, funds and other investment instruments (1-Yes, 2-No)

Participants were coded as “1” if they had made at least one of these financial transactions, and as “0”
if they had not made any of them. Income level (1st income level (lowest), 2nd income level, 3rd income
level and 4th income level (highest)), number of individuals in the household (1-3, 4-5, 6 and above),
and region (west, central, east).

Turkey is divided into 12 regions at Level 1 under the Nomenclature of Territorial Units for Statistics
(NUTS). In this study, these regions are grouped as western, central and eastern regions (Unver & Alkan,
2021). These regions and the provinces in these regions are shown in detail in Table 1.

Table 1. Nomenclature of Territorial Units for Statistics- Level 1

Region  Code Level 1 Provinces
TR1  Istanbul Istanbul
Western TR2  West Marmara Tekirdag, Edirne, Kirklareli, Balikesir, Canakkale
Region TR  Aegean {j;r;;(r, Aydin, Denizli, Mugla, Manisa, Afyonkarahisar, Kiitahya,
TR4  East Marmara Bursa, Eskisehir, Bilecik, Kocaeli, Sakarya, Diizce, Bolu, Yalova
TR5  West Anatolia Ankara, Konya, Karaman

Cen@ral TR6  Mediterranean Antalyg, Isparta, Burdur, Adana, Mersin, Hatay, Kahramanmaras,
Region Osmaniye

TR7  Central Anatolia Kirikkale, Aksaray, Nigde, Nevsehir, Kirsehir, Kayseri, Sivas, Yozgat
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Zonguldak, Karabiik, Bartin, Kastamonu, Cankir1, Sinop, Samsun,

TR8  West Black Sea Tokat, Corum, Amasya

TR9  East Black Sea Trabzon, Ordu, Giresun, Rize, Artvin, Giimiishane
Eastern TRA  Northeast Anatolia Erzurum, Erzincan, Bayburt, Agr1, Kars, [gdir, Ardahan
Region TRB  Centraleast Anatolia Malatya, Elazig, Bingol, Tunceli, Van, Mus, Bitlis, Hakkari

Gaziantep, Adiyaman, Kilis, Sanlurfa, Diyarbakir, Mardin, Batman,

TRC  Southeast Anatolia Simak. Siirt

In order to observe the impacts of the categories of all variables to be included in binary logistic
regression, ordinal and nominal variables were identified as dummy variables (Alkan & Unver, 2022;
Alkan et al., 2020).

2.4. Statistical Analysis

One of the main areas of statistical inference is the testing of statistical hypotheses. SPSS 20 and Stata
15 programs were used to analyze the data. Firstly, of all, frequencies and percentages of the individuals
participating in the study were obtained for demographic, economic, and personal factors. In this study,
binary logistic regression method was used to investigate the relationship between demographic and
economic factors and individuals’ experience problems with online shopping.

Binary logistic regression is a statistical analysis method used to examine the causal relationship
between the dependent variable and the independent variable(s) when the dependent variable is a binary
variable (Alkan & Unver, 2020).

3. RESULTS
3.1. Characteristics of participants

The frequencies and percentages of the variables utilized in the study are shown in Table 2. According
to Table 2, 34.1% of the individuals are between the ages of 25-34. When the education level variable
is analyzed, it is seen that 48.4% of the individuals participating in the study are university graduates,
while 5.8% are primary school graduates. In addition, 47.6% of the participants were male, while 52.4%
were female. Table 2 shows that 51.9% of the individuals participated in the study from the western
region. It is also seen that 40.2% of the individuals who participated in the study were not employed.

In the study, it was tested whether there was multicollinearity among the independent variables to be
included in the binary logistic regression model. Variance inflation factor (VIF) values of 5 and above
are considered to cause moderate multicollinearity, while values of 10 and above are considered to cause
high multicollinearity (Unver & Alkan, 2020; Alkan, Ozar, & Unver, 2021; Alkan, Oktay, & Geng,
2015). There are no variables in this study that induce multicollinearity between the variables.

Table 2. Findings Related to the Factors Associated with Experiencing Problems with Online
Shopping

Variables n % VIF
16-24 849 26.9 ref.
25-34 1,077 341 1.82
Age 35-44 769 244 181
45-54 334 106 1.49
55+ 129 41 1.22
Uneducated/ Primary School 183 5.8 ref.
Education level Sgcondary School 398 126 274
High School 1,047 33.2 4.07
University 1,530 48.4 4.84
Gender Male 1,654 52.4  ref.
Female 1,504 476 1.23
No 2,311 73.2  ref.
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Financial

. Yes 847 26.8 1.16
transaction
1t income level (lowest) 705 22.3  ref.
Income level 2nd income level 882 279 158
3 income level 767 243 1.63
4™ income level 804 255 1.85
Region West 1,640 51.9 1.86
Middle 1,012 32 18
East 506 16  ref.
Number of 1-3 1,505 47.7 3.59
individuals in
the household 4-5 1,404 445 34
6 and above 249 7.9 ref.
Managers 181 5.7 129
Professionals 625 19.8 1.79
Occupation Technicians and associate professionals 228 7.2 1.23
Clerical support workers 181 57 1.19
Service/sales workers 308 9.8 1.25
Skilled agricultural/ forestry/ fishery workers 14 0.4 1.03
Craft/related trades workers 132 42 119
Plant-machine operators/ assemblers 119 3.8 1.16
Elementary occupations 101 32 111
Unemployed individuals 1,269 40.2  ref.

3.2. Model Estimation

A binary logistic regression model was used to determine the sociodemographic and economic factors
associated with the individuals in the study experiencing problems with online shopping. The estimated
model results are provided in Table 3. When Table 3 is analyzed,; it is seen that age, gender, education
level, occupation, financial transaction, and number of people in the household variables are significant

in the estimated model.

Table 3. Estimated Model and Marginal Effects of Factors Associated with Experiencing

Problems with Online Shopping

Variables B S.E M.E S.E
Age (reference category:16-24)

25-34 -0.014 0.069 -0.009 0.044

35-44 -0.094 0.076 -0.061 0.049

45-54 -0.24 0.093 -0.159° 0.063

55+ -0.368 0.134 -0.251* 0.094
Education level (reference category: uneducated/primary school)

Secondary 0062 0119 0043 0.084

School

High School 0.19 0.108 0.13° 0.075

University 0.35 0.112 0.234* 0.077
Gender (reference category: male)

Female 0.092  0.053 0.06° 0.035
Income level (reference category: 1%t income level (lowest)

2" income level 0.092 0.067 0.061 0.045

3 income level 0.101 0.072 0.067 0.048

4" income level 0.187 0.077 0.123° 0.051
Region (reference category: East)

West 0.463 0.068 0.314 0.048

Middle 0.25 0.071 0.176  0.051
Financial transaction (reference category: no)

Yes 0.439 0.061 0.276* 0.037
Occupation (reference category: unemployed individuals)
Manager -0.115 0.12 -0.076 0.08
Professionals -0.016 0.084 -0.01 0.054
Technicians and associate professionals 0.034 0.108 0.022 0.069
Clerical support workers -0.154 0.113 -0.102 0.076
Service/sales workers -0.088 0.09 -0.058 0.06
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Skilled agricultural/forestry/fishery workers -0.682 0.323 -0.487° 0.25
Craft/related trades workers -0.272 0.125 -0.183" 0.087
Plant-machine operators/assemblers -0.211 0.131 -0.141 0.09
Elementary occupations -0.189 0.137 -0.126  0.093
Number of individuals in the household (reference category: 6 and above)

1-3 0.177 0.093 0.116° 0.062
4-5 0.03  0.09 0.02 0.061

3 < .01; Pp <.05;p <.10

According to the binary logistic regression model provided in Table 3, an individual between the ages
of 45-54 is 16% less likely to experience problems with online shopping than the reference group.
According to the study, an individual with a university degree is 23.4% more likely to experience
problems with online shopping than the reference group. Individuals with 1-3 people in the household
are 11.6% more likely to experience problems with online shopping compared to the reference group.
Men are 0.6% more likely to experience problems with online shopping than women. An individual at
the 4th income level is 12.3% more likely to experience problems with online shopping compared to the
reference group. An individual working as a skilled agricultural/forestry/fishery worker is 48.7% less
likely to have problems with online shopping than the reference group.

4. DISCUSSION AND CONCLUSIONS

Online shopping has grown to be one of the largest megatrends in the global economy thanks to the
Internet's quick development. In this study, the data of 9,438 individuals who participated in the
Household Information Technology Usage Survey conducted by the Turkish Statistical Institute in 2021
were used. In this study, a binary logistic regression method was used to investigate the relationship
between demographic and economic factors and individuals' experiencing problems with online
shopping. According to the results of the analysis, age, gender, education level, occupation, financial
transaction, and the number of people in the household variables are significant.

In the study, it was concluded that as the age of individuals increases, the likelihood of experiencing
problems with online shopping decreases. In some studies, it has been concluded that the probability of
online shopping decreases as the age of individuals increases (Bhatnagar, & Ghose, 2004; Algahtani,
Goodwin, & de Vries, 2018; Beneke, Scheffer, & Du, 2010; Alkan & Unver, 2021). Therefore, the
findings in this study could be associated with this situation. In addition, it was concluded that as the
educational level of individuals increases, the likelihood of experiencing problems with online shopping
increases. In some studies, it has been concluded that the likelihood of online shopping increases as the
educational level of individuals increases (Akman & Rehan, 2014; Farag et al., 2006). Therefore, the
findings in this study could be associated with this situation. In addition, as the income levels of
individuals increase, the likelihood of experiencing problems with online shopping increases. In some
studies, it has been determined that the probability of online shopping increases as the income level of
individuals increases (Akman & Mishra, 2010; Smith et al. (2008). Higher income customers seek
higher quality service interactions (Ganesan-Lim, Russell-Bennett, & Dagger, 2008).

In the data set included in this study’s analysis, it was determined that men have more problems in online
shopping than women. Also, it was determined that men are more likely to experience problems with
online shopping than women. In some studies, it has been determined that men are more likely to shop
online than women (Zhang, 2005; Potosky, 2007). Therefore, the findings in this study could be
associated with this situation. The study concluded that the probability of experiencing problems with
online shopping decreases as household size increases. In addition, according to the study, an individual
who makes financial transactions for private purposes through a website or mobile application is more
likely to experience problems with online shopping than an individual who does not make financial
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transactions for private purposes through a website or mobile application.

The share of Turkey in e-commerce is increasing every passing day and provides significant profits to
the country's economy by raising the commerce volume and potential in both national and international
markets. Despite the increasing number of e-commerce users observed in the public and private sectors,
legal and sectoral regulations, it is seen that e-commerce’s potential cannot be fully evaluated, and it
lags behind developed countries. The first step to be taken for this purpose is the development of
technological infrastructure. It is considered that the study will fill the related gap in the literature since
it has been carried out on a large sample and some demographic factors that are not generally included
in the studies conducted in this regard have been included in the analysis.

This study has a few limitations, as almost any study would have. First of all, it should be noted that the
data in this study is secondary data and the variables required for statistical analysis consist of variables
that are available in the data set. Second, some variable effects such as household internet access,
duration of internet use, ownership of electronic devices for online shopping by household members,
and online shopping attitudes of parents, siblings, other individuals in the household or friends in the
neighborhood could not be included in the analysis since they were not included in the data set.
Moreover, since the data is cross-sectional, a definite causal relationship cannot be inferred between
experiencing problems with online shopping and related socioeconomic factors. Another limitation is that
the direct or indirect effects of the factors among themselves cannot be observed since no modeling is
used in the analysis process. Due to these factors, the data obtained in this data collection method may
be biased.
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Siirdiiriilebilir Ulasim ile Lojistik Merkez Yer Secimi

Logistics Center Location Selection with Sustainable Transportation
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0z

Diinya ticaretinde rekabetin hizla artmasi ile daha sistemli ve hizli tasimaciliga ihtiya¢ duyulmaktadir. Yik
tagimaciliginda kilit rol oynayan lojistik merkezler, hizli ve sistemli tasimaciliga cevap verebilmenin yaninda sera gazi
emisyon degerini azaltabilmekte, trafik tikaniklig1 ve ¢evre kirliligini 6nleyerek ¢evreye daha duyarl siirdiiriilebilir ulasim
saglayabilmektedir. Bu ¢aligma ile yiik tagimacilifinda siirdiiriilebilir ulagimi desteklemek amaciyla ulasim modlari
arasinda daha az sera gazi emisyon degeri olan demir yolu ve deniz yolu ulasim modlarinin tilkemizdeki lojistik
segiminde optimum konumu bulmak i¢in tilkemizde bulunan 51 adet demir yolu yiik istasyonu ve 71 adet liman
baskanliginin konumlar1 Cografi Bilgi Sistemlerine aktarilarak alternatif iller elde edilmistir. Lojistik alaninda uzman
kisilerin goriisleri ve literatiir taramasi dogrultusunda “Cevreye Duyarlilik”, “Giivenilirlik” ve “Riskler” kriterleri
belirlenmistir. Her il igin ilgili kurumlardan alinan verilere gére AHP teknigi yardimiyla alternatif iller siralanarak lojistik
merkez yer se¢imi i¢in en uygun konum bulunmustur.

Anahtar Kelimeler: Sirdiriilebilir Ulasim, Sera Gazi, Lojistik Merkez, CBS, AHP

Abstract

With the rapid increase in competition in world trade, there is a need for more systematic and faster transportation.
Logistics centers, which play a key role in freight transportation, can respond to fast and systematic transportation, as well
as reduce greenhouse gas emissions, prevent traffic congestion and environmental pollution, and provide more
environmentally friendly sustainable transportation. With this study, it is aimed to play a more active role in the logistics
centers in our country, with the rail and sea transportation modes, which have less greenhouse gas emission value among
the transportation modes, in order to support sustainable transportation in freight transportation. In this context, in order
to find the optimum location in the logistics center location selection by providing sustainable logistics, the locations of
51 railway freight stations and 71 port authorities in our country were transferred to Geographic Information Systems and
alternative provinces were obtained. In line with the opinions of experts in the field of logistics and literature review,
"Environmental Sensitivity", "Reliability" and "Risks" criteria were determined. According to data obtained from the
relevant institutions for each province, alternative provinces were ranked with the help of AHP technique and the most
suitable location for logistics center location selection was found.
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1. GIRIS

Stirdiiriilebilir ulasim sosyal, ¢evresel ve iklimsel etkiler bakimindan siirdiiriilebilir olan ulagimi ifade
etmekte olup tasimacilik i¢in kullanilan araglari igermektedir. Ulastirma sistemlerine ait altyap1 ve enerji
kaynaklarini kapsayan siirdiiriilebilir ulagim ile kisa vadede yakit verimliligi, uzun vadede ise ulagimin
fosil temelli enerji kaynaklarindan uzaklagmasi hedeflenmektedir. Ulagimin siirdiiriilebilirligi ulagim
sisteminin ¢evresel ve iklim etkileri ile degerlendirilmektedir (Vikipedi, 2022). Ulasim ile dogrudan
ilgili olan lojistik (Kalayci, 2017) ise insanlarin ihtiyaglari olan tiriinleri dogru yerde, dogru zamanda,
dogru miktarda ve dogru sekilde karsilamak tizere her tiirlii servis hizmetinin ve bilgi akisinin baslangi¢
noktasindan son noktaya kadar etkili ve verimli bir bigimde planlanmasi, taginmasi, depolanmasi ve
kontrol altinda tutulmasi olarak tamimlanmaktadir (Emrullah, 2020). Lojistik performans iilkelere
rekabet agisindan avantaj saglayabilmekte, uluslararasi ticareti arttirarak yeni pazarlara dogru
genislemeye izin vermekte ve isletmeleri tesvik etmektedir. Ulagim, lojistik ve ticaretle ilgili altyapinin
verimsiz sistemleri bir iilkenin uluslararasi Olcekte rekabet etme potansiyelini ciddi sekilde
engellemektedir (Goger, vd. 2022). Ulasim altyapist, tilkelerin ekonomik kalkinmasini etkilemekte olup
etkin ve yiiksek kalitede dizayn edilmis bir ulasim sistemi ile ekonomik biiyiime Saglanacaktir
(Choudhary, vd. 2007). Ulasim altyapisinin ekolojiye de etkisi bulunmakta olup Diinya Bankasi
tarafindan yayinlanan rapora gore gevresel etkiler incelendiginde ulasimdan kaynaklanan karbon
emisyonlarinin gelismekte olan iilkelerde gelismis iilkelere gore iic kat daha hizli arttig
ongoriilmektedir. Bu sebeple karbon emisyonlarinin artigina bagli sera gazlariin artmasi sitirdiiriilebilir
ulagima olan ilgiyi artirmistir (Demirtiirk, 2021). Sera gazi1 emisyon miktari lojistik merkezler agisindan
degerlendirildiginde lojistik merkezlerin sera gazi emisyonunu azalttig1 bilinmektedir. Diindar (2021)
yaptig1 ¢alismada lojistik merkezlerin sera gazina etkisini aragtirmistir. Yapilan bu ¢alismaya gore
lojistik merkezin oldugu illerde toplam sera gazi emisyon miktari %65,69 iken lojistik merkez olmayan
illerde sera gazi emisyon miktari %78,43 olarak bulunmustur. Bu oranlar ile lojistik merkezlerin de sera
gazi emisyon miktarint azalttig1 anlagilmaktadir. Sera gazlar1 arasinda en fazla {iretilen karbondioksit
gazinin (Erdogan, 2020) sektorlere ve ulagtirma sistemlerine gore oranlari sirastyla Tablo 1 ve Tablo
2’de gosterilmektedir. Bu veriler TUIK verileri dikkate alinarak hazirlanmistir. 2015-2019 yillart
arasinda sektorlere ait karbondioksit oranlari Tablo 1°de gosterilmektedir. 1995-2019 yillari arasinda
sektorlere ait karbondioksit oranlar ise EK-1"de yer almaktadir (TUIK, 2022).

Tablo 1. Sektorlere Gore Karbondioksit Oranlart

Sektorler 2015 2016 2017 2018 2019
(%) (%) (%) (%) (%)
Tarim, ormancilik ve bahik¢ihik 3,39 3,33 3,36 3,36 3,75
Madencilik ve tas ocak¢iligi 0,25 0,23 0,22 0,21 0,23
imalat 40,46 40,23 39,22 38,92 37,49
Elektrik, gaz, buhar ve klima 44,26 44,44 45,64 46,51 46,83
temini
Su temini; kanalizasyon, atik 0,11 0,12 0,11 0,11 0,11
yonetimi ve iyilestirme faaliyetleri
Yap 1,90 1,90 1,88 1,81 1,91
Tasimacilik ve depolama 9,62 9,75 9,58 9,08 9,68

Kaynak: TUIK
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Tablo 1’e gore tiim yillarda ilk {i¢ sirada sirasiyla elektrik, gaz, buhar ve klima temini, imalat ve
tasimacilik ve depolama sektorleri yer almaktadir. Tablo 2°de 2010-2020 yillar1 arasinda ulastirma
sistemlerine gore sera gazi oranlar verilmektedir.

Tablo 2. Ulastirma Sistemlerine Gore Sera Gazi Oranmi

Yillar Hava Yolu (%) Kara Yolu (%0) Demir Yolu (%) Deniz Yolu (%) Diger (%)
2010 6,23 88,15 1,03 3,74 0,85
2011 6,99 86,42 1,02 4,79 0,78
2012 5,95 90,08 0,72 2,64 0,61
2013 5,47 91,32 0,67 1,72 0,82
2014 5,58 91,02 0,70 1,88 0,81
2015 5,58 91,43 0,58 1,53 0,87
2016 5,27 92,35 0,42 1,19 0,77
2017 4,58 92,77 0,45 1,16 1,04
2018 4,41 93,18 0,48 1,15 0,79
2019 4,32 93,00 0,45 1,52 0,72
2020 2,71 94,89 0,37 1,62 0,41

Kaynak: TUIK

Tablo 2’ye gore tiim yillarda kara yolunun sera gazi orani en yiiksektir. En diisiik Sera gazi oranina ise
demir yolu tasgimaciligi sahiptir. Kara yolu tagimaciligimin karbondioksit oraninin diger ulagim
sistemlerine gore daha yiiksek olmasi, bu ulasim sisteminin daha yaygin kullanilmasi ve bu ulagimda
kullanilan araglarin fosil yakit kullanmasi ile ilgilidir. Bu durum sonucunda ise ¢evre ve insan sagligini
tehdit eden kiiresel 1sinma ve iklim degisikligi gibi sorunlar meydana gelmektedir (Emrullah, 2020).
Diinya genelinde tasimacilik sektoriinde kullanilan petrol oraninin %60 olmasi ve buna bagli olusan sera
gaz1 gevreyle uyumlu tagimaciligin gerekliligini ortaya ¢ikarmistir (Miicevher, 2021). Bu ¢alisma ile
yik tagimacihiginda daha g¢evreci ulastirma sistemi olan demir yolu ve deniz yolu tasimaciligin
etkinligini artirarak lojistik sektdriine ait sera gazi emisyon oranlarini azaltmak amaglanmistir. Bu
kapsamda lojistik merkez yer se¢imi icin demir yolu ve deniz yolu baglantisi olan iller Cografi Bilgi
Sistemleri (CBS) ile secilmistir. Literatiir taramasi ve uzmanlarin bilgi ve deneyimlerinden
faydalanilarak siirdiirtilebilir ulasim amaciyla “Cevreye Duyarlilik”, “Giivenilirlik” ve “Riskler” olarak
belirlenen kriterlerin birbirine gore Gstiinliikleri, Tiirkiye’de tiniversitelerin endiistri miihendisligi, insaat
mithendisligi, lojistik ve sehir ve bolge planlama boéliimlerinde gorev yapmakta olan akademisyenler,
LODER iiyeleri ve lojistik merkez yapimini {istlenen TCDD’nin ilgili biriminde ¢alisanlardan olusan
lojistik alaninda uzman 9 kisinin goriisleri dogrultusunda belirlenmistir. Alternatif iller, kriterlere ve bu
kriterlere ait illerin ilgili kurumlardan alinan verilerine gére AHP teknigi yardimiyla siralanarak lojistik
merkez yer se¢imi i¢in en uygun konum bulunmustur. Bu sayede siirdiiriilebilir ulasim ile gelecek
nesillere daha ¢evreci ulagim saglanacaktir.
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2.YONTEM

Stirdiiriilebilir ulasimi1 destekleyecek lojistik merkez yer se¢im kriterlerini belirlemek iizere ilgili
caligmalar incelenmistir. Bu calismada AHP yontemi kullanildigindan literatiir AHP yontemi kullanilan
caligmalar ile simirlandirilmistir. Alternatif illerin belirlenmesinde Cografi Bilgi Sistemi yazilimindan
faydalanilmistir.

2.1. Analitik Hiyerarsi Proses

Analitik Hiyerarsi Proses (AHP), genel bir Ol¢cim teorisi olup kriter ve alt kriterlerin ikili
karsilastirilmasina dayanarak birbirlerine gore tistiinliiklerini belirleyen bir tekniktir. AHP yonteminde
ilk olarak hiyerarsi olusturulup, hiyerarside amag ortaya konarak kriterler, alt kriterler ve alternatifler
belirlenmektedir. Tablo 3’te gosterilen Onem skalasina gore her kriterin kendi arasinda ikili
karsilastirilmasiyla, kriterlerin birbirlerine goére durumlari bulunmaktadir. Daha sonra her bir kriterin
biitiin icerisindeki 6zvektor degeri hesaplanir ve tutarlilik orani kontrol edilmektedir (Saaty, 1987).

Tablo 3. Onem Skalasi

Onem Derecesi Aciklama
1 Esit derecede dnemli
3 Orta derecede 6nemli
5 Kuvvetli derecede 6nemli
7 Cok kuvvetli derecede 6nemli
9 Asirt derecede 6nemli
2,4,6,8 Ara degerler

2.2.Lojistik Merkez Yer Secimi icin Kriter Belirleme

Bu ¢alismada lojistik merkez ile ilgili birgok ¢alisma incelenmistir. Zheng vd. (2009), lojistik ag1 i¢in
yaptiklari calismada belirledikleri ana ve alt kriterlerin dnem agirliklarint AHP yontemi ile bulmuslardir.
D1s koordinasyon, altyap ve lojistik hizmet, ekonomik fayda, siirdiiriilebilirlik ve ilgili politikalar olarak
bes ana kriter olusturmuslardir. Yang ve Meng (2016), yaptiklari calismada lojistik merkez konumunda
en uygun yer i¢in sosyal, ekonomi, teknik ve ¢evresel fayda olmak iizere dort kriter belirlemistir. Bu
kriterleri AHP teknigi ile siralamistir. Gorgiin (2018), yaptigi calismada hiz, erisim, iicret, ¢evreye
duyarlilik, giivenlik, hizmet sikligi, aktarma olanaklari, dakiklik ve konfor kriterlerini incelemis ve AHP
ile siralamistir. Grine vd. (2018), calismasinda erisilebilirlik, politika, ekonomi, sosyal, teknolojik,
cevresel ve yasal kriterlerini incelemis ve AHP teknigine gore siralamustir. Alberto (2000), yaptigi
calismada ¢evresel yonler, maliyet, yasam Kkalitesi, yerel tesvikler, miisterilere saglanan zaman
giivenilirligi, misteri talebine yanit esnekligi ve miisterilerle entegrasyon kriterlerini incelemistir. Bu
calismada ‘Cevreye Duyarlilik’, ‘Giivenilirlik’ ve ‘Riskler’ kriterleri lilkemizde siirdiiriilebilir ulagimi
gliclendirmek igin lojistik merkez yer se¢iminde belirlenmistir. Kriterler, bu kriterlerin ¢aligmada
degerlendirilmesi ve alindigi ilgili kurumlar asagida agiklanmistir.

e Cevreye Duyarlilik: Illerde mevcut olan ulasim sistemi ag1 ve bu ulasim sistemlerinin
sera gazi emisyon degerleri ile baglanti kurulmasi ile tanimlanmaktadir. TUIK ’ten
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alman veriler dogrultusunda her bir alternatif il i¢in, degerlendirilen alternatif ilin
ihracat ve ithalat yaptig1 iilkenin baskenti ile arasindaki mesafe (km), ihracat ve ithalat
yaptig1 yiik miktar1 ve bu yiikiin tasinmasi esnasinda kullanilan ulagim tiiriine gore sera
gazi emisyon degeri parametreleri dikkate alinmustir.

e Giivenilirlik: Kurulmasi planlanan lojistik merkezin gelecekte daha etkin
kullanilmasinin 6ngoriilebilmesi amaciyla 2017 yilina ait illerin ‘Sosyo-Ekonomik
Gelismislik Siralamasi’ kullanilmaktadir. Bu veri Devlet Planlama Teskilati’ndan
alimmugtir,

e Riskler: Illere ait ortalama sicaklik olarak belirlenmistir. iklim bilgileri Cevre,
Sehircilik ve Iklim Degisikligi Bakanligi’na bagli Meteoroloji Miidiirliigii'nden
alimmugtir,

2.3.Lojistik Merkez Yer Secimi i¢cin Alternatif 1 Belirleme

Modern lojistigin 6nemli bir pargasi olan demir yolu (Jianhua, 2001) ile tedarik zincirinin temel bileseni
ve uluslararasi ticarette ve dagitimda biiyiikk role sahip olan liman (Notteboom, 2006) baglantisi,
ekonomik ve rekabetci kosullarin saglanmasinda stratejik bir unsurdur (Leal ve Pérez, 2012). Demir
yolu baglantis1 sadece liman hinterlandinin genislemesini saglamayip ayrica liman igin yeni katma
degerli ylik ve hizmetlerin artmasina olanak saglamaktadir. Bu durumda demir yolu, liman rekabet giicii
icin ¢ok 6nemli olup erisebilirligi artirarak daha etkili ve giivenilir hizmet sunmakta veya insanlar
tizerine daha az etkiye sahip limanlarin mekansal gelisimini tesvik etmektedir (Leal ve Pérez, 2012).
Demir yolu ve deniz yolu tagimaciliklarinin birbirleri ile baglanti kurmasi, rekabeti arttirarak ticareti
gelistirmesinin yaninda disiik sera gazi emisyonlart ile ekolojinin korunmasina katki saglayacag igin
bu ¢alismada demir yolu ve deniz yolu (i¢ su yolu dahil) baglantili iller CBS ile lojistik merkez yer
se¢imi i¢in belirlenmistir. CBS, lojistik alanindaki birgok ¢aligmada kullanilmakta olup Alragheb’in
yaptig1 calismada CBS'nin lojistik merkezlerin hizli ve objektif bir sekilde planlanmasi i¢in uygun
konumlar tirettigi tespit edilmistir (Alragheb, 2021). Korkmaz ¢alismasinda lojistik alaninda arag takibi,
yonlendirmesi ve rotalama amaglariyla CBS’nin kullanimimin iilkemizde gelisime agik oldugunu
belirtmistir (Korkmaz, 2004). iliskileri, dokular1 ve mekéansal dagilimlar1 daha iyi analiz etmek,
gozlemlemek ve anlamak i¢in kullanilan bir bilgisayar sistemi olan Cografi Bilgi Sistemleri (Alragheb,
2021) bu ¢alismada farkli ulagim ag1 sistemlerinin entegrasyonunun yapilabilmesi, ag yapilarinin birbiri
ile entegre edilmesi (Ozyagci1 ve Oral, 2012) amactyla kullanilmistir. Bunun igin Tiirkiye’de bulunan 51
adet demir yolu yiik istasyonu ve 71 adet liman baskanliginin konumlar1 Cografi Bilgi Sistemlerine
aktarilarak hem demir yolu yiik istasyonu hem de liman bagkanligi bulunan iller, lojistik merkez yer
secimi i¢in alternatif il olarak belirlenmistir.

3. BULGULAR

Calismanin bu kisminda lojistik alaninda uzman kisilerin gorigleri dikkate alinarak kriterlerin 6nem
agirliklar ve alternatif illerin kurumlardan alinan ilgili verileri dogrultusunda siirdiiriilebilir ulagim igin
lojistik merkezi yer se¢imi sonuglart AHP yontemi ile elde edilmistir.

101



Pacact, B., Erol, S. & Cubuk, M., K. (2022). Siirdiiriilebilir Ulasim ile Lojistik Merkez Yer Se¢imi

3.1. Lojistik Merkez I¢in Kriterlerin Onem Agirhklar

Tablo 4’te AHP yontemine gore kriterlerin 6nem agirliklart gosterilmektedir.

Tablo 4. Kriterlerin Onem Agwrliklar:

Kriterler Kriter Siralamasi
Cevreye Duyarlilik 0,661198524
Giivenilirlik 0,271775783
Riskler 0,067025694

3.2. Lojistik Merkez i¢cin Alternatif ller

Demir yolu yiik istasyonu ve liman baskanligi bulunan illerden her iki baglantiya da sahip iller Sekil

1’de sar1 renk ile gosterilmektedir.

Sekil 1. Demir Yolu Yiik Istasyonu ve Liman Baskanliklar: Baglantili Iller

Sekil 1‘e gore iilkemizde demir yolu yiik istasyonu ve liman bagkanliklari bulunan iller, Adana,
Balikesir, Bitlis, Bursa, Edirne, Elaz1g, Hatay, Istanbul, Izmir, Kirklareli, Kocaeli, Mersin, Sakarya,
Samsun, Tekirdag ve Zonguldak olmak iizere CBS’den elde edilmistir. Bu illerin belirlenen kriterlere
gore gerekli verileri ilgili kurumlardan alinmistir ve bu iller, elde edilen veriler dogrultusunda AHP

teknigi ile Super Decision programi kullanilarak siralanmigtir. Bu siralama ise Tablo 5.°te
gosterilmektedir.
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Tablo 5.Lojistik Merkez Yer Secimi Icin Alternatif Illerin Siralamasi

Sira Iller Onem Agirlig Sira Iller Onem Agirhip
1 Istanbul 0,19697 9
Adana 0,04689

2 10

Kocaeli 0,101185 Samsun 0,045145
3 11

Izmir 0,08135 Sakarya 0,039677
4 12

Hatay 0,081086 Balikesir 0,037654
5 13

Bursa 0,076515 Kurklareli 0,035999
6 14

Mersin 0,069665 Edirne 0,030346
7 15

Tekirdag 0,062983 Elazig 0,019546
8 16

Zonguldak 0,06247 Bitlis 0,012521

4. TARTISMA VE SONUC

Ulkemizin bulundugu stratejik konum ile uluslararast ticarette biiyiik potansiyele sahiptir. Tiirkiye’nin
bolgede lojistik iis olmasi gerekli ulasim yatirimlari, dogru plan ve projeler ile ilgilidir. D1s ticarette
biiylik neme sahip lojistik hizmetlerde yasanabilecek bir giinliik gecikme ticaret hacmini %1 oraninda
azaltmakta olup tarim sektdriinde ihracat oraninda ise %7 orani kadar azaltmaya sebep olabilmektedir
(Emrullah, 2020). Bu sebeple lojistik sektdriiniin bir biitiin olarak sistemli ¢caligmasi gerekmektedir. Bu
calismada hem sera gazi emisyon degeri bakimindan kara yoluna gore daha ¢evreci hem de uluslararasi
ticarette biiylik paya sahip olan deniz yolu ve demir yolu ulagimlar1 kullanilarak belirlenen kriterler
dogrultusunda lojistik merkez igin yer se¢imi yapilmistir. Siirdiiriilebilir ulagim igin demir yolu ve deniz
yolu baglantili alternatif iller, CBS ile bulunup lojistik merkez yer se¢imi i¢in belirlenen kriterler
dogrultusunda AHP yardimu ile siralanmustir. Bu siralamaya gore lojistik merkez i¢in en uygun ilk 5 il;
Istanbul, Kocaeli, Izmir, Hatay ve Bursa olarak bulunmustur. Bu iller arasinda Istanbul Halkali’da 2013
yilinda ve Kocaeli Kosekdy’de 2010 yilinda lojistik merkezler isletime agilmistir. Ayrica Istanbul
Avrupa Yakasi’nda proje asamasinda lojistik merkez mevcuttur. Diger illerde herhangi bir isletime
acilmig veya yapim asamasinda lojistik merkez projesi mevcut degildir (TCDD, 2020). Bu durumda bu
caligmaya gore demir yolu ve deniz yolunun daha aktif kullanilabilecegi bir lojistik merkez igin ilk
olarak Izmir, Hatay ve Bursa illerinden birinin tercih edilmesi ile siirdiiriilebilir ulasim ve buna bagh
Tiirkiye’nin sera gazi emisyonu azaltim politikalar1 desteklenecektir. Bu politikalara gore kara yolu
tasimaciliginin payini azaltmak, deniz yolu ve demir yolu tasimaciligi payini artirmak, kentsel alanlarda
siirdiiriilebilir ulagim yaklagimlarini uygulamak hedeflenmistir. Ulusal iklim Degisikligi Eylem Plam
(2011-2023), demiryollarinin yik paymi %15’¢ ¢ikarmak, deniz yollarin kabotaj yiik
tagimaciligindaki payini %10’a yiikseltmek, 2023 itibariyle kara yolu yiik tagimaciligindaki pay1 %60’ 1n
altina diigiirmek, sehirlerde siirdiiriilebilir ulastirma planlamasinin uygulanmasi i¢in 2023 sonuna kadar
gerekli mevzuat, kurumsal yapi ve rehberlik belgelerinin gelistirilmesi sera gazi emisyonunu azaltacak
birka¢ hedef ve politikay1 igermektedir (CSB, 2018). Bu ¢alisma ile kurulmasi 6nerilen lojistik merkez
sayesinde ulagimda sera gazini azaltan siirdiiriilebilir ulasim politikalari desteklenerek iilke ekonomisine
katki saglanacaktir.
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EK-1

Asagidaki tabloda 1995-2019 yillar1 arasinda sektorlere ait karbondioksit orani verilmektedir. Tarim,
ormancilik ve balik¢ilik 1, madencilik ve tas ocake¢iligi 2, imalat 3, elektrik, gaz, buhar ve klima temini
4, su temini; kanalizasyon, atik yonetimi ve iyilestirme faaliyetleri 5, yap1 6 ve tasimacilik ve depolama
7 rakami ile gosterilmektedir.

Yillar Sektorler
1 2 3 4 5 6 7

1995 5,93 0,54 46,88 34,78 0,24 3,01 8,63
1996 5,62 0,66 47,83 33,58 0,28 3,87 8,16
1997 5,39 0,74 47,21 34,47 0,31 4,44 7,45
1998 5,26 0,73 45,49 36,79 0,30 4,46 6,98
1999 5,57 0,57 42,29 40,79 0,24 3,34 7,19
2000 5,12 0,70 42,19 40,66 0,28 4,26 6,78
2001 5,16 0,46 40,04 44,22 0,20 2,59 7,33
2002 5,07 0,67 43,63 39,64 0,27 3,99 6,74
2003 4,86 0,80 45,28 37,16 0,32 4,92 6,66
2004 5,12 0,67 45,15 36,76 0,27 4,03 8,01
2005 4,75 0,60 42,64 40,94 0,24 3,59 7,23
2006 4,70 0,69 42,47 40,44 0,27 4,18 7,25
2007 4,58 0,71 39,29 43,23 0,28 4,31 7,59
2008 5,86 0,39 35,33 47,10 0,15 2,69 8,50
2009 5,76 0,41 34,74 47,59 0,15 2,84 8,50
2010 5,63 0,39 38,97 44,67 0,14 2,69 7,50
2011 6,01 0,27 38,64 45,62 0,11 1,92 7,43
2012 1,42 0,34 41,70 45,05 0,13 2,42 8,94
2013 1,31 0,38 42,98 45,08 0,15 2,65 7,45
2014 1,47 0,27 40,33 46,06 0,12 2,07 9,67
2015 3,39 0,25 40,46 44,26 0,11 1,90 9,62
2016 3,33 0,23 40,23 44,44 0,12 1,90 9,75
2017 3,36 0,22 39,22 45,64 0,11 1,88 9,58
2018 3,36 0,21 38,92 46,51 0,11 1,81 9,08

2019 3,75 0,23 37,49 46,83 0,11 1,91 9,68
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Greenhouse Gas Emission And Their Trend Prediction Using AIS
and Trade Data

AIS ve Ticaret Verileri Kullanilarak Sera Gazi Emisyonu Ve Egilim Tahmini

Thuta Kyaw WIN! ~ Daisuke WATANABE?  Shigeki TORIUMI 3

ABSTRACT

Due to decarbonization and greenhouse gas (GHG) emission reduction attempts nowadays, liquefied natural gas (LNG) has
become widely used as an alternative marine fuel. As Japan is the top global LNG importer and one of the largest crude oil importers,
this study focuses on LNG and tanker shipping and their emissions in Japan, and import volumes. In this study, the emission
estimation model is constructed based on the Holtrop-Mennen power prediction method. Using automatic identification system
(AIS) data, fuel consumption and GHG emissions are estimated. Next, long term GHG emission is predicted using the Japan trade
statistics. Combining the vessel movement data and trade statistics, GHG emission in Japan is projected to decline over years for
tankers, and to remain stable for LNG carriers. The results could be considered in formulating environmental and trade policy. It is
hoped the study will provide useful insights for zero emission projects and implementations in Japan.

Keywords: Automatic identification system, ship emission, greenhouse gases, LNG, Japan.

0z

Giinlimiizde karbonsuzlagtirma ve sera gazi (GHG) emisyonlarini azaltma girisimleri nedeniyle sivilastirilmis dogal gaz (LNG)
alternatif bir denizcilik yakit1 olarak yaygin bir sekilde kullanilmaya baglanmigtir. Japonya en biiyiik kiiresel LNG ithalat¢is1 ve en
biiyiik ham petrol ithalat¢ilarindan biri oldugundan, bu ¢aligma LNG ve tanker tagimaciligi ile bunlarin Japonya'daki emisyonlarina
ve ithalat hacimlerine odaklanmaktadir. Bu ¢aligmada, emisyon tahmin modeli Holtrop-Mennen gii¢ tahmin yontemine dayali olarak
olusturulmustur. Otomatik tanimlama sistemi (AIS) verileri kullanilarak yakit tiiketimi ve sera gazi emisyonlari tahmin edilmistir.
Daha sonra, Japonya ticaret istatistikleri kullanilarak uzun vadeli sera gazi emisyonu tahmin edilmistir. Gemi hareket verileri ve
ticaret istatistikleri birlestirildiginde, Japonya'daki sera gazi emisyonunun tankerler i¢in yillar i¢inde azalacagi ve LNG tastyicilari
icin sabit kalacagi ongodriilmektedir. Sonuglar ¢evre ve ticaret politikalarinin olusturulmasinda dikkate alinabilir. Calismanin
Japonya'daki sifir emisyon projeleri ve uygulamalari i¢in faydali bilgiler saglayacagi umulmaktadir.
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1. INTRODUCTION
Transportation including all modes as well as passenger and freight is the second largest CO2
emitter, which accounts for 24% of the world CO2 emissions (International Energy Agency [IEA],
2017). International shipping accounts for 2.89% of the global CO2 emissions in 2018 (International
Maritime Organization [IMQ], 2021). While shipping is the most efficient and eco-friendly modes
of transport in terms of emissions per cargo carried and distance travelled, carbon and greenhouse
gas (GHG) emissions are also expected to rise from international shipping (Benamara et al, 2019).

In 2018, IMO adopted the initial strategy on GHG emission reduction from ships. The strategy set
the target to reduce the current GHG emissions by at least 40% by 2030, 50% by 2050, and to phase
out GHG by the end of the 21st century. UNCTAD (2021) assessed that the global shipping fleet
has become more energy efficient although GHG emissions continue to increase (United Nations
Conference on Trade and Development).

To achieve the 2050 target and beyond, one of the pathways to GHG reduction will be the use of
alternative fuels. Among them, liquefied natural gas (LNG) fuel is one of the options. The (MLIT)
assumed that LNG fuels will continue to be the trend to emission pathways (MLIT, 2020) although
LNG is not as effective as other alternatives such as hydrogen and ammonia. The IMO report (2020)
showed that the LNG market sector will continue to grow. Therefore, this study primarily focuses
on LNG shipping and their emissions.

A report by 1GU showed that Japan is the top LNG importer, importing 74.43 MT which accounts
for 21% of the global LNG market (International Gas Union [IGU], 2021). LNG trade in the Asian
market is projected to increase (IEA, 2019). As LNG is already practically applied as alternative
marine fuels and as energy use, LNG import to Japan is expected to increase. In addition to LNG,
Japan is one of the largest crude oil importing countries. Therefore, it is important to note and keep
track of the import volumes and vessels in Japan waters and their GHG emissions. Hence, the Japan
coastal region is chosen as a study domain.

In this study, the authors would like to focus on emission status and the relation to crue oil and LNG
trade in the Japan coastal region. We hope that the study will offer new insights and considerations
in terms of environmental regulations and marine traffic policies to protect the local environment
and society.

2. Background on Automatic Identification System (AIS)
Ships of over 300 gross tonnage engaged in international voyages and cargo vessels of over 500

gross tonnage not engaged in international voyages are required to equip Class A AIS by IMO
(2002). The purpose of AIS is to enhance safety of life at sea, safety and efficiency of navigation,
and protection of the marine environment. Initially intended as a collision avoidance system for
vessel identification, target tracking, and information exchange for situational awareness, it is
designed for ships to automatically transmit vessel information to ships in vicinity and reporting to
maritime authorities.

Nowadays, AIS data provide valuable resources to authorities, academia and industry. AlS data are
extensively applied in the following fields: maritime surveillance, environmental sustainability,
energy efficiency, speed optimization, route planning and predictive analysis in ship performance
and trajectory prediction. Munim et. al. (2020) noted that AIS data applied to investigate a wide
range of research topics will contribute to big data and Al research domain in the maritime industry.
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In terms of emission study using AIS data, Yao et al (2016) studied ship emission inventories from
terrestrial AIS in the Yangtze River estuary. Li et al (2016) investigated uncertainties in ship
emission inventory in the Pearl River Delta region. Kim et al (2021) estimated the global LNG fleet
emission inventory spatially. Woo and Im (2021) studied the gas emission inventory in Busan by
bottom-up approach. Wang et al (2021) conducted the prediction on CO2 emissions by long short-
term memory (LSTM). In this study, ship emission estimation will be calculated based on the
Holtrop-Mennen power prediction model by using satellite AIS data.

As AIS data are movement data and do not contain cargo information, studies using AlS data focus
on emission estimations from marine traffic. However, trade volumes can be estimated from AIS
data. Yan et al (2020) analyzed the global marine oil trade based on AIS data. Applying AlS data,
the study analyzed the traffic route, trade volume and trade network. Van der Loeff et al (2018)
discussed the approach for commodity volume estimation from AIS data by linking cargo
composition data, vessel journeys and specifications and vessel emissions from a bottom-up
methodology. Trimmer and Godar (2019) suggested a study approach to carbon emissions and air
pollution to commaodity shipment and allocated emissions to commodities.

3. DATA AND STUDY AREA
3.1. Brief Data Description

The AIS data used in this study were provided by exactEarth. The data are collected via satellites
by the company so the data can be obtained throughout the oceans regardless of the vessel position
and the weather conditions.The reported data consist of maritime mobile service identity number
(MMSI), IMO number, vessel name, callsign, vessel type, vessel type cargo, vessel class, length,
width, flag country, destination, estimated time of arrival (ETA), draught, longitude, latitude, speed
over ground (SOG) in knots, course over ground (COG), rate of turn (ROT), heading, navigation
status, timestamp of the last position and static AIS message, date and time of the last position and
static AIS message, main vessel type and sub vessel type. The data were provided in the comma-
separated values (csv) format. Each data point is reported in Greenwich Mean Time (GMT).

The data were collected worldwide for 6 months from 2016-01-01 UTC to 2016-06-30 UTC
(Universal Time Coordinated). However, not all vessel types and ships were covered by exactEarth
satellites as the obtained dataset includes only the following types: oil and chemical tankers, gas
tankers, other tankers, tugboats, general cargo ships, offshore vessels, specialized cargo ships, bulk
carriers, ro-ro cargo ships, passenger ships, container ships, and others. This dataset extensively
focuses on tankers accounting for 98.6%, under which crude oil tankers, oil product tankers,
chemical tankers and LNG carriers are sub-categorized.

The trade data used in this study were obtained from the mineral resources and petroleum products
statistics report of the Ministry of Economy, Trade and Industry of Japan (METI). The report
provides crude oil, petroleum and LNG import and export statistics on a monthly basis and by area
and country. In addition to imports and exports, the report consists of the product stock changes,
processing and inventory, product value and their trade terms. In this study, monthly import volumes
were extracted from import and export section of each products, and they were matched to the vessel
types in the AIS data.
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3.2. Study Area

In this study, the Japan coastal area is chosen as the main study domain since the authors are mainly
interested in estimating GHG emissions in Japan. The United Nations Convention on the Law of the
Sea (UNCLOS) Part 2 of “Territorial Sea and Contiguous Zone”, in Section 2 “Limits of the
Territorial Sea”, Article 3 “Breadth of the territorial sea”, states that every state has the right to
establish the breadth of its territorial sea up to a limit not exceeding 12 nautical miles, measured
from baselines determined in accordance with this Convention. Therefore, 12 nautical mile buffers
are created along the Japan coastlines and AlS data for 6 months in the buffer zone are selected for
analysis.

4. CALCULATING GHG EMISSIONS
4.2. Data Preparation

Before calculation is proceeded, AlS data need to be verified and made reliable. Bereta et al (2021)
pointed out technical issues could exist in AIS data: absence of ship identification, human error
inputs, reporting frequency, sensor malfunction, and timestamping. Therefore, data processing is
mandatory. First, missing ship information in AIS data are either rejected or verified through public
vessel tracking services. Then, unusual high speeds are checked, and the vessel positions are
confirmed not to be over land. For the next step, transmission timestamp and their intervals are
checked as they are not uniform. The data gap was addressed by Goldsworthy (2016) in the spatial-
temporal distribution of the ship emission prediction problem. Finally, data are made sure to achieve
voyage by voyage emission calculation so that calculations of each vessel voyage do not overlap
other voyages. As this study intends to focus on tanker vessel types, only such vessels are filtered
in the final dataset. The number of vessels used in the study after buffering is described in the
following table.

Table 1. Number of vessels in the dataset

Vessel type Number of ves§els Number of ve§sels
(before processing) (after processing)
Oil and chemical tanker 6974 195
Gas tanker 1318 150
Tug 29
Other tanker 28 1
General cargo ship 23
Offshore vessel 16
Specialized cargo ship 5
Bulk carrier 24
Ro-Ro cargo ship 11
Passenger ship 4
Container ship 5
Others 2
Total 8439 346
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Fig 1. Study domain and AIS data points

4.3. Vessel Emission Estimation Model

Once data processing is completed, the vessel emission estimation model will be calculated using ship
dimensions, ship resistance, predicted power and assumed parameters. The model is based on
International Towing Tank Conference (ITTC) recommended procedures and the approximate power
prediction method (Holtrop and Mennen, 1982). The Holtrop-Mennen method is the numerical
prediction of propulsive power at the design stage of a ship based on ship dimensions. Holtrop (1984)
again re-analyzed resistance and propulsion data, calculated using dimensions and other parameters.
The vessel emission estimation method is summarized in Figure 2.
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Fig 2. Flowchart of vessel emission estimation model

As AIS data contain length, breadth, and draught, necessary length calculations are carried out first.
MAN Diesel & Turbo (2011) assumed average conversions to length of the waterline (LWL) and length
between perpendiculars (LPP) from length overall (LOA) which are lengths recorded in AlS data.

LPP = LWL x0.97 = LOA % (0.97)? (D)
The displacement (V) of each vessel can be derived from the following formula.
V = Cg * LPP * breadth * draught 2

Approximate block coefficients (CB) of tanker vessels by MAN Diesel & Turbo (2011) range from
0.80-0.85 with average speed of 12-16 knots.

ITTC recommends calculating total resistance of a ship as
Ry =05%Cpxp*S«V? 3

Where RT represents total resistance, CT for total resistance coefficient, p for seawater density, S for
wetted surface, V for ship speed.

MAN Diesel & Turbo (2011) assumed residual resistance coefficient to be neglected in the calculations
so the equation can be rewritten as

CT=CF+CA+CAA+CRECF+CA+CAA (4)
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Where CF = frictional resistance coefficient, CA = incremental resistance coefficient, CAA = air
resistance coefficient, CR = residual resistance coefficient.

An approximate wetted surface estimation is given as follows (Kristensen and Liitzen, 2013). Wetted
surface calculation can be different depending on ship type as there are different formulations suited to
each type of vessel.

S =1.025* (mght + 1.7 % LPP * draught) (5)
CF can be calculated as follows.
Cp = 0.075 ©)
(logRn — 2)?
CF and CA can be derived from the following equations.
C. = 0.5 *log(V) — 0.1 (log(V))2 @)

A 1000

Harvald (1983) advised the resistance value will be too low for large ships with displacement more than
160000 T if the above equation is used. In such cases, it is advised to apply the following formula.

Cs = Maximum (=0.1; (0.5 x log (V) — 0.1+ (log(¥))") /1000) (8)

CAA is assumed as follows

Table 2. Air resistance coefficients

Ship Types CAA
Small, Handysize, Handymax tankers 0.00007
Panamax, Aframax, Suezmax tankers 0.00005
VLCC 0.00004

Source: Kristensen and Liitzen (2013)

Reynolds number can be calculated in the following equation, where v stands for kinematic viscosity of
seawater. Kinematic viscosity of seawater can be derived from a study on thermophysical properties of
seawater by Nayar et al (2016).

VLWL
R, = LWL ©)

v

Once total resistance is known, power can be predicted in the below equation (Kristensen and Liitzen,
2013). This required power is calculated with vessel’s total resistance, sailing at the speed V at calm sea
conditions.

sea allowance ) (10)

100

Harvald (1983) suggested sea allowance in power prediction. Sea margin (m), also known as sea
allowance, refers to allowances on installed power for roughness, fouling and weather. Depending on
ship sizes and hull forms, sea allowance will be different. Small ships will have higher sea allowance
while slender hulls will have less service allowance. The suggested sea allowances dependent on
shipping routes suggested by Harvald (1983) are taken as approximate parameters in the calculation.

P=RT*V*(1+
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Table 3. Sea allowance of major shipping routes

Routes Sea allowance
North Atlantic, route, westbound 25-35%
North Atlantic, eastbound 20-25%
Europe — Australia 20-25%
Europe - Eastern Asia 20-25%
The Pacific routes 20-30%

Source: Kristensen and Liitzen (2013)

Considering resistance, ship speed, sea margin, transmission power (nD) and quasi-propulsion
coefficient (nT), the installed engine power can be calculated using the following equation (Molland et
al, 2011).

_ RpxV

Mp *Mr
Once estimated power is known, fuel consumption of each vessel can be calculated. Specific fuel oil
consumption (SFOC) depends on each ship type as well as marine engines installed onboard. MAN

Diesel & Turbo (2011) calculated SFOC for various types of vessels. In this study, only LNG carriers
and tankers will be used.

Pg +m (11)

Table 4. SFOC by ship type

Ship type SFOC in g/kWh
LNG carrier 215
Tanker 210

Source: MAN Diesel & Turbo (2011)

In determining SFOC, engine age also plays a key role. SFOC baselines are proposed for
slow/medium/high speed marine diesel engines as shown in the below table.

Table 5. SFOC by engine age and type

Engine age SSD MSD HSD
Before 1983 205 215 225
1984-2000 185 195 205
Post 2001 175 185 195

Source: IMO GHG Study Report (2021)

Fuel consumption is given by the following equation, where SFOC is in g/kWh and time difference in
hours (AT)

Fuel consumption (FC) = Py * SFOC * AT (12)
Vessel emission value can be derived from emission factors of each pollutant.
Emission = Emission factor » FC (13)

Depending on fuel types, the emission factor of the pollutant will vary and their values were introduced
in IMO GHG Reports (2014 and 2021).
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Table 6. Emission factors

Emission Factor

Pollutant (a/g fuel)
Carbon dioxide (CO2) 3.114
Nitrogen oxides (NOX) 0.0903
Sulphur oxides (SOX) 0.025
Particulate matter (PM) 0.00728
Carbon monoxide (CO) 0.00277
Methane (CH4) 0.00006
Nitrous oxide (N20) 0.00015
Non-methane volatile organic compounds (NMVOC) 0.00308

Source: IMO GHG Reports (2014).

5. RESULTS
5.2. Fuel Consumption and GHG Emissions
Based on the AIS data and the power prediction method, fuel consumption and GHG emissions in the
Japan coastal waters for the first six months of 2016 can be calculated. Fuel consumption is calculated

to be 150,041.02 tons.

Fuel consumption in Japan Coastal Waters

= fuel_consumption
2000
1500
ul
5
S 1000 {
500 1
D -
2" 12 % B ! o 1]

tirme
Fig 3. Daily fuel consumption in Japan coastal waters

Using the emission factors of each pollutant, the emission inventory can be estimated. The
calculated results are shown in the following table and their daily amounts in the below figure. In
the emission inventory, CO2 pollutes the most, 96% of the total emission.

115



Toros University FEASS Journal of Social Sciences
Special Issue on 2nd International Symposium of Sustainable Logistics “Circular Economy”
Toros Universitesi IISBF Sosyal Bilimler Dergisi 2. Uluslararas: Siirdiiriilebilir Lojistik “Dégiisel Ekonomi” Sempozyumu Ozel Say

Table 7. Emission inventory for 6 months

Emission Pollutant Amount (metric tons)
CO2 467,227.76
NOx 13,548.70
SOx 3,751.02
PM 1,092.29
CO 415.61
CH4 9.00
N20 22.50
NMVOC 462.12
GHG Emission inm Japan Coastal Waters
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Fig 4. Daily emissions in Japan coastal waters

5.3.  Long Term GHG Emission Prediction
The Ministry of Economy, Trade and Industry of Japan (METI) compiles the trade statistics of monthly
LNG, crude oil and fuel products import amount. The mode of transport to import energy sources such
as fuel, oil and LNG is via tanker ships. In addition, 32 LNG receiving terminals (19% of the global
share) are in Japan (IGU, 2021). Therefore, energy import volumes and ship emission volumes are
important factors to consider for long term prediction. The prediction can be applied in policy making
for energy resource import and environmental protection.

Referring to the 2016 METI statistics from January to June, total LNG import is 38,543,894 tons and
the average is 6,423,982 tons a month. For fuel and oil products, the import volume is 15,184,603
kiloliters (kl), averaging 2,530,767 kl per month.
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Table 8. Monthly imports and emissions (2016 January to 2016 Jun)

Import Emission
Oil & fuel LNG Cco2 NOx SOx PM CcoO CH4 N20 NMVOC
ki MTon MTon

3419728 6571013 17469.38 506.5784 140.2487 40.84043 15.53956 0.336597 0.841492 17.27864

2595435 7022133 62450.04 1810.931 501.3651 1459975 5555125 1.203276 3.008191 61.76818

2324958 7830571 83793.52 2429.851 672.7161 195.8949 7453695 1.614519 4.036297 82.87863

2474860 6113092 76471.08 2217514 613.9296 178.7763 68.0234 1.473431 3.683578 75.63613

2430470 5337500 79509.95 2305.635 638.3265 185.8807 70.72658 1.531984 3.829959 78.64183

1939152 5669585 147533.8 4278.196 1184.44 3449088 131.2359 2.842655 7.106637  145.923

Referring to Table 8 and Figure 3, import volumes tend to decrease in June 2016 whereas emission
volumes tend to be higher than previous months. Ship emissions tend to increase steadily from January
2016 and remain mostly stable from March to May 2016.

Using the METI statistics, vessel GHG emission results and vessel arrivals in Japan, long term GHG
emission is predicted. The trend shows that energy resources are imported in high quantities in the
beginning and ending of each year and start decreasing around March every year. However, LNG
imports drop sharply from March 2020 to 4224784 tons in May 2020 while the average per month is
6276284.667 tons. This is illustrated in Figure 5.

Energy Import Volumes to Japan
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Fig 5. Energy import to Japan (2016 ~ 2020).
Source: METI.
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In addition to trade statistics from the Japan METI agency, UN Comtrade database is also used. The
database aggregates global trade statistics annually and monthly by product and trading partner. Among
the UN Comtrade databases, the AlS-based database is applied in this study. It estimates the global
seaborne trade in real time by collecting AIS data. The data is updated on a weekly basis. The trade data
derived from AIS data include the number of port calls, metric tons of cargo, deadweight tonnage by
specifying the reporting country, vessel type, trade flows: import or export, and the period.

In order to predict GHG emissions from LNG carriers and tankers in Japan coastal waters, fuel
consumption is estimated first by the following variables: fuel oil and products import volumes, LNG
import volumes, port calls, and deadweight tonnage from the dataset. The number of port calls and
deadweight tonnage derived from the Comtrade database and those derived from the exactEarth AIS
dataset are compiled and checked on the differing values. Port calls refer to the number of times a vessel
calls at a port to carry out cargo loading and discharging operations. Deadweight tonnage refers to a
vessel's weight carrying capacity, not including the empty weight of the ship. Then emission factors are
applied to predict the total emission volumes for each type of vessel separately as in the equation (13).

Fuel consumption LNG = o4 * LNG import + a, * port call + oz * deadweight (14)

Fuel consumption tanker = (3; * oil import + 3, * port call + 5 * deadweight (15)
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Fig 6. Projected emissions from LNG carriers
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Fig 7. Projected emissions from tankers
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In Figures 6 and 7, the blue line represents the estimated emissions from the AIS data for six months
while the red line represents projected emissions based on the MET] trade statistics and UN Comtrade
database. In this study, estimations were made to compare emission volumes for 6 months and long term
predictions based on the trend of 6 months were carried out. The 6-month comparison result discovered
that high differences occur in the first month of study, where emissions estimated from trade data were
4 times higher for tankers and 3 times higher for LNG carriers than emissions calculated from AlS data;
emissions from AIS data were found to gradually increase in the remaining 5 months of comparison.
During January 2016 to June 2016, total emissions estimated from the trade were found to be higher
than from AIS data (24% for tankers and 28% for LNG carriers). Similar trends were discovered in both
AIS and trade data. In the long term perediction, although the import trend and the volumes remain
relatively stable from 2016 to 2020, overall GHG emissions tend to gradually decline from 2016. The
decline is mostly found in tankers as the vessels increase in size and utilize more space since the
deadweight gets larger and fewer port calls are made. However, LNG carriers’ emissions remain almost
the same and projected to increase.

6. CONCLUSION
In this study, two main objectives are focused: GHG emission estimations from tankers and LNG
carriers and trade statistics. Emission from 8 air pollutants (CO2, NOx, SOx, PM, CO, CH4, N20 and
NMVOC) is calculated for the first half of 2016.

Based on ITTC procedures and the Holtrop-Mennen numerical power prediction method, vessel
emission estimation model estimates the GHG emissions of LNG and tanker ships in Japan coastal
waters from the AIS data. As tracking data do not cover all ships, calculated emissions will not cover
the actual emissions. In the dataset, engine types and their information are not available. Therefore,
calculations are done with value assumption. If more information is available, better accuracy in fuel
consumption and emissions can be estimated. With the calculation results from the current AIS data, it
is assumed that emissions are particularly higher after the peak season, particularly during the third
quarter of each year. This can be due to the higher vessel movements once energy resources are
imported. Therefore, air pollution impacts on the local environment and urban and port areas should be
investigated. It can help the government and stakeholders identify environmental and health issues to
improve the local society.

Next, the long term GHG emission is predicted based on the trade data. The prediction results show the
gradual decrease in GHG over years. However, this prediction is based on the available six-month vessel
movement data. In addition, prediction in this study is based only on statistics from two sources: Japan
METI and UN Comtrade. Further study should be focused to develop a better emission forecast model
using more trade data. In this study, emission estimation from trade data is studied based on vessel port
calling activity and cargo weight carried. From this study, vessel emissions can be estimated if the
country’s trade volumes are known. The authors recognize that the prediction model can be improved
and re-evaluated provided that more historical AIS data are available. Further research should be
conducted on more accurate data-driven approaches to estimate ship emissions from each trade and
commodity so that environmental friendly trade policy can be further researched and implemented to
benefit the local society.
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Sustainable Supply Chains for Bioeconomy: A Survey on Projects
and Literature on Agro-Biomass

Biyoekonomi I¢in Siirdiiriilebilir Tedarik Zincirleri: Tarimsal Biyokiitle ile Ilgili Projeler ve
Literatiir Uzerine Bir Arastirma

Tiimay YAVUZ!  Atiye TUMENBATUR?

Abstract

Bioeconomy, which is based on the replacement of materials and energy production based on fossil resources with biomaterials
and/or biofuels or energy generation from biomass resources, has an important place in the circular economy. Sustainable supply
chains are essential to meet bioeconomy’s full potential. This study aimed to provide a theoretical framework to make use of the
untapped biomass potential in Turkey. Study focused on the literature fit for purpose for the further studies to be executed for
building a holistic approach on developing biomass and bioenergy projects, alternative concepts and business models utilizing agro-
biomass resources and developing a conceptual framework for sustainable supply chains for a circular bioeconomy. Research clearly
shows that many projects are executed within the scope of bioeconomy in Europe, mostly with a collaborative sense, and are
supported by funding mechanisms in line with EU policies. In Turkey, more regulatory policies should be developed, awareness
should be raised, and application-oriented innovation projects should be developed, involving all sector stakeholders.

Keywords: Circular Economy, Bioeconomy, Bioenergy, Biomass Supply Chains, Agricultural Residues.
Oz

Fosil kaynaklara dayali malzemelerin biyomateryaller ile, enerji iiretiminin ise biyoyakitlarla veya biyokiitle kaynaklarmdan
direkt enerji liretilmesi ile ikame edilmesine dayanan biyoekonomi, dongiisel ekonomide 6nemli bir yere sahiptir. Biyoekonominin
potansiyelinden tam olarak faydalanabilmek i¢in siirdiiriilebilir tedarik zincirleri gereklidir. Bu ¢alisma, Tiirkiye'deki kullanilmayan
biyokiitle potansiyelinden yararlanabilmek i¢in teorik bir ¢er¢eve sunmayi amaglamustir. Biyokiitle ve biyoenerji projeleri, alternatif
konseptler ve tarimsal biyokiitle kaynaklarindan yararlanan is modelleri gelistirmeye yo6nelik biitiinsel bir yaklagimla yiiriitiilecek
gelecekteki ¢aligmalar i¢in amaca uygun literatiire odaklanilmis ve dongiisel bir biyoekonomi igin gerekli olan siirdiiriilebilir tedarik
zincirleri i¢in kavramsal bir ¢ergevenin gelistirilmesi hedeflenmistir. Aragtirmalar, Avrupa'da biyoekonomi kapsamindaki pek ¢ok
projenin, ¢ogunlukla isbirlik¢i bir anlayigla yiiriitiildiigiinii ve AB politikalar1 dogrultusunda finansman mekanizmalariyla

desteklendigini agik¢a gostermektedir. Tiirkiye'de de benzer sekilde daha fazla diizenleyici politika gelistirilmeli, farkindalik
artirtlmal1 ve tiim sektor paydaslarini igeren uygulamaya yonelik inovasyon projeleri gelistirilmelidir.
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1. INTRODUCTION

Issues such as tackling climate change, the supply chains broken by the pandemic, the paradigm shift
from globalization to localization, and the ability to supply cheap and clean energy resources
considering supply security and geopolitical developments, leave their mark on our day globally. In
order to overcome these challenges and achieve sustainable development goals, it is essential to switch
from the linear economy model in the past, which can be summarized as take-make-consume-dispose,
to a circular economy model that uses resources in a more efficient and environmentally friendly way.
This requires a redesign of value chains and fundamental changes in business models and policies.

Bioeconomy, which is based on the replacement of materials and energy production based on fossil
resources with biomaterials and/or biofuels or energy generation from biomass resources, has an
important place in the circular economy. For effective bioeconomy deployment, supply chains must
first be structured and optimized.

This study aims to provide a theoretical framework to make use of the untapped biomass potential in
Turkey and pave the way for a sustainable bio-based economy and has been limited to biomass
resources based on agricultural residues and agro-industry waste streams for being able to
conceptualize an agro-biomass business in Turkey.

In the first section, a survey on EU funded projects for the utilization of agricultural residues as bio
commodities or biofuels to substitute fossil-based materials or fuels has been conducted. Second
section includes a survey on literature for designing sustainable biomass supply chains which is
essential for biomaterial utilization and/or energy generation from agricultural biomass and a stepping
stone for the successful application of the projects for a successful bioeconomy.

1.1.Background & Overview

Currently two global transformations are leading the way to sustainable development. First is the
transition from linear economy to circular economy, second is the energy transformation promoting
decarbonization, digitalization, distributed energy generation and energy efficiency. The question now
is “how to convert the resources to more efficient and sustainable products and services” rather than
“what sources we should use?”.

CIRCULAR ECONOMY - an industrial system that is restorative by design
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Figure 1. The Butterfly Diagram Visualizing the Circular Economy
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The circular economy has become evident as a practical alternative to the existing linear (take-make-
waste) status quo which is unsustainable and one of the global challenges of 21st century. Circular
economy tends to keep resources functioning at their highest potential by means of not consuming them
but recovering in a continuous and long lasting loop. The value of the resources are preserved through
cycles of reusing, repairing, remanufacturing or recycling. It is a regenerative system where the needs
of the public are met within the natural means (Van Kruchten et al., 2020).

Ellen Macarthur Foundation is an international charity, which was launched in 2010 and is pioneering
in accelerating the transition to the circular economy. They point out that eliminating waste and
pollution, circulating products and materials at their highest value and regenerating nature are the three
principles which are guiding the transition to circular economy (Ellen Macarthur Foundation, 2013).

An illustration of material flows in circular economy including the two main cycles — the technical cycle
and the biological cycle is presented in Figure 1, which is called as the circular economy system diagram
and also known as the butterfly diagram (Ellen Macarthur Foundation, 2022).
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Figure 2. 17 UN Sustainable Development Goals
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Currently, either for academic or for industrial purposes, individual or corporate goals should be aligned
with that of United Nations’ 17 Sustainable Development Goals (SDGs) which are briefly illustrated in
the chart provided in Figure 2. UN conceive the SGDs as “the blueprint to achieve a better and more
sustainable future for all, which address the global challenges” (United Nations, 2022).

What is the relation between circular economy and sustainability? and how circular economy can help
us in achieving the sustainable development goals? are the two questions which come to mind. We can
simply answer them that circularity contributes to a more sustainable world, but not all sustainability
initiatives contribute to circularity.

There are several studies which briefly explain how circularity is incorporated in the Sustainable
Development Goals of the United Nations. One of the recent studies is on the relevance of circular
economy practices to the SDGs, which provides an extensive matching exercise and an assessment of
the contribution of circular economy practices to SDG goals. According to the study, circular economy
practices which directly contribute to achieving SDG goals with the strongest relationships and creating
synergies are stated as SDG 6 (Clean Water and Sanitation), SDG 7 (Affordable and Clean Energy),
SDG 8 (Decent Work and Economic Growth), SDG12 (Responsible Consumption and Production) and
SDG 15 (Life on Land) (Schroeder et al., 2019).
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1.2. Terms & Definitions

Biomass, Bioenergy and Bioeconomy

In the Directive 2009/28/EC of the European Union, biomass is considered as one of the renewable
energy sources; it is defined as “biodegradable products, wastes and residues of biological origin and
biodegradable products belonging to agriculture, forestry and related industries (such as fisheries,
aquaculture) and biodegradable parts of industrial and municipal wastes” (European Commission,
2009). Biomass energy is generated by valorization of biomass sources through various conversion
technologies and processes and serve three main areas; electricity, heat, and biofuel production, which
is mainly used for transportation.

Bioeconomy or biobased economy is a new model for industry and the economy. According to the
definition of the German Bioeconomy Council (Biookonomierat), bioeconomy is “the knowledge-based
production and use of biological resources to provide products, processes, and services in all economic
sectors within the frame of a sustainable economic system” (German Bioeconomy Council, 2022). It
involves using renewable biological resources sustainably to produce food, energy, and industrial goods.
It also exploits the untapped potential stored within millions of tons of biological waste and residual
materials. The transition from a fossil fuel-based to a biobased economy is expected to reduce our
dependency on fossil fuels and achieve more sustainability as well as contribute to climate and
environmental protection. The 2018 EU Bioeconomy Strategy defines the bioeconomy as, “those parts
of the economy that use renewable biological resources from land and sea — such as crops, forests, fish,
animals and micro-organisms — to produce food, materials and energy” and strongly emphasizes that the
European bioeconomy needs to have sustainability and circularity at its heart for success (European
Commission, 2018).

According to a study in Universitat Autonoma de Barcelona, “circular economy is the ‘what’ —the result
to be achieved (the desirable outcome capable of decoupling the use of resources from natural
resources), whereas bioeconomy is the ‘how’ (what type of biophysical processes should be enhanced
to achieve the expected result)”. The study also indicates that the principles of a sustainable bioeconomy
and the principles of a circular economy should be in harmony for proper implementation (Giampietro,
M., 2019).

Developing a stronger bioeconomy will help the EU in accelerating progress towards a circular and low-
carbon economy. It will also help modernizing and strengthening the EU industrial base, creating new
value chains and greener, more cost-effective industrial processes, while protecting biodiversity and the
environment” (European Commission, 2018).

Circular bioeconomy has enormous potential for creating millions of green jobs, especially in rural areas,
creating mitigation and carbon neutrality, reducing atmospheric emissions and our dependence on fossil
resources. It also helps ecosystem and biodiversity restoration, aligned with the SDGs, recover part of
the degraded ecosystems. More information about the EU's bioeconomy strategy and action plan can be
seen in Bioeconomy: The European Way to Use Our Natural Resources, Action Plan 2018 (European
Commission, 2019).
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Biomass Value Chain
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Figure 3. Biomass Value Chain (Rudi et al., 2017)

Bioeconomy aims at using sustainable renewable biomass resources for the production of bioenergy and
various pathways exist for bioenergy generation, as illustrated in Figure 3. A general biomass value
chain (BVC), also referred to as biomass supply chain (BSC) in literature, is characterized by the
valorization of biomass feedstock, such as organic, wood, and crop material or residues, as well as of
municipal organic wastes and manure for the production of bioenergy and innovative bio-based
materials. The flow diagram given in Figure 3 illustrates the paths and interactions where biomass
resources are subject to several provision and transport means and then are processed with different
conversion technologies yielding various bio-products for different end-uses.

It is critical to decide which technology to apply prior to designing the biomass value chain (BVC)
depending on the various biomass pathways and conversion options. The technoeconomic assessment
of biomass valorization pathways is difficult and has to be supported by optimization models
considering the complexity and interdependencies, such as economies of scale. Diverse BVC
optimization models exist for the techno-economic assessment of biomass pathways and the selection
of biomass feedstocks and technologies, which considers not only technology and capacity planning but
also the trade-off between transportation costs and technology investment (Rudi et al., 2017).

Agro-biomass (Agricultural Biomass)

Biomass is derived from organic material such as trees, plants, and agricultural and urban waste. Biogas,
biodiesel, and bioethanol are the three main categories of bioenergy provided by agriculture, and each
has experienced dynamic growth in recent years.

In addition, short rotation coppice provides solid biomass, while agriculture also provides by-products
and residues (such as straw) used for bioheat and biopower. Furthermore, dedicated energy crops like
perennial grasses and short rotation forestry and coppice provide non-food cellulosic and ligno-
cellulosic biomass.

Biomass grasses, short rotation forestry and short rotation coppice have high energy yields —about three
times those of traditional energy crops. They imply lower environmental pressure and can be irrigated
with wastewater (European Commission, 2022).
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Table 1. Agro-biomass Resources (Bioenergy Europe, 2022)

Large potential, 1 ton of an

s agr!cultural prgduct yields 1 ton of
2 | agricultural residues
£ 3 _ )
§ ‘% | Herbaceous: Straw, maize residues
S
2’ o Woody: agricultural prunings, orchard
plantation removals
No harvesting required, often low
— | moisture / good calorific value, very
& 'S | comptetive fuel sources
S B
& 2| Olive stones / olive cake, nut shells,
c

sunflower husk, peach kernels, cotton
ginning residues and others

Higher  yields, cultivation on
abondoned, marginal or contaminated
land, eco-system services, etc.
Herbaceous: Mischantus, switchgrass

Woody / Short Rotation Coppice:
poplar, willow, etc.

Perennial
Energy Crops

With around 20% of the bioenergy feedstock coming from agriculture, both dedicated energy crops and
agricultural residues can be utilized to produce heat, electricity and biofuels. Agricultural biomass
represents an important and sustainable energy source although its potential remains largely untapped.
Scarce mobilisation of residues is at the basis of their underutilisation. Several studies point in the
direction of an increased role for agricultural biomass to achieve Europe’s long-term decarbonisation
objectives.

The challenges that may be encountered while developing new business models based on agricultural
residues and the potential solutions to overcome these difficulties and the social and environmental
benefits that can be obtained from such business models are presented in Table 2 and Table 3.

Table 2. Benefits from Agro-biomass (Bioenergy Europe, 2022)

Socio-Economic Benefits

Incomef/activity diversification for farmers

Local job creation and socio-economic development
Self-sufficiency (reduced reliance on imported fossil fuels)
Environmental Benefits

Reduction of air emissions from avoidance of open field burning of residues
Reduction of GHG emissions from substitution of fossil fuels

For lignocellulosic crops: phytoremediation, improvement of soil quality, carbon sequestration, water quality
and biodiversity

Table 3. Challenges in Agro-biomass Business (Bioenergy Europe, 2022)

Challenges Potential Solutions
Higher CAPEX investment requirements compared to fossil ~ Adopt agro-biomass heating in end-users with higher
fuel options demand
Subsidize CAPEX through suitable policy instruments
Dispersed resource, harvesting costs, low density Development of local supply chains with appropriate

technical implements
Challenging chemical fuel properties (e.g. ash, nitrogen, Use of appropriate, modern combustion technologies
alkalis, etc.)
Inhomogeneous material & low density Use of appropriate feeding systems

Homogenization through pelletization
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Low priority of residue management for farmers Introduction of suitable policy instruments (e.g.
incentives for treatment, stricter fines for field
burning)

Low priority / lack of awareness for policy makers, etc. Knowledge transfer, dissemination, promotion of

SUCCESS cases

2. METHODOLOGY

This study aimed to focus not only the research papers on this subject, but also the research projects
which provide a working environment and forms a base for many individual and collaborative papers
and publications. The scope of this study is limited to agricultural residues and agro- industry residues,
co-products and waste streams in terms of biomass sources.

A systematic literature study has not been conducted. Instead, focused on the literature fit for purpose
for the further studies to be executed by the authors for:

o Building a holistic approach on developing biomass energy projects utilizing agro-biomass
resources,
o Understanding alternative concepts and business models in biomass and developing a

conceptual framework for sustainable supply chains for circular biomass and bioenergy projects.

A selection of exemplary projects and articles on the design of sustainable supply chains in order to
form an infrastructure for new biomass energy projects or for studies on obtaining biomaterials from
biomass wastes within the framework of circular economy principles in Turkey have been examined
with the motivation of raising awareness in Turkey about the studies in this field.

In certain cases, project-based studies come to the prominence instead of individual studies in order to
produce solutions to the major problems and needs of the European Union when research requires a
more global perspective. Such collaborative research projects, particularly supported by EU funds (e.g.,
Horizon and similar programs) have prevailed over the past decades and researchers are required to
work across disciplines, institutions and borders. Researchers can maximize outputs, answer bigger and
more complex scientific questions and expand their research by combining expertise and resources.
Collaborative research projects have more significant outcomes (i.e., economically viable) than
independent research work and provide more opportunities to researchers from non-academic sources.
(Springer Nature, 2022).

Generating outputs that have an impact on policy, practice, industry, or the general public can increase
chances of getting funded. In addition, some funding bodies now give priority to international and
industry-academia collaborations. For example, the EU Commission’s Horizon 2020 program, which
offered nearly 80 billion Euros of funding between 2014 and 2020 for research projects tackling societal
challenges, prioritized collaborative projects.

Working collaboratively can help researchers meet potential future employers, mentors, and
collaborators, expanding their network. Collaborations are opportunities to learn new skills, make new
friends, gain a new perspective, and join stimulating discussions and with experts in researchers’ own
field or complementary fields.

From this point of view, in the first part of the study, projects supported by the Horizon program or
similar funding mechanisms throughout the EU were reviewed. The projects in subject are mostly on
agro-biomass. A few projects on other biomass resources, which present inspiring implementations of
logistics and supply chain models like integrated biomass logistics centers and trade centers have also
been surveyed. Besides, a special emphasis has been given to projects solely on developing supply chain
and logistics optimization models and toolsets and setting up unique business models.
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In the second and last part of this study, individual academic studies and academic publications/articles
derived from the projects discussed in the first part are surveyed and a summary of literature review has
been compiled with this respect, focusing on supply chain design for agricultural residues.

2.1.Review of Projects on Agro-biomass

The Circular Bio-based Europe Joint Undertaking (CBE JU) is a €2 billion partnership between the
European Union and the Bio-based Industries Consortium (BIC) that funds projects advancing
competitive circular bio-based industries in Europe. CBE JU is operating under the rules of Horizon
Europe, the EU’s research and innovation program, for the 2021-2031 period (Circular Bio-based
Europe Joint Undertaking, 2022).

The Bio-based Industries (BBI) is dedicated to realizing the European bioeconomy potential, turning
biological residues and wastes into greener everyday products through innovative technologies and
biorefineries, which are at the heart of the bioeconomy. The BBI is about bridging key sectors, creating
new value chains and producing a range of innovative bio-based products to ultimately form a new bio-
based community and economy (Bio-based Industries Consortium (BIC), 2022).

BBI aims at a sustainable and competitive bio-based industry providing jobs and growth that contribute
to a circular bio-society, involving primary sectors as strategic partners in bio-based value chains. BBI
stimulates investment & create new, local value chains by connecting European regions and the bio-
based industry and aims to establish climate-neutral operations and replace fossil-based products to
mitigate climate change.

Common objectives of the BBI funded projects and expected impacts are summarized as follows:

e Building new value chains based on the development of sustainable biomass collection and supply
systems with increased productivity and improved utilization of biomass feedstock (incl. co- and by-
products).

e Unlocking the utilization and valorization of waste and lignocellulosic biomass.

¢ Bringing existing value chains to new levels, through optimized uses of feedstock and industrial side-
streams while offering innovative added value products to the market, thus creating a market pull and
reinforcing the competitiveness of EU agriculture and forest-based industries.

e Bringing technology to maturity through research and innovation, by upgrading and building
demonstration and flagship biorefineries that will process the biomass into a range of innovative bio-
based products.

Projects solely on developing supply chain and logistics optimization models and setting up unique
business models in biomass are summarized in Table 4.

Project landscape as per the biomass type, project focus and the target regions are briefly presented in
Table 5 which is derived from a presentation on “Lessons Learned from Earlier Projects” from Market
Uptake Support for Intermediate Bioenergy Carriers (MUSIC) Project (Voset al., 2020). More
information can be accessed through Bio-Based Industries Joint Undertaking website at Projects section
(Bio-based Industries Consortium (BIC), 2022). Summary of the projects, objectives, expected impacts,
project achievements, targeted value chains and markets and a list of consortium partners can be
accessed through that portal.

Project deliverables including dissemination, communication and exploitation reports, scientific
publications, roadmaps, handbooks, best practice guidelines, benchmarks, case studies, training
materials, technical reports and feasibility reports can be accessed on each project’s specific web site.
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Table 4. A Summary of Optimization & Business Models on Agro-biomass with Exceptional

Logistics & Supply Chain Features

S?Biom

The main objective is to support the sustainable delivery of non-food biomass
feedstock at local, regional and pan European level through developing
strategies, and roadmaps that are supported by a computerized toolset with
updated harmonized datasets at local, regional, national and pan European level
for EU28, Western Balkans, Moldova, Turkey, and Ukraine (S2Biom Project,
2016).

@ L]
#g Pruning

P
o

EuroPruning aimed to optimise biomass from pruning logistics chain to make
it cost-effective and to ensure quality adequacy to final consumer needs.
EuroPruning developed new machinery for harvesting and treating prunings
from the field, investigated solutions for cost-effective storage options, and
developed a decision-support tool for improving logistics from farm to final
user (EuroPruning Project, 2016).

SecureChain
oD

A renewable energy project supported by the European Union’s research and
innovation programme. The main goal is to promote sustainable bioenergy
chains in the rural area, which fulfil high environmental standards and are
economically viable for small and medium-sized enterprises (SME) (Kies, U.,
Reumerman P. et al., 2018).

log

e

SUCELLOG aims to widespread the participation of the agrarian sector in the
sustainable supply of solid biofuels in Europe. The focus is on the
implementation of agro-industry logistic centres in the agro-industry as a
complement to their usual activity evidencing the large synergy existing
between the agro- economy and the bioeconomy (Sucellog Project, 2017).

The main goal is the demonstration of Integrated Biomass Logistic Centres
(IBLC) for food and non-food products, evaluating their technical,
environmental and economic feasibility. The project is based on three agro-
industries that are willing to deploy new business lines in their facilities to open
new markets in bio-commodities (energy, transport and manufacturing
purposes) and intermediate bio-products (transport and biochemicals)
(AgrolnLog Project, 2022).

+iNREL

Transforming ENERGY

(IBSAL)

The Integrated Biomass Supply & Logistics (IBSAL) model is a dynamic (time
dependent) model of operations that involve collection, harvest, storage,
preprocessing, and transportation of feedstock for use at a biorefinery. The
model calculates itemized costs, energy input, and carbon emissions. It
estimates resource requirements and operational characteristics of the entire
supply infrastructure (The National Renewable Energy Laboratory (NREL),
2022)
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Table 5. A Summary of Projects on Agro-biomass in EU (Vos et al., 2020) & (Bio-based Industries Consortium (BIC), 2022)

Biomass Type Project Focus Target Countries
Project Name Forest Agro- Landscape Marginal Biomass Mobilisation Value Chain Logistics Logistics& South North  Central East
Biomass biomass Biomass Lands/Energy Mapping of Biomass Development Develeopment ~ Trade Centers EU EU EU EU
Crops
AgroBioHeat X X X X
AgrolnLoG X X X X
BioBoost X X X X X X X X X X
BiomasSud + X X X
Bio4A X X X
TradeCenter |1 X X X
BioPlat-EU X X X X X X
BioRes X X X
EuroPruning X X X X X
Enabling X X X X X X X X X X X
ForBio X X X X X X
GreenGain X X X X X X
Infres X X X X X
Logist’EC X X X X X X
S2BIOM X X X X X X X X X X
SecureChain X X X X
SimWood X X X X X X
SucellLog X X X X
uP_running X X X X X X X
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2.2.Biomass Supply Chain Design & Decision Variables
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Figure 4. Biomass Supply Chain Network (Zahraee, S.M., Shiwakoti, N., Stasinopoulos, P., 2020)

Biomass supply chain management and optimization studies apply to network design problem within
conversion, storage and transportation, scheduling problem within harvesting & collection, storage and
transportation, facility location problem within pretreatment, storage and conversion, vehicle routing
problem within harvesting, collection and transportation and lastly technology selection problem within
pretreatment and conversion (Sun et al., 2020). Performance evaluation and optimization models are the
two main approaches used in network modeling in biomass supply chain design. These models are
classified into three sub-models in each; models based on cost calculations, GIS-based models and
simulation models in performance evaluation whereas deterministic, stochastic and multi-objective
models in optimization (Ba et al., 2016).
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Figure 5. Strategic, Tactical & Operational Decisions in BVC Design
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Strategic, tactical, and operational decisions are made based on different decision variables while
designing a biomass value chain. It is seen that most of the research has focused on strategic and tactical
decisions (Ba et al., 2016).

Strategic decisions comprise decisions valid for long-term periods which require substantial financial
investment. While developing bioenergy projects, such decisions cover the selection of biomass types,
the size and location of pretreatment plants and conversion equipment, the transportation modes, and
making long-term supply contracts. Tactical decisions include medium-term decisions which are applied
for a multi-period time span, over a few months. Examples in biomass supply chains cover the harvesting
amount in each period for each farm/land, the number of vehicles required (fleet size), and the safety
stock levels. Finally, operational decisions are made for a short-term, usually over a few days. They are
derived from splitting tactical decisions into detailed operations. The timing of harvesting operations in
a given day and the assignment of detailed vehicle routes are typical examples in biomass supply chains
(Zahraee et al., 2020).

Unlike fossil resources, biomass is spatially distributed and its valorization is restricted by low-energy
densities and high water contents. Long-distance transportation is not cost-effective, as a result of which
small- or medium-scale conversion facilities are required. Large scale facilities, on the other hand,
benefit from economies of scale and lower specific investments. For this reason, a trade-off between
transportation and investment-related cost exists, which affects the structure of the biomass value chain
(Rudi. et al., 2017).

In the second and last part of this study, individual academic studies and academic publications/articles
derived from the projects discussed in the first part are surveyed and a summary of literature review has
been compiled with this respect, focusing on supply chain design for agricultural residues.

Table 6 presents a summary of literature on selected topics focusing on supply chain design for
agricultural residues and agro-industry waste streams. The scope of the literature reviewed is
comprehensive to provide the readers a wide perspective on developing sustainable supply chains on
agro-biomass including literature and market reviews, field and case studies, research reports by
institutions, techno-economic assessments, conceptual framework and business models, GIS-based
models, simulation models and optimization models.
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Table 6. Literature Review Summary for Selected Topics in Agro-biomass

No Authors & Date Problem Methodology Summary
A Fuzzy Goal Programming Based A fuzzy goal programming-based decision support system for bioenergy supply chain planning
Decision Support System for Design Design-oriented research, with a holistic view and simultaneous provision of economic and environmental objectives and
1 Balaman $.Y., 2014 . . . . . . Lo
and Management of Biomass to Energy mathematical modeling service level targets for a comprehensive SCT, and for addressing the uncertainties in the target
Supply Chains values of parameters and decision makers.
. S . Applying a case study of three commonly used biomass storage methods to achieve concrete
Athanasios, A.R. et al., Logistics issues of biomass: The storage i PPl g_ y . y . g .
2 S . Analysis, case study comparative results and develop an innovative model to reduce storage space requirement by
2009 problem and the multi-biomass supply chain . . . .
combining multiple biomass supply chains
. . This paper describes a model, which simulates the cotton biomass supply chain. This study
. . Economic aspects of the cotton-stalk biomass . o . . . - . .
Tatsiopoulos, I. & Tolis, - . . Lo . . examines the feasibility and the problems that arise while trying to organize an integrated logistics
3 logistics and comparison of supply chain Optimization, simulation L . . -
A., 2003 methods network and optimize its transportation economy. Also, economic aspects of other logistics
procedures like collection and warehousing are analyzed.
. . . . Comparison of the economic and environmental impacts of supply chain applications in 4 different
Devrim, M.Y., Van Duren, Design of sustainable second-generation . . . . . L
4 . . Analytical model, case study | scenarios for the evaluation of second-generation biomass resources for energy production in
I.etal., 2016 biomass supply chains . . . - .
centralized, decentralized and mobile energy conversion facilities.
5 Lautala, P., Hilliard, M. et Opportunities and Challenges in the Design Conceptual framework, Concept study including integrated supply systems for sustainable biomass trade and alternative
al., 2015 and Analysis of Biomass Supply Chains simulation, literature review | models for investigating the factors affecting the biomass supply chain.
It is within the scope of the SUCELLOG project to expand the agricultural sector's participation
. . . . - in sustainable biomass supply. The project is to be used as biomass logistics centers where
. Triggering the creation of biomass logistic — . . . . .
6 Khwaja, C. et al., 2015 . Case study, application agricultural and agricultural industry wastes and residues are processed and handled during the
centres by the agro-industry . ; . . - . .
idle periods of the agro-industrial establishments, which are complementary to their usual
activities. Identification of companies that are suitable for this project.
Research within the scope of the BioREF (sustainable, reliable and economical production of fuel
Sambra, A. & Serensen, Optimized Harvest and Logistics for Biomass from energy crops in bio-refineries) project. Optimization of harvesting and logistics for the
7 . Benchmark, Case study . . . . . L
C., 2008 Supply Chain transport of oilseed crops and suitable agricultural residues to production facilities & reverse
logistics of process residues for agricultural use in the biomass feedstock infrastructure.
. Dynamic Simulation of Bioenergy Facilit . . - . . . . .
Aalto, M., Korpinen, O. et y . . _gy y Simulation, GIS, A low-cost method for the logistics of agricultural residues that considers time and location-
8 Locations with Large Geographical Datasets . . L
al., 2017 . . Geographical Data Analysis | dependent variations in biomass supply
— A Case Study in European Region
Application of integrated biomass logistics centers in agro-industrial organizations. Determining
. o the features and characteristics of these centers, evaluating their technical, environmental and
Annevelink, B., Gogh, B., Conceptual Description of an Integrated . - . L 9 . L
9 Conceptual framework economic feasibility. Comparison of competitive advantage of agro-industry organizations

etal., 2017

Biomass Logistics Centre (IBLC)

according to biomass supply business models to be established from scratch (Agro-in-log is the
successor to the Sucelllog project)
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Lucile, G., Marion, D.,

Biomass Supply Chains Development in
Rural Areas: How to Take Public

Case study, survey &

Increasing regional integration while developing biomass supply chains in rural areas.
Determining the needs and expectations of public stakeholders, presenting suggestions for regional

10 L interviews, decision makin . . . N . . . .
Héléne P., 2022 Stakeholders' Needs and Expectations into SUDDOIt g integration accordingly, being involved in the decision-making process, determining the
Account? PP economic, environmental and social criteria considered in regional projects in this process.
. The use of olive pomace plants operating in the olive oil sector as IBLC, which processes olive
. . Assessment of biomass resources for an . . - - - . - . .
Kougioumtzis, M.A., . . . Field study, analytical study, | tree pruning residues as a biomass raw material after the main post-processing, apart from their
11 e integrated biomass logistics center (IBLC) . . . . s .
Karampinis, E. et al., 2018 . L case study normal operations. The results of this study will also be a guide for other facilities operating in the
operating in the olive oil sector
sector.
Annevelink, B., Garcia A logistics case study with “LocaGIStics” Case study, supply chain LOCAGISTICS is support software specially devel_oped for regional distribution ?halr.]s' From t_he
12 . . . . plans of energy and biomass producers; Better designs can be developed by considering logistics
Galindo, D., et al., 2017 software for the Aragon (Spain) Region design, . . . .
concepts such as transportation, preprocessing, storage, and energy conversion criteria.
Menéndez, J. A. - . . . . . . .
) enendez, ’ Report on the availability of Biomass Sources Prepared for EU ERANETMED2-72-246 project. This project aims to directly use biomass waste
13 | Fernandez-Tresguerres, L. | . L . Research report . . .. .
etal. 2018 in Spain: vineyards and olive groves from vineyards and olive groves for electricity generation.
. — . Investigation of current use and future prospects of olive tree pruning residues, olive industry by-
Power generation possibilities from olive tree . . . L - . ;
. . S Literature review, technical products and waste for energy generation in Crete. Calculation of energy production potential
14 Vourdoubas, J., 2017 pruning residues, olive industry by-products . . . S . . L .
] and economic assessment based on olive tree biomass estimation in Crete. Evaluation of the experiences in olive oil
and other wastes in Crete, Greece . - . . .
producing countries together with the technologies used or tried so far.
. . L . . . The residue, waste and by-product sector in the olive growing value chain is reviewed. The ener
Pantaleo, A., Carone, M., | Olive Residues to Energy Chains in the Apulia | Field study, analytical study, . . yp . . g g . _gy
15 . . . . potential of pruning waste and pomace is estimated and collection costs are evaluated with
Pellerano, A., 2012 Region Part I: Biomass Potentials and Costs techno-economic assessment . - .
different supply chain scenarios.
A critical synthesis of the literature applicable to all stakeholders involved in the design and
management of biomass supply chains is presented. General system components and the different
lakovou, E., . . . . . o - . .
16 Karagiannidis. A. et al Waste biomass-to-energy  supply chain Literature review, decision aspects that distinguish them from traditional supply chains are discussed. The results of all
g 2010’ ' B management: A critical synthesis making support relevant literature are classified. The decision-making process for biomass supply chain design is
examined and these are mapped at the relevant strategic, tactical and operational levels of the
hierarchy and research is classified.
Olive crop and olive oil industry generates several residues, i.e., olive tree pruning biomass
(OTPB), extracted olive pomace (EOP) and olive leaves (OL) that could be used to produce high-
added value products in an integrated biorefinery. OTPB is generated in the field as a result of
. Residual biomass potential in olive tree pruning operation to remove old branches; EOP is the main residue of the pomace olive oil
Manzanares, P., Ruiz, E. et A . . . . . . . . . . . -
17 cultivation and olive oil industry in Spain: Business model proposal extracting industry after extraction with hexane of residual oil contained in olive pomace; and OL

al., 2017

valorization proposal in a biorefinery context

comes from the olive cleaning process carried out at olive mills, where small branches and leaves
are separated by density. In this work, an analysis of the potential of OTPB, EOP and OL residues
was addressed by estimating the production volumes at national level and the spatial distribution
of these residues using geographic information system software.
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Voivontas, D.,

Assessment of biomass potential for power

GIS based decision-making

A method is presented, which estimates the potential for power production from agriculture
residues. A GIS decision support system (DSS) has been developed, which implements the method

18 Assimacopoulos, D. . . . . . s . .
KoukiospE 20’01 ' production: a GIS based method analysis. and provides the tools to identify the geographic distribution of the economically exploited
Y biomass potential.
Due to special characteristics of biomass, this particular kind of supply chain is different from the
. Lo classic supply chains in different ways. The optimization methods, including mathematical
A Review on Optimization Methods for : upp y I ' . ! . Way . plimiz .I . I _u ing I .
. ] . . programming and heuristic algorithms are widely used in the domain of biomass supply chain
Biomass Supply Chain: Models and Literature review, . ; .
19 Sun, O, Fan, N., 2020 . . . . . management in both tactical and practical manners
Algorithms,  Sustainable  Issues, and bibliometric analysis . o . . . .
.. Literatures are classified by different components throughout the entire supply chain: harvesting
Challenges and Opportunities . . . - . -
and collection, storage, transportation, pretreatment, and conversion. A bibliometric analysis is
also performed in this review to obtain comprehensive understanding of this area.
Efficient supply chain management of lignocellulosic biomass is crucial for the success of second-
. . . . eneration biofuels. This paper systematically describes energy needs, energy targets, biofuel
Biomass supply chain design and analysis: g . paper sy ) y . gy . . ay .g
Sharma, B., Ingalls, R. et . h . . . feedstocks, conversion processes, and finally provides a comprehensive review of Biomass Supply
20 Basis, overview, modeling, challenges, and Literature review, . . . L ; .
al., 2013 future Chain (BSC) design and modeling. Specifically, the paper presents a detailed review of
mathematical programming models developed for BSC and identifies key challenges and potential
future work.
. A case study application of a biomass value chain design for the tri-national Upper Rhine Region
. . . Techno-economic . ) . . - L
. .. Biomass Value Chain Design: A Case Study . is presented. A mathematical model is formulated, which uses existing potentials in order to
Rudi, A., Miiller, AK., . Assessment, Mathematical i . o .
21 i1 of the Upper Rhine . - . optimize the biomass value chain in terms of multiple feedstocks,
Frohling, M. et al., 2017 . modeling, Decision-making . L . .
Region SUDDOI technologies, and outputs. The resulting insights provide for a techno-economic assessment of
bp biomass value chains and the identification of potential biomass pathways.
Heinimd, J. & Junginger, | Production and trading of biomass for energy . The aim of this paper is to summarize trade volumes for various biomasses used for energy and to
22 . Market review . . . .
M., 2009 — An overview of the global status review the challenges related to measurement of internationally traded volumes of biofuels.
. . . A mathematical model was developed to assess the economic feasibility of a biomass-based power
Economic Analysis Model for Biopower L . . . - . ; o
. L Optimization, mathematical | plant in the Northeast of China. The objective of this model is to maximizes the net present value
Plants Based on Biomass Logistics Networks - . . . - . . - .
23 Wu, J. & Wang, L., 2012 L . . . modelling, Economic (NPV) of a biopower plant over its economic life, which subjects to the constraints of biomass
and Its Application in Heilongjiang Province, A I . . . . .
China feasibility availability, plant investment and operation & maintenance costs, plant capacity, transportation
logistics, raw material and product pricing, financing, and business taxes.
The aim of this study is to contribute by outlining a procedure for achieving an optimal use of
Methodolo based on Geographic . . agricultural and forest residue biomass. In this regard, it develops and applies a methodolo
Perpifi4 Castillo, C., 09y _ ograp GIS, Mapping, Facility g - ! g P op adology
24 Information Systems for biomass logistics and . . focused on logistics and transport strategies that can be used to locate a network of bioenergy
Alfonso, D. et al., 2009 I Location Selection . . . . .
transport optimisation plants around the region. This methodology was developed using a Geographic Information
Systems and it provides information on the spatial distribution of biomass residues.
S . . o . Environmental decision support systems (EDSS) are recognized as valuable tools for
Frombo, F., Minciardi, R. | A decision support system for planning | Optimization, GIS, Decision . . . L .
25 environmental planning and management. In this paper, a geographic information system (GIS)-

et al., 2009

biomass-based energy production

Support System

based EDSS for the optimal planning of forest biomass use for energy production is presented. A
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user-friendly interface allows the creation of Scenarios and the running of the developed decision
and environmental models.

26

Ruiz, J., Juarez, M.C. et
al., 2013

Biomass logistics: Financial & environmental
costs. Case study: 2 MW electrical power
plants

Techno-economic analysis

This paper examines the following points concerned with the logistics of biomass: optimum
biomass transport distances to plants, transport costs, CO2 emissions relative to CO2 avoided and
the surface areas required to grow or collect biomass. Particular emphasis is placed on the logistics
of biomass-fired electric power plants rated at 2 MW electrical, a size that enables electric power
distribution to be decentralized.

27

Alakangas, E., Wiik, C. &
Vesterinen, P., 2008

Efficient trading of biomass fuels and analysis
of fuel supply chains and business models for
market actors by networking

Market review

Analysing the current and future biomass fuel market trends and biomass fuel prices. Additionally,
collected feedback on the suitability of CEN 335 solid biofuel standard for trading of biofuels.
Estimation on techno-economic potential of the biomass was given until 2010 based on the existing
studies and experts’ opinions.

28

Morales-Rincon, L.,
Martinez, A. et al., 2015

Gis-Based Methodology for  Optimum
Location of Biomass Extraction Plants and
Power Plants Using Both Logistic Criteria and
Agricultural Suitability Criteria

GIS based facility location

A GIS-based methodology to identify the optimal locations for biomass extraction plants and
biomass power plants is presented. Both agricultural land suitability criteria and logistic criteria
were considered to select the optimal locations. Agricultural land suitability criteria were included
as several independent variables of edaphic and climate conditions.

29

Ravula, P., Grisso, R. &
Cundiff, J., 2008

Cotton logistics as a model for a biomass
transportation system

Discrete event simulation,
Optimization

Various systems capable of harvesting, storing and transporting biomass efficiently, at a low cost,
need to be designed. The transportation system of a cotton gin, which shares several key
components with a biomass transportation system, was simulated using a discrete event simulation
procedure, to determine the operating parameters under various management practices.
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3. FINDINGS & DISCUSSION

Currently two global transformations are leading the way to sustainable development. First is the
transition from linear economy to circular economy, second is the energy transformation promoting
decarbonization, digitalization, distributed energy generation and energy efficiency. The question now
is “how to convert the resources to more efficient and sustainable products and services” rather than
“what sources we should use?”. Going circular and deploying bioeconomy will help us achieve
sustainable development goals and tackle climate change.

Despite the fact that energy generation from biomass has a very old history in Europe, many R&D,
innovation, technology development and application projects are carried out to evaluate biomass
primarily as biomaterials, in accordance with the principles of circular economy, and it is tried to
increase the usage areas of biomaterials.

Although it is widely used in the European Union countries, it can be said that biomass energy is still
an overlooked giant in the field of renewable energy. Many projects within the scope of bioeconomy are
supported by policies and funding mechanisms. Renewable energy investments are expected to increase
throughout the European Union as a result of the geopolitical risks that have reached the highest level
with the Russia-Ukraine war and the supply security threats brought about by the dependence on Russian
natural gas and oil. In this framework, the sector stakeholders demand the support and funds for energy
production from biomass to be increased.

Studies in the European countries are generally carried out within the scope of large projects funded by
the European Union, as part of the whole, in accordance with the organization and project goals and
objectives. It is seen that there are fewer individual studies. The transition to a similar working culture
in Turkey will be beneficial in closing our research gap on this subject.

4. CONCLUSION & IMPLICATIONS
Right policies and rigorous sustainability regulations is essential to meet bioeconomy’s full potential.
More regulatory policies should be developed in Turkey to foster a national strategy and standards taking
both circular economy principles and energy transition into account. On the other hand, dissemination
activities should be organized in order to raise awareness among the public.

Utilizing more biomass resources as biomaterials and/or biomass energy sources to replace fossil
resources will facilitate transition to a circular economy and increase renewable share in the energy mix.
Clear goals should be defined for an efficient bioeconomy. It seems that there is a need for an upper
regulatory body that will coordinate the execution of the works within these targets and determine the
necessary incentives.

Relevant legislation and incentives should support initiatives in R&D and application-oriented
innovation projects, involving all sector stakeholders, especially universities and industrial
organizations.

It is seen that Turkish research institutions rarely participate in European Union supported projects, but
even these studies are not sufficiently announced and introduced to other sector stakeholders and
relevant institutions and organizations in Turkey. More collaboration either nationwide or
internationally is required for proper and efficient project execution and being able to achieve the targets.

Turkey is currently experiencing great economic difficulties. On top of that, we are experiencing great
difficulties in access to agricultural products at reasonable prices on the consumer side and
producers/farmers have cost issues. To overcome these problems, agricultural policies should be
reorganized, and it is essential to develop a biomass economy based on agricultural residues, which will
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allow agricultural producers to reduce their costs and earn additional income. In this way, rural
development will be possible with both additional income and new job opportunities.

Technical and economical characteristics of biomass energy projects require multidisciplinary and
interdisciplinary studies. Biomass resource assessment, biomass supply chain desigh and management,
and logistics optimization activities need to be carried out properly in order to execute efficient projects
in energy generation from biomass.

Considering country conditions, current academic studies and projects for energy production from
biomass, the projects and literature examined in this study will shed light on our future research and
possible thesis study on the supply chain design and logistics optimization required for the use of olive
pruning residues and olive oil industry residues (olive cake, pomace) in biofuel or power plant energy
production. Currently, there is not such an application in Turkey.
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