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CONFERENCE ID

CUMHURIYET
10TH INTERNATIONAL CONGRESS ON APPLIED SCIENCES

DATE - PLACE
OCTOBER 29, 2023

ANKARA

ORGANIIZATION
ACADEMY GLOBAL CONFERENCES & JOURNALS

EVALUATION PROCESS
All applications have undergone a double-blind peer review process.

PARTICIPATING COUNTRIES
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PRESENTATION
Oral presentation

ASSOCIATION & ACADEMIC INCENTIVES :
39 papers from Turkey and 52 papers form other Countreies
Members of the organizing committees of the conference perform their duties with an
"official assignment letter"*

LANGUAGES
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Join Zoom Meeting

https://us02web.zoom.us/j/88193707664?pwd=MEZBL3MO0SIArNWVsM;jV0YUJKR3IIQ
T09

Meeting ID: 881 9370 7664
Passcode: 123456
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ONEMLI ACIKLAMA (Liitfen okuyunuz)

e ZOOM baglantisi igin yukarida verilen baglantiy1 veya yine yukarida verilen giris bilgilerini kullanabilirsiniz.

e Oturum igerisinde en KIDEMLI olan moderator olarak secilir. Moderatoriin oturum diizenini gdzetmesi,
akademisyen adaylarin1 yonlendirmesi beklenmektedir.

e  Oturuma baglanmadan 6nce Salon numaranizt adinizin dniine asagidaki gibi ekleyiniz. Bu sayede kongre agilisinda

beklemeden oturumlariniza génderilebileceksiniz. Or. 5 Ahmet Ahmetoglu

Sunum siiresi 10 dakikadir. Bu siirenin asilmamasini moderatorler temin edecektir.

Sunum sonrasi 5 dakikay1 gegmeyen soru-cevap, tartisma siiresi verilmektedir.

Sunumlar TURKCE veya INGILIZCE yapilabilmektedir.

Kameralar, oturum siiresince toplam % 70 oraninda acik olmak zorundadir.

Sunum yapan katilimecinin kamerasi agik olmak zorundadir.

Sunum yapmak zorunludur. Herhangi bir nedenle sunum yapmamis olan katilimciya sertifika verilmesi ve

¢aligmasinin yaymlanmasi sdzkonusu olamaz.

Katilimci, kendi oturumda, oturum bitene kadar bulunmak zorundadir.

e  Katilimcilarin kendi oturumlart disindaki oturumlara katilma zorunlulugu yoktur.

e ZOOM platformunun kapasite simri nedeniyle, DINLEYICI, sadece kapasite izin verdigi siirece kabul
edilebilmektedir.

IMPORTANT, PLEASE READ CAREFULLY

e To be able to make a meeting online, login via https://zoom.us/join site, enter ID instead of “Meeting ID

or Personal Link Name” and solidify the session.

The Zoom application is free and no need to create an account.

The Zoom application can be used without registration.

The application works on tablets, phones and PCs.

Speakers must be connected to the session 10 minutes before the presentation time.

All congress participants can connect live and listen to all sessions.

During the session, your camera should be turned on at least %70 of session period

e  Moderator is responsible for the presentation and scientific discussion (question-answer) section of the
session.

TECHNICAL INFORMATION

e Make sure your computer has a microphone and is working.

e You should be able to use screen sharing feature in Zoom.

e  Attendance certificates will be sent to you as pdf at the end of the congress.

e  Moderator is responsible for the presentation and scientific discussion (question-answer) section of the
session.

e  Before you login to Zoom please indicate your name surname and hall number,
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CUMHURIYET
10" INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
10" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
25" INTERNATIONAL GROUP EXHIBITION
OCTOBER 29, 2023 — ANKARA
Meeting ID: 881 9370 7664 Passcode: 123456
29 Ekim/ October 29, 2023 / 13:00 — 15:00 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
XOLIL RZA ULUTURKUN MUSTOQILLIK DOVRU Assoc. Prof. Dr. Nazile
YARADICILIGI HEYDSR SLIYEVIN GORUSLORINDO Abdullazade
SOSYAL BILGILER OGRETMENLERININ DIJITAL ORTAM Hande GORMEN SEN
VE DIJITAL MAHREMIYETE ILISKIN GORUSLERI Prof. Dr. Zihni MEREY
Investigation of the Relations of Teachers’ Life Skills Between Osr. Gor. ilknur flsar
® Their Self-efficacy Beliefs and Burnout Conditions at Work gr. Lot &
K
N
S
3 ILKOKUL OGRENCILERINDE SAYGI DEGERININ Doktora Ogrencisi, Umran
2 GELISIMINE ILISKIN OGRETMEN GORUSLERI Erkorkmaz Coban
- @
z ' g
3 Z MUZIK BOLUMU LISANS OGRENCILERININ KARIYER Dr. Ogretim Uyesi, Demet
< o PLANLAMA DERSI ILE ILGILI GORUSLERI AYDINLI GURLER
w @]
Yy—
o
x
S THE EFFECT OF TECHNOSTRESS ON TEACHER WELL- Dog. Dr. Gokhan KERSE
2 BEING: AN EMPIRICAL STUDY Dog. Dr. Daimi KOGAK
(%)
<

Examining the Effect of Short-Term Basketball Training on Height
and Weight

Nurkan Yilmaz

Examining Jumping Performance Development With Training

Nurkan Yilmaz
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CUMHURIYET
10" INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
10" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

25" INTERNATIONAL GROUP EXHIBITION
OCTOBER 29, 2023 - ANKARA
Meeting ID: 881 9370 7664 Passcode: 123456

29 Ekim/ October 29, 2023 / 13:00 — 15:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
THE PROBLEM OF INTERACTIVE METHODS AND ACTIVE Assoc. Prof. Dr. Gafarova
LEARNING METHODS IN EDUCATION Parvin Muhamad
TUSIAD Felsefe Ders Kitabinda Din Kurumu: Alternatif Yaklasim Prof. Dr. Beyhan ZABUN
Alternatif Lise Sosyoloji Ders Kitabinda Siyaset Kurumu Prof. Dr. Beyhan ZABUN
Z - = —
) Yiiksek Lisans Ogrencisi
m e . ..
< ACIK OGRETIM ORTAOKULU TURKCE DERS E‘;rkagrcﬁ':hmet Nuri
~ N KITAPLARINDA YER ALAN METINLERDEKI IMLA VE KAQRD A'S
% NOKTALAMA HATALARI .. R o ..
% s Yiiksek Lisans Ogrencisi Ece
| 5 CAN
5) m Yiiksek Lisans Ogrencisi
5 e - : Furkan CAN
IKI DILLILIK KONUSUNDA HAZIRLANMIS YUKSEK LISANS Doc. Dr. Mehmet Nuri
“ TEZLERININ BASLIK VE OZET BOLUMLERININ AKADEMIK K‘/’&D AS chmet Ju
= METIN HAZIRLAMA ILKELERINE UYGUNLUGU - . a
o Yiiksek Lisans Ogrencisi Ece
CAN
Assoc. Prof. Ozge ALTINTAS
UNIVERSITY STUDENTS’ OPINIONS AND EXPECTATIONS éﬁﬁi;‘g'&l‘um”'z
REGARDING STATISTICS COURSE Prof. Dr. O'may COKLUK
BOKEOGLU
Assoc. Prof. Ozge ALTINTAS
EXAMINATION OF THE OPINIONS OF MEASUREMENT AND Assoc. Prof. H. Deniz
EVALUATION SPECIALISTS ON SIMULATION STUDIES IN GULLEROGLU
THE FIELD Prof. Dr. Omay COKLUK
BOKEOGLU
DISTANCE EDUCATION AND EQUAL OPPORTUNITY IN Master’s Student, Muhammed
SOCIAL STUDIES COURSE: AN INSIGHT INTO STUDENT Mustafa ALPSAR
EXPERIENCES Assoc. Dr. Niliifer KOSKER
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CUMHURIYET
10" INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
10" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
25" INTERNATIONAL GROUP EXHIBITION
OCTOBER 29, 2023 — ANKARA
Meeting ID: 881 9370 7664 Passcode: 123456
29 Ekim/ October 29, 2023 / 13:00 — 15:00 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig: / Paper ID and Title Authors

1 Turkiye’s Physical Border Security Practices on the Syrian Borders

in Combating Irregular Migration and Examples From The World Muhammet Emin Soylu

FIKIR VE SANAT ESERLERI KANUNU KAPSAMINDA .
Dog. Dr. Gokge

2 DEEPFAKE TEKNOLOJISININ ESER NITELIGININ
z DEGERLENDIRILMESI CANARSLAN
<
-
72}
&~
< MERKEZI YONETIM BUTCE KANUNU’NUN GELIR
™ En 3 KAYNAKLARININ GOSTERILMESINDE f) FIKRASININ Dr. Ogr. Uyesi Sevil SIN
% &) GORUNUMU
| S
5 2
O
a MANAGEMENT STYLE IN PUBLIC ADMINISTRATION: Yiiksek Lisans Ogrencisi,
5 4 REFLECTIONS OF CULTURAL INTERACTION ON PUBLIC | Burak NAR A
g ADMINISTRATORS Prof. Dr. Ali SAHIN

ISLAM TOPLUMUNDA DEVLET BASKANININ

BELIRLENME YONTEMI Dr. Binali KOCOGLU
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CUMHURIYET
10" INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
10" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

25" INTERNATIONAL GROUP EXHIBITION
OCTOBER 29, 2023 - ANKARA
Meeting ID: 881 9370 7664 Passcode: 123456

29 Ekim/ October 29, 2023 / 13:00 — 15:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
Pinar KARADAL
1 FREEDOM OF THE OTHER IN LEVINAS Prof. Dr. Mevliit
ALBAYRAK
2 Three Concepts at Focus of Nurettin Topgu’s Thought: Will-Rebellion- Dog. Dr. Riza Bakis
Movement
HOWARD BECKER’DA NORM VE TOPLUMSAL DENETIM Arastirma Gorevlisi,
3 ILISKisi Sakine Yagmur
GUNES
- . SIGMUND FREUD’DA UYGARLIK, NORM VE TOPLUMSAL ’S*;Efrtl‘:?; an‘i;thSl’
% DENETIM ILISKISi GUNES
v m
5 | &
9 Dog. Dr., Ekrem Ziya
5, 5 5 A STUDY INTO THE FILM “PK” IN THE CONTEXT OF BASIC sgk'\s"éi"\iisans
s CONCEPTS OF RELIGION PHILOSOPHY o VR .
S Ogrencisi, Rahim
a YILDIZ
\_(ﬁksek Lisans
REICHENBACH OLASILIK MANTIGI"NIN DOGRULUK Ogrencisi, Safiye
6 TABLOLARI OLGUN
Dog. Dr., Ekrem Ziya
DUMAN
2 THE TEST OF SOCIETIES WITH NATURE: EARTHQUAKE Dog. Dr. Murat
CULTURE SAHIN
8 THE EFFECT OF SMARTPHONE ADDICTION AND Ogr. Gor. Dr. Tuncay
PSYCHOLOGICAL SYMPTOMS ON DRIVER BEHAVIOR CORAK
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CUMHURIYET
10" INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
10" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

25" INTERNATIONAL GROUP EXHIBITION
OCTOBER 29, 2023 - ANKARA
Meeting ID: 881 9370 7664 Passcode: 123456

29 Ekim/ October 29, 2023 / 13:00 — 15:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
EXAMINATION OF HABIP AYDOGDU’S WORKS IN THE Doc. Muteber
1 CONTEXT OF STAIN EXPRESSION AND UNDERSTANDING OF 0§. viutebe
Burunsuz
COLOR
Yiiksek Lisans
2 THE INFLUENCE OF “AHMET OZHAN” ON THE Ogrencisi,
TRANSFORMATION FROM TEKKE MUSIC TO SUFI MUSIC KEMALCAN
ERGUN
>
a 3 EDIP CANSEVER’IN ILK 100 SIiRINDE SOZCUKLERIN Dog. Dr. B. Tahir
2 ISTATISTIKSEL ORUNTU DAGILIMLARI TAHIROGLU
[To] =
/M
Z
S |z
Z:' E Prof. Dr. Nurhan
%) = AYDIN
= 4 TEN HEROIC WOMEN OF THE NATIONAL STRUGGLE e
Doktora 6grencisi
< Zafer ISIK
[~
=
[LETISIM TEKNOLOJILERININ GELISMESIYLE KARSIMIZA Dog. Dr. Sinem
5 CIKAN ENFORMASYON OBEZITESI KAVRAMI VE COZUM ONAR
YOLU OLARAK ENFORMASYON DIYETI Seref Can Simsir
Prof. Dr. Yusuf
6 CUMHURIYET DONEMININ iLK YONETMENI MUHSIN YURDIGUL
ERTUGRUL Ogr.Gor.Mustafa
GULSUN
Prof. Dr. \fusuf
7 TURK SINEMASINDA CUMHURIYET TEMALI FILMLER YURDIGUL
Ogr. Gor. Mustafa
GULSUN
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CUMHURIYET
10" INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
10" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

25" INTERNATIONAL GROUP EXHIBITION
OCTOBER 29, 2023 - ANKARA
Meeting ID: 881 9370 7664 Passcode: 123456

29 Ekim/ October 29, 2023 / 13:00 — 15:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
1 TESTING THE VALIDITY OF THE FISHER HYPOTHESIS AFTER Esma ERDOGAN
THE 2008 FINANCIAL CRISIS: THE CASE OF TURKEY
9 THE EFFECT OF ENVIRONMENTAL REGULATION ON Miige MANGA
ENVIRONMENTAL POLLUTION: THE CASE OF TURKIYE Esma ERDOGAN
Dr. Cemalettin
3 POLICIES IMPLEMENTED TOWARDS CLIMATE CHANGE INEU | LEVENT
COUNTRIES Dog. Dr. Fatma
Fehime AYDIN
v Yﬁksek Lisans
5 Ogrencisi, Tarik
- 4 THE EFFECT OF AUDIT COMMITTEE FEATURES ON ERCAN
a PROFITABILITY Prof. Dr., ismail
© w BEKCI
pd 2 Dr., Eda KOSE
@) a7}
| n
< “
w o Yiiksek Lisans
& o R
= 5 CONCEPTUAL APPROACH TO AUDIT COMMITTEE (E)'%rg";cllf" Tarik
a CHARACTERISTICS —
< Prof. Dr., Ismail
BEKCI
BUTUNLESIK PAZARLAMA ILETiSiMi DINAMIGI ILE MARKA -
6 PERFORMANSI ARASINDAKI ILISKI Ebru ERDOGAN
ELEKTRONIK AGIZDAN AGIZA ILETISIMIN VE MARKA =
! IMAJININ TUKETICI SATIN ALMA DAVRANISINA ETKISI Ebru ERDOGAN
8 THE STAGES OF DIGITAL BANKING AND DIGITAL BANKING Asst. Prof. Seher
IN THE LIGHT OF CURRENT DEVELOPMENTS SULUK
Prof. Dr. ilhan
9 CUMHURIYETIN 100. YILINDA TURKIYE’DE KADININ EROGLU
SOSYOEKONOMIK KONUMU Ogr. Gor. Dr. Serap
BOLAYIR
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CUMHURhocal YET
10" INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
10" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

25" INTERNATIONAL GROUP EXHIBITION
OCTOBER 29, 2023 - ANKARA
Meeting ID: 881 93 664 Passcode: 123456

29 Ekim/ October 29, 2023 / 13:30 — 15:30 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig: / Paper ID and Title Authors
1
SOCIAL ANTHROPOLOGY OF CONVERGENCE AND NOMADIC PhD Emilia
COMPUTING Nercissians
2
THE NATIONAL ENERGY STRATEGY FOR SAUDI ARABIA Dr. Ziyad Aljarboua
3
s POLITICAL FINANCE IN AFRICA: ETHIOPIA AS A CASE STUDY Wondwosen Teshome
< B.
©
-
g 4
e ANALYZING AND COMPARING THE ARCHITECTURAL Shahryar Shaghaghi
e SPECIFICATIONS AND THE URBAN ROLE OF SCIENTIFIC- G., Mojtaba H.
jc::s TECHNOLOGICAL PARKS IN IRAN AND THE WORLD Ghoshouni, Bahareh
— — S. Ghabel
- ©
;:' S 5 Mohamed A. Ismail,
= Samar M. M
I E COST OF ROAD TRAFFIC ACCIDENTS IN EGYPT T
S Abdelmageed
=
“ 6 Assoc. Prof.
o
< ISLAM AND FERTILITY REGULATIONS Muhammad Hammad
o Lakhvi
S
a 7
< MULTIPURPOSE CADASTRE, ESSENTIAL FOR URBAN Mehrshad Khalaj,
DEVELOPMENT PLANS IN IRAN Elham Lashkari
8
STREET NETWORK IN BANDUNG CITY, INDONESIA: Siska Soesanti. Dr
COMPARISON BETWEEN CITY CENTER AND NEW Norihiro Nakai ’
COMMERCIAL AREA
9 TEMPORARY HOUSING RESPOND TO DISASTERS IN
DEVELOPING COUNTRIES- CASE STUDY: IRAN-ARDABIL AND Farzaneh Hadafi,
LORESTAN PROVINCE EARTHQUAKES Prof. Alireza Fallahi
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CUMHURIYET
10" INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
10" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

25" INTERNATIONAL GROUP EXHIBITION
OCTOBER 29, 2023 - ANKARA
Meeting ID: 881 937 64 Passcode: 123456

29 Ekim/ October 29, 2023 / 13:30 — 15:30 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
1 Hasan Basri
TOWARDS GOOD ACCOUNTABILITY: THE ROLE OF Afifuddin,
ACCOUNTING IN ISLAMIC RELIGIOUS ORGANISATIONS A K Siti-Nabiha
2 AN INTRODUCTION TO METHODS AND TECHNOLOGIES Eshagh Rasouli
APPLIED FOR REDUCTION OF ENERGY CONSUMPTION IN Sarabi,
TRANSPORTATION SECTOR AND AIR POLLUTION IN IRAN Mir Saeed Moosavi
3 ASPECTS REGARDING THE GENESIS OF THE CITY OF
SUCEAVA, A MEDIEVAL CAPITAL OF MOLDAVIA Prof. Denis Capraroiu
4 EVALUATION TECHNIQUES OF PHOTOGRAPHY IN VISUAL Dr. Firouzeh
= COMMUNICATIONS IN IRAN ’ N
5 Keshavarzi
<; 5 INTRODUCING THE MAIN FACTORS OF ACCIDENTS ON THE Dr. Eshagh Rasouli
~ E. ROADS OF IRAN AND STUDYING ITS CAUSES AND Dr. Sarat?i Mir Saeed
1 « STRATEGIES APPLIED TO DECREASE IT ’ S
o o Moosavi
172}
% 'E 6 SPATIAL VARIABILITY IN HUMAN DEVELOPMENT PATTERNS
a IN ASSIUT, EGYPT Abdel-Samad M. Ali
o
E 7 DISPARITY IN SOCIO-ECONOMIC DEVELOPMENT AND ITS
A IMPLICATIONS ON COMMUNAL CONFLICTS: ASTUDY ON . .
INDIA'S NORTH-EASTERN REGION Assoc. Debasis Neogi
8
Abbas Moshref
USERS- MOTIVATION AND SATISFACTION WITH IS Razavi,
Rodina Ahmad
9 MINING IMPLICIT KNOWLEDGE TO PREDICT POLITICAL RISK
BY PROVIDING NOVEL FRAMEWORK WITH USING BAYESIAN Prof. Siavash Asadi
NETWORK Ghajarloo
10 MIGRATION AMONG MULTICITIES Dr. Ming Guan
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Salon

Moderator

Bildiri No ve Baslig: / Paper ID and Title

Authors

HALL 3

Dr. Fattaneh Daneshmand Malayeri

KNOWLEDGE RELATIONSHIP MODEL AMONG USER IN
VIRTUAL COMMUNITY

Fariba Haghbin,
Othman Bin Ibrahim,
Prof Mohammad
Reza Attarzadeh
Niaki

DYNAMICS SIMULATION APPROACH IN ANALYZING PENSION
EXPENDITURE

Dr. Hasimah Sapiri,
Anton Abdulbasah
Kamil,

Dr. Razman Mat
Tahar,

Hanafi Tumin

AN ASSESSMENT OF GROUNDWATER CRISIS IN IRAN CASE
STUDY: FARS PROVINCE

Mohammad Hossein
Hojjati ,
Dr. Fardin Boustani

CULTURAL EFFECT ON USING NEW TECHNOLOGIES

Nazli Ebrahimi,
Sharan Kaur Garib
Singh, Reza Sigari
Tabrizi

GOOD URBAN PLANNING AND MANAGEMENT: NEW ASPECTS Dr. Fattaneh
AND METHODOLOGIES Daneshmand

Malayeri
DROWSINESS WARNING SYSTEM USING ARTIFICIAL i

Nidhi Sharma,
INTELLIGENCE

V. K. Banga

URBAN ENVIRONMENT QUALITY IMPROVEMENT PLANNING
CASE STUDY: MOFT ABAD NEIGHBORHOOD, TEHRAN, IRAN

PhD. Elham Lashkari,
Mehrshad Khalaj

INCREASING OF ENERGY EFFICIENCY BASED ON PERSIAN
ANCIENT ARCHITECTURAL PATTERNS IN DESERT REGIONS
(CASE STUDY OF TRADITIONAL HOUSES IN KASHAN)

Mehran Jamshidi,
Naghmeh Yazdanfar,
Masoud Nasri
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RESEARCH ON HYPERMEDIATED IMAGES IN ASIAN FILMS

Somi Nah, Timothy
Yoonsuk Lee,
Prof. Jinhwan Yu

Salon Moderator Bildiri No ve Baslig: / Paper ID and Title Authors
Golnaz Rezai,
INFORMAL EDUCATION AND DEVELOPING fﬂaéﬂzﬁzgj'“
ENTREPRENEURIAL SKILLS AMONG FARMERS IN MALAYSIA s .
Mad Nasir Shamsudin
HOW DO POLITICIANS RECOVER THEIR COSTS? THE
POLITICAL ECONOMY OF REPRESENTATIVE DEMOCRACY IN Assoc.Subramaniam
INDIA Chandran
- TOWARDS A UNIFIED APPROACH OF SOCIAL JUSTICE:
o] MERGING TRADITION AND MODERNITY IN PUBLIC POLICY Dr. Subramaniam
-S MAKING IN INDIA Chandran
c
I
< OCCUPANTS- BEHAVIOR AND SPATIAL IMPLICATIONS OF
LE) RIVERFRONT RESIDENTIAL IN YOGYAKARTA, INDONESIA Dr. Hastuti Saptorini
<
©
:II 'c CITIZENS- EXPECTATIONS FROM RURAL TELECENTRES: A
< g CASE STUDY OF IMPLEMENTATION OF COMMON SERVICE Charru Malhotra,
I c CENTRES IN MUSHEDPUR VILLAGE, HARYANA, INDIA Girija Krishnaswamy
S
>
n
o
o
(72}
w
<

KNOWLEDGE MANAGEMENT AND E-LEARNING —~AN AGENT-
BASED APPROACH

Teodora Bakardjieva,
Dr. Galya Gercheva

BRAIN DRAIN OF DOCTORS; CAUSES AND CONSEQUENCES IN
PAKISTAN

Muhammad Wajid
Tahir, Rubina Kauser,
Majid Ali Tahir

KNOWLEDGE MANAGEMENT MODEL FOR MANAGING
KNOWLEDGE AMONG RELATED ORGANIZATIONS

Assoc. Prof.
Mahboubeh Molaei

Academy Global Conferences & Journals

ﬂ‘\ P — “ — o
® ook
UASIOURNAL 4 —

ejomnalcon ACADBNY




%,

ACADEy,

LT
o

&

&

Pl

www.akademikongre.org

29 Ekim/ October 29, 2023 / 13:30 — 15:30 Time zone in Turkey (GMT+3)

CUMHURIYET
10" INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
10" INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

25" INTERNATIONAL GROUP EXHIBITION
OCTOBER 29, 2023 - ANKARA
Meeting ID: 881 9370 7664 Passcode: 123456

Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
DOES PERCEIVED ORGANIZATIONAL VIRTUOUSNESS Neuza Ribeiro
EXPLAIN ORGANIZATIONAL CITIZENSHIP BEHAVIORS? - '
Arménio Rego
BEHAVIORAL ANALYSIS OF TEAM MEMBERS IN VIRTUAL
ORGANIZATION BASED ON TRUST DIMENSION AND Indiramma M., K. R.
LEARNING Anandakumar
IMPROVED AUTOMATED CLASSIFICATION OF ALCOHOLICS Ramaswam
AND NON-ALCOHOLICS swamy
Palaniappan
RHETORICAL COMMUNICATION IN THE COGSCI DISCOURSE
B COMMUNITY: THE COGNITIVE NEUROSCIENCES (2004) IN THE Lucia Abbamonte,
< CONTEXT OF SCIENTIFIC DISSEMINATION Olimpia Matarazzo
To) —_
j % LINGUISTIC, PRAGMATIC AND EVOLUTIONARY FACTORS IN Olimpia Matarazzo
< = WASON SELECTION TASK = _p_ ’
T T abrizio Ferrara
— AN INVESTIGATION INTO KANJI CHARACTER . .
] DISCRIMINATION PROCESS FROM EEG SIGNALS Dr. Hiroshi Abe,

Minoru Nakayama

CHAOQOTIC PROPERTIES OF HEMODYNAMIC RESPONSEIN
FUNCTIONAL NEAR INFRARED SPECTROSCOPIC
MEASUREMENT OF BRAIN ACTIVITY

Ni Ni Soe,
Masahiro Nakagawa

SELF-ASSEMBLING HYPERNETWORKS FOR COGNITIVE
LEARNING OF LINGUISTIC MEMORY

Byoung-Tak Zhang,
Chan-Hoon Park

GENDER DIFFERENCES IN SPATIAL NAVIGATION

Bia Kim,
Sewon Lee,
Jaesik Lee
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ELECTRONIC MARKETS

Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
INTELLIGENT MOBILE SEARCH ORIENTED TO GLOBAL E-
COMMERCE PhD Student
Abdelkader Dekdouk
AN ECONOMIC ANALYSIS OF PHU KRADUENG NATIONAL
PARK Dr. Chutarat Boontho
THE INVESTIGATION OF THE ROLE OF INSTITUTIONS IN THE
PROCESS OF GROWTH AND DEVELOPMENT OF ECONOMY Seyed Mohammad
Reza Hosseini
Mehdi Shami Zanjani,
PROPOSING A CONCEPTUAL MODEL OF CUSTOMER Roshanak
KNOWLEDGE MANAGEMENT: A STUDY OF CKM TOOLS IN Rouzbehani,
c BRITISH DOTCOMS Hosein Dabbagh
I
© % Mohammad Ali
1 wn DESIGN AN ELECTRONIC MARKET FRAMEWORK USING JADE Tabarzad,
- ° ENVIRONMENT Caro Lucas
< 2
<
T o Mohammad Ali
3 A NEW METHOD FOR COMPLEX GOODS SELECTION IN Tabarzad, Caro

Lucas, Nassim
Jafarzadeh Eslami

DEGENERACY OF MIS UNDER THE CONDITIONS OF
INSTABILITY: A MATHEMATICAL FORMULATION

Nazar Younis,
Dr. Raied Salman

LESSONS TO MANAGEMENT FROM THE CONTROL LOOP
PHENOMENON

Dr. Raied Salman,
Nazar Younis

INVESTIGATING THE POSSIBLE USE OF SESSION INITIATION
PROTOCOL FOR EXTENDING MOBILITY SERVICE TO THE
BIOMEDICAL ENGINEERS

Msc. Anwar Sadat
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Salon Moderator Bildiri No ve Baslig: / Paper ID and Title Authors
COGNITIVE LANDSCAPE OF VALUES — UNDERSTANDING THE
INFORMATION CONTENTS OF MENTAL REPRESENTATIONS J. Maksimainen
Helmi Adly Mohd
SERIOUS GAME FOR AUTISM CHILDREN: REVIEW OF Noqr, .
Faaizah Shahbodin,
LITERATURE .
Naim Che Pee
Ning Liu,
REMOTE REHABILITATION DEVELOPMENT STATUS IN Jue Wan
- CHINA-TO ELIMINATE THE DISABLED PEOPLE'S SPACE Zhe Li 9
g OBSTACLES
v
- _§ THE IMPLICIT METHODS FOR THE STUDY OF TOLERANCE M. Bambulyaka
:II c ANALYSIS OF DRIVING CONDITIONS AND PREFERRED MEDIA
< 2 ON DIVERSION Yoon-Hyuk Choi
T O
g DYNAMIC OF AGGRESSIVE BEHAVIOR AT THE CONTEXT OF Elena Chernyshkova
3 REFLECTIVE PROCESS y
L

HOW DOES PSYCHOANALYSIS HELP IN RECONSTRUCTING
POLITICAL THOUGHT? AN EXERCISE OF INTERPRETATION

Subramaniam
Chandran

PROBLEM-BASED LEARNING APPROACH TO HUMAN
COMPUTER INTERACTION

Oon-Seng Tan

THE STRANGE RELATIONSHIP BETWEEN LITERACY AND
WELL-BEING: THE RESULTS OF AN INTERNATIONAL SURVEY
WITH SPECIAL FOCUS ON ITALY

Federica Cornali
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Salon Moderator Bildiri No ve Baslig: / Paper ID and Title Authors
Res. Asst., Pelin
ILKER
Alptug Nihat
PRESENT SITUATION OF RENEWABLE ENERGY IN TURKEY 0ZKUMRU
Prof. Dr., Mehmet
SORGUN
Mustafa AKDOGAN
Res. Asst., Pelin
PUMPED STORAGE HYDROELECTRIC POWER PLANTS iLKER
Prof. Dr., Mehmet
SORGUN
Asst. Prof. Dr. Ali
ANALYSIS OF EARTHQUAKE DAMAGE COST IN POWER AJDER
TRANSMISSION LINES WITH THE HELP OF INDEX NUMBERS Prof. Dr. Selim AY
o Asst. Prof. Dr. Ali
L INVESTIGATION OF ENERGY STORAGE SYSTEMS IN TERMS AJDER
Q OF POWER SYSTEM RELIABILITY AND SPINNING RESERVE Prof. Dr. Selim AY
<
— =
z < .
O - Recovery of Low Sulfur Diesel-Like Fuel from Waste Tire Oils by gbdu}l;iarlsmllltDIZ
- a Pyrolytic Distillation and Sulfurization Process 0¢. I Seima
< e AYDIN
%) o
1.
o
§ Evaluation of Combustion Characteristics of Subjected to sulfurization Abdulkerim YILDIZ
< process Waste tire oil and waste engine oil in a Cl Engine operatingata | Dog. Dr. Selman
low load AYDIN
Research Assistant,
EXPLANATION OF A DESIGN TECHNIQUE FOR MODELING A 22;?;;3?;?25“
CONFORMAL WRIST BRACE BASED ON PATIENT DATA Feridun KARAKOC
MEASURING THE SURFACE AREAS OF DIFFERENT TYPES OF iﬁsn‘:‘;{cg [f;islzagt'
TPMS STRUCTURES FOR COMPARISON OF HEAT TRANSFER . P
INTERFACES As;nstant Professor,
Feridun KARAKOC
Sema Tugge
MIKROBIYAL YAKIT HUCRELERINDE KULLANILMAK UZERE i’:‘YgQRSZem Hazan
POLIMERIK BLEND MEMBRAN SENTEZI §. JOr.
AKCAY
Prof. Dr. irfan AR
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
1 BI PERIODIC JACOBSTHAL POLINOM SEQUENCE AND Dog. Dr. Siikkran UYGUN
BINOMIAL TRANSFORMATIONS Songiil AKSU
e
a . ; : - : : Dog. Dr. Ozge OZTEKIN
5 2 BAZI OZEL MATRISLER VE CEBIRSEL OZELLIKLERI Fatima ELHASAN
XY
15
S s
% LICJ 3 HIGHER ORDER LEONARDO NUMBERS Assoc. Prof. Kiibra GUL
- o
5 Q _
5 Master Student Nida
= BASER
a8 4 DEVELOPING A MOBILE APPLICATION THAT OFFERS Assoc. Prof. Dr. Ahmet
8 PAYMENT WITH ETHEREUM CRYPTO CURRENCY Faruk ASLAN
a
<
5 PHOTOGRAPHICAL FRAME AS A DEVICE FOR THE Graduate Student, Semih
ARCHITECTURAL CRITICISM AKARSU
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AUSTRALIA

Salon Moderator Bildiri No ve Baslig: / Paper ID and Title Authors
Gﬁlgm CéNBOI:AT
Limanlarda Atik Alim Tesisi Planlamasinda Kriterlerin Dr. Ogr. Uyesi, Ustiin
1 S man AR AT asinea i . ATAK
Onceliklendirilmesi: Cevresel ve Mali Faktérlerin Analizi
Dog. Dr., Burak
ZINCIR
Dr. Ufuk YILMAZ
Prof. Dr. Ahmet
. . . . TUTUS
2 OPTICAL BRIGHTENERS AND USE IN THE PAPER INDUSTRY .
Prof. Dr. Sinan
SONMEZ
Hatice Kiibra
FALCIOGLU
3 CABLE PRODUCTION WITH FIBROUS PLANTS: AN Ozge TUTKUN
ENVIRONMENT-FRIENDLY AND SUSTAINABLE APPROACH Aleyna irem KARA
Elif CAGLAR
Gokhan COKLAR
n 4 COMPARISON OF FINITE ELEMENT AND FINITE VOLUME Er‘ﬂ;e g;",\':‘e"h;’étz
L METHODS FOR TURBULENT WATER FLOW IN PIPES Pt
[ SORGUN
z
]
>
™ c INVESTIGATION OF THE EFFECT OF SURFACE TREATMENTS
prd & 5 AND ORGANIC INHIBITORS ON GENERAL CORROSION OF Sahin YILMAZ
g 3;‘ ALUMINUM 2024 AND 7075 ALLOYS USING a
< . ELECTROCHEMICAL METHODS
%% Y—
o
j -
o 6 INVESTIGATION OF MECHANICAL PROPERTIES OF WOVEN Assist. Prof., Mahmut
§ AND UNIDIRECTION FIBER POLYMER COMPOSITES BINGOL
(75}
<
; COMPUTER AIDED ANALYSIS OF A POLYMER COMPOSITE Assist. Prof., Mahmut
COMMERCIAL BUMPER BINGOL
LEAN MANUFACTURING APPLICATION IN THE WORKSHOP
8 PRODUCING Dog. Dr. Seher
SURGICAL MASKS ARSLANKAYA
9 DEMAND FORECASTING IN A BUSINESS THAT PRODUCES Dog. Dr. Seher
FOOD MACHINES USING ARTIFICIAL NEURAL NETWORKS ARSLANKAYA
L0 | FACTORS INFLUENCING THE COMPETITIVENESS OF TURKISH i‘;‘sl(y)ca erglei’;rl; ;
YACHT BUILDING INDUSTRY MENTES
APPLICATION OF A MULTI-CRITERIA DECISION-MAKING MSc, Emil RZAYEV
11 METHOD FOR WIND FARM SITE SELECTION IN WESTERN Assoc. Prof., Ayhan

MENTES
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Salon Moderator

Bildiri No ve Basligi / Paper ID and Title

Authors

SALON 4
Dog. Dr., Sevilay OZTURK

DUNYA VE TURKIYE’DE CHRYSIDIDAE (HYMENOPTERA:
CHRYSIDOIDEA) FAMILYASI HAKKINDA GUNCEL BILGILER

Dr. Ogr. Uyesi, Emin
KAPLAN

BIBLIOMETRIC ANALYSIS of STUDIES on PESTICIDE RESIDUES
in FRESH FRUITS and VEGETABLES

Dr. Erdal ZENGIN

RAFINERI BOLGESINDEN iZOLE EDILEN BAKTERILERIN
CINKO DIRENCLILIKLERININ BELIRLENMESI

Ogr. Gor. M. Yunus
Emre KARAMAN
Prof. Dr. Hatice
OGUTCU

POLIAROMATIK HIDROKARBONLARLA KONTAMINE OLMUS
ALANLARDAN iZOLE EDILEN BAZI BAKTERILERIN
IDENTIFIKASYONU

Ogr. Gor. M. Yunus
Emre KARAMAN
Prof. Dr. Hatice
OGUTCU

ECOLOGICAL AND TAXONOMICAL INVESTIGATION OF THE
BIODIVERSITY OF ALGAE IN CUMALI THERMAL SPRING
(SEFERIHISAR-IZMIR)

Dog. Dr., Sevilay
OZTURK

CLIMATE CHANGE AND ITS EFFECTS ON THE ENVIRONMENT
IN IRAQ

Bahra Mohamed
Sharif Rashid
Dog. Dr. Hiiseyin
MERTOL

Y1. Ogr. Yunus
ERGUN

EFFECTIVENESS OF TURKISH DISASTER MANAGEMENT
SYSTEM AND RECOMMENDATIONS

Omed Hakeem Mousa
MOUSA

Dog. Dr. Hiiseyin
MERTOL

YI. Or. Yunus
ERGUN

THE GEOGRAPHY OF ASYLUM SEEKERS AND REFUGEES IN
EUROPE

Farhad Jalal Najem
NAJEM

Dog. Dr. Hiiseyin
MERTOL

Y1. Ogr. Yunus
ERGUN
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Salon Moderator Bildiri No ve Baslig: / Paper ID and Title Authors
KAHRAMANMARAS SUTCU iIMAM UNIVERSITESI SAGLIK Dog. Dr. Mehmet
HIZMETLERI MESLEK YUKSEKOKULU OGRENCILERININ ON DEMIR
LISANS MUFREDATLARINDA YER ALAN ANATOMI Dr. Fatih CAVUS
OGRETIMINE ILISKIN GORUSLERI UZERINE BiR ANKET Dr. Ogr. Uyesi M.
CALISMASI Furkan ARPACI
LACTIFLUUS BERTILLONil MANTARINDAN YESIL SENTEZLE Dr.Or. Uvesi. Avbek
DEMIR NANO PARTIKULLERIN SENTEZLENMESI, Yiéi”gf LYyesL Ay
KARAKTERIZASYONU
THE SCREENING OF NRG1 rs4560751-rs3802160-r510503929 B PO D 7EN
HAPLOTYPES IN TURKISH SCHIZOPHRENIA PATIENTS and o
- CONTROLS. Prof. Dr. Siikrii
=) KARTALCI
Z
<
0 Q
= =
=)
@) = Assoc. Prof. Dr.
;(' = THE SCREENING OF NRG1 rs4560751-rs3802160 HAPLOTYPES IN | Mustafa Mert SOZEN
) K A TURKISH SCHIZOPHRENIA CASE-CONTROL GROUP Prof. Dr. Siikrii
=] KARTALCI
33
S
a

EPiZYOTOMI IYILESME SURECINDE LAVANTA KULLANIMI

Dog. Dr. Cigdem
GUN KAKASCI
Ogrenci Nisa Gokgen
TEPE

Dog. Dr. Cigdem

. . . GUN KAKASCI

GENCLIK VE CINSEL MITLER Ogrenci Nisa Gokgen
TEPE

YETISKIN POPULASYONDA IZOMETRIK KUVVET VE EKLEM Dog. Dr. UMUT

HAREKET ACIKLIGI iLiSKiSININ DEGERLENDIRILMES] CANLI
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Salon Moderator

Bildiri No ve Basligi / Paper ID and Title

Authors

SALON 6

Ars. Gor. Dr. Aysegiill YILMAZER

EBEVEYNLERE GORE COCUKLARDA EKRAN BAGIMLILIGI

Nergiz Sevim
AGACDELEN
Meral ARDIC
Dog. Dr. Nezih
ONAL

NOMOFOBI KONUSUNDA YAPILMIS ULUSAL LISANSUSTU
TEZLERIN SISTEMATIK INCELENMESI

Meral ARDIC
Nergiz Sevim
AGACDELEN
Dog. Dr. Nezih
ONAL

LIiSE MATEMATIK OGRETMENLERININ GEOMETRI OGRENME
ALANINA YONELIK GORUSLERI: YALOVA iLi ORNEGI

Yiiksek Lisans
Ogrencisi, Meryem
Dilara ATES

Dog. Dr. Cigdem
ARSLAN

[LKOKUL OKUL GELISTIRME HIZMETLERINI{
DEGERLENDIRME OLCEGI GELISTIRME CALISMASI

Cem MORAN

Dr. Ogr. Uyesi
MUSTAFA AYDIN
BASAR

ILKOKUL EGITIM OGRETIM HIZMETLERINI DEGERLENDIRME
OLCEGI GELISTIRME CALISMASI

Cem MORAN

Dr. Ogr. Uyesi
MUSTAFA AYDIN
BASAR

5-6 VE 7. SINIF SOSYAL BILGILER DERS KiTAPLARINDA
KARIKATUR KULLANIMININ INCELENMESI

Ars. Gor. Dr. Aysegiil
YILMAZER

OKUL ONCESI OGRETMENLERININ YOGUNLASTIRILMIS
EGITiM PROGRAMI ETKINLIKLERINE iLiSKIN CEVRESEL
TUTUM, CEVRE KIRLILIGI, GERI DONUSUM, YENIDEN
KULLANMA, AZALTMA VE CEVRESEL FARKINDALIKLA
ILGILI GORUSLERI

Doktora Ogrencisi,
Ziilfikar GUVENIR
Profesor, Liitfullah
TURKMEN

YOGUNLASTIRILMIS EGITIM PROGRAMI ETKINLIKLERINE
ILISKIN OKUL ONCESI OGRETMENLERININ TEMEL BILIMSEL
SUREC BECERILERIYLE ILGILI GORUSLERI

Doktora Ogrencisi,
Ziilfikar GUVENIR
Profesor, Liitfullah
TURKMEN
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Salon Moderator Bildiri No ve Baslig: / Paper ID and Title Authors
1 Saeid Fazli, Hadis
Askarifar,

MULTI-VIEW NEURAL NETWORK BASED GAIT RECOGNITION Assoc Maryam
Sheikh Shoaie

2 Masoud Saeedi,
HOW VALID ARE OUR LANGUAGE TEST INTERPRETATIONS? A ig'zrg:o%ﬁ?'m'
DEMONSTRATIVE EXAMPLE L
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ABSTRACT

Hydraulic energy is one of the leading renewable energy sources and Hydroelectric Power
Plants (HPP) are used in the treatment of this energy. In addition to conventional power plants,
Pumped Storage Hydroelectric Power Plants (PSHPPs) offer substantial advantages in the area
of energy storage and management. The operating principle of Pumped Storage Hydroelectric
Power Plants (PSHPP) involves storing excess energy during periods of low demand and
releasing it during high-demand periods, thereby smoothing fluctuations in electricity demand.
This ensures grid stability and reliability. This study aims to comprehensively review on both
conventional and pumped storage hydroelectric power plants, providing a comparative
overview of their distinctions, operational principles, advantages, and global and Turkish-
specific examples. Through the analysis of the efficient use of water resources, key differences
are highlighted, such as the storage of energy by pumping water and subsequently releasing it
for electricity generation.

Keywords: Renewable Energy, hydraulic energy, hydroelectric power plants, energy storage

1. INTRODUCTION

Energy plays a crucial role in the well-being of human life, and the extent of a state's energy
investments directly impacts the socio-economic welfare of its citizens. The production of
energy must meet certain criteria, being both adequate in quantity and affordable, while also
ensuring safety. Power plants, utilizing a mix of renewable and non-renewable energy sources,
are responsible for generating electricity. These plants utilize various natural energies, such as
geothermal, hydraulic, nuclear, thermal, and wind energies, to power alternators and produce
electricity.

Selecting the appropriate power plant type requires careful consideration of various factors.
Thermal power plants, for instance, experience operational problems and struggle with the high
and fluctuating daily energy demands. Similar problems arise from the inconsistent nature of
renewable energy sources. In such conditions, it becomes clear that depending entirely on
Hydroelectric Power Plants (HPPs) is insufficient, especially given the increasing demand
during peak loads. This emphasizes the importance of implementing storage systems, with
pumped storage HPPs emerging as an achievable solution. These systems quickly reach their
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maximum capacity, are simple to start or deactivate, and are proficient at handling load changes.
Thus, the incorporation of storage technologies improves the efficient and cost-effective use of
energy [1].

Produced energy can be transformed and stored in alternative forms, a capability facilitated by
various storage systems such as mechanical, thermal, electrochemical, electromagnetic,
chemical, and biological methods. Electrical energy, for instance, can be converted into both
chemical and mechanical energy to enable storage. Among the multitude of storage techniques,

the pumped storage system stands out as one of the most efficient methods for the substantial
storage of energy [2].

2. HYDROPOWER AND HYDROELECTRIC PLANTS
2.1. Overview of Hydroelectric Generation

The kinetic energy of moving water is converted into electrical energy through the construction
of power plants on dams. Dams are strategically constructed to create a height differential, and
concrete blocks are employed to maintain water at a certain level. The release of water from
this elevated position, with potential energy, generates kinetic energy as it flows. This kinetic
energy activates turbine blades, producing mechanical energy. Subsequently, the turbine sets
the generator rotor in motion, converting mechanical energy into electrical energy, ultimately
yielding electricity [3]. The process is visually depicted in Figure 1, illustrating hydroelectric
power generation. A standard hydroelectric power plant includes a dam, headworks, headrace,
surge shaft, penstock, powerhouses situated both underground and, on the surface, as well as a
tailrace channel [4].

Power transmission cables

Dam Sluice
Transformer gates

Power house

Generator mm‘m
ey .Lo‘*

Dam
Downstream “ Turbine Storage

outlet reservoir

Source: Environment Canada h

Figure 1. Hydroelectric Power: How it Works

2.2. Types of Hydroelectric Power Plants (HPPSs)

There are currently three primary categories of Hydroelectric Power Plants (HPPs), classified
as follows:

1. Diversion Plants (Run-off River Plant)
2. Impoundment Plants (Storage plant)
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3. Pumped Storage Power Plants
The storage-free system is commonly employed for smaller power plants. In this system, water
from the diversion weir is directed to the loading chamber. Subsequently, the water is conveyed
to the turbine through a pressurized pipe, facilitating energy generation. In contrast, the storage
system involves the containment of water by a dam, providing the advantage of water retention
during dry seasons. However, the construction and maintenance of dams incur higher costs,
making this system economically demanding [5]. The River Type HPP is seen in Figure 2 [6].

Figure 2. Run-of-River Hydropower Plant (RoR)

Figure 3. Hydropower Plant with Reservoir
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These facilities benefit from the current flow and the height of the river. The water that drives
the turbine is diverted and dumped back into the river. Power generation varies according to
the local river flow situation. The storage system stores water behind the dam when river flow
is low. Thus, there is a more stable production. Storage plant type Hydroelectric Power Plant is
shown in Figure 3 [6].

3. PUMPED STORAGE HYDROELECTRIC PLANT (PSHP) SYSTEMS
Hydraulic energy, derived from water's potential energy at a height, is converted into electrical
energy through a process known as hydroelectric energy. When water is stored in dams, it
accumulates potential energy. As the water is released from the height, this potential energy
transforms into kinetic energy, propelling the turbines and, in turn, rotating the generators to
produce electrical energy [7].
In pumped storage hydroelectric power plants, the system operates by pumping water from the
lower chamber to the upper chamber, where it is stored for later use during peak electricity
demand hours. The energy required for this pumping process is often sourced from renewable
energy or the electrical grid [8]. During periods of low electricity demand, surplus electricity
from alternative sources, such as wind or solar power, is utilized to pump water from the lower
reservoir to the upper reservoir. Subsequently, when electricity demand increases, water is
released from the upper reservoir, flowing down to the lower reservoir. This flow turns turbines,
generating electricity. The pump system is activated when electricity is inexpensive and
demand is low, raising the water to the upper reservoir level [9].
Hydroelectric power plants and pumped hydroelectric power plants exhibit a quicker attainment
of full production capacity compared to other power plants, particularly thermal power plants.
Following an 8-hour interruption in production for various types of power plants in Japan, the
time required to resume operations and reach full capacity is detailed in Table 1 [10].

Table 1. Working and Reaching Full Capacity Times

Project Type Start and Time to Full Capacity
Classical Hydroelectric Power Plants 3-5 minutes

Pumped Storage Plants 3-5 minutes

Fuel Oil Plants 3 hours

Natural Gas Power Plants 3 hours

Cycle Power Plants 1 hour

Coal Power Plants 4 hours

Nuclear Power Plants 5 days
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4. TYPES OF PSHP SYSTEMS
Pumped Storage Hydroelectric (PSH) systems are categorized into open loop or closed loop
configurations. In the open-loop PSH, there exists a hydrological connection with a natural
body of water. Conversely, the closed-loop PSH involves reservoirs that are not connected to
an external water body.
Open-loop systems:
In this configuration, two separate reservoirs are utilized; one for the upper reservoir and
another for the lower reservoir. Water is pumped from the lower reservoir to the upper reservoir
during periods of low demand and released back to the lower reservoir during high-demand
periods [11]. It has been indicated that Closed-Loop projects offer more environmental benefits
compared to Open-Loop projects [12].
Closed-loop systems:
Also referred to as "separate upper and lower reservoir” systems, closed-loop systems employ
a single reservoir divided into two sections, typically by a dividing wall or dam. During periods
of low demand, water is pumped from the lower section to the upper section and then flows
back from the upper section to the lower section during high-demand periods.
In the planning phase before installing a power plant in a river, considerations are made in
conjunction with the surrounding facilities, ensuring that the maximum water level of one
reservoir corresponds to the tailwater of the other. This design ensures the acquisition of the
lower and upper reservoirs necessary for pumped storage hydroelectric power plants. An
example of a Closed-Loop PSHP is the Azumi and Midono project in Japan [13].

5. THE DIFFERENCE OF PSHP AND HPP COMPONENTS
Despite having certain similarities, pumped storage hydroelectric power facilities and
conventional hydroelectric power plants differ significantly. The components of each category
are detailed below.

1. Pumped Storage Hydroelectric Power Plants:
Upper and Lower Reservoirs: Pumped storage plants require two reservoirs at different
elevations. The upper reservoir stores water during periods of low electricity demand, and the
lower reservoir serves as the water source during power generation.
Intake Structure: Water is drawn from the lower reservoir through an intake structure, which
typically includes gates and screens to prevent debris from entering.
Penstocks: These large pipes or conduits transport water from the lower reservoir to the power
plant. The penstocks connect the intake structure to the turbines.
Reversible Turbines/Pumps: Pumped storage plants use reversible turbines that can function as
both turbines and pumps. When generating electricity, water flows through the turbines, causing
them to rotate and generate power. During periods of low electricity demand, excess electricity
from the grid is used to pump water from the lower reservoir back to the upper reservoir.
Generators: Connected to the turbines, generators convert the mechanical energy from the
turbines into electrical energy during power generation. When functioning as pumps, the
turbines act to transfer electrical energy to potential energy in the form of elevated water in the
Upper reservoir.
Powerhouse: The powerhouse contains the turbines, generators, and other electrical equipment
required for power generation and control.
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Transmission Lines: The electricity generated by the generators is transmitted through high-
voltage transmission lines to the electrical grid.
Control Systems: These systems manage the operation and coordination of various components,
including water flow, turbine speed, and power output, to ensure efficient and reliable
operation.

2. Conventional Hydroelectric Power Plants:
Dam: Conventional hydroelectric plants typically rely on a dam to create a reservoir, which
stores a large quantity of water.
Intake Structure: Water is drawn from the reservoir through an intake structure that includes
gates, screens, and trash racks to prevent debris from entering the system.
Penstocks: Similar to pumped storage plants, penstocks are used to transport water from the
intake structure to the turbines.
Turbines: The force of flowing water causes the turbines to rotate, converting the kinetic energy
of the water into mechanical energy.
Generators: Connected to the turbines, generators convert the mechanical energy from the
turbines into electrical energy.
Powerhouse: The powerhouse houses the turbines, generators, and other electrical equipment
for power generation.
Transmission Lines: The electricity generated is transmitted through transmission lines to the
electrical grid.
Control Systems: Control systems monitor and regulate the operation of various components,
including water flow, turbine speed, and power output, to ensure efficient and safe operation.
Both types of hydroelectric power plants utilize the power of flowing water to generate
electricity, but pumped storage plants provide the additional capability of energy storage and
grid balancing, while conventional hydroelectric plants rely on natural water flow or water
stored in a reservoir without the pumping functionality [14,15].

6. ADVANTAGES AND DISADVANTAGES OF PSHPs
The demand for energy resources experienced a notable increase in recent years, surpassing the
existing facilities available for utilizing such energy sources. In response, the concept of storing
energy production has emerged. Both pumped storage hydroelectric power plants (PSHPPS)
and conventional hydroelectric power plants (HPPs) play a vital role in meeting energy
demands when consumption exceeds the average. Unlike other power plants, PSHPPs offer
advantages and disadvantages compared to normal HPPs.
In a PSHPP, two reservoirs at different elevations define its unique structure. During periods of
low electricity demand, excess electricity from alternative power sources is utilized to pump
water from the lower reservoir to the upper reservoir, effectively storing energy in the form of
water at a higher elevation. Subsequently, when electricity demand surges, the stored water is
released from the upper reservoir, flowing through turbines to generate electricity. The water
then completes the cycle by re-entering the lower reservoir.
Pumped-storage plants serve as a "battery" for renewable energy sources, addressing the
volatility and instability associated with electricity generation from wind energy. These plants
effectively balance the power grid, providing energy recovery rates of 80% or more,
considering evaporation and conversion losses.
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Hydroelectric power plants with pumped storage demonstrate the ability to generate electricity
during periods of high flow and store it during stagnant water conditions. Notably, they perform
pumping operations when energy is inexpensive and demand is low, while engaging in turbine
operations during high-demand periods when energy is more costly.

Advantages of PSHPPs and HPPs include rapid start-up capabilities, load demand
responsiveness, the ability to balance the grid through energy storage, and self-initiation without
external electrical input. Additionally, they can level peak loads by storing water during low-
priced electricity periods and converting it to electricity during high-priced periods. However,
certain disadvantages exist, such as high initial investment costs, long payback periods,
dependence on specific geological features for installation, potential environmental impacts
leading to erosion, transportation challenges between reservoirs, and the consumption of
electricity during the pumping process in PSHPPs.

Profitability considerations for commercial companies include the consumption of electricity
during the pumping phase in PSHPPs and the potential limitation of financial benefits if
electricity prices do not significantly rise during peak demand periods.

It is essential to recognize that the economic viability of pumped storage hydroelectric systems
depends on diverse factors, encompassing electricity market dynamics, government policies,
local conditions, and the specific design and operation of the system [16,17]. It's crucial to
emphasize that the profitability and economic feasibility of pumped storage hydroelectric
systems can fluctuate based on several factors, such as the dynamics of the electricity market,
governmental policies, local conditions, and the specific design and operation of the system.

7. PSHP’s STATUS IN THE WORLD

The initial utilization of Pumped Storage Hydroelectric Power Plants (PSHPs) is often
attributed to Sweden and Italy, with one of the earliest known systems located in Schaffhausen,
Switzerland [18]. Another early PSHP was established in Heidenheim, Germany [19]. The
world's largest system, the Bath County Pumped Storage Station, was constructed in the United
States in December 1985, boasting a maximum capacity exceeding 3 gigawatts [20]. The
inaugural PSHP in the USA, named Rocky River Station, contributed significantly to
technology by utilizing reversible pumps that acted as generators in creating Candlewood Lake
through the construction of a double-arm dam on the Housatonic River [21]. Table 2 provides
an overview of the Hydroelectric Pumped Storage Electricity Installed Capacity according to
various countries [22].

Table 2. PSHP’s Installed Power In The World

NO | Country Lnos\:\zlrelt\j/lw NO | Country Ln;\f\ilre,(\jﬂw
1 Japan 23.668 21 Belgium 1.161
2 USA 22.957 22 Korea 1.152
3 Italy 7.421 23 Czech Republic 1.145
4 Germany 6.681 24 Iran 1.140
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5 Ukraine 5.629 25 Luxembourg 1.100
6 Spain 5.208 26 Thailand 910
7 France 5.050 27 Argentina 862
8 China 4.244 28 Portugal 861
9 United Kingdom 3.055 29 Israel 800
10 | Austria 2.797 30 Slovakia 735
11 | Switzerland 2.678 31 Sweden 426
12 | Taiwan 2.620 32 Serbia 364
13 | Australia 2.408 33 Phillipines 300
14 | Poland 1.738 34 Ireland 292
15 | Lithuania 1.600 35 Romania 237
16 | South Africa 1.580 36 Brazil 191
17 | India 1.390 37 Canada 174
18 | Bulgaria 1.335 38 Colombia 31
19 | Norway 1.306 39 Chile 29
20 | Russia 1.200 TOTAL : 116.476 MW

According to the Electric Power Research Institute, these systems achieve approximately
117,000 MW of installed capacity and 1,500,000 megawatt-hours of product worldwide. In the
last two decades until 2010, the installed power has increased by 56 percent and the fastest
growth in the world has been achieved by China. In 2011, There were 170 plants already
operating in Europe and 50 more plants were planned to be constructed [22].

7.1 Examples of PSHPs in the World

7.1.1 Japan- Okinawa Yanbaru Pumped Power Plant (1999)
It stands as the world's first seawater Pumped Storage Hydroelectric Power Plant (PSHP). The
project features a flow rate of 26 cubic meters, a height of 136 meters, and an installed power
capacity of 30 MW. Japan's coastal geography and topography make it conducive for the
construction of hydroelectric power plants featuring pumped storage. The facility was
constructed with a system positioned between an elevated reservoir and seawater [23].

7.1.2 USA- Ludington Pumped Power Plant (1973)
Its construction concluded in 1973, involving a total cost of $315 million. It stood as the largest
facility of its era, spanning one mile in width and encompassing 82,859 acres of water. With a
depth of 34 feet, a length of 4 kilometers, and a width of 1.6 kilometers, this project was a
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monumental feat. During nighttime hours, the water pumped up from the lake using turbines is
strategically released to generate electricity based on demand. The Ludington Pumped Power
Plant can achieve a peak power of 1,872 MW in less than 30 minutes, with a water flow rate of
120,000 cubic meters per minute. This exceptional project received the Outstanding Civil
Engineering Achievement award in 1973 [24].

7.1.3 UK- Dinorwig Pumped Power Plant (1984)

The foundation for construction was laid in the Norwich Slate quarry, and the plant is situated
within tunnels and caves at the base of Mount Elidor. The completion of this project incurred a
cost of 425 million euros [25]. Exemplifying environmental consciousness, specific measures
were implemented during construction to preserve the natural beauty of the area [26]. The
Marchlyn Mawr basin, located at an elevation of 636 meters above sea level, serves as the
reservoir for storing water. When power demand arises, water is directed to Llyn Peris, which
is 100 meters away. Conversely, during low-demand periods, the water is pumped back. This
facility achieves a yield of 74-76 percent [27]. The scenic charm of the facility has begun to
draw tourists, leading to organized tours for visitors to explore the inner workings of the
Dinorwig Pumped Power Plant [28,29].

7.2. Examples of PSHPs in the Turkey

In 2005, the groundwork for a pumped storage plant in Turkey began with the General
Directorate of Electrical Power Resources Survey Administration (EIE), leading to the
preparation of 17 reports on various aspects of pumped storage hydroelectric power plants.
These projects are shown in Table 3. The primary aim was to estimate capacities and
commissioning schedules as part of the "Optimal Power Generation for Turkey Peak Demand
Project” in 2011, which examined Turkey's peak power generation plan from 2010 to 2030,
taking into account potential sites based on geological, topographical, and environmental
criteria.

For planning purposes, Turkey was divided into four priority regions based on electricity
consumption of cities. The European Commission's 2013 report assessed Turkey's PSHP
potential, employing defined scenarios with existing and new ponds, evaluating distances, fall
values, and minimum requirements. According to this report, Turkey had the highest PSHP
capacity among European countries, with 19,631 TWh in the first scenario [30].

Table 3. Possible PSHP’s for which feasibility studies have been conducted

PSHP INSTALLED FALL
PLANT POWER CITY PLANT TYPE | DISCHARGE(m?®/s) (m)
NAME (MW)
Integrated into
Gokgekaya | 1600 Eskisehir | the existing 193 962
dam lake
New power
Iznik-1 1500 Bursa plant and lake | 687 255
PROCEEDING BOOK Academy Global Publishing House 9
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Integrated into

Sartyer 1000 Ankara the existing 270 434
dam lake
Integrated into

Bayramhacili | 1000 Kayseri the existing 720 161
dam lake

Hasan Integrated into

Ugurlu 1000 Samsun the existing 204 570
dam lake
Integrated into

Adigiizel 1000 Denizli the existing 484 242
dam lake
New power

Burdur 1000 Burdur plant and lake | 316 370
New power

Egirdir 1000 Isparta plant and lake | 175 672

Integrated into

Kargi 1000 Ankara the existing 238 496
dam lake
Integrated into
Karacadren- | 1000 Burdur the existing 190 615
2 dam lake
New power
Yalova 500 Yalova plant and lake | 147 400

Integrated into
Yamula 500 Kayseri the existing 228 260
dam lake

Integrated into
Oymapmar | 500 Antalya the existing 156 372
dam lake

Integrated into
Aslantas 500 Osmaniye | the existing 379 154
dam lake

8. CONCLUSION
This study aimed to provide a comprehensive overview of hydroelectric power plants, with a
specific focus on both conventional Hydroelectric Power Plants (HPPs) and Pumped Storage
Hydroelectric Power Plants (PSHPPs). Through the analysis of various aspects, including types
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of dams, examples of HPPs in Turkey, and the global status of PSHPPs, we have provided
valuable insights into the present state and prospects of hydroelectric energy.

Notable examples in Turkey demonstrated the country's commitment to utilizing its water
resources for sustainable energy production and infrastructure development.

Pumped Storage Hydroelectric Power Plants emerged as key players in addressing the
intermittency of renewable energy sources. By providing energy storage capabilities and grid
management solutions, PSHPPs contribute to the stability of the power grid. However, our
analysis also highlighted the importance of considering economic factors, environmental
impacts, and technological advancements in the widespread adoption of PSHPPs.

In conclusion, this study serves as a foundation for understanding the complexities and
potentials of hydroelectric power plants. Both conventional HPPs and PSHPPs have valuable
contributions to make in the transition towards a more sustainable and resilient energy
infrastructure.
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ABSTRACT

Many factors, including population growth and technological advancements, are significantly
raising energy demand and consumption. The increasing energy demand lead the energy to a
critical point in Turkey. Due to the obvious expanding energy needs, insufficient fossil fuel
reserves, rising environmental awareness and concern over the sustainability of its energy
supply, employing renewable energy sources is gaining importance. Regarding the
development of clean and sustainable energy in Turkey, renewable energy sources stand out as
one of the most practical and efficient alternatives. Hydropower, wind, geothermal, solar, and
bio-power are common forms of renewable energy sources in Turkey. Turkey has a lot of
potential for hydroelectric, wind, and geothermal energy. Solar and biomass energy are also
useful renewable energy sources in Turkey. Turkey's geographical location provides several
advantages for widespread use of most renewable energy sources, including biomass,
hydropower, geothermal, solar, and wind. In this study, the current situation of renewable
energy sources, which renewable energy sources are used, how much of this energy is used and
what kind of future studies have been done in Turkey are investigated.

Keywords: Renewable energy, hydropower, wind, geothermal, solar, biomass

1. INTRODUCTION

The potential to improve economically, socially, and with higher living standards depends on
access to energy. However, a huge amount of the world's energy is continuously generated and
utilized in ways that, assuming technology remained constant, could not be maintained and if
total quantities significantly reduced. The demand for energy has significantly increased as a
result of global economic and technical advancements. Because of the constantly increasing
domestic energy demand brought on by a fast-developing economy and population, energy is
one of the main development strategies also in Turkey (Goldemberg et al. 1988; Johansson and
Goldemberg 2002; Benli 2013).

Renewable energy is increasingly important worldwide due to fossil fuel concerns, energy
security, and environmental issues. Turkey, facing significant energy import-related deficits, is
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tapping into its renewable energy potential. There are strong incentives for Turkey to further
adopt renewable energy sources. (Bulut and Muratoglu 2018; Kaygusuz 2007). The
geographical characteristics of Turkey allow for extensive applications of the majority of these
renewable energy sources. The most significant renewable energy sources include wind, solar,
geothermal, biomass, hydropower, and biomass (Yuksel 2010). The transfer to a less carbon-
intensive and more sustainable energy system is centered on renewables, such as solar, wind,
hydro, biofuels, and others. In recent years, renewable energy has grown significantly due to
favorable laws and cost reductions in wind and solar power. The energy sector, already
benefiting from hydropower, remains a promising field for renewables. However, since only
5% of global energy comes from electricity, it's crucial to adopt renewables in transportation
and heating to complete the energy transition. (IEA 2022). Renewable energy, like solar and
wind power, comes from sources that naturally replenish themselves faster than they are
consumed. Various types of renewables are utilized, including hydroelectric power, biomass
combustion, solar energy for agriculture and water heating, and geothermal energy, which have
been long-standing energy sources in Turkey. (UN 2022; Kaygusuz and Kaygusuz 2002)

The potential for renewable energy in Turkey is significant. The different forms of solar energy,
wind, biomass, hydropower, and geothermal energy are the most prominent renewable sources
for Turkey's energy sector. Turkey's geographical location provides a number of benefits for
widespread usage of the majority of renewable energy sources (Balat 2004). Since Turkey is a
developing country, its energy demands, especially for heating and electricity, will increase.
Currently, the country heavily relies on fossil fuels and natural gas, which are detrimental to
the environment due to their high greenhouse gas emissions. Therefore, it's crucial to establish
a long-term plan for renewable energy sources. (Boran 2018).

In Turkey, thermal power plants using coal, lignite, natural gas, fuel oil, and geothermal energy
play a vital role in electricity production. The government has strategic plans to expand
production capacity to meet growing energy demand, considering environmental protection,
global energy industry impact, and energy supply security. Turkey's hydroelectric, wind, and
geothermal resources hold significant promise. (Capik, Yilmaz, and Cavusoglu 2012). The
adoption of efficient renewable energy sources is recognized as essential for a brighter future
in Turkey and globally, regardless of a country's development level. Nations worldwide are
striving to harness and implement advanced technology for maximum utilization of clean
energy sources. (Ediger and Kentel 1999) According to the data of Turkey Electricity
Transmission Corporation (TEIAS), Turkey's installed electricity capacity reached 101518
MW, and the total number of power plants reached 10862 as of June, 2022. A total of 31558
MW of this capacity was allocated to hydroelectric, 10975 MW to wind, 8479 MW to solar,
1686 MW to geothermal, and 1781 MW to biomass power plants. The capacity of biomass
(including waste heat) power plants was 1781 MW. Thus, 31 % hydroelectric power, 10.8 %
wind power, 8.35% solar power, 1.66 % geothermal and 1.75% biomass power plants of the
installed electricity capacity (TEIAS 2022).

2. RENEWABLE ENERGY SOURCES IN TURKEY

Renewable energy is a critical issue in today’s world since it provides a clean source of energy
with minimal environmental effect. Furthermore, countries that use these sources will depend
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less on imported fossil fuels (Ocal and Aslan 2013) Turkey has considerable renewable energy
reserves, and, behind coal, renewable energy sources constitute the second-largest domestic
energy source (Kaygusuz 2002). The potential for renewable energy in Turkey is fairly high.
Turkey's coastlines extend over 7200 km, and its average elevation is 1132 m, providing a
substantial amount of wind and hydroelectric potential. Turkey's wind energy potential is
mostly concentrated in Aegean, Marmara, and Mediterranean regions. Turkey is particularly
rich in geothermal energy due to the country's volcanic geological nature and more than 600
hot water sources with temperatures that reach almost 100 °C. Additionally, bioenergy has a
significant position compared to other renewable energy sources (Baris and Kucukali 2012;
CIA 2009)

Turkey Electricity Transmission Corporation (TEIAS 2022) presented the distribution of
installed capacity by primary energy sources for 2022 in Figure 1.
In the light of these data, renewable energy sources constitute 52.6 % of the installed power
according to primary sources.

Waste Heat, 390.9 Wind, 10975.8

Hydraulic, 31558.4 Lignite, 10142.5

Geothermal, 1686.3
Asphaltite Coal , 405

Bituminous Coal,

840.8 Import Coal, 9713.8
LNG, 2 /
Naphta, 4.7
Diesel Qil, 1 Solar, 8479.1
Biomass, 1781 Fuel Oi|, 251.9
Natural Gas, 25285

= Wind = Lignite Geothermal Import Coal = Solar

= Fuel Oil = Natural Gas m Biomass m Naphta m Diesel Oil

= LNG m Bituminous Coal = Asphaltite Coal Hydraulic Waste Heat

Figure 1. Distribution of installed capacity (MW) by primary energy sources as for June, 2022
(TEIAS 2022)

2.1. Hydropower

Hydropower, using the energy of flowing water without environmental harm, is a renewable
energy source. Hydropower plants play a significant role in reducing air pollution and
combating global warming by generating clean energy. They don't release air pollutants or toxic
waste, enhancing energy independence and price stability. Hydropower offers a long-term
energy solution with minimal operating and maintenance costs. (Yuksel 2008; Yuksel 2009;
Kaygusuz 2009)

According to Turkey's Vision 2023 plan, harnessing the hydropower potential is a top priority.
While Turkey's freshwater resources are distributed across 25 river basins, 14 of these basins
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hold over 95% of the nation's hydroelectric potential. This makes Turkey one of the Middle
East's leaders in hydropower potential. Similarly, the Black Sea region, with its rugged, steep
mountains along the coast, boasts significant hydropower potential. (Kucukali and Baris 2009).

Hydraulic power plants are the highest renewable energy source with the highest annual average
electricity generation share of 53.053 GWh at the end of 2021 due to the abundance of water
resources in our country. With the Yusufeli Dam and HEPP project, which will be Turkey's
first and the world's third highest dam when completed, the HEPP installed power is expected
to rise to 32228 MW by the end of 2022. Furthermore, existing dams operated by the public
include Keban, Karakaya, and Hirfanli HEPP’s are undergoing rehabilitation to increase
efficiency and availability. According to Ministry of Energy and Natural Resources data, the
hydroelectric installed power was 31688 MW at the end of 2021, with a generation of 53,053
GWh (Presidential Annual Program 2022). According to 2010 data, the hydraulic installed
power, which was 15831.2 MW, reached the value of 31558 MW as of June 2022 (TEIAS
2022).

There are hundreds of dams in our country, and the majority of them work efficiently. A few
of Turkey’s important dams are presented in Table 1.

Table 1. Some of Important Hydroelectric Power Stations (Enerji Atlasi 2022)

Lake Area Capacity (MW) | Product Place

Atatlirk Dam 817 2400 8.900 GWh Adiyaman,Sanlurfa
Keban Dam 675 1330 6.000 GWh Elazig, Tunceli,Erzincan
Karakaya Dam 298 1800 7.354 GWh Malatya,Elazig,Diyarbakir
Hirfanli Dam 262 128 400 GWh Ankara,Kirsehir
Altinkaya Dam 118 700 1.632 GWh Samsun

Sartyar Dam 83 128 378 GWh Ankara, Eskisehir
Seyhan Dam 67 54 350 GWh Adana

Kiligkaya Dam 64 124 332 GWh Sivas, Giresun

Aslantag Dam 49 133 569 GWh Osmaniye

Demirkoprii Dam 47 69 193 GWh Manisa

Karacadren Dam 45 32 142 GWh Burdur, Isparta
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2.2. Geothermal Energy

Geothermal energy, derived from Turkey's abundant underground sources, is renewable, clean,
cost-effective, and eco-friendly. It is particularly well-suited for reducing greenhouse gas
emissions when compared to other energy sources. Turkey benefits from a substantial
geothermal energy potential, thanks to its active tectonic plate boundary. The western regions
of Turkey, in particular, exhibit high geothermal activity. Situated in the Mediterranean
earthquake zone, Turkey experiences complex rock deformation due to the collision of the
Eurasian and African tectonic plates. This geological activity forms seismic belts, active faults,
and new volcanoes, which contribute to geothermal energy, water circulation, and heat flow.
(Komurcu and Akpinar 2009; Baba and Sozbilir 2012).

Turkey has a high geothermal potential, with 78 % of potential-forming areas located in
Western Anatolia, 9 % in Central Anatolia, 7 % in the Marmara Region, 5 percent in Eastern
Anatolia, and 1 % in other regions. 90 % of our geothermal resources are at low and medium
temperatures and are suitable for direct use, while 10 % are suitable for indirect use (electric
power generation) (Energy and Natural Resources Ministry 2022). Since 2010, great progress
has been observed in geothermal energy production. The installed power, which was 94.2 MW
in 2010, reached the value of 1686 MW in 2022 (TEIAS 2022). There are a total of 32
geothermal power plants operating in Turkey, and some of them are listed in Table 2.

Table 2. Power Plants in Operation (Enerji Atlasi 2022)

Power Plant Place Company Installed Power
Kizildere 3 JES Denizli | Zorlu Enerji 165 MW
Efeler Jeotermal Enerji Santrali Aydin Giiris Holding 115 MW
Kizildere 2 Jeotermal Enerji Santrali Denizli | Zorlu Enerji 80 MW
Pamukdren Jeotermal Santrali Aydin Celikler Enerji 68 MW
Mis 3 JES Manisa | Soyak Enerji 48 MW
Galip Hoca Germencik JES Aydin Giiris Holding 47 MW
Alasehir Jeotermal Enerji Santrali Manisa | Zorlu Enerji 45 MW
Maren Jeotermal Enerji Santrali Aydin Kipas Holding Enerji Grubu 44 MW
Dora 3 Jeotermal Enerji Santrali Aydin MB Holding 34 MW
Melih Jeotermal Enerji Santrali Aydin Kipas Holding Enerji Grubu 33 MW

2.3. Wind Energy

Wind power is a significant achievement in renewable energy development. Turkey, with its
strategic geographical location, is endowed with substantial wind power generation potential,
thanks to its proximity to the Black Sea, the Marmara and the Aegean Sea, and the
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Mediterranean Sea. In recent years, Turkey has made great strides in wind energy production.
As of the end of 2020, the installed power capacity reached 8,832 MW, generating an average
of 24,828 GWh of electricity. In 2021, the installed wind energy capacity further increased to
10,100 MW, with a production of 29,137 GWh. The forecast indicates an installed capacity of
10,900 MW in 2022. When examining wind power installations by province, 1zmir leads the
way with 1,549.5 MW of installed capacity, accounting for 19.23% of the total wind turbine
installations in Turkey in 2019. Following lzmir, Balikesir province boasts 1,163.5 MW
(14.44% of total installations), Manisa province has 689.95 MW (8.56%), Canakkale province
holds 594 MW (7.37%), and Hatay province features 364.5 MW (4.52%) of installed wind
power capacity. (Presidential Annual Program 2022; Gross, Leach, and Bauen 2003; Yuksel
and Kaygusuz 2011; TWEA 2020). Turkey has notable wind energy potential, with regions like
Canakkale, 1zmir, Balikesir, and Hatay being particularly rich in wind resources. The Aegean,
Mediterranean, and Marmara regions, as depicted in Figure 2, exhibit concentrated wind turbine
distributions. Over the years, Turkey has witnessed a significant growth in its wind energy
capacity. From 1,329 MW in 2010, the turbine capacity surged to 8,056.55 MW in 2019. This
remarkable increase can be attributed to enhanced cost competitiveness, advancements in wind
technology, and supportive government policies. (Bilgili et al. 2022).

10000
East Anatolia
u South East Anatolia
-~ m Black Sea
Z 8000 1 m Cenfral Anatolia [~ mmme e
2 ® Mediterranean
P ® Marmara
B T S —
=
[}
L
e
w9
L1 St it-
=9
=
B
2000
0

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Figure 2. The regional growth in wind energy in Turkey (Bilgili et al. 2022)

According to the data of June 2022 (TEIAS 2022), the installed power of wind energy has

reached 10975 MW. When compared with 2010 data, it was observed that the value of 1320.2
MW increased approximately 8 times.

2.3. Solar Energy

Solar energy technologies are essential elements of a sustainable energy future since they
provide a local, clean, and renewable energy source. Turkey has a significant solar energy
potential due to its geographical location (Hepbasli, Ulgen and Eke 2004). Solar energy is the
radiant energy released by the sun's fusion process (the conversion of hydrogen gas to helium).
The solar intensity outside Earth's atmosphere measures approximately 1370 W/m?2, but this
amount can vary from 0 to 1100 W/m? due to atmospheric conditions. Turkey enjoys ample
solar potential, with an average annual total sun exposure of 2766.5 hours per year and an
average annual radiation intensity of 1521.7 kWh/m?-year. Geographically, Turkey is well-
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placed for solar energy utilization, situated within the sunny belt between 36°-42° north latitude
and 26°-45° east longitude. This potential is equivalent to 1.3 billion tonnes of oil.

As of the end of 2021, the installed solar power capacity in Turkey reached 7,750 MW, with an
average power generation of 13.211 GWh. The plan is to increase this capacity to 8,750 MW
by the end of 2022. By the end of December 2020, solar-based electricity contributed 3.6% to
the total electricity production, with the change in installed capacity over the years detailed in
Figure 3 and its share in total electricity generation illustrated in Figure 4. (Evrendilek and
Ertekin 2003; Dincer 2011; Energy and Natural Resources Ministry 2022).

According to the data obtained, the developments related to the use of solar energy started to
accelerate after 2018 and the installed solar power, which was 81.7 MW as of the end of 2018,
increased to 8479.1 MW according to the data of June 2022.
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Figure 3. Installed Power of Solar Energy (MW) (Ministry of Energy and Natural Resources

2022)
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Figure 4. Percent share in total electricity generation (%) (Ministry of Energy and Natural
Resources 2022)
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2.4. Biomass Energy

Solid carbonaceous material formed from plants and animals is referred to as biomass. These
include animal wastes, forestry and agricultural residues, as well as waste products from the
food processing industry (Ramachandra, Joshi and Subramanian 2000). Fuelwood, agricultural
waste, animal waste, charcoal, and other fuels made from biological sources are all examples
of biomass energy (Kaygusuz and Turker 2002).

Using converting technologies, biomass can be utilized directly (such as burning wood for
cooking and heating) or indirectly (such as turning it into alcohol from crops or biogas from
animal waste) as a fuel (Grigoroudis, Petridis and Arabatzis 2014). In comparison to coal, which
has a net energy content of around 27 MJ/kg, biomass has a net energy content when it is burned
that ranges from about 8 MJ/kg for fresh wood to about 20 MJ/kg for dry plant matter to about
55 MJ/kg for methane. Many electricity generators that burn biomass do so by burning wood
and agricultural and forestry waste (Klass 1998). Turkey, a developing nation with substantial
biomass potential, values domestic energy sources due to its considerable energy requirements
and limited access to petroleum-based fuels. Fuelwood stands out as an appealing renewable
energy source, contributing 10% to Turkey's total energy production in 2008. Its attractiveness
lies in the fact that converting it into usable energy doesn't necessitate complex technology.
(Toklu 2017). In recent years, biomass energy capacity in Turkey has significantly grown,
rising from 97 MW in 2010 to 1781 MW today. Of this installed biomass energy capacity, 1485
MW (including 369 MW from waste heat) is used for electricity generation. As of the end of
December 2020, biomass energy accounted for 1.80% of total electricity production. You can
refer to Figure 5 for details on the changes in installed capacity over the years and its share in
total electricity generation. (Energy and Natural Resources Ministry 2022; TEIAS 2022).
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Figure 5. Installed Power of Biomass Energy (MW) (Ministry of Energy and Natural Resources
2022)

3. CONCLUSION
Turkey, strategically located between Asia and Europe and surrounded by the Aegean, Black,

and Mediterranean seas, serves as a critical energy transit zone. The Turkish government's
primary objective is to reduce its reliance on imported energy. Conventional energy sources in
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Turkey fall short of meeting the demands of its growing population and economic development.
However, Turkey's geographical location and geopolitical structure grant it the potential to
harness a variety of renewable energy sources, making it highly advantageous in comparison to
EU countries.

Turkey can use its own natural resources to meet its energy needs while being environmentally
friendly by embracing renewable energy. The renewable energy sector in Turkey has grown
significantly, with an investment of $66 billion and a total capacity of 52,353 MW by August
2021. The country had an electricity capacity of 98,493 MW, spread across 10,101 power
plants, by the same date. This shift to renewables not only ensures a sustainable energy supply
but also reduces the impact on the environment.This capacity breakdown includes 32% from
hydroelectric power, 10.2% from wind power, 7.5% from solar power, 1.7% from geothermal,
and 1.8% from biomass power plants. Turkey's recent progress in utilizing renewable energy
sources demonstrates its potential, with a focus on energy efficiency investments to yield
substantial savings in the near future. The overarching goal is to ensure a continuous, high-
quality, sustainable, safe, and cost-effective energy supply.
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OZET

Depremlerin hasar etkisi; faylarin geometrileri/karakteristikleri, zeminin jeolojik 6zellikleri,
faya olan mesafe, kirigin derinligi, yap1 stogunun insaat kalitesi ve depremin aletsel biiytikligi
(=Magnitiid) gibi bir dizi parametreye baglidir. Depremlerin yikici etkisi ile deprem aninda
ortaya ¢ikan enerji arasinda ¢ok yakin bir iligki vardir; bu enerji ile magnitiid arasinda ampirik
bagintilar gelistirilmistir. Benzer sekilde fayin uzunlugu ile magnitiid arasinda da ampirik
bagintilar verilmistir. Depremin ivmesi zeminin deprem aninda sarsilma miktarinin
gostergesidir; ivme fayin derinligi (konumu) ve magnitiid ile iliskili olup ivme ile hasar seviyesi
arasinda daima pozitif korelasyon vardir. Enerji iletim hava hatlarinin maliyet bilesenleri (L
kosebenti, iletken, izolator, vb.) farkli birimler (kg, m, adet) i¢in tanimlanir. Bu bakimdan,
deprem sonucu enerji iletim hava hatlarinda olusan hasar maliyetinin analizinde “endeks
sayilar’” kullanilmistir. Referans alinan bir deprem ivmesi (g) i¢in; secilen baz yila ait ve cari
yila ait birim fiyatlar (TL/kg, TL/m, TL/adet) yardimiyla hasar maliyet endeksleri ortaya
konulmustur. Endeks sayilari olarak ekonomik analizlerde en sik kullanilan Laspeyres fiyat
endeksi ve Paasche fiyat endeksi ile bunlarin geometrik ve aritmetik ortalamalar1 (Fisher fiyat
endeksi ve Bowley fiyat endeksi) kullanilmistir.

Anahtar Kelimeler: Deprem ivmesi, Bowley endeksi, Fisher endeksi, Laspeyres endeksi,
Magnitiid, Paasche endeksi, Regresyon
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1. GIRIS

Afet ve Acil Durum Yo6netimi Baskanliginin (AFAD) ilgili dokiimanlarinda “depremsellik” ve
“deprem riski” tanimlar yer almaktadir. Deprem aktivitesinin alansal ve zamana bagl dagilim
ozelliklerinin tiimiine “depremsellik” adi1 verilmektedir. Bu kavram deprem tehlikesinin ve
sismik/tektonik yapinin 6zelliklerinin anlasilmasina yonelik analizlerde kullanilir.

Belirli bir siire i¢in, doniisiim periyodu bu siireye esit olan bir deprem nedeni ile meydana
gelebilecek bina hasari, 6lii ve yarali sayis1 ve ekonomik kayiplarin biitiinii “deprem riski”
olarak tanimlanir. Deprem riski; deprem tehlikesine, hasar gorebilirlige ve riske maruz
varliklara baglidir. Deprem riski; jeoloji, mikro bolgeleme, depreme dayaniklilik ve benzeri
konularda ¢aligma yapilmasi ve yapilasmis alanlarda kentsel doniisiimii de icermek {izere zarar
azaltmanin tiim boyutlari ile ele alinmasi gereken bir kavramdir.

Anadolu yarimadasinin tektonik ozellikleri, Arap ve Afrika levhalarinin garpigmasiyla
karakterize edilmektedir. Arap levhasi kuzeye Avrasya’ya dogru yaklasik 25 mm/y1l hizla,
Afrika levhasi da yine kuzeye dogru yaklasik 10 mm/y1l hizla hareket etmektedir. Arap levhasi,
Anadolu mikro levhasinin giineydogu sinirina ¢arparak, Kuzey Anadolu Fayindaki (KAF) sag
yanal atimla, Anadolu mikro levhasini saat yoniine ters yonde harekete zorlamaktadir. Son
zamanlarda elde edilen GPS verileri, KAF faymin her iki tarafindaki Anadolu levhasi ile
Avrasya levhasinin arasindaki hareketin 18 mm/y1l ile 25 mm/yil oldugunu gostermektedir.

Enerji iletim hattinin kurulacagi bolgenin depremselligi (ge¢miste olan depremlerin siddetleri,
yineleme periyotlari, hasar dereceleri vb.) ortaya konulur. Projenin gergeklestirilecegi bolgenin
“Diri Fay Haritas1” iizerinde aligman ¢izilerek gosterilir. Yer kabugundaki gesitli dlgekteki
kayma ylizeyleri, lizerinde deprem olan ve hareket eden iki levha ya da levhacik arasindaki ara
ylizey “fay” olarak adlandirilir. Son tarihsel donemde deprem olusturmus olan tiim faylar “diri
fay” olarak isimlendirilir. EIH ve TM projeleri kapsaminda yer alan tesislerin yapiminda “Afet
Bolgelerinde Yapilacak Yapilar Hakkinda Yo6netmelik™ hiikiimlerine uyulacaktir.

Ornegin 154 kV’luk Kars-Igdir Brs.- Narinkale TM EIH CED raporunda “depremsellik”
kapsaminda su bilgilere yer verilmistir [1]: Bolge, 5 bolgeye ayrilan “Tiirkiye Deprem
Haritasi’ndaki konumlara gore 2. Derece Deprem Bolgesi kusaginda yer almaktadir. Bolgede
yasanan biiyiik depremlerden 1926 ve 1988 depremlerinin merkez iistleri Cildir golii Sevan
golii (Ermenistan) arasinda uzanan ve biiyiik kism1 Ermenistan igerinde kalan fay iizerinde
meydana gelmistir. Bu depremlerde can kaybi1 ve hasarin nedeninin merkez iistiine yaklagik 55
km yakinlikta olma ve kalitesiz yapilasmalardir. Kars ve g¢evresinde 1972, 1976 ve 1983
yillarinda olan depremlerin Cobandede Fay kusagi ilizerinde meydana gelmis ve 1962
depreminin de merkez {istli Igdir’dan gegen Igdir Fay: {izerinde oldugu agiklanmistir. Bundan
sonra olas1 depremlerde Kars’in bazi ilgelerinin aktif fay hatlarina ¢ok yakin olmalar1 nedeniyle
deprem riskleri bulunmaktadir, bu ilgeler Akyaka, Arpagay, Cildir, Kagizman ve Sartkamis’tir.

Maden Tetkik Arama Genel Midiirliigii (MTA) tarafindan Ekim 2023’de giincellenen “Diri
Fay Haritas1” lilkemizde 485 adet diri fay oldugunu gostermektedir. 45 il ve 110 ilgede 5.5 ve
iizeri aletsel biiytlikliikte (magnitiid) deprem iiretme potansiyeli olan diri faylar harita {izerinde
isaretlenmistir.
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Ornegin enerji iletim/dagitim hatlarinda olusan giincel hasarlar, iilkemizde 6 Subat 2023 giinii
yasanan deprem felaketi sonrasi hazirlanan 2023 Kahramanmaras ve Hatay Depremleri
Raporunda [2] belirtilmistir. Bu rapora gére deprem sonucunda Tiirkiye Elektrik Iletim Anonim
Sirketine (TEIAS) ait 1128 km uzunlugundaki elektrik iletim hattin1 birbirine baglayan 11 direk
yikilmistir. Toplam 4088 MVA giice sahip trafo merkezi ve ekipmaninda hasar meydana
gelmistir. Basta Hatay, Gaziantep, Kahramanmaras ve Adiyaman olmak {izere bolgedeki
elektrik dagitim hat ve trafo merkezlerinde biiyiik dl¢iide hasar olusmustur. Deprem sonrasi
yapilan 6n galigmalar neticesinde afet bolgesi ilan edilen 11 ilde TEIAS’a ait elektrik iletim
tesislerinde toplam 717 milyon TL (38 milyon dolar), 6zel sektore ait elektrik dagitim
tesislerinde ise toplam 7867 milyon TL (416.7 milyon dolar) hasarin ortaya ¢iktigi tahmin
edilmektedir.

2. DEPREMLERE AIT TEKNiK PARAMETRELER

Depremlerin hasar etkisi; faylarin geometrileri/karakteristikleri, zeminin jeolojik ozellikleri,
faya olan mesafe, kirigin derinligi, yap1 stogunun insaat kalitesi ve depremin aletsel biiytikligi
(=Magnitiid, M) gibi bir dizi parametreye baglidir. Diinyada olusan tiim depremlerin giin-saat-
enlem-boylam ve aletsel biiyiikliik bilgileri, ulusal deprem merkezlerinin yani sira, ABD jeoloji
merkezininin (USGS) kayitlarinda da yer almaktadir. Magnitiid, faydaki goreceli hareketin
dogurdugu odak ile yeryiizii arasindaki yerkabugu malzemesinin bu harekete tepkisinin
sonucunda yiizeye ulasan kuvvetin matematiksel ifadesidir. Magnitiid genel olarak deprem
sirasinda aciga ¢ikan enerjiyi ifade etmektedir. Her depreme ait bir magnitiid degeri vardir; bu
deger “Richter Olgegi” ile derecelendirilmistir. Ayrica depremin magnitiidiiniin uzakliga bagl
olarak yeryliziinde yaptig1 etkiye “siddet” denir ve 12 dereceli (Romen rakamlar I, IL,..., X,
XI, XII) “Mercalli Olgegi” ile derecelendirilir. M>7 olan Magnitiidler X, XI ve XII siddetinde
hasarlara yol agabilir. Ornegin X (on) siddetindeki deprem aninda, tas ve kafes yapilarin biiyiik
bir cogunlugu temelleriyle birlikte yikilir, demiryollar1 egilir. Magnitiid degerindeki artis lineer
olmayip fogaritmik oldugundan, Magnitiiddeki 1 birimlik artis sismogramlardaki genliklerin
10 kat, depremin enerjisinin de 31 kat artmasi demektir. Depremlerin yikict etkisi ile deprem
aninda ortaya ¢ikan enerji arasinda ¢ok yakin bir iliski vardir; bu enerji ile Magnitiid arasinda
ampirik bagmtilar gelistirilmistir. Benzer sekilde fayin uzunlugu ile Magnitiid arasinda da
ampirik bagmtilar verilmistir. Diri fay haritasindan faylarin uzunluklari bulunabilir, bdylece bu
faylarin {iretebilecekleri Magnitiidler yaklasik da olsa Onceden hesaplanabilir. Bdylece
projelendirme asamasinda, olas1 deprem hasar1 ve alinabilecek onlemler agisindan 6ngoriide
bulunulabilir. Uzunlugu Lt (km) olan bir fayin iretebilecegi depremin Magnitidii (M)
arasindaki ampirik iligskilerden birisi asagida verilmistir [3, 4]:

Cog Lf=1.32xM-7.99 1)

Ote yandan Gutenberg ve Richter, verilen bir zaman araliginda depremin magnitiidii (aletsel
biiyiikliigii) M ile deprem sayis1 N arasinda asagidaki bagintiy1 vermislerdir:

Log N=K1 — KoxM 2)
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Bu bagintida;

N: Birikimli deprem sayis1

M: Magnitiid (aletsel 6l¢iim degeri)

K1: Calisma alaninin biiyiikliigii, gézlem siiresi ve gézlem siiresi boyunca olan deprem
etkinligi ile iligkili parametre

K2: Calisma alaninin tektonik 6zelliklerine bagh olarak degisen parametredir.

Depremlerin olus periyodu, herhangi bir biiytikliikteki bir depremin kag yilda bir olacagini ifade
eder. Bu deger deprem miihendisligi agisindan ¢ok dnemli bir parametredir. Deprem riski,
caligma alaninda olusmus veya olmasi beklenen en yiiksek magnitiidlii depremlerin yapinin
ekonomik dmriine gore se¢ilen veya herhangi bir zaman aralig1 i¢in yinelenme olasiligidir. Bu
amacla kullanilan “Poisson modeli”, biiyiik magnitiidlii ana soklarin olusumu i¢in gegerli bir
modeldir. Poisson modelinde deprem olusumunun bir poisson dagilimi oldugu kabul
edilmektedir. Cizelge 1.’de Erzurum ve ¢evresi deprem tehlikesini gosterir poisson olasilik
dagilimlari verilmistir. Burada 50 yillik yap1 0mrii igerisinde %10 asilma ihtimali olan deprem
biiytikligi verilmistir [5].

Cizelge 1. Erzurum ve Cevresinin Deprem Olasiliklar [5]

Magnitiid | 10 yiligin | 50 yil igin | 100 y1l i¢in | Ortalama yineleme
M olasilik (%) | olasilik (%) | olasilik (%) periyodu (y1l)
5 45.2 95.1 99.8 17
55 36.5 89.7 98.9 22
6 29.0 82.0 96.8 29
6.5 22.8 72.6 92.5 39
7 17.7 62.3 85.8 51
7.5 13.7 52.2 77.1 68

Deprem ivmesi, deprem dalgalarinin olustugu anda hizlarinin zamana karsi1 davranigini, bagka
deyisle deprem karsisinda zeminin sarsilma miktarmi gosterir. Ivme ne kadar biiyiikse
yiizeydeki sarsinti1 ve buna bagli olarak hasar da o derece biiyiik olacaktir. Maksimum deprem
ivmesi (PGA-Peak Ground Acceleration) i¢in, magnitiide ve hiposentir mesafesine (enerjinin
aci8a ¢iktig1 nokta ile yap1 arasindaki mesafeye) bagl cesitli ampirik bagintilar gelistirilmistir.
Yercekimi ivmesi, SI birim sisteminde g = 9.81 m/s? ve CGS birim sisteminde Gal (cm/s?)’dir
(1 g =981 Gal).

Ornegin McGuire PGA igin su bagintiy1 vermistir [6]:

PGA= " — ...(Gal) (3)

Burada Ms yiizey magnitiidii (dalgas1) ve R hiposentir mesafesidir (km).

Danovan tarafindan gelistirilen ampirik PGA bagintist soyledir [6]:
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PGA =~ i ...(Gal) 4)

Burada Mw magnitiid momenti ve R hiposentir mesafesidir (km).

Fukushima-Tanaka tarafindan gelistirilen ampirik bagint1 ise sudur [7]:

tog a=0.41 Ms — £og(R + 0.032x10°%41Ms) _ 0.0034R + 1.30 (5)
Burada Ms yiizey magnitiidii ve R hiposentir mesafesidir (km).

Depremin hiposentir mesafesi (R), Pisagor teoremi uyarinca episentir mesafesi (D) ile depremin
yerden derinligine (H) bagli olarak hesap edilir [3]:

R=vDZ+HZ ...(km) (6)

Depremin episentir mesafesi D (km), fayin kirildig1 yerin hemen {izerindeki yilizeydeki noktay1
ifade etmektedir.

4614 (Pazarak) - V,,=671 m/s - R=34.93km - PGA=1967 gal
EW
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Gorsel 1. 6 Subat 2023 Giinii Yasanan Kahramanmaras-Pazarcik Depremine Ait ivme Kayitlar
(EW: Dogu-Bati, NS: Kuzey-Giiney) (Kaynak: AFAD)
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Gorsel 2. Tiirkiye’de (Kocaeli, 1999), Japonya’da (Kobe, 1995) ve Cin’de (Chi-Chi, 1999) Olusan
Depremlerde Kafes Direklerde Gézlenen Hasarlar [4]
3. ENDEKS SAYILARI YARDIMIYLA HASAR MALIYETININ HESAPLANMASI

3.1 Endeks Sayilar

Piyasadaki tiim mallarin ve hizmetlerin fiyat artiglarinin aritmetik ortalamasini alarak
enflasyonu hesaplamak dogru yaklasim olmaz. Ciinkii her mal ve hizmetin giinliik yasamdaki
kullanim orani (agirligi, weight), baska deyisle 6nem derecesi farklidir. Bu nedenle enflasyon
Olgtimlerinde “fiyat endeksleri” kullanilir. Enflasyonu 6lgmek igin segilecek mal ve hizmet
sepetindeki fiyatlarin 6l¢iilmesi gerekir. Bunun igin oncelikle sepetteki tiriinlerin sayist, tiirleri
(g1da, ulagim, giyim, vb.) ve sepet i¢indeki agirliklar1 (paylari) belirlenir; bu amacla anketlerden
yararlanilir. Bir baz yil segilir, baz yildaki fiyatlar ile cari yildaki fiyatlar sepetteki {iriin
agirliklart da dikkate alinarak oranlanir. Ornegin “Laspeyres fiyat endeksi,” baz yil “0” indisi
ile ve cari y1l “1” indisi ile gosterilerek soyle hesaplanir [8-10]:

_ 2P X% o, ()
Zpo X0,

Burada p fiyatlar (o aya ait Tiirkiye fiyatlarinin ortalamasini) ve q miktarlar1 gdstermektedir;
giintimiizdeki hesaplamalara ait baz y1l 2003 alinmistir (2003=100).
Daha 6nceki baz yillar ise 1994 ve 1987 idi.

Laspeyres fiyat endeksi

Gortldiigii gibi pay’da ve payda’da liriinlerin miktarlar1 aynidir (qo), ancak fiyatlar1 farklidir
(Po Ve p1). Tiirkiye Istatistik Kurumu (TUIK) zaman zaman sepetteki iiriinlerde ve agirliklarinda
giincellemeler yapmakta, bazi {iriinleri sepetten ¢ikarmakta/sepete eklemekte veya agirliklarini
degistirmektedir. Tiirkiye’deki 81 ilden alman fiyat (p) bilgilerinin ortalamalari
kullanilmaktadir.

Endeks sayilar1 mikroekonomik ve makroekonomik analizlerde sik¢a kullanilir. Ciinkii farkli
birim ve miktarlardaki {irlinlerden olusan mal ve hizmet sepetindeki baz yil ve cari yil
arasindaki fiyat degisimleri ancak endeks kavrami kullanilarak olciilebilir. Endeks modelleri
arasinda Laspeyres endeksinden sonra en sik kullanilan Paasche endeksidir [8-10]:
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X
Paasche fiyat endeksi= m x100 8)

Zpo Xy

Burada p1 ve Qq sirasiyla, cari yila ait fiyati (price) ve miktari (quantity), po ve Qo ise baz yila
ait fiyat1 ve miktar1 gdstermektedir. Uriin sepetinde yer alan her iiriiniin baz ve cari yila ait
“birim fiyatxmiktar” toplamlari (£) hem pay’da hem de payda’da gosterilmektedir [8-10].

Ayrica literatiirde yukaridaki iki endeksin geometrik ortalamasi (Fisher endeksi) ve aritmetik
ortalamasi (Bowley endeksi) olan endeksler de yer almaktadir [8-10]:

Fisher endeksi= \/ Laspeyres endeksi x Paasche endeksi 9)

Laspeyresendeksi+ Paascheendeksi

Bowley endeksi= 5 (10)
Fiyat endeksleri gibi “miktar endeksleri” de tanimlanmistir [8-10]:
X
Laspeyres miktar endeksi= m x100 (11)
Z Po XU,
X
Paasche miktar endeksi= M x100 (12)

Zpl x(,

3.2 Endeks Sayillarinin Hasar Maliyetine Uyarlanmasi

Enerji iletim hatlarinda ariza sikliginin gostergesi “Ariza Endeksi (AE)”dir. Ariza endeksi, bir
yil i¢cinde (365 giinde) bir iletim hattinin 100 km’lik kismina karsilik diisen ariza sayisidir:

_100xN, 365
L T,

AE

(13)

Burada Nh hatta meydana gelen ariza sayisini, L hat uzunlugunu (km) ve Th hattin y1l boyunca
isletmede kaldig1 giin sayisin1 gostermektedir. 2022 yilinda Tiirkiye genelinde 400 kV’luk
enerji iletim hatlariin ariza endeksi 0.147 ve 154 kV’luk enerji iletim hatlarinin ariza endeksi
0.373 olarak gerceklesmistir [11].

Ariza endeksinde kullanilan 100 km’lik “referans uzunluk™ kullanildiginda, deprem sonucu bir
enerji iletim hattinin etkilenecek (hasara ugrayacak) bilesenlerinin miktarlar1 sunlardir:

e (. Faz iletkeni (m/100 km)

e (b Celik koruma teli (m/100 km)

e (cOPGW (Optical Ground Wire) (m/100 km)
e (Qulkaz kiiresi (adet/100 km)

e (Qelzolatdr (adet/100 km)
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e (QrHirdavat takimlar1 (klemp, ark boynuzu, korona halkasi, vb.) (adet/100 km)
e (g Kafes direk elemanlarinin (dikme, kdsegen, konsol) L kdsebenti (kg/100 km)
e QnAyrik temel ayagi (m%/100 km)

Belirli bir PGA degeri icin; bir baz yilda deprem sonucu iletim hattinin hasara ugrayan
bilesenleri gao Obo Cco Jdo Geo Cfo Jgo Gho Ve cari yilda deprem sonucu iletim hattinin hasara
ugrayan bilesenleri qa1 Obr Cct Qd1 Qer Oft Cg1 gnz Olsun.

Deprem hasarini etkileyen temel parametre PGA oldugu icin, ge¢mis yillarin veri seti
yardimiyla her PGA i¢in dogal olarak farkli qjo miktarlar1 s6z konusu olacaktir.

Bir baz yilda s6z konusu bilesenlerin birim fiyatlari pao (TL/mM), poo (TL/M), peo (TL/m),

Pdo (TL/adet), peo (adet/m), pro (TL/adet), pgo (TL/Kg) Ve pro (TL/M3) ;

cari yilda s6z konusu bilesenlerin birim fiyatlari par (TL/m), po1 (TL/M), pe1 (TL/m),

pa1 (TL/adet), pe1 (adet/m), pr (TL/adet), pgr (TL/Kg) Ve pr1 (TL/m?3) olsun.

Laspeyres miktar endeksinde ve Paasche miktar endeksinde pay ve payda baz yila ait ve cari
yila ait miktarlar1 igermektedir. Bu bakimdan, ge¢mis yillardaki veri seti yardimiyla her PGA
degeri i¢in qoi miktarlarina ait (lineer veya non-lineer) regresyon denklemlerinin elde edilmis
olmasi gerekir:

go=1f(PGA) ; i—a,b.c.d, e fgh (14)

Paasche fiyat endeksinde ise pay ve payda cari yila ait miktarlari igerdiginden, Qa1 Qo1 Cct Qdz
Jer Q1 Qg1 Ont cari yilda olusan depreme ait hasar kayit raporlarindan dogrudan alinir.

Baz yildaki ve cari yildaki birim fiyatlar eskalasyon oraninda degisim gosterecektir [10]:
pir =piox(1 +eski)T ; i—a,b,c,d,e,f, g h (15)

Burada T cari yil ve baz yilin arasindaki fark:i (yil) ve eski T (yil) siiresince i. bilesendeki
ortalama eskalasyon oranini (%) gostermektedir.

4. SONUCLAR VE DEGERLENDIRME

Depremden etkilenerek hasara ugrayan enerji iletim hatlarinin onarimi ve/veya yenilenmesi
kapsaminda hasar maliyetleri ortaya ¢ikmaktadir. Ayrica mekanik/statik hasara ugrayan enerji
iletim hatlar1 devre dis1 olmaktadir; bu durum hem iletilemeyen enerjinin maliyeti hem de gece
saatlerindeki arama/kurtarma calismalarinin kesintiye ugramasi bakimindan ¢ok dnemli bir
sorundur. Aynt PGA degeri icin, cari yilda Laspeyres fiyat endeksinin yiiksek c¢ikmasinin
nedeni enflasyondur. Ayni PGA degeri icin, Paasche fiyat endeksinin yiliksek c¢ikmasi ise
arazi/zemin/hat yapisindan kaynakli olabilir. Hem Laspeyres miktar endeksinde hem de
Paasche miktar endeksinde baz ve cari yilin miktarlari birbirinden farklidir. Bu durumda ge¢cmis
yillarin veri seti yardimiyla regresyon analizi uygulanmalidir.

Maliyet endekslerinin minimum olabilmesi enerji iletim hava hatlarinin teknik sartname ve
yonetmeliklere tamamen uygun tesis edilmesi ile miimkiin olabilir.
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Betonun hazirlanmas1 ve dokiimii 6nceki yillarda TEIAS Montaj Teknik Sartnamesine gore
yapilmaktaydi. Bu kapsamda temel projeleri geregince 154 kV 477 MCM ve 795 MCM
iletkenli tek ve cift devre hatlarda BS 14, 1272 MCM iletkenli tek ve ¢ift hatlarda BS 16
kalitesinde beton kullanilmistir. Onceki 380 kV’luk hatlarda ise projesine gére BS 16 ve BS 20
kalitesinde beton kullanilmistir. Giiniimiizde TEIAS 154 kV-400 kV Direk Alt Montaj Teknik
Sartnamesi (2022) wuyarinca kafes direklerin temellerinde C25 kalitesinde beton
kullanilmaktadir; 1 m® beton i¢indeki ¢imento miktart minimum 300 kg olmak zorundadur.

Deprem aninda elektrik iiretim ve dagitim sistemindeki en ¢ok hasar gorebilecek bilesenler,
transformator merkezleri (TM) ve bu merkezlerde yer alan devre kesiciler, emniyet salterleri,
transformatorler, porselen izolatorler ve kontrol ekipmanlaridir. Hasar genellikle ankrajsiz veya
usuliine gore ankraji (sabitleme islemi) yapilmamis elektrik ekipmanlarinda yogunlasir.
Porselen izolatorlerin kirilmasit veya devrilmesi de olduk¢a yaygindir. Biitiin ankrajsiz
elemanlar usuliine gore ankrajlanip sabitlenmelidir. Tiirkiye Elektrik Uretim Iletim Anonim
Sirketi (TEAS), 17.08.1999 tarihinde meydana gelen izmit Depremi’ndeki deneyimleri dikkate
alarak, oncelikle transformatoér merkezlerindeki gii¢ transformatorlerinin ve akii gruplarinin
zemine sabitlenmesi kararimi almustir. Klasik transformator merkezlerinde (GIS TM’ler haric)
yer alan 380 kV’luk ve 154 kV’luk transformatorlerin bir deprem aninda hareket ederek
devreden ¢ikmasini 6nlemek amaciyla, trafolarin deprem kirisleri yapilarak govdeleri lizerine
indirilerek sabitlenmesi yoluna gidilmistir. Bir deprem esnasinda akii gruplarinin devrilip devre
dis1 kalmasini 6nlemek amaciyla da, tiim merkezlerde akii gruplarinin ahsap karkas i¢inde yere
sabitlemesi yapilmstir.
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OZET

Enerji depolama sistemlerinin gii¢ sistemleri tizerindeki etkisi, son donemde arastirmacilar,
enerji sistemleri planlamacilari- isletmecileri ve diizenleyici kurumlar tarafindan yogun bir
ilgiyle takip edilmektedir. Enerji depolama sistemleri teknolojilerinin enerji sistemlerinin
glivenilirligini artirmanin yani sira enerjinin en fazla tiiketildigi pik zamanlarda stratejik olarak
ertelenmesi potansiyeli sunmaktadir. Ayrica, bu sistemler ozellikle riizgar ve gilines gibi
stokastik karakterli yenilenebilir enerji kaynaklarinin iiretimlerinin tahminlerden sapmalarini
minimize ederek, genis capli entegrasyonlarina kritik katkida bulunmaktadirlar. Enerji
depolama sistemlerinin yenilenebilir enerji kaynaklar1 ile entegrasyonu, oOzellikle mikro
sebekelerin ada ¢alisma senaryolarinda mikro sebeke tasarimlarina yeni bir adaptasyon seviyesi
saglamaktadir. Enerji depolama sistemleri goz ardi edilerek yapilan sistem tasarimlarinda
sistem giivenilirliginin siirdiiriilmesi adina yiiksek maliyetli yedek enerji kaynaklarinin devreye
alinmas1 kaginilmaz olup, bu da artan igletme maliyetlerini ve potansiyel yilik atma cezalarini
beraberinde getirmektedir. Bu calisma, enerji depolama teknolojilerinin derinlemesine bir
incelemesini sunmakla kalmayip, bu teknolojilerin gii¢ sistemleri i¢in sundugu teknik ve
ekonomik avantajlari, 6zellikle yedek rezerv olarak hizlica enerji talebini karsilama kapasiteleri
baglaminda detayli bir sekilde ele almaktadir.

Anahtar Kelimeler: Enerji depolama sistemleri, Mikro sebekeler, Yenilenebilir enerji
kaynaklari, Yedek rezerv
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1. GIRIS

Enerji Depolama Sistemleri (Energy Storage System- ESS) elektrik sebekelerinin giivenilirligi
ve esnekligi tizerindeki kritik rolii géz O6niinde bulundurularak, 6zellikle son yillarda enerji
sektoriiniin vazgecilmez bir pargasi haline gelmistir. Bu sistemler enerji ihtiyacinin
yogunluguna bagl olarak, enerjiyi verimli bir sekilde depolayarak ve gerektiginde hizla geri
saglayarak, sebeke esnekligini 6nemli 6l¢iide artirmaktadir. Dolayisiyla 6zellikle yenilenebilir
enerji kaynaklarinin (Renewable Energy Source- RES) giderek daha baskin hale geldigi bir
enerji portfoylinde, arz ve talebi dengelemede ve enerji arzinin siirekliligini garanti etmede
kritik 5neme sahiptirler [1]. Ozellikle elektrikli araglardaki gelismelere paralel olarak ESS’ler,
hem teknik hem de finansal avantajlar sunarak, modern sebekelerin karsilastigi zorluklar
asmada merkezi bir rol oynamaktadir.

2050 yilina kadar Net Sifir Emisyon Senaryosu (Net Zero Emissions by 2050 Scenario- NZE
Senaryosu), kiiresel enerji sektoriiniin 2050 yilina kadar net sifir CO2 emisyonuna ulagmasi i¢in
gelismis ekonomilerin digerlerinden daha once net sifir emisyona ulasacagi bir yol gosteren
standart senaryodur [2]. Bu senaryo ayni1 zamanda, dzellikle 2030 y1lina kadar enerjiye herkesin
erigebilmesi ve hava kalitesinde onemli iyilegsmeler saglanmasi gibi enerji ile ilgili temel
Stirdiiriilebilir Kalkinma Hedeflerini  (Sustainable Development Goals- SDGs) de
karsilamaktadir. Hiikiimetleraras1 Iklim Degisikligi Paneli’ nin (Intergovernmental Panel on
Climate Change- IPCC) Altinct Degerlendirme Raporu’ nda degerlendirilen emisyon
azaltimlart dogrultusunda, kiiresel sicaklik artisinin 1,5 °C (en az %50 olasilikla) ile
sinirlandirilmasiyla da uyusmaktadir [3].

NZE Senaryosunda, elektrik enerjisinin konvansiyonel kaynaklar yerine RES’den iiretilmesi
gibi sebeke Olcegindeki ESS’ler de stratejik bir 6neme sahiptir. ESS’ ler, kisa vadeli dengeleme
ve isletme rezervleri saglama kapasitesiyle, enerji talebinin ve {iretiminin ani degisikliklerine
hizla tepki verebilir. ESS’ler, sebeke frekansini ve gerilimini stabilize ederek, enerji arzinda ve
talebindeki dalgalanmalara kars1 bir tampon gorevi goriir. Bu, 6zellikle RES’lerin degisken
dogasini goz 6niinde bulundurdugumuzda, sebeke istikrarin1 koruma da kritiktir.

ESS’lerden 6zellikle Pompaj depolamali hidroelektrik santralleri (Pumped Hydro Storage-
PHS), kurulu giic bakimindan 6ne ¢ikan bir teknoloji olarak karsimiza ¢ikar. 2020 yilinda
global dlcekte yaklasik 8500 GWh olan PHS kapasitesinin 2026 yilinda yaklagik 11800 GWh’e
cikmas1 tahmin edilmektedir. PHS’ler diinyanin farkli birgok bolgesinde, mevcut kapasitenin
cok lizerinde enerji depolama potansiyeli sunar. Ancak, son yillarda elektrikli araglarin da
gelisimiyle enerji depolamanin dikkat c¢ekici elemanlar1 bataryalardir. Modiiler yapisi ve
Olceklenebilirligi sayesinde, bataryalar, farkli cografi bolgelerde ve sebeke yapilarinda hizla
entegre edilebilmektelerdir. Bu ozellikleri sayesinde son yillarda, batarya teknolojilerinin
ESS’deki pazar paylarindaki artis dikkat ¢ekicidir [4].

Bunun yam sira, sikistirllmis hava ve yergekimi potansiyel enerjisini kullanan depolama
sistemleri gibi alternatif depolama teknolojileri de mevcuttur. Bu teknolojiler, belirli uygulama
senaryolar1 ve cografi kosullar i¢in ideal olabilir, ancak genel enerji sebeke uygulamalari su
anda smurhidir. Hidrojen enerjili sistemler de, 6zellikle yenilenebilir enerji iiretiminin
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mevsimsel degiskenliklerini yonetmek i¢in, enerjinin uzun vadeli depolanmasinda potansiyel
bir ¢6ziim olarak gelistirilmektedir [5].

Biitiin bu teknolojik gelismelere ragmen, enerji depolama kapasitesi hala 2050 Net Sifir
Emisyon Senaryosu’nun gereksinimlerini karsilamaktan uzaktir. Bu, tiim sektor paydaslarinin
ve politika yapicilarinin, bu alanda daha biiylik yatinmlar yapilmasini miimkiin kilan ve
inovasyonlari tesvik eden stratejiler gelistirmelerini gerektirmektedir.

2. ENERJi DEPOLAMA SiSTEMLERI

Gelisen teknolojiye paralel olarak, ESS’de son zamanlarda Onemli ilerlemeler
kaydedilmektedir. Bu teknolojiler Gorsel 1’de genel hatlar1 ile verildigi gibi mekanik,

elektrokimyasal, termal, elektrik ve kimyasal dahil olmak iizere bir dizi enerji tiiriini
kapsamaktadir [6].

Electrical Energy Storage Systems

h Electrochemical .‘ Electrical

* Mechanical

Pumped Hydro (PHS)
Compressed Air (CAES)

Flywheel (FES)

Conventional Batteries
Lead Acid (PbA)

Nickel Cadmium (NiCad)

Supercapacitor

Superconducting
Magnetic Coil (SMES)

Lithium Ion (Li-Ton)

'. Thermal

High Temperature Batteries Molten Salt

-0 Chemical

Hydrogen/ Methane/ SNG

Sodium Sulfur (NAS)

=) Thermochemical

Solar fuels

ZEBRA (NaNiCl)

Flow Batteries

Vanadium Redox (VRB)

Zinc Bromine (ZnBr)

Gorsel 1 Farkh tipte enerji depolama sistemleri

Bununla birlikte, bu yenilik¢i depolama teknolojilerinin 6nemli bir kismi heniiz tanitim
asamasinda ya da ticari kullanimin esigindedir.

ESS teknolojileri degerlendirilirken giic kapasitesi ve enerji kapasitesi acisindan yatirim
maliyetleri gibi faktorlerin yani sira uzun Omiirliiliik, depolama kayiplari, verimlilik, rampa
hizlar1 ve tepki siireleri gibi gesitli unsurlar 6n plana ¢ikmaktadir. Ayrica ESS teknolojilerini
ozellikle 6n plana ¢ikaran unsur sahip olduklari ¢ok yonliiliiktiir. Uretim, iletim, dagitim ve
tilketimi kapsayan elektrik enerjisi tedarik zincirinin birgok alaninda devrim yaratma
potansiyeline sahiptirler. Ayrica ESS, RES’yle ilgili problemlerin ele alinmasinda ¢ok énemli
bir rol oynamaktadir. Bu sistemler RES’lerin dogasinda var olan kesintileri azaltabilir, gli¢

kalitesine katki saglayabilir ve ¢esitli akilli sebeke uygulamalarinin islevselligini
destekleyebilme kapasitesine sahiptirler.

Gii¢ sistemlerine RES’lerin entegrasyonu uygulamalar1 i¢cin ESS konumlandirilmasi temel

olarak Gorsel 2°de verildigi gibi kiimelenmis (aggregated) ve dagitik (distributed) olmak iizere
iki sekilde yapilandirilir [7].
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Gorsel 2 Enerji depolama sistemlerinin genel konfigiirasyonlari

Kiimelenmis konfigiirasyonda, Dagitik Enerji Kaynaklarindan (Distributed Energy Resource-
DER) Ortak Baglanti Noktasi (PCC) barasina gii¢ akis1 stabil bir seviyede tutulur. Bu merkezi
yaklasim, ESS’nin toplam kapasitesinin gii¢ akisindaki dalgalanmalar1 azaltmak igin
kullanilmasina olanak tanir. Yine de boyle bir kiimelenmis enerji depolama tesisinin kapasitesi
arttikca maliyeti de artmaktadir. Zorluklar maliyetle sinirli degildir; biiyiik 6l¢ekli bir ESS nin
iiretimi ve kontrolii de kendi karmagikliklarin1 beraberinde getirir. Sonug olarak, bu zorluklar
olmadan etkili ve giivenilir gii¢ diizenlemesi elde etmek i¢in daha kiigiik dlgekli, dagitilmig
enerji depolama ¢oziimleri kabul gérmektedir.

Ote yandan, dagittk ESS yapilandirmasi, birden fazla arayiiz gerektiren belirli dagitik
kaynaklara dogrudan bagli olan birimlere sahiptir. Bu merkezi olmayan yaklasim, her depolama
cihazinin belirli bir enerji kaynagini veya sebekenin bir boliimiinii destekledigi anlamina gelir.
Bu konfigiirasyonun da kendine 6zgii sorunlari bulunmaktadir. Dagitik bir sistemin baslica
zorluklarindan biri, tiim bu bilesenler arasinda gii¢ akisini1 verimli bir sekilde yonetmektir. Buna
ek olarak, ozellikle dagitik kaynaklar ve ESS ile iligkili gii¢ elektronigi arayiizleri araciligiyla
depolama siirecinde meydana gelen kayiplar dnemli bir sorun olmaya devam etmektedir.

Belirli bir uygulama i¢in en uygun maliyetli depolama teknolojisinin secilmesi, kapsamli bir
Omiir stiresi maliyet degerlendirmesi ile isletme profilinin kapsamli bir analizini gerektirir. Bir
depolama teknolojisinin parametrelerini amaglanan uygulamanin parametreleriyle uyumlu hale
getirerek, yalnizca ESS’den enerji liretimi icin toplam isletim maliyeti degil, ayn1 zamanda
kurulu kilovat gii¢c basina diisen ilgili maliyetler de dogru bir sekilde belirlenebilmektedir. Bu
parametreleri, 6zellikle de belirli uygulama gereksinimlerine gore diizenlerken dikkatle segmek
cok onemlidir. Ciinkii bircok depolama teknolojisi, karsilayacaklar1 belirli ihtiyaclarla tam
olarak uyumlu hale getirildiklerinde daha da optimize edilebilir. Gorsel 3’teki faktorler, soz
konusu depolama teknolojilerinin degerlendirilmesi ve karsilastirilmasi i¢in bir genel gergeve
sunmaktadir [8].
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Gorsel 3 Enerji depolama sistemlerinin fizibilitesinde dikkat edilecek faktorler

3. GUC SISTEMLERINDE GUVENILIRLIK

Enerji sistemlerinin gelisimi incelendiginde kiiresel dlgekte 6zellikle son yirmi yilda tanik
olunan doniisiimiin merkezinde, gii¢ sistemlerinde giivenilirlik ve esneklik konular1 6n plana
¢cikmaktadir. Bu doniistim siirecinde, modern gii¢ sistemlerinin sadece esneklikten daha
fazlasini talep ettigi cok acik bir sekilde goriilmektedir; 6zellikle dis baskilara dayanmak i¢in
sistemin gilivenilirligine ve sebekedeki bozulmalar1 yonetebilmek i¢in temelden gelen bir
esneklige ihtiyag vardir.

Enerji iletim sistemini bir biitiin olarak diisiinerek giivenilirlik ve esneklik konusunda kararl
bir politika izlemek, RES’lerin sisteme entegrasyonunda ¢ok biiylik 6nem arz etmektedir. Bu
baglamda giivenilir enerji tiretimi, konvansiyonel kaynaklardan RES’lere geciste enerji akiginin
biiyiik 6l¢iide kesintisiz olmasini saglayacak bir elektrik iiretim ortaminin garanti edilmesi
anlamma gelecektir. Ancak, burada 6nemli olan bir husus enerji arz giivenilirligi onu tagiyan
sistemlerin giivenilir olmasi ile yakindan iligkilidir; dolayisiyla bu gegis siirecine iletim ve
dagitim sistemlerinin de uyarlanmasi gerekmektedir. D1s soklardan kaynaklanan kirilganliklari
en aza indirecek ve lretilen enerjinin tiiketicilere bliylik kayiplar veya teknik problemler
olmadan ulastirilmasini garanti edecek sekilde iletim ve dagitim sistemlerinin donatilmalari

gerekir [9].

Modern elektrik sebekeleri, birbiriyle iliskili ¢esitli faktorler nedeniyle cok sayida giivenilirlik
sorunuyla kars1 karsiyadir, genel hatlariyla ele alinacak olursa [23]:

Sebeke Kisithligi: Cevresel siirdiiriilebilirlik hedeflerinin etkisiyle giderek artan dagitik enerji
kaynaklar1, belirsizlik ve degiskenlik sebekedeki giic akisinin tasarim tahminlerinden anlik
olarak sapmasina yol agmaktadir.

Genis Capli Enerji Transferleri: Artan uzun mesafeli ve biiylik dlgekli enerji transferleri
degiskenligi artirmakta ve giivenilirlik sinirlarin1 daraltmaktadir; ayrica piyasa dinamikleri de
karmasiklig1 artirmaktadir.

Sebeke Sinir_Islemleri: Sebekenin birgok bdlgesi asagidakiler nedeniyle limitlerine yakin
caligmaktadir:

e Sinirl yatirim, iletim ve dagitim hatt1 kisitlamalart.
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e Artan enerji tilketimi ve talep pikleri.
e Eskiyen altyapi1 sorunlart.
e Mevcut altyap1 optimizasyonunu zorlayan gelismis araglar.

e Minimum hata toleransi ile daha hizli karar verme gerektiren daha biiyiik faaliyet
alanlarina yol acan entegrasyon.

Dagitik Enerji Kaynaklar: Dalgalanmasi: Merkezi olmayan enerji kaynaklarindaki artis, iletim
ve dagitim ayrimlarini belirsizlestirerek sebeke karmasikligini da artirmaktadir.

Gorsel 4’te ESS’nin giic sistemlerindeki yukarida bahsedilen problemlerin ¢dziimiinde
kullanilan farkli uygulamalari literatiirdeki isimleriyle verilmistir [7].

Application of energy storage in power

system
by i Customer energy
management
) Load Voltage
Energy arbitrage following Power quality
Black Frequency
start regulation

(' Spinning reserve )

Gorsel 4 Enerji depolama sistemlerinin gii¢ sistemlerindeki farkh uygulamalar:

Ayrica yukarida ele alinan problemlerin yaninda dijitallesmenin ve birbirine bagliligin arttig1
modern c¢ag, talep tarafi sistemlerinin hem uyarlanabilir hem de esnek olmasini
gerektirmektedir. Bu sistemlerin arzdaki ger¢ek zamanl degisikliklere yanit vermeye hazir
olmasi gerekir; bu 6zellik yalnizca enerji verimliligini desteklemekle kalmayip, ayn1 zamanda
sebekenin dengesini ve istikrarin1 korumak i¢in de ¢ok Onemlidir. Son olarak, giiniimiizde
enerjiye biitlinciil bir bakis, ulasim, 1sitma ve sanayi gibi diger sektorlerle kesisimlerini kabul
etmelidir. Sektorler aras1 entegrasyonun benimsenmesi enerji sistemlerinin  genel
dayanikliligini artirmada 6nemli bir yere sahip olabilir ve dngdriilemeyen zorluklara kars1 ciddi
avantajlar saglayabilir.

4. YEDEK REZERV
4.1.Yedek Rezerv Tanimi

Gli¢ sistemleri, dogas1 geregi dinamik ve karmasik bir yapiya sahiptir; ancak tiim bu
karmasikliga ragmen gii¢ sistemlerinde talep ve arz dengesi siirekli olarak gozetilmektedir.
Yedek rezerv (Spinning Reserve- SR), bu dengeyi saglamak i¢in gii¢ sistem isletmecilerinin
bagvurdugu kritik bir unsurdur. Ozellikle degiskenlik ve belirsizlik, enerji talebindeki
ongoriilemeyen dalgalanmalar ya da tiretim birimlerindeki beklenmedik durumlar arttiginda SR
daha da 6nem kazanir. Elektrik talebinin tam olarak tahmin edilememesi, iiretim birimlerinin
cikislarinda yasanan anlik degisiklikler ve potansiyel ekipman arizalari, siirekli ve dengeli bir
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enerji arzinin saglanabilmesi i¢in SR’nin 6nemini ortaya koymaktadir. Bu yiizden, gii¢ sistem
isletmecileri, sistem stabilitesini ve frekans dengesini korumak adina farkli stratejiler
kullanarak ve sistem dinamiklerini g6z Oniinde bulundurarak farkli miktarlarda rezerv
bulundururlar. Belirli tanimlara ve kurallara gore farklilik gosteren ve ayn1 zamanda her gii¢

sistemi i¢in Ozellestirilmis olarak yonetilen SR, enerji sektoriinde istikrarin siirdiiriilmesi igin
vazge¢ilmez bir rol oynamaktadir [10], [11].

Market Response
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Gorsel 5 Giic sisteminin frekans tepkisini ve yedek rezerv
Gorsel 5, gii¢ sistemlerinin frekans tepkisini ve SR ihtiyaglarini gostermektedir. t=0 aninda
beklenmedik bir olay gerceklestigi goriilmektedir; bu, beklenmedik bir enerji talebi veya enerji
iiretiminde yasanan kesinti gibi bir olay olabilir. Bunun hemen sonrasinda, sistem frekansinda
hizli bir diisiis veya artis gdsteren bir frekans tepkisi goriilmektedir. Uretim birimleri, sistem
frekansini stabilize etmek i¢in otomatik olarak harekete geger. Frekans tepkisi sonrasinda,
enerji sistemi spinning (¢alisan, aktif) ve non-spinning (bekleme modunda olan) rezervleri
kullanarak arz ve talep dengesini geri kazanmaya ¢alisir. Bu rezervler, hizl bir tepki siiresine
sahip olup, sistemin karsilastifi beklenmedik olay1 telafi eder. 30. dakika, ideal olarak
rezervlerin yeniden tam kapasiteye getirilmesi gerektigi zaman dilimini belirtir. Spinning ve
non-spinning rezervlerin yani sira, ekstra isletme rezervleri de beklenmedik olaymn
karakteristigine gore olay sonrasi enerji dengesini saglamak i¢in kullanilabilir. 100. ve 110.
dakikalar arasinda, rezervlerin zorunlu olarak tam kapasiteye getirilmesi gerektigi belirtilmistir.
Son olarak piyasa tepkisi, enerji tedarik¢ilerinin ve talep tarafinin, enerji fiyatlarinda ve rezerv

miktarlarinda meydana gelen degisikliklere yanit olarak kendi stratejilerini ve operasyonlarini
nasil ayarladigini gosterir.
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Gorsel 6 Primer, sekonder ve tersiyer frekans kontrolleri

Gorsel 6, gii¢ sistemi kontrol rezervlerinin daha iyi anlagilmasi acisindan sebekedeki cesitli
kontrol seviyelerini ve bunlarla iligkili kapasiteleri gostermektedir;

Primer Kontrol: Sistemin frekansi (nominal 50 Hz) 20 mHz saptiginda devreye girer ve 30
saniye i¢inde tam olarak isletmeye hazir hale gelmesi gereklidir. Primer kontroliin amaci
sistemde olagan dis1 bir durum meydana geldiginde sistem frekansini sinirlamaktir.

Sekonder Kontrol: Hizli devreye girebilen ve otomatik kontrol {initelerinden (AGC)
olusmaktadir. Herhangi bir acil durum olayindan 30 saniye sonra devreye girer ve 15 dakika
icinde tam olarak hazir olmasi gerekir.

Tersiyer Kontrol: Daha yavas cevap verir. Primer ve sekonder kontrol iinitelerinin geri rezerv
durumuna ge¢mesinde kullanilir.

Aslinda sekonder ve tersiyer rezerv birlikte SR’yi olusturmaktadir. Gorsel 2, farkli kontrol
rezervlerinin gii¢ sistemlerinde nasil ¢alistigina dair genel bir bakig sunmaktadir [12].

4.2 Enerji Depolama Sistemleri ile Yedek Rezerv Yonetimi

Yenilenebilir enerji santrallerinin sisteme frekans destegi saglamalar1 i¢in uygun olan enerji
depolama teknolojileri arasinda volanlar (flywheels), siiper iletken manyetik enerji depolama
sistemleri (Superconducting Magnetic Energy Storage- SMES), bataryalar, akis bataryalar
veya pilleri (flow batteries or redox flow batteries), hibrid enerji depolama sistemleri (Hybrid
Energy Storage Systems- HESS), sikistirilmig hava enerji depolama sistemleri (Compressed
Air Energy Storage- CAES) ve pompaj depolamali hidroelektrik santralleri (Pumped Hydro
Storage- PHS) bulunmaktadir. Bataryalar ve akis bataryalari, riizgar enerjisi santrallerinde SR
kapasitesi saglamalari ile alakali literatiirde ¢ok sayida ¢alisma bulunmaktadir. SR saglanmasi,
ozellikle izole sistemlerde kritik bir rol oynamaktadir [13].

Genel elektrik sebekesine entegre olmayan izole adalar i¢in RES’lere dayal1 yeni bir bagimsiz
hibrit gii¢ sistemi dnerilmektedir. Bu sistem, riizgar tilirbini jeneratorleri, dizel jeneratorler ve
yakit hiicrelerinin entegrasyonunu icermektedir. Elektrolizor, riizgar tiirbinlerinden elde edilen
dalgal1 gii¢ ¢1kislarini séniimleyerek hidrojen iiretmektedir. Uretilen hidrojen, depolanmakta ve
sonrasinda yakit hiicreleri icin yakit olarak kullanilmaktadir. Riizgar tiirbinleri, dizel
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jeneratorler ve yakit hiicrelerinden saglanan toplam giic, adanmn enerji ihtiyacim
karsilamaktadir. Boylelikle batarya ihtiyact minimize edilerek sistemin verimliligi artmaktadir.
Ayrica, Onerilen sistemde riizgar giicii degiskenligine ragmen siirekli gii¢ saglama kapasitesine
sahip bir tiir SR sunulmaktadir [14].

Literatiirde oOnceki yillarda yer alan bir¢ok c¢alismada, kisitli ve izole edilmis enerji
sistemlerinde, Batarya Enerji Depolama Sistemlerinin (BESS) nominal giiciiniin sebeke
frekansi iizerinde belirgin bir diizenleyici etkiye sahip oldugu ortaya konulmustur. Bu durum,
BESS’lerin ¢ikisinin giriste 6l¢iilen sebeke frekansiyla dinamik bir etkilesim igerisine girdigi
kapalt dongii bir sistem yapilandirmasini ifade eder; yani BESS’lerin nominal giiciiniin
optimizasyon algoritmalarindaki kritik bir parametreye donistiigii ve konvansiyonel enerji
sistemlerinde SR’nin isleviyle benzerlik tagimaktadir. Bu tiir kompakt altyapilarin 6zelliklerini
daha uygun bir sekilde yansitmak amaciyla optimizasyon metodolojilerinin nasil rafine
edilebilecegine dair yonlendirmeler sunmakta, siirekli enerji tedarikini garanti altina almay1 ve
genel sistem istikrarini gii¢lendirmeyi amaglamaktadir [14]-[17].

Yukarida 6zetlenen calismalar daha kiigiik boyutlu ve izole sistemler i¢in gelistirilen metotlar
ele almaktadir. Ozellikle enerji sektdriinde bu konudaki gelismeleri takip etmek adina son iic
yilda yapilan ¢aligmalarda agagidaki problemler ele alinmigtir:

ESS, hem enerji piyasalarina hem de rezerv piyasalarina katilmak suretiyle RES ve
konvansiyonel jeneratorlerin karliliginin artirtlmasinda rol oynamaktadir; ayni zamanda giic
sisteminin igletme maliyetlerini ve emisyonlari tizerinde azaltici bir etkiye sahiptirler [18].

Frekans kontrolii, rampa destegi ve gerilim kontrolii gibi yan hizmetlerin saglanmasinda
ESS’nin 6nemli bir katkisit vardir, bu durum RES’lerin entegrasyonunun gelistirilmesinde
kritiktir. Ayrica, ESS’nin RES degiskenligi ve belirsizliginin, gii¢ sistemi operasyonu ve
istikrar1 izerindeki olumsuz etkilerinin azaltilmasinda 6nemli bir rolii vardir [19].

Beklenmedik durumlarda, tiretim kayb1 ya da yiik atma gibi olumsuz senaryolar karsisinda ESS,
SR saglama kapasitesiyle gii¢c sisteminin esnekligini artirma potansiyeline sahiptir. ESS’nin
optimal boyutlandirilmas1 ve konumlandirilmasimnin, ESS teknolojisi, piyasa yapisi, RES
entegrasyonu, yiik profili, sebeke topolojisi ve iletim kisitlamalar1 gibi bir dizi faktore bagh
oldugu yapilan ¢alismalarda siklikla ele alinan konular arasindadir [20]-[22].

5. GENEL DEGERLENDIRME VE SONUCLAR

Gii¢ sistemlerinin daha dayanikli, giivenilir ve NZE senaryosu goz 6niinde bulundurularak en
azindan 2050 yilina kadar yasanmasi1 muhtemel biiylik degisiklikleri karsilayabilecek sekilde
verimli ve temiz enerji saglayabilen bir sebeke haline gelmesi i¢in iyilestirilmesi gerekmektedir.
ESS, enerji endiistrisinin isleyis seklini dnemli 6l¢iide degistirecek potansiyele sahiptir. En
gelismis teknolojileri biinyesinde barindiran ve gelecekte muhtemelen hem kendisi ‘akillacak’
hem de diger akilli sistemlerin can damar1 olacak modern sebeke tasarimlarinin
uygulanmasinda ESS ¢ok daha kritik dneme sahip olacaktir.

ESS’deki maliyetlerin azalmasi ve enerji sistemlerine entegrasyonlar1 sebekedeki tikanikliklart
azaltabilir, sera gaz1 emisyonlarini hafifletebilir, RES’lerin uygulamasindaki problemleri biiyiik
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Ol¢iide ¢ozebilir, verimliligi artirabilir ve sebekede gerekli SR kapasitesini saglamak i¢in ¢ok
daha ileri yaklagimlar sunabilir.

Enerji sistemlerinde enerji depolamanin avantajlari, tiretim, iletim, dagitim ve son kullanicilarin
bugiinkii bilinen limitlerini astig1 i¢in degerlendirilmesi karmasiktir. Bu nedenle, enerji
depolamanin maliyetlerinin ve karinin nasil dagitilacagi heniiz net degildir. ESS’nin elektrik
sebekesinin aktif bir parcasi olmasindan 6nce asilmasi gereken bir¢ok sorun olmasina ragmen,
bunlarin birgogu ESS uygulamasina yatirimi engelleyen mevcut eski teknoloji elektrik altyapi
standartlari, mevzuat ve piyasa tasarimlariyla iligkilidir. Ayrica, ESS kurulum maliyetleri hala
nispeten ylksektir. Teknolojik gelismeler ve sebekenin depolamaya ihtiyag arttikca Olgek
ekonomisi ile ESS’nin mevcut uygulamalarinin karlili§inda artig olacak ve daha fazla servis ve
uygulama i¢in yeni firsatlar ortaya cikacaktir. Piyasada ve gelistirme agamasinda ¢ok farkli
teknik 6zelliklere sahip ESS bulunmaktadir. ESS’deki tiim alternatif teknolojilerin artilarini ve
eksilerini bilerek, sebekede yasanan problemler 6zelinde ¢oziimler sunarak maksimum fayda

elde edilebilir.
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Abstract

The objective of this research is to create diesel-like fuel from waste tire oil by pyrolytic
distillation that is harmful to the environment and human health, as well as to desulfurize these
fuels. In this line, low sulfur diesel-like fuel was created in a pyrolysis reactor using the
pyrolysis process from waste tire oil. It was observed that the waste tire liquids obtained from
pyrolysis contain a high sulphur content at high temperature. A two-stage desulfurization
technique was used to reduce the sulphur. In the first stage of the basic desulfurization process,
10% perlite, 10% CaO, and 10% zeolite catalysts were implemented to the waste tire liquid,
respectively. As a result of this application, the sulfur content of diesel-like tire fuel (DLTF)
was reduced by 25.3% with a 10% volumetric perlite application. The second stage of acidic
desulfurization was implemented following the basic desulfurization procedure. Consequently,
although the basic method lowered the sulfur content in the DLTF liquids, the acidic solution

raised it.

Keywords: Pyrolytic distillation, Basic desulfurization, Acidic desulfurization, Diesel fuel, Diesel-
like mineral fuel

Abbreviations

DLTF : Diesel-like tire fuel
GLTF : Gasoline-like tire fuel

DLF : Diesel-Like Fuel
DLDTF : Diesel-like desulfurized tire fuel
DF : Diesel fuel
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1. Introduction

The search for alternative energy sources has continued in order to develop applications
that emit less pollution, last longer, are more efficient, are environmentally friendly, and are
more cost-effective (Aydin, 2023; Aydin and Sayin, 2014). There are various waste fuel sources
such as waste oils trees, plastics, tires, etc. known as alternative fuel sources. However, these
wastes can be used as vehicle fuel, and when used as fuel in production facilities, they are
hazardous to human health and the environment due to pollutant emissions such as SO», CO,
COg2, HC and NOx. (Arpa, et al. 2010; Karagoz, et al. 2020; Aydin, 2020). Tire, plastic, and
packaging waste should be disposed of because they are hazardous to the environment and
human health. These wastes must be converted into liquid or gas phases before they can be used
as an alternative fuel in diesel engines. This process is carried out using the pyrolysis method,
and as a result, it is converted into an oily product known as pyrolytic. In order for the liquids
produced by pyrolysis method to be used in diesel engines, they must be subjected to

sulfurization process.

The desulfurization of natural resources has become necessary due to strict
environmental laws regarding the sulfur content of crude oil and refined goods (Fetus, et al
2023). Several studies have been carried out in the production of tire pyrolysis oil from waste
automobile tires by various techniques (Roy, et al. 1990; Onay 2007). Within the scope of this
study waste tires which enter into the lapping state within the scope of this study, have been
converted into DLTF by pyrolysis method to be used in diesel engines in order to recover
energy. Tire pyrolysis oil, which was derived from waste automobile tires, was analyzed and
compared with the petroleum products. It was found that such tire pyrolysis may be used in
ignition engines as a fuel (Murugan and Ramaswamy 2009). However, the DLTF has higher
sulfur content (Murugan, et al. 2008).

It has been recognized that pyrolysis is the most effective and cheapest method of waste
utilization (Lam, et al. 2012; Paraschiv, et al. 2015). Pyrolysis is the most practical way to
obtain low molecular components in an oxygen-free environment. The low cost, easy
processability and high production efficiency increase the value of this method (Chen, et al.
2014; Paraschiv, et al., 2015). Pyrolysis is described as the thermal decomposition of hydrogen
and carbon compounds in an oxygen-free environment (Lam, et al. 2019). Pyrolysis and
catalytic pyrolysis are two efficient chemical recycling methods (Zhou, et al. 2021). Pyrolysis
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means placing raw materials in a pyrolysis reactor and heating them directly in the atmosphere
in an oxygen-free environment (Yan, et al. 2015). While temperature values of 450 °C and
above are preferred in obtaining solid products, lower temperature values are preferred in
obtaining liquid products. The catalyst makes a significant contribution to obtaining pure
products, especially by adsorbing the unwanted sulphur in the liquid product into its porous
structure (Aydin and Ilkilig, 2012).

In this study, pyrolytic liquid was produced in a pyrolysis reactor from waste plastics, tires, and
packaging waste. Then, because this liquid has a high sulfur content according to the EN 590
standard, basic and acidic sulfurization methods were used. The basic method of sulfurization
had been effectively carried out with these kinds of applications.

2. Material and Method

In this section, the method and materials used in an experimental study to convert the
oils obtained from waste mineral oils and waste plastics into diesel and similar fuels are
described. Figure 1 demonstrates the connection line diagram and schematic of the pyrolysis

reactor's electrically controlled system.

. 1L Nitrogen Flow
] Rate Regulator

1
L
Data Collector L' TS

Condenser .=
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Nitrogen Tube |

Figure 1. Schematic of the fuel production process
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The pyrolysis reaction setup produced products by gradually increasing the temperature
and processing for an average of 20 minutes at each temperature step. In the pyrolysis phase,
the products obtained between 80-180 °C were classified as Category 1 (Gasoline and similar
fuel), products obtained between 180-300 °C were classified as Category 2 (Diesel and similar
fuel), products obtained between 300-375 °C were classified as Category 3 (Heavy fractionated
oils) and Category 4 as solid products. It was found that the same amount of product was

obtained in repeated fuel production processes and these products were obtained from 1 litre of
oil as a reference.

3. Results and discussion

3.1. Fuel Production from Waste Tires

The products obtained at gradual temperature increases applied to 1 It of waste vehicle
tire oil placed in the pyrolysis chamber were evaluated in four different categories and are
shown in Figure 2. The temperature was gradually increased by 20 °C, and in order to obtain
product 20 minutes of time allowed for each degree.

—&—GLTF-(80-180°C)  —@—Product yield (%)
140 12

120 10

100

80

60

Product amount (ml)
[e)}
Product yield (%0)

40

20 2

80 100 120 140 160 180
Reaction temperature (°C)

Figure 2. Effect of temperature on the amount of product (ml) in GLMF production and product yield
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Figure 2 show that the amount of products obtained from waste tire oil in the 1st
category (80-180 °C). According to this, no product was obtained at 80 °C, when the product
yield was examined between 100-180 °C by looking at the temperature increase, it was
determined that the maximum product yield was 115ml at 160 °C. The product amount of
gasoline and similar fuel obtained in these two temperature ranges (80-180 °C) constitutes 35%
of the total 1 liter product.

The Figure 3 show that the amount of products obtained from waste tire oil in the 2nd
category (200-300°C). When looking at the products obtained depending on the temperature
increase, it was determined that the highest product yield was 150 ml at 240 °C. It was
determined that the average amount constituted 53.5% of the total 1 liter product. In addition,
gradual temperature increase was continued in Category 3. Between 325-380 °C 80 gr of heavy
fractionated oil and pitch was obtained, between 380-400 °C 20 gr of solid product was

obtained.

—4&—DLTF-(200-380°C)  —#—Product Yield (%)

160 15
140 < 13
£ 120 1
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é 100 S
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0 1

200 220 240 260 280 300 320 340 360 380
Reaction temperature (°C)

Figure 3. Effect of temperature on the amount of product (ml) in DLTF production and product yield

3.2. Desulfurization Processes in DLTF Samples

To reduce the sulphur content of the samples of diesel-like tire fuels obtained through
the pyrolysis process, various additives were used. The operation in question was performed on
the DLTF sample. The value of 0.901% was attempted to be decreased for the DLTF sample.

PROCEEDING BOOK Academy Global Publishing House 48




| LONFEREY,
S &

2,

%
3
%
E4
z
z

Within the scope of this study, it was determined that the pyrolysis process and additives used

at a rate of 10% in the literature studies performed on the fuel samples by mass were the most
appropriate reductions.

In this research, calcium oxide (CaO-limestone), zeolite and perlite catalysts were added
to the fuel at 10% by mass in a 500 ml fuel sample and then each of them was subjected to
different pyrolysis reactions to reduce the sulfur content of the DLTF sample. Figure 4 shows
that after the completion of the basic desulphurization reaction, the sulfur analysis performed
on the DLTF samples showed that 25.3% sulfur reduction was achieved for perlite, 0.9% for
zeolite and 8.5% for calcium oxide (CaO). Among the three additives, 10% perlite application
was found to have the best desulphurization rate in the first stage of pyrolysis reactions with
basic catalyst. Consistent with these results, 10% Perlite was applied to all diesel-like tyre fuels
and a 25.3% reduction in sulphur content was achieved. Comparable findings have been

reported in several different literature reviews (Arpa, et al. 2010, Uyar and Aydin 2022).
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Figure 4. Effect of the amount of additive used on desulfurization for DLTF

In the desulfurization process with the base catalyst 1/4 of the sulphur was eliminated
in DLTF. In order to eliminate these negative results, the second stage of the desulfurization
process, acidic desulfurization reactions, was carried out. In the literature studies, various acids
used and the contents of these acids were investigated. The amount of catalysts applied to 100
g DLTF fuels separately applied to DLTF fuels whose pure and solution catalysts were prepared
and were applied as 5-7.5-10 g. The results of the analyses are shown in Figure 5.

—a—1/2 Asetik Asit-H202 —e—1/2 Formik Asit- H202 —&—Siilfiirik Asit
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Figure 5. DLTF effect of the amount of acidic additive
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Analyzing Figure 5 reveals that the level of acidic catalyst in DLTF fuels causes an
increase in the sulfur content of all pure and solution solutions. Sulfuric acid (10 g) had the
largest increase rate of diesel-like desulfurized tire fuel (DLDTF) at 35.5%, while 1/2 Formic
Acid - H202 (7.5 g) had the lowest increase rate at 23.6%.

4. Conclusion

In this research, waste plastics, tires, and packaging materials were used to create DLTF in
a pyrolysis reactor. Following that, basic and acidic sulfurization techniques were applied due
to this liquid, as per the EN 590 standard, has an excessive sulfur concentration. For these
applications, the basic approach to sulfurization worked well. Several results were obtained
from the investigation.

e It was determined that the application of the acidic desulfurization process to DLTF did
not change the sulfur content, and this resulted in an increase in the other direction.

e Zeolite, perlite, and calcium oxide were used as catalysts in the reactions. 10% perlite
was found to reduce the sulfur rate by 25.3% in the basic desulfurization process in
DLTF; however, in the acidic desulfurization process applied to this fuel, which was
reduced with perlite, this rate did not decrease but rather increased in the opposite
direction..

e Itisthought that the acid utilized in the acid desulfurization procedure interacts with
the hydrocarbon components in rubber fuels and DLTF, raising the sulfur content of

these fuels.

e Inacidic desulfurization, DLTF has high heating values, which are thought to be
caused by long-chain hydrocarbon bonds' incapacity to eliminate sulfur.
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Abstract

In this study, it is aimed at using waste vehicle tires and waste engine oils, which are harmful
for both humans and the environment, in a diesel engine as an alternative to diesel fuel. For this
purpose, the pyrolytic distillation method was applied to create diesel-like fuel from the liquid
produced in a pyrolysis reactor from waste mineral oils and waste tire liquids. After that, test
blends were prepared as 30% waste engine oils and 70% diesel fuel, named WEOF30 (waste
engine oil fuel), and 30% waste tire oils and 70% diesel fuel, named WTOF30 (waste tire oil
fuel). These sulfurized test fuels were compared with diesel fuel in a research diesel engine at
a constant engine speed of 1500 rpm and a low load (2.5 BMEP) of eddy current dynamometer.
In the laboratory investigation, cylinder gas pressure, net heat release, average gas temperature,
heat release, and pressure increase rate values were measured and graphed against diesel fuel
combustion values. As a consequence, the combustion parameters of WEOF30 and WTOF30

are nearly identical to those of ULSD fuel.

Keywords: Pyrolysis, Diesel engine, Combustion, waste tire fuel, Waste engine oils fuel

1. Introduction
The search for and development of alternative energy sources has continued in order to

create applications that produce less pollution, last longer, are more efficient, environmentally
friendly, and cost-effective (Aydin, 2023). The majority of our energy needs in the modern world
are met by fossil fuels, and as the human population grows, so does this need. However, the

search for alternative energy sources to these fossil fuels, which exist in limited quantities,

2 Corresponding and presenting author at: Department of Mechanical Engineering, Institute of Graduate Studies,
Batman University, 72100, Batman, Turkey.

PROCEEDING BOOK Academy Global Publishing House 54




| LONFEREY,
\:;“ &{

2,

%
z
%
E4
z
z

continues. Waste materials are produced in large quantities as a result of both technology
advancements and population growth. Industrial wastes are extremely dangerous for the
environment and human health, especially those resulting from technological advancements.
(Rowhani et al., 2016). Since both wastes contain petroleum derivatives, they are very
important for reuse or recovery of natural resources. Because they are thermoset materials, they
cannot be reproduced due to cross-linking between elastomer chains (Karaagag et al., 2007;
Yang et al., 2004). Waste tires are difficult to decompose on their own (Derakhshan et al.,
2017). Because the amount of polymer waste in the world is increasing every year and most of
it is from vehicle tires in the form of post-consumer tires. Recycling these tires, which cause a
serious environmental problem due to their very complex structure and composition, is very
important for the environment (Sienkiewicz et al., 2017). In addition to contributing to the
country's economy by saving energy by recycling these tires and mineral oils, problems that
may arise in the waste disposal and storage process can also be prevented (De D et al., 2006).
As for waste mineral fuels, the separation of these oils, which are produced with different base
materials and additives and characterized according to operating conditions, is a difficult and
costly task, so they must be characterized and recycled (Fingas, 2015). It is used as fuel or
converted into various chemicals (Bhaskar et al., 2004). The pyrolysis method (Uyar et al.,
2022) was used to obtain diesel-like fuels (DLF) from these two different wastes; pyrolysis,
obtaining low molecular components in an oxygen-free environment, low cost, easy
processability and high production efficiency increase the value of this method (Chen et al.,
2014; Paraschiv et al., 2015), and it can be converted into liquid products by pyrolysis with the
pyrolytic distillation method (Apaydin, E. 2007). The fuel produced from waste plastics has
similar properties to diesel fuel, Pmax, effective efficiency, exhaust temperature, combustion
delay increased in the test engine, the ratio of NOx emissions to diesel fuel increased by
approximately 25%, CO emissions increased at the same rate and unburned hydrocarbon (UHC)
increased by 15% rate has increased (Nagarajan et al., 2011).

In this study, the usability of sulfurized WEOF30 and WTOF30 test fuels in diesel
engines was investigated. For this purpose, combustion data for DF, WEOF30, and WTOF30
test fuels were taken and compared graphically in a single-cylinder water-cooled engine at a
constant 1500 rpm and 2.5 bar BMEP. In the analysis of the data obtained, it was determined
that alternative fuels are suitable for diesel engines.
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2. Materials and Methods

2.1. Test methods

The experimental study was carried out with a water-cooled, four-stroke, variable
compression ratio and diesel research engine (Kirloskar TV1). The main features of the test
engine are given in Table 1. The experiments were carried out at a constant speed of 1500 rpm
with a low load of 2.5 bar BMEP using a directly coupled eddy current dynamometer. The
dynamometer control software was used to control the test engine, and data was collected for
each crank angle.

Table 1. The test engine specifications.

. . . Kirloskar TV1 (naturally aspirated, four-stroke,

Engine Specifications S
compression ignition)

Total displacement 0.661 liter
Compression ratio 17.5:1
Bore / Stroke 87 /110 mm
Connecting rod length 234 mm
Start of injection 0-25° bTDC
Maximum power 5.2 kW @ 1500 rev/min

The schematic picture and diagram of the experimental setup are shown in Figure 1. In-
cylinder pressure measurements were performed with an Optrand D33294-Q pressure
transducer with a sensitivity of 1.35 mV/psi. Ambient air, engine coolant, engine oil and exhaust
temperatures were measured with thermocouples. The accuracy, uncertainty, and measurement

range of the test devices are listed in Table 2.

Table 2. Accuracy, uncertainty, and measurement range of the test device.

Parameter Measurement range Accuracy Uncertainty
Engine speed 0-12,000 rev/min +0.1% +1.0%
Pressure sensor 0-200 bar +0.5% +0.2%
Precision scale 0.5-30,000 g +0.1g +0.1%
CO» 0-21.0% +0.1% +0.5%
NOx 0-10,000 ppm +1.0 ppm +1.0%
HC 0-20,000 ppm +1.0 ppm £1.0%
BMEP - - +1.0%
Heat release rate - - +0.2%
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Figure 1. Schematic diagram of the experimental set-up.

Before starting the experiments, the engine oil, lubricants, and air filter were checked,
and the exhaust temperature reached steady-state conditions. The in-cylinder pressure values
were collected for each of 1°CA by the crank encoder and the average of ten cycles. The
combustion parameters such as heat release rate (HRR), mean gas temperature (MGT),
cumulative heat release, and pressure rise rate were calculated by the first law analysis of
thermodynamics.

According to the combustion pressure data measured instantaneously in the experiment,

the mean gas temperature was calculated considering the ideal mixed volume from Eq. (1)
derived from the ideal gas law.

_Trer )
ref ' Vref

Where, T; is the MGT, P; is the pressure and Vi is the cylinder volume
at the calculated crank angle. Prer, Trer, and Vet are reference values at
the polytrophic curve of expansion. The HRR is calculated by Eq. (2).

. y 1
Q= ]/Tlpi(dvi) + mVi(dPi)

Ti = PLV

2)

where, vy is the specific heat ratio which is calculated by Eq. (3) using
the MGT (Brunt et. al., 1998) 3)
y=1338-60%x10">-T; +1x 1078 Tiz

The cumulative heat release is calculated using the equation below (Hohenberg, 1979).
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3. Analysis of Combustion

The important combustion parameters such as cylinder gas pressure, heat release rate,
mean gas temperature, cumulative heat release, and pressure rise rate variation according
to crank angle were examined for test fuels. In order to eliminate the cycle-to-cycle

variation, all combustion parameters were used cycle averaged values in the calculations

(Aydin, 2014).

3.1. Cylinder gas pressure and Net heat release

“)

Cylinder gas pressures and heat releases rate (HRR) of the test fuels according to crank

angle are given in Figure 2. When the average maximum values of cylinder gas pressures and
net heat releases of the test fuels are analysed according to the crank angle, it is seen that DF is
higher than the other blended test fuels at low loads. The HRR increase was also realised slightly
earlier with WEOF30 due to the lower cetane index, while the HRR was lower with WTOF30
fuel blend due to its higher density. As a result, DF fuel was found to have the highest heat

release rate during the 2.5 bar BMEP test.
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Figure 2. Change in cylinder gas pressure and net heat release at different loads according to °CA

3.2. Mean Gas Temperature and Pressure Increase Rate
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In-cylinder gas temperature and pressure Increase Rate variations against crank angle
were measured at a constant speed (1500 rpm) and low load of engine (2.5 BMEP) for test fuels
(Figure 3). When the figure is analysed, the highest average gas temperature was obtained from
DF at low load condition for all test fuels. On the other hand, the lowest MGT occurred for

WEOF30 at low load. A similar situation occurred at the rate of rate of pressure increase for all

three test fuels.
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Figure 3. MGT and pressure increase rate change according to °CA

3.3 Cumulative Heat Release

Cumulative heat releases of test fuels at different loads are shown in Figure 4. The
maximum total heat release for the low-load case was 0.97 kJ with DY, 0.95 kJ with WTOF30,
and 0.85 kJ with WEOF30 at 421 °KMA. At 2.5 bar BMEP load, the maximum cumulative
heat release was found to be in diesel test fuel, close to or slightly below the DF of blended test
fuels. The main reason for this is thought to be due to the formation of incomplete combustion

due to the density being slightly higher than DF and low in-cylinder pressure and temperature.

(Aydin, 2020).
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Figure 4. Cumulative heat release change at different loads according to crank angle (°)
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4. Conclusion

The effects of sulfurized WTOF30 and WEOF30 test fuels on combustion characteristics of
compression ignition engine were investigated at 2.5 BMEP load of the eddy current
dynamometer. In general, the following conclusions can be drawn from this study.

e It has been demonstrated that there is no adverse effect when the combustion parameters
are nearly parallel to the diesel fuel curves.

e The MGT value of diesel fuel is higher than WTOF30 and WEOF30 test fuels at low
load. It can be attributed to the low flame temperature of WTOF30 and WEOF30 test
fuels, and volatility compared to diesel.

e For every test fuel, the values of the heat release rate (HRR) increased in the controlled
combustion phase at low load. In this combustion phase, the highest HRR increase was
realized in diesel fuel. With WEOF30, the HRR rise also happened a little earlier.

e The completion of combustion close to TDC indicates that the WTOF30 and WEOF30

test fuels are suitable for use in diesel engines.
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ABSTRACT

The use of wrist braces is especially recommended by doctors after surgical operations or wrist
traumas such as fractures and sprains. Wrist braces are a highly important orthopedic product
that stabilizes and specifically supports the applied area. The support provided by wrist braces
restricts excessive movement in the affected area, thereby reducing the likelihood of further
injury and potentially speeding up the healing process. Wrist braces can be made from various
materials, including fabric, plastic, metal, or a combination thereof. There are different types of
wrist braces with varying designs and purposes depending on the needs. While needs for wrist
braces vary, one of the most significant demands is the ability to create patient-specific designs.
The method detailed in this study employs implicit modeling technology, one advantage of
which is the ability to design a wrist brace that is completely conformal to the patient's body
contours. With implicit modeling technology, conformal lattice structures can be created
quickly and easily. Utilizing this innovative design method and the advantages of additive

manufacturing, it is possible to design and produce a patient-specific wrist brace rapidly with
suitable equipment.

Keywords : Conformal Lattice Structures, Field-Driven Design, Implicit Modeling, Unit Cells,
nTopology

1. INTRODUCTION

Wrist braces play a significant role in the health of the musculoskeletal system, especially in
the treatment of traumas in the wrist area, post-surgical care, and chronic conditions such as
arthritis. These devices create an ideal environment for healing by moderately restricting wrist

movements. Not only do they support an injured or surgically treated wrist, but they can also
help prevent potential complications.
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Wrist braces are generally recommended by orthopedists, physical therapists, and general
surgeons as part of physical therapy and rehabilitation programs. They are particularly useful
for acute conditions such as fractures, tendon injuries, and nerve entrapments, ensuring that the
wrist is treated and rested as needed. Additionally, they are frequently used in post-operative
periods, as well as for sports injuries, work-related accidents, and various wrist problems that
can occur in daily life. They can also be effective in reducing the risk of falls in older
individuals.

Traditional wrist braces can be made from materials like plastic, elastic bands, or padded
fabrics, or a combination of these and other materials like metal, each with different designs
and features. However, advanced materials such as biomaterials or polymers are also being used
today. These materials can allow the skin to breathe and reduce the risk of allergic reactions.
With the advancement of additive manufacturing technology and the increasing importance of
personalized medicine, there is potential for improvement in the design and production
processes of wrist braces. Advanced design technologies like implicit modeling, particularly
from companies like nTopology, make it possible to create wrist brace designs that are
anatomically suitable and personalized. The integration of sensors, 10T, and artificial
intelligence technologies into wrist braces could make future rehabilitation processes more
interactive and data-driven. This would allow doctors to better monitor a patient's healing
process and update treatment strategies as needed. Such medical products are expected to
become indispensable for musculoskeletal health, especially with the rise of personalized
medicine and technological advancements.

2. MATERIAL AND METHODS

In the first step of this study, a 3D arm model to be referenced in the design of the wrist brace
has been imported into the software. The 3D model used for reference is not from an actual
patient but is an ".obj' format file downloaded from the 'Free3D' website [1]. Additionally, the
methodology used in this study works correctly on various 3D models that will be imported
into the software. First, the data type of the imported arm models needs to be converted into
implicit data type [2]. The rationale for this conversion is that most of the functions in the
software take implicit data as input. To produce a wrist brace from the obtained implicit model,
an offset needs to be given to the arm geometry [3]. This results in a shell structure on which
the lattice design will be based. The thickness of the wrist brace is dependent on the offset value
provided, allowing for customization.

After obtaining the shell structure, the lightweight voronoi lattice structure that the wrist brace
will have needs to be modeled. There are two important elements in this modeling process. The
thickness of the beams forming the voronoi lattice and the distance of the voids in the lattice
are designed as variables. Advantages of implicit modeling technology have been utilized, and
parameters related to the lattice have been adjusted to manipulate the overall geometry. In the
fingers and near the elbow of the arm model, the distance between the voronoi lattice voids has
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been reduced, and the beam thicknesses have been lowered. Strips have been added to protect
the fragile and sensitive lattice structure that could be damaged in these areas. Near the wrist
joint, the distance between the voronoi lattice voids has been increased to improve comfort and
breathability, while the thickness of the beams has been kept high to restrict wrist movement

[4].

Since the geometry of the created voronoi lattice was designed with an offset, the geometry of
the lattice extends beyond the boundaries of the desired shell geometry. When cropping is
applied to the geometries outside of the shell structure, the final geometry of the wrist brace has
been obtained [5]. The workflow of the used method and the appearance of the final product
are shown in Figure 1 below.

Design Space Shell Structure

Stripes and Voronoi Lattice Trimming Wrist Brace

Figure 1. Workflow and Wrist Brace

3. RESULTS AND CONCLUSION

This study addresses how implicit modeling technology can be used in the design of an
innovative wrist brace that can potentially be produced using additive manufacturing
technology. Implicit modeling facilitates the design of conformal lattice structures that are
entirely compatible with the surface, thereby enabling the rapid design of a wrist brace more
suited to a patient's anatomy. Additionally, the advantages and applicability of this study can
be tested through production using additive manufacturing technology that employs a bio-
compatible material from a dermatological perspective with human skin.

Key points of this study, when listed, are:
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« Patient-Specific Design: Implicit modeling technology simplifies creating designs more
suitable for individual patients, potentially accelerating the overall healing process and
providing more comfort to the patient.

» Material Efficiency: The voronoi lattice structure can prevent unnecessary material use and,
when the correct amount of material is used, can optimize a design in terms of weight while
maintaining its strength. This can reduce production costs associated with materials.

The 3D model used in this study may not fully reflect a patient's real anatomy, but in future
studies, a wrist brace could be produced for actual use in a clinical setting thanks to real patient
data obtained from Magnetic Resonance Imaging or Computed Tomography scans. Clinical
observations could be recorded to document patient experiences. Additionally, future work
could involve simulations and a more detailed examination of the mechanical properties of the
voronoi lattice.
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ABSTRACT

The concept of “Triply Periodic Minimal Surfaces* (TPMS) has garnered considerable interest,
particularly due to the advantages afforded by additive manufacturing. These structures offer
maximum surface area within a minimal volume and can be formed in a periodic manner in
three-dimensional space. The ability to produce them as complex internal structures through
additive manufacturing makes them attractive for various applications. One such application is
thought to be heat exchangers. For TPMS structures to be efficient as interfaces where heat
transfer occurs in heat exchangers, certain parameters must be considered. One of the most
significant of these parameters is the type of unit cell that constitutes the TPMS structure. TPMS
structures can consist of various types of unit cells such as Gyroid, Schwarz P, Diamond, and
Lidinoid. In a setting where some parameters are held constant, this study has determined the
surface areas of different types of TPMS structures formed within the same volume and
compared them. As a result of this comparison, it has been observed whether TPMS structures
formed from different types fully separate hot and cold fluids from each other, and their

maximum surface areas in minimum volumes have been ranked according to the types of unit
cells.

Keywords : Implicit Modeling, Lattice, TPMS Structures, Unit Cells, nTopology

1. INTRODUCTION

Heat exchangers, which are critical components of thermal systems, are designed for effective
energy transfer. However, the designs of some traditional heat exchangers fall short in
providing high heat transfer rates and low pressure drops. With the advancement of Additive
Manufacturing technologies in recent years, more complex and effective geometries can be
designed for heat exchangers [1]. In this context, Triply Periodic Minimal Surfaces (TPMS)
structures have emerged as a notable alternative [2].
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TPMS structures offer maximum surface area in minimum volume and consist of three-
dimensional unit cells. These unit cells are replicated along three axes to form a periodic
structure. By using TPMS structures in heat exchanger design, a high surface area can be
provided between hot and cold fluids, thereby maximizing heat transfer. Implicit modeling
technology has been utilized to design these structures, with nTopology software being used
for this purpose [3]. In this study, by changing the type of unit cell, unit cell dimensions, and
wall thicknesses of the unit cells, variations in the total surface area of the heat transfer interface
and the total weight of the heat exchanger have been compared.

2. MATERIAL AND METHODS

Initially in this study, a heat exchanger with complex internal structures made up of TPMS
surfaces has been modeled as a reference design. The design process for such a geometry has
been quickly and easily carried out with the help of implicit modeling technology. The first step
in the modeling process was to create a general design for the volume where hot and cold fluids
will be located. Boolean operations were used to combine these volumes into a single implicit
body, and a shell structure was formed based on this implicit body [4]. The overall aim of the
innovative heat exchanger design is to create complex surfaces within a 'Shell and Tube' type
heat exchanger, thereby achieving a lightweight design with an increased heat transfer interface.
After forming the external surfaces and volume of the heat exchanger, plenums were designed
at the inlet and outlet regions of the tubes, aiming to reduce pressure drops in these areas. A
special function that converts the existing design space within the implicit body into 'Walled
TPMS' structures was used, making it easy to create TPMS surfaces [5].

As in this study, once TPMS surfaces are created, separate volumes for hot and cold fluids can
also be designed and these geometries can be transferred to CFD software for analysis. In the
region where the tubes are located and where the fluids enter and exit, it is essential to design
special structures called 'Baffles' to prevent hot and cold fluids from mixing.

The TPMS surfaces designed in this study generally consist of various unit cells types such as
Gyroid, Schwarz, Diamond, Lidinoid, Split P, and Neovius, each with quite different structures.
Complex surfaces formed by periodically arranging unit cells with different dimensions,
namely 10x10x10 mm and 20x20x20 mm, naturally created surface areas with different scalar
magnitudes. Another factor that changes the total surface area of these different and complex
structures is the thickness of the surfaces within the unit cells. Known as wall thickness, this
parameter has two different scalar values, 1 mm and 2 mm, which have significantly affected
the values of the designed TPMS structures. In the following Figure 1, the design stages of the
heat exchanger are shown. The TPMS surface in Figure 1 is formed from gyroid unit cells and
has unit cell dimensions of 10x10x10 mm and a wall thickness of 1 mm.
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Figure 1. Workflow for Gyroid Heat Exchanger

Alternative designs have been derived from this design, and different surfaces created in the
same volume by changing the type and some parameters of the unit cells forming TPMS
surfaces have been compared with each other.

3. RESULTS AND CONCLUSION

This study has examined in detail how the Triply Periodic Minimal Surfaces' design concept
can provide an advantage in terms of surface area, especially in applications in heat exchangers.
The effectiveness of these structures in creating a heat transfer interface has been tested using
different unit cell types such as Gyroid, Schwarz, Diamond, and Lidinoid. Keeping other
parameters constant, the highest surface area is owned by ‘Lidinoid'. However, it has been
observed that a heat exchanger made up of a 'Lidinoid" structure is somewhat heavy. 'Gyroid'
and 'Diamond' offer the advantages of both lightness and high surface area. Differences in the
interfaces where heat transfer occurs have not only affected the size of the surface area but also
had significant effects on the weight of the heat exchanger. Keeping other parameters constant,
a design made up of 'gyroid’ unit cells can weigh down to approximately 1100gr, while a design
made up of 'neovius' unit cells can weigh up to approximately 2900gr. When the wall thickness
is updated to 2 mm, these figures have changed between 2000gr and 3600gr, and it has been
observed that surface areas have decreased. Furthermore, the lowest surface area per unit weight
was achieved with a design made up of 'neovius' unit cells, while the highest surface area per
unit weight was achieved with a 'Split P' type unit cell.
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OZET

Atik su aritimi yaparak temiz enerji eldesi saglayan mikrobiyal yakit hiicreleri (MYH), son
yillarda arastirmacilar tarafindan oldukga ilgi goren yesil teknolojiler arasinda yer almaktadir.
MYH’de, anaerobik anot odasi ve aerobik katot odasini birbirinden ayirmak amaciyla
kullanilan membranlar, reaktér performansini etkileyen oOnemli bir bilesendir. MYH
caligmalarinda yaygin olarak kullanilan membranlar arasinda Dupont firmasi tarafindan
iiretilen Nafion ticari membranlar oldukca etkili performans gostermektedir. Nafion ticari
membraninin MY H performansini artiran 6zelliklerinin yaninda gesitli sinirlayici 6zelliklerinin
bulunmasi ve yliksek maliyeti, arastirmacilarin daha ekonomik ve yliksek verimli bir membran
arayisina girmelerine neden olmustur. Bu ¢alismada, MYH sistemlerinde kullanilmak iizere
stilfolanmig poli-eter-eter-keton (SPEEK) ve polivinil alkol (PVA) polimerleri kullanilarak bir
blend membrani sentezlenmistir. Sentezlenen membranin sudaki ¢oziiniirliigiinii azaltmak i¢in
termal capraz baglama islemi uygulanmistir. Elde edilen blend membranin 25°C’de ve %100
nemli ortamda proton iletkenlik degeri 0,1099 mS/cm olarak Nafion 117 membranindan daha
1yi bir degerde bulunmustur. Calisma sonuglari, sentezlenen SPEEK/PVA blend membraninin,
Nafion 117 membranina alternatif olabilecek bir membran oldugu goriilmistiir.

Anahtar Kelimeler: Mikrobiyal yakit hiicresi, polimerik blend membran, SPEEK bazli
membran

GIRIS
Enerji kaynaklari; fosil yakitlar, yenilenebilir kaynaklar ve niikleer enerji olmak tizere 3 baslik
alinda incelenmektedir [1]. Fosil yakitlarin; iklim degisikligini ve ¢evre kirliligini olumsuz
yonde etkilemesi, kaynaklarinin tilkenme olasiligr gibi olumsuz yonleri mevcuttur. Bu
olumsuzluklar gbéz Oniine alindiginda, diinyanin dort bir yanindaki arastirmacilar yeni,
stirdiiriilebilir ve ¢evre dostu enerji kaynaklarindan yararlanmak amaciyla 6nemli ¢alismalar
yiirtitmektedir [2]. Son yillarda arastirmacilar, karbon-nétr, yenilenebilir ve alternatif enerji

kaynaklari {izerine yogunlagmis ve olas1 bir ¢6ziim olarak mikrobiyoloji ve biyoteknolojiye
yonelmistir [3].
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Stirdiiriilebilir enerji teknolojileri arasinda yer alan yakit hiicresi teknolojisi ile kimyasal enerji
dogrudan ve verimli bir sekilde elektrik enerjisine doniistiirmektedir [4]. Yakit hiicresi ¢esitleri
incelendiginde, gelistirilmekte olan birgok yakit hiicresi tiirii oldugu goriilmektedir. Kullandig1
yakit ve oksitleyici tiirli, yakitin yakit hiicresinin disinda veya i¢inde islenisi, elektrolit tipi,
isletim sicakligi, yakitin besleme bigimi vb. gibi ¢cok degisik sekilde siniflandirilma yapilabilir
[5]. Mikrobiyal yakit hiicreleri, organik substratlarin oksidasyonu sonucunda elektrik enerjisi
iireten biyoelektrokimyasal doniistiiriiciiler olarak ifade edilebilirler [6]. Mikrobiyal yakit
hiicreleri (MYH) ile yapilan ¢aligsmalarda ise anot odasinda oksidasyon reaksiyonlart meydana
gelmektedir. Organik maddenin pargalanmasi, elektron ve proton iiretiminden sorumlu olan
mikroorganizmalar oksidasyon reaksiyonlarinda dnemli bir rol oynamaktadirlar [7]. MYH; bir
anot odasi, katot odasi, proton degisim membrani (PDM), biyolojik olarak pargalanabilen
organik madde (substrat) ve elektrokimyasal olarak aktif bir mikroorganizma toplulugundan
olusur [8].

Son yillarda birgok arastirmaci, ayni anda elektrik iiretme ve substrat olarak atik suyu aritma
performansi nedeniyle MYH’lerin gelistirilmesi konusunda c¢esitli ¢alismalar yiiriitmektedir
[9]. MYH calismalarinda siklikla kullanilan reaktor tipleri iki odali H tipi reaktorler, iki odalt
kiip seklinde reaktorler ve tek odali hava-katot reaktdrlerdir. En yaygin kullanilan ve en ucuz
tasarim, bir tliple birbirine baglanan iki bolmeden olusan ve iki bolmenin iyon segici bir
membranla ayrildigi H seklindeki reaktor olarak ifade edilebilir [10]. MY H odalarinin membran
ile ayrilmadigi reaktorler, bir iyon degistirici membran kullanilan reaktorler ile
karsilastirildiginda; membransiz MYH’nin kolombik veriminin ¢ok daha diisiik oldugu
goriilmektedir. Bu durum, katottan anota gecen oksijenin varligindan dolayr meydana gelen
substrat tiiketimi ile agiklanabilir [9]. Bu nedenle proton degisim membranlarinin mikrobiyal
yakit hiicrelerindeki en Onemli bilesenlerden biri oldugu sdylenebilir. Bu durum elektrik
akimini siirdiirmek i¢in anot ve katot odalarinin fiziksel olarak ayrilmas: ile birlikte protonlarin
katoda gegisinin saglanmasi olarak agiklanabilir [11].

MYH’de iyonik tasimadan sorumlu olan membranlar, ¢ift odali MYH sistemlerinde anaerobik anot
odasimi ve aerobik katot odasini ayiran 6nemli bir bariyer gorevi gérmektedir. Bu nedenle reaktor
bolmelerini aymrmak i¢in kullamlan membranlarm, MYH performansini etkileyen en 6nemli
bilesenlerden biri oldugu ifade edilebilir. Dupont firmasi tarafindan tiretilen Nafion ticari membranlari,
MYH sistemlerinde en cok tercih edilen membranlar arasinda yer almaktadir. Bu nedenle
aragtirmacilar, Nafion ticari membranma alternatif olabilecek yiiksek verimli ve ekonomik bir
membranin gelistirilmesine odaklanmiglardir [12].

MYH sistemlerinde iyonik iletkenlik 6zelliklerinin iyilestirilmesi ig¢in Nafion ile modifiye edilmis
membran ¢aligmalari oldugu belirtilebilir. Bu calismalarda genel olarak Nafion membranin inorganik
bir dolgu malzemesi veya bir polimer ile olusturdugu kompozit yapi iizerine yogunlasildig
goriilmektedir. Yapilan ¢alismalardan elde edilen sonuglarin, Nafion ticari membranmna gore daha
umut verici oldugu gézlemlenmistir [13-18].

Polimerler, MYH sistemlerinde membran malzemesi olarak en fazla tercih edilen malzemeler arasinda
yer almaktadir. Ozellikle son yillarda, membran malzemesi olarak poli-eter-eter-keton (PEEK)
polimerinin en ¢ok tercih edilen polimerler arasinda yer aldig1 goriilmekte ve oldukga iyi sonuglar elde
edildigi belirtilmektedir [19-21]. PEEK 'nin artan siilfonasyon derecesi, polimerin yapisindaki boslugu
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artirarak su tutma kapasitesini ve proton iletkenligini artirmaktadir. Uygun siilfonasyon derecesinin
belirlenmesi membranin mekanik dayanmimi agisindan 6nem arz etmektedir. PEEK'nin stilfonasyon
derecesi arttik¢a yapidaki fonksiyonel HSOs™ gruplarinin artmastyla membranin mekanik 6zellikleri
zayiflamaktadir. Bu nedenle siilfolanmis PEEK (SPEEK) siilfonasyon derecesinin yakit hiicresinin
performansinin kritik bir 6zelligi oldugu ifade edilebilir. Optimize edilmis bir SPEEK siilfonasyon
derecesi, Nafion ticari membraniyla karsilastirildiginda umut verici sonuglar verebilmektedir [22, 23].

Yapilan ¢aligmada, MYH sistemlerinde basarili sonuglar elde edilen SPEEK polimeri ile ytiksek film
yapici Ozelligine sahip polivinil alkol (PVA) kullanilarak bir blend membran, MYH sistemlerinde
kullanilmak tizere sentezlenmistir. Calismada gergeklestirilen; su tutma kapasitesi, sisme 6zelligi, iyon
degisim kapasitesi, proton iletkenligi ve mekanik dayanim karakterizasyon testlerinin sonuglari Nafion
117 ticari membrant ile karsilagtirilarak yorumlanmustir.

DENEYSEL CALISMALAR

SPEEK polimerinin siilfonasyon islemi ve SPEEK/PV A polimerik blend membranin sentezi ve
sentezlenen membranin karakterizasyon testleri asagida belirtildigi gibi gerceklestirilmistir.

1.1. Materyal
Membranin ana polimeri olarak Sigma-Aldrich'ten satin alinan PEEK (%99, MA: 20.800) ve
ikinci polimer olarak PVA (%99, MA: 124.000) ve ¢oziicii olarak Sigma-Aldrich'ten satin
alian %99 dimetilsiilfoksit (DMSO) ¢6zeltisi kullanilmistir. PEEK membraninin siilfonasyonu
icin aktif grup kaynagi olan ve Sigma-Aldrich'ten satin alinan %99,8 siilfiirik asit (H2SOa)
cozeltisi kullanmugtir.

1.2. PEEK Polimerinin Siilfonasyonu
Ik olarak PEEK polimeri énceden 1sitilmus siilfiirik asit (H2SO4) (1/20 w/v) ¢dzeltisi icerisinde
Multimatic-5N  manyetik karigtirict  kullanilarak  60°C'de 6 saat siirekli karigtirilarak
cozlilmiistiir. Belirlenen saatin sonunda koyu viskoz ¢ozeltinin reaksiyonu buz banyosu
kullanilarak durdurulmus ve siilfolanmis kati polimer fazla asit ¢ikana kadar yikanarak
stizilmiistiir. Son olarak notr hale getirilen polimer, fanli firinda 40°C'de 12 saat kurutulmustur.

1.3. Blend Membran Sentezi
SPEEK/PVA blend (kiitlece 90:10 bilesime sahip) membranin hazirlanmasinda ¢oziicii olarak
20 mL DMSO kullanilmustir. 1k olarak kurutulmus SPEEK polimeri, énceden 1sitilmis DMSO
¢ozeltisine dokiilmiis ve 60°C'de 1 saat karistirildiktan sonra ayni sicaklikta kiitlece %5
oraninda PVA/DMSO c¢ozeltisi belirlenen miktarda ¢ozeltiye ilave edilmistir. Elde edilen
cozelti 48 saat karistirilarak homojen bilesim cam petri kaplarina dokiilmiistiir. Dokiimii
gergeklestirilen blend membran fanli firinda 24 saat kurutulmustur.

1.4. Termal Capraz Baglama
Sentezlenen blend membranin sudaki ¢oziiniirliigiinii azaltmak i¢in 180 °C'de 48 saat firinda
bekletilerek termal ¢apraz baglama islemi gerceklestirilmistir.

1.5. Su Tutma Kapasitesi ve Sisme Ozelligi
Su alma kapasitesinin (STK) belirlenmesi i¢in membranlar 1x1 cm? boyutlarinda kesilerek oda
sicakligindaki de-iyonize su igerisinde 24 saat bekletilmistir. STK Denklem (1) ile
hesaplanmuistir:

PROCEEDING BOOK Academy Global Publishing House 72




| LONFEREY,
\b‘\ &y

2,

2,
z
-
=
=
=

STK = (Mlslak_ Mkuru)/ Mkuru (1)

Burada, Migiak Ve Mury sirastyla 1slak ve kuru membranin kiitlesidir. STK testi her membran
icin 4 kez tekrarlanmis ve ortalamalar1 kullanilmistir.

Sisme Ozeliginin belirlenmesi i¢in de kesilen membranlar oda sicakligindaki de-iyonize su
icerisinde bekletilmeden onceki ve sonraki kalinliklar1 6l¢iilmiistiir. Sisme orani1 Denklem (2)
ile hesaplanmustir:

Sisme = (Llslak - Lkuru)/Lkuru (2)

Burada, Lsiak Ve Lkuru sirast ile 1slak ve kuru membran kalinligidir. Sisme orani testi her
membran i¢in 4 kez tekrarlanmis ve ortalamalar1 kullanilmistir.

1.6. Iyon Degisim Kapasitesi
Iyon degisim kapasitesi (IDK), membrandaki iyon degistirilebilir gruplarin varhgini gdsteren
iyonik iletkenligin bir dl¢iisiidiir. Bu ¢alismada birim kuru polimer agirligi (Mkuru) basina SOz~
mol sayistyla (nSO3z") tanimlanir:

1DK = (HSOS_)/Mkuru (3)

Bu ¢alismada IDK temel titrasyon yontemiyle belirlenmistir. Bu yéntem icin dl¢iimii yapilacak
membranlar 2 M NaCl ¢ozeltisi igerisinde oda sicakliginda 48 saat bekletilmistir. Daha sonra
0,01 M NaOH ile titre edilmistir. IDK Denklem (4) ile hesaplanmistir:

IDK = (VNaoH X MNaoH)/Mkuru (4)

Burada, VnaoH tiiketilen sodyum hidroksit hacmidir; Mnaon NaOH ¢6zeltisinin molaritesidir ve
Miuru kuru membran kiitlesidir. IDK testi her membran i¢in 4 kez tekrarlanmis ve ortalama
deger alinmigtir.

1.7. Mekanik Dayaniklilik
Mekanik dayaniklilik Shimadzu Ag-1 5 kN ile 6l¢iilmiistiir. Membranlar, 1 cm genisliginde ve
4 cm uzunlugunda esit boyutlarda test i¢in hazirlanmistir. Numuneler 2 mm hizinda gerilmistir.

1.8. Proton Iletkenligi
Proton iletkenligini 6lgmek i¢cin PalmSense4 ve bir 6l¢lim hiicresi kullanilmistir. Deney, ¢
prob teknigi kullamlarak gergeklestirilmistir. Olgiim oda sicakliginda ve %100 nemde
almmustir. Proton iletkenligi denklem (5) ile hesaplanmustir:

0 =0.425 cm/LXRxW (5)

Burada, ¢ numunelerin hesaplanan proton iletkenligidir; 0,425 cm elektrotlar arasindaki
mesafedir; R membranin direncidir; L membranin kalinligidir ve W membranin genisligidir.

1.9. FT-IR Analizi
Membran aktif gruplarini belirlemek igin membranlara FT-IR analizi uygulanmistir. Bu islem

icin bir Jasco FTIR cihazi kullanilarak absorbans ve dalga sayisi verileri elde edilmistir. Dalga
sayis1 aralig1 4000-400 cm™ arasinda tutulmustur.
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SONUCLAR VE DEGERLENDiRME

Sentezlenen membranin karakterizasyon testi sonuclari, Nafion 117 ticari membrani ile
karsilastirilarak degerlendirilmistir.

1.10. Su Tutma Kapasitesi ve Sisme Ozelligi

Membranda proton tasimmimi su molekiilleri tarafindan saglandigi i¢in su tutma kapasitesi
degerleri yakit hiicresinin performansi agisindan 6nem arz etmektedir [20]. SPEEK polimerinin
siilfonasyon derecesi ne kadar yiiksek olursa, su molekiiliinii membrana ¢eken yliksek oranda
stilfonik asit gruplarinin varliginin da o kadar fazla oldugu ifade edilebilir [24]. Sonug olarak
su tutma kapasitesi degerleri arttikga membranin proton iletkenliginin arttig1 belirtilebilir. Bu
sebeple sentezlenen SPEEK/PVA blend membraninda siilfonik asit gruplarini igeren SPEEK
polimerinin uygun siilfonasyon derecesi literatiir taramas1 sonuglarindan da yararlanilarak 60
°C sicaklikta 6 saat olarak belirlenmistir. Dogan ve ark. tarafindan gergeklestirilen ¢aligmada
[25], %60 ve %70 SD’ye sahip SPEEK kompozit membranlarinin su tutma kapasiteleri,
stilfonik grup varliginin artmasi ile %27°den %32’ye ylikselmistir. Yee ve ark. tarafindan
gergeklestirilen ¢alismada ise [26], 40 °C ve 60 °C’de 6 saat boyunca siilfonasyon islemine tabi
tutulan iki membranin su tutma kapasiteleri sirasi ile %33,8 ve %62,1 olarak belirlenmistir.

Gorsel 1’de ayni sartlar altinda testleri gerceklestirilen SPEEK/PVA blend ve Nafion 117 ticari
membranlarinin oda sicakligindaki su tutma kapasitesi degerleri gosterilmistir. Sentezlenen
SPEEK/PVA blend membrani igerdigi siilfonik asit gruplarinin Nafion 117 ticari membranina
kiyasla daha yiiksek olmasindan ve PVA polimerinde bulunan hidroksil u¢larinin varligindan
dolay1 su tutma kapasitesi Nafion 117 ticari membranina kiyasla ¢ok daha yiiksek ¢ikmustir.

Membranda sigsme difiizyon direncinin bir 6l¢iisii oldugu i¢cin membran performansi agisindan
olduk¢a 6nemli bir parametredir. Sisme arttik¢a protonlarin katetmesi gereken yolun artmasi
nedeniyle membran diflizyon direnci de artmakta ve proton transferi zorlagsmaktadir.
Membranin su miktarindaki artis baglar arasindaki su molekiillerinin miktarini artiracagindan
su tutma kapasitesi arttikga membranin sisme degeri de artmaktadir [27]. Gorsel 2’de ayni
sartlar altinda testi gerceklestirilen SPEEK/PVA blend membran1i ve Nafion 117 ticari
membraninin oda sicakligindaki sisme degerleri gosterilmistir. Sonuglardan da goriildiigii tizere
su tutma kapasitesi yiiksek olan SPEEK/PVA blend membraninin sisme degeri, Nafion 117
ticari membranina kiyasla ¢ok daha yiiksek ¢ikmistir.

Su Tutma Kapasitesi
30.00 28.07

25.00

20.00

15.82 m SPEEK/PVA

m Nafion 117

15.00

10.00

% Su Tutma Kapasitesi

5.00

0.00
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Gorsel 1. Membranlarin su tutma kapasitesi degerleri

Sisme
12.00
10.16

10.00
8.00
m SPEEK/PVA

6.00
495 = Nafion 117

% Sisme

4.00
2.00

0.00

Gorsel 2. Membranlarin sisme degerleri

1.11. Iyon Degisim Kapasitesi
Iyon degisim kapasitesi, iyonik iletkenligin bir dl¢iisii olup membrandaki iyon degistirebilir
gruplarin varliginin gostergesidir. Membranda iyon degisimi su molekiilleri tarafindan

saglandig1 i¢in su tutma kapasitesi ile dogru orantilidir [20]. Su tutma kapasitesi arttik¢a iyon
degisim kapasitesi de artmaktadir.

Iyon degisim kapasitesi testi, NaCl ¢ozeltisi igerisindeki Na* iyonlar1 ile membrandaki H*
iyonlarinin yer degistirme prensibine dayanmaktadir. Gergeklestirilen test sonucu SPEEK/PVA
blend membrani, Nafion 117 ticari membranina kiyasla daha yiiksek su tutma kapasitesine
sahip oldugu i¢in iyon degisim kapasitesi sonucu da beklenilen gibi Nafion membrana kiyasla
daha yiiksek ¢ikmistir. Membranlarin oda sicakligindaki iyon degisim kapasitesi degerleri
Gorsel 3’te verilmistir. Yang tarafindan gerceklestirilen SPEEK/PVA blend membran
caligmasinda [28], iyon degisim kapasitesi kiitlece %75 SPEEK ve %25 PVA igeren blend
membrani i¢in 0,4716 meq/g olarak hesaplanmistir. Bahsedilen ¢alismadan elde edilen sonug,
bu calismada sentezlenen SPEEK/PVA blendi ile ortiismektedir. Aradaki farkin ise Yang
tarafindan gerceklestirilen calismadaki SPEEK polimerinin daha yiiksek olan siilfonasyon
derecesinden kaynaklandig diisiintilmektedir.

Iyon Degisim Kapasitesi
0.16 0.14

0.14
012

an
= 0.10

(]
£ 0.08

A
2 0.06
0.04
0.02
0.00

m Nafion 117

Gorsel 3. Membranlarin IDK degerleri
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1.12. Sudaki Coziiniirliik

MYH sistemlerinde membranlar su icerisinde bulunur. Bu sebeple kullanilan membranlarin
suya dayanikli olmasi beklenir. Sentezlenen SPEEK/PVA blend membranindaki PVA
iceriginden dolay1 acik hidroksil grubu uglar1 bulunmaktadir. Bu grup su ile bag yaparak sudaki
¢cOziinlirliigli artiric1 etkiye sahiptir. Bunun Oniine ge¢mek i¢in membrana termal capraz
baglama islemi uygulanmistir. Bu islem ile agik hidroksil grubu uglar1 azaltilmis ve
membrandaki molekiiler arasi bag boslugu azalarak daha rijit bir yap1 halini almistir. Bu sayede
membranin sudaki ¢oziintirliigii azaltilmistir. Gorsel 4’te SPEEK/PVA termal ¢apraz bagli ve
bagsiz blend membranlarinin ve Nafion 117 ticari membraninin sudaki ¢oziintirliikleri
gosterilmistir.  Sonuglardan goriildiigii {lizere termal c¢apraz bag SPEEK/PVA blend
membraninin sudaki ¢oziiniirliigiinii 6nemli miktarda azaltmis ve Nafion membranininkiyle
kiyaslanabilir degere indirmistir.

Sudaki Coziiniirliik
12.00
10.20

5 10.00
z m SPEEK/PVA termal
% 8.00 bagsz
§ 6.00 SPFEK/PVAtermaI
- bagli
= 3.46 :
= 400 02,97 Nafion 117
w2
X 2.00

0.00

Gorsel 4. Membranlarin sudaki kiitle kaybi

1.13. Proton Iletkenligi
Protonlarin, anottan katota transferini gergeklestirmek membranin en Onemli gorevleri
arasindadir ve yakit hiicresinin performansini énemli dlgiide etkilemektedir. Yiiksek proton
iletkenligi 1yi yakit hiicresi performansi i¢in aranilan bir 6zelliktir.

Proton iletkenligi; membranin nemine, yapidaki siilfonik asit gruplarinin miktarina, su tutma
kapasitesine ve ortamin sicakligina baghdir. Bu parametrelerin artmasiyla proton iletkenliginde
de artis gozlemlenir [19]. Marrero ve ark. tarafindan gerceklestirilen galigmada [29], katkili
SPEEK kompozit membranlarinda siilfonasyon derecesi arttik¢a proton iletkenliginin de artt1g1
gorilmistiir.

Proton iletkenligi i¢in empedans analizi deneyleri, MYH sistemlerinin ¢aligma sicakligi olan
oda sicakliginda (25 °C) ve %100 nemli ortamda gerceklestirilmistir. Gorsel 5’te ayni sartlar
altinda Ol¢timii gergeklestirilen membranlarin proton iletkenlik sonuclari verilmistir. Elde
edilen sonuglar, daha yiiksek su tutma ve iyon degisim kapasitesine sahip SPEEK/PV A blend
membraninin beklenildigi gibi Nafion 117 ticari membranina kiyasla daha 1y1 proton iletkenligi
sergiledigini gostermistir. Murmu ve ark. tarafindan gerceklestirilen SPEEK/PVA/Silika
kompozit membran ¢alismasinda [30], proton iletkenligi 30 °C’de 0,038 S/cm olarak
bulunmustur. Bu ¢alismada bulunan proton iletkenliginden ¢ok daha yiiksek ¢ikmasinin sebebi
Murmu ve ark. tarafindan sentezlenen SPEEK polimerinin yiiksek siilfonasyon derecesinden
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(%73,72) ve dlgiim tekniginden kaynaklandig diistiniilmektedir. Bahsedilen ¢alismada Nafion
117 ticari membraninin proton iletkenligi degeri 30 °C’de 290 mS/cm, bu ¢alismada ise ayni
ticari membran 25 °C’de 0,06422 mS/cm olarak bulunmustur.

Proton Iletkenligi
0.00012 0.000109879

0.0001

0.00008

-A2203E-05 m SPEEK/PVA

m Nafion 117

0.00006

0.00004

Proton Iletkenligi (S/cm)

0.00002

0

Gorsel 5. Membranlarin proton iletkenligi

1.14. Mekanik Dayaniklilik

SPEEK/PVA blend membraninin ve Nafion 117 ticari membraninin ¢ekme direnci ve kopma
uzamasi degerleri Cizelge 1’de sunulmustur. Test sonuclari, sentezlenen SPEEK/PVA
membraninin Nafion membranindan daha yiliksek c¢ekme direncine sahip oldugunu ve
dolayisiyla mekanik dayaniminin daha yiiksek oldugunu gostermektedir. Kopma uzamasi
degerleri incelendiginde ise Nafion membranin, sentezlenen SPEEK/PV A membranindan daha
yiiksek kopma uzamasi degeri sergiledigini dolayisiyla elastikite 6zelliginin daha iyi oldugu
gorilmistir.

Cizelge 1. Membranlarin ¢ekme direnci ve kopma uzamasi degerleri

Membran Cekme Direnci (MPa) Kopma Uzamasi (%)
SPEEK/PVA 34,75 17,08
Nafion 117 13,88 171,82
1.15. FT-IR Analizi

Sentezlenen membranlarin yapisindaki fonksiyonel gruplart belirlemek amaciyla Jasco FT-IR
cihaz1 ile analiz gergeklestirilmistir. Karakteristik siilfonik asit pikleri, 1020-1305 cm
araligindadir ve —SO3zH grubuna aittir [31]. Bu ¢alismada, membranin yapisindaki karakteristik
siilfonik asit pikleri; 1164,79-1303,64 cm™ olarak grafige yansimistir (Gorsel 6). Analiz
sonucu, PEEK polimerine uygulanan siilfonasyon isleminin basarili bir sekilde
gerceklestirildigini gostermistir.
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Gorsel 6. FT-IR analizi sonucu

GENEL DEGERLENDIRME VE SONUCLAR

MYH sistemlerinde kullanilmak {izere sentezlenen SPEEK/PVA blend membrani basarili bir
sekilde elde edilmistir. Membranin, 25 °C’de %100 nemli ortamda proton iletkenlik degeri
0,1099 mS/cm ile aym sartlar altinda testi gerceklestirilen Nafion 117 ticari membranindan
(0,06422 mS/cm) ¢ok daha yiiksek oldugu goriilmiistiir.

MYH sistemlerinde membran su igerisinde bulunmaktadir ve bu sebeple de sudaki
¢Oziiniirliglinlin az olmas1 yakit hiicresine se¢ilen membran i¢in olduk¢a dnemli bir kriterdir.
Sudaki kiitle kaybini azaltmak i¢in sentezlenen SPEEK/PV A blend membranina termal ¢apraz
baglama islemi uygulanmis ve bu islem sonucunda 25°C’deki sudaki kiite kayb1 %10,20’den
%?3,46’ya indirgenerek kabul edilebilir seviyelere getirilmistir (Nafion 117 i¢in deger
%2,97°dir).

Yapilan mekanik dayanim testi sonuglari; sentezlenen SPEEK/PVA blend membraninin,
Nafion 117 ticari membranindan daha iyi dayanima sahip oldugunu ancak Nafion 117 ticari
membraninin daha esnek oldugunu gostermistir.

Calisma sonucunda, oda sicakliginda ¢alisan MYH sistemleri i¢in sentezlenen SPEEK/PVA
blend membraninin, pahali Nafion 117 ticari membranina kiyasla daha iyi su tutma ve iyon
degisim kapasitesi, proton iletkenligi ve mekanik dayanim sergiledigi goriilmiistiir. Bu
kapsamda; SPEEK/PVA blendi, MYH sistemleri i¢in Nafion 117 ticari membranina alternatif
olabilecek umut vadeden gelistirilebilir bir membran potansiyeline sahip oldugu ifade edilebilir.
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ABSTRACT

In this study, we define the higher order Leonardo sequence. We give basic definitions and
properties of this new sequence. Moreover, we derive the recurrence relation, the Binet formula
and the generating function for the higher order Leonardo numbers. Finally, we calculate
Catalan’s identity,Cassini’s identity and d’Ocagne identity for these numbers.

Keywords: Higher order Leonardo numbers, Generating function, Binet formula.

1. INTRODUCTION
Number sequences have an important place and their applications in various scientific fields in
the literature [1,3,6,10]. The most famous of these sequences are the Fibonacci sequences
{E,}n=o and Lucas sequences {L,}n-, defined by, n > 2,
Fy=Fy 1+ F 1)

and

Ly=Lpq+Lp (2)
,Where F; =0, F;, =1and L, = 2, L; = 1, respectively.
In [4], Leonardo sequence {£,},—, is defined by

Ly =Lp14+Ly,4+10n>2, Ly =L, =1. (3)
Also, Leonardo sequence is given by the equation
Lpy1=2Ly — Ly . (4)
The characteristic equation of the equation (4) is
A3-22%2+1=0. (5)

The Binet’s formula of the Leonardo sequence is
2a"+1—2ﬁ"+1—a+,8

L, = p— (6)
where « and g are roots of characteristic equation (5).

There are the relationships between Leonardo numbers, Fibonacci numbers and Lucas numbers
as follows:

Ly =2F1 -1, (7
Lp-1+Lpys =2Ln4q =2,
Ly +2F, = Lpyy,
Lo+ F,+L,=2L,+1,
L721+1 + L3 = 2(Lopsz — Lpsz + D).
Several identities for Leonardo numbers were obtained by authors. Furthermore, they provided

Leonardo numbers with a matrix representation. Some recent resarch on Leonardo numbers can
be seenin [2, 4].
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In recent years, several authors investigated on higher order sequences associated with the well-
known number sequences. The study of higher order sequences began with the earlier work of
Randi’c et al. [14] where the authors investigated higher order Fibonacci numbers and its
various algebraic properties. Cook et al. [5] defined Jacobsthal higher order numbers. In [13],
the authors introduced Mersenne higher order numbers and gave various algebraic properties.
In the literature, there are several studies on higher order sequences associated with the diferent
sequences and their generalizations. Kizilates and Kone [8] expanded the quaternion algebraic
research to higher order Fibonacci numbers. Then, the authors invastigated hyper complex
numbers and quaternions with the higher order sequence [7,9,11,12].

In this study, we introduce a new type of higher order sequences, called the higher order
Leonardo sequences. Then, we give Binet formula, generating function, several identities for
this sequence.

2. MAIN RESULTS

Definition 2.1. For positive integer k, the higher order Leonardo numbers {Lflk)} are defined
by
k L n
L =22 n=012... (8)

k

If it is taken as k = 1, higher-order Leonardo number L,(,Ll) is the ordinary Leonardo numbers.
From the above definition and the Binet’s formula of £, the Binet’s formula for higher order
Leonardo numbers Lflk) can be written as
2akn+1 _ 2Bkn+1 —a+ '3

Zak+1 — 2ﬁk+1 —a +ﬁ '
Theorem 2.2. The higher order Leonardo numbers L,Sk) satisfy the following equations

L% 4+ 2% 4 £ (L +2),  kodd
{Lkﬁfj‘) —£® £, k even’
where L;, is kth Leonardo number and Ly, is kth Lucas humber.

Proof. Right side of the equation (9) is rewritten with the help of the Binet formula of L,(lk) as
follows:

L LP — (~1)FLP, = (a* + g5
_ 1
T 2aktl — 2Bk —a + B

_ dﬁk + ﬁak + ﬁk+1 _ 20{kn+1ﬁk + zakﬁkn+1 + ak“ﬁk _ akﬁk“)

£l =

£®

n+1 —

€)

Z“kn+1—23kn+1—a+ﬁ (aﬁ)k Zak(n_l)“—zﬁk(n_1)+1—a+ﬁ
2ak+1—2ﬁk+1—a+ﬁ 2(1k+1—2ﬁk+1—(1+ﬁ

(2akn+k+1 + 2akn+1ﬁk _ Zakﬁk”"'l _ Zﬁkn+k+1 _ (Zk+1

1
- 2kt — zlgk+1 —a+,8

+ ak“ﬁk _ alek+1 —a+ ’3)
1
— P 2ﬁk+1 — '3 ((20{kn+k+1 _ 2Bkn+k+1 —a+ ﬁ) _ ak(a _ ﬁ) _ ,Bk(a _ ,3)

+ (@p)(a—p) — (@—p))

1
=% - T —— (a — B)(ak + B* — (aB)* + 1).

(Zakn+k+1 _ 2ﬂkn+k+1 —a+ ﬁ) _ (lk+1 + ﬁk+1 _ (lﬁk + ,Bak

So, we have
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k k
L2 = Liky”

( 1)k£(k)

1
2 k+1 _ 2ﬁk+1 -
If k is odd, then the above equation is given as

5@ P+ 5"
£l = £,L3 +
If k is even, then the above equation is given as

— (ap)¥ + 1).
1 +£k1(L + 2).

L8 = £, L% — W 4 Lt
Theorem 2.3. The generating function of Lflk) IS
G(x, k) = L;t (
Proof.

14 (=24 F)x+ 2F, + (-1)**?
— (14 Lx — (L + (=1)F)x?

— (_1)kx3>'
Suppose that the generating function for the the higher-order Leonardo numbers is
Glx k) = Tio L{xm

= L8+ LBOx 4 L80x2 o L0y
By using Binet’s formula, we can rewrite the generating function as follows:

G(x, k) = z £r(1k)xn =
— 1

Zakn+1

ﬁkn‘}‘l a +ﬂ
k+1 _ k+1 _
] o 2a 2B a+ ﬁ
e (20 S @ — 20 55 B+ (—a ) i )
1 1 1
T 2akt1_2Bk+1_g4p (26! 1—akx 2p 1- B" +(-a+t ﬁ) E)
— 1 -
20K+ — 2Bk _ g + B
1

Zak+1 — 2ﬂk+1 —a+ B

a—pB+(—2a—ap’+2p+ pak + akt?

_ k
1— 1+ ak+ px — (ak + B¥ + (af)*)x? — (aB)*x3
k _
a-p 1+(- gttt -
2“k+1—2ﬁk+1—d+,8

'gk+1)x + (Z(Xﬁk _ Zﬁak _ ak“ﬁk + akﬁk“)x
1—(1+ak+BF)x — (ak + ¥ + (@B)*)x2 — (af)*x3
ap )t ap <
1-(1+ak+B5)x—(ak+8*+(ap)F)x2—(aB)kx3
kg k_
14(—2+
= L;! < =

(2a(1—pFx)1 —x) —2B(1 — a*x)(1 — x) + (—a + B)(1 — a¥x)(1 — B*x))

2ak ookt gh 4 ok gkt

20k okt gh g kgl
s )x+

2
a—pf *
1 (1+ak+ﬁk)x—(ak+ﬂk+(aﬂ)k)x2—(aﬂ)kx3>
= LEI ( _

1+(=24F )+ @Fp+(=1) k)22 )
1=(1+Li)x—(Lp+(=1)F)x2— (= 1)kx3

Theorem 2.4. The exponential generating function of

o)

L‘(k) :
z L(k)ﬁ _ 1 20e%* Zﬁeﬁ *—(a—=p)e*
n n' - k
n=0
Proof. Let ¢ = Y=o L(k)

a—pf )
be the exponentlal generating function of £,
x"
> -

(k)
2akn+1 _ 2ﬂkn+1 —a +ﬁx
1 20K -2 —q + B nl
n=
1 o (@n" o (B0"
2ak+1_2pk+1_g1p (2a2n=0 o Zﬁ ano T
. 1 k
T 2akt1_2Bk+1_g4p

———aXio %1,1 + B Y=o x::l)
(2ae“ *— Z,Beﬁkx —(a—p)e )

PROCEEDING BOOK

Academy Global Publishing House

84




| LONFEREY,
S &

Y

%
3
%
E4
z
z

2ak+1—2;k+1—a+ﬁ ((6! - B) (Zeakx + Zeﬁk" - ex) + Zﬂeakx — Zaeﬁkx>

k k

=1 (2ae”® x_2BeP " *_(a-p)e*

= L ( a-p )

Theorem 2.5. For any n,r € Z, Catalan's identity for the higher order Leonardo numbers is

2

£99,£8 — (£9)" = () (192 4 (£,)7 2L +

(L) D+(L) 1 @LP — LW, — 0y,

Proof. By using Catalan's identity for Fibonacci numbers and the equation in [4]
L, = 2F,,; — 1, we obtain

2 2
L2 Ly, — (L‘Elk)) = m((ZF(n—r)k+1 —1)(2F a1 = 1) = (@Fusr — 1) )

(10)

1
= (2Fg41-1)2 (4F(n—r)k+1F(n+r)k+1 - 2F(n—r)k+1 - 2F(n+r)k+1 - 4'Fr%k+1 + 4'Fnk+1)
1 -
= Gro (4(_1)(n MKAIE2 4+ 2(2Fppsr — 1) — (ZF(n_T)kJr1 — 1) — (ZF(n+r)k+1 — 1))
1 _
=0 ()R (L2 + 204, + 1) + 2Lkn — Litnr) — Li(nir)

= (=D + (L)LY + LT T RLY - £ - L),

Theorem 2.6. Cassini’s identity for the higher order Leonardo numbers is

2
£, 8, = (L) = (D@D 4 (£) 7@ + (L) N+E L - £8) - £,

+
Proof. When itis takenasr = 1 in the equation (10), the result is seen.
Theorem 2.7. D’Ocagne’s identity for the higher-order Leonardo numbers is

4
k k k k — k k k
LW W 0= g1 — (—1)k”Lk(L,((,,)L_kn — 1) — (L,(mi — L,(m)))

V5
Proof. Left side of the equation is rewritten with the help of the Binet formula of L,(lk) as
follows:
(k) (k) _ Zakm+1_zﬁkm+1_a+ﬁ zakn+k+1_2ﬂkn+k+l_a+ﬂ
Loy Ln+1 T 2ak+1_2Bk+1_gip " 2ak+1_28k+1_gip

1

— - - - (4akm+kn+k+2 + 4Bkm+kn+k+2 _ 4_a,km+1ﬁkn+k+1 _
(2ak+1-2Bk+1_qg4R)

4'3km+1akn+k+1 + (_a + ﬁ)(Zakn"'k"'l _ 2ﬁkn+k+1) + (_a + '3)2)

(11)
(k) (k) _ 2akm+k+1_2Bkm+k+1_a+B den+1—2Bkn+1—O!+,8
Lm+1Ln - 2ak+1—2ﬁk+1—a+ﬁ ' 2ak+1—2ﬁk+1—a+ﬁ
—_ 1 km+kn+k+2 km+kn+k+2 _ 4, km+k+1pkn+1l _
ReFT——" (4a +4p 4a B
4ﬁkm+k+1akn+1 + (_a + ﬁ)(Zakn+1 _ 23kn+1) + (_a + ﬁ)Z) (12)

Substracting the equation (11) from the equation (12), we obtain

(k) (k) (k) (&)
Loy Ln+1 - Lm+1[’n

—4 kn+1
T Qaki Z(Zf‘zl —a+p)? (a* + pF)(akmim 4 glm=kny 4 (—a

+ B)((2akm+l — gkm+l _ o 4 B) — (2gkn+1l — gkntl _ o 4 BY)
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= (zak+1—2ﬁk+1—a+ﬁ)2 (_4(aﬁ)kn+1(ak + Bk)(akm—kn + Bkm—kn —a+ ,8 +oa— ﬁ) n

(—a + ,8)((20(""“‘” — BNt _ g 4 BY) — (2kmHl — ghndl _ gy ﬁ)))
= 2ak+1—2ﬁ1k+1—a+ﬁ (4(_1)kn+2Lk([’l(cl:r)L—kn - \/g) +(-a+ ﬁ)(Ll({’:)’)l - LI(CI:L)))

= i (%(—1)kn+2Lk(1:,§’;‘,{_kn -1) - (£8 - L,ﬁ’j})).

3. CONCLUSION
In recent years, several authors investigated on higher order sequences associated with the well-
known number sequences. In this study, motivated by the recent papers, we have introduced
new generalized sequences called the higher order Leonardo sequences. Moreover, we have
obtained fundamental properties such as Binet formula and generating function. Also, we have
proved several identities of the higher order Leonardo sequences by using Binet formula.
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ABSTRACT

In this study, the definition of a generalization of special number sequences is called bi-periodic
Jacobsthal is given. Binet formula and generating function of these special number sequence
and generalized forms of the number sequence is demonstrated. The definition of bi-periodic
Jacobsthal matrix sequence is defined and the Binet formula and generating function of the
matrix sequence is given. In the last part of the study, some important relations and binomial
transformations of the matrix polynomial sequence obtained as a result of using the bi-periodic
Jacobsthal polynomial sequence is mentioned. Similarly, the binomial, k-binomial
transformations of bi-periodic Jacobsthal matrix polynomial are denoted. Some relations for
binomial transformations of the bi-periodic Jacobsthal matrix polynomial are found. Also, the
increasing and decreasing k-binomial transformation of the bi-periodic Jacobsthal matrix

polynomial sequences are given, then the Binet formula and generating function of these
transformation sequences are given.

Keywords: Special number sequences, Generalized number and Matrix sequences, Binet
Formula.

1. INTRODUCTION

Definition 1.1. With initial conditions J, = 0, J; = 1 and the recurrence relation J,,,, =

Jns1 + 2Jn, the sequence {J,. }n=, is called by the Jacobsthal number sequence. The Binet
formula for the Jacobsthal number sequence is given as
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The generating function for the Jacobsthal number sequence is Y2, J,x=1 = 1_xi2x2.
Definition 1.2. For any non-zero real numbers a and b, assume that the initial conditions are
Jo = 2,J; = 1 and the recurrence relation is

R {afn_l +2],_,, n even

n n=?2

bjp_1 + 2Jp_>, n odd N

The sequence defined by the above recurrence relation is called bi-periodic Jacobsthal
sequence. When a = b = 1, the classical Jacobsthal sequence is obtained. The characteristic
equation of the bi-periodic Jacobsthal sequence is x?-abx-2ab=0.

—va?b?%+8ab

and g = 22

. . . 2hKH2
The roots of this equation are given as a = @

Theorem 1.3. The generating function J(x) of the bi-periodic Jacobsthal sequence is defined
JEEg, it = Xz
i=1J1 1—(ab+4)x2+4x*’

Theorem 1.4. For the bi-periodic Jacobsthal sequence, the Binet's formula is given in the
form

. ql-&m) am—ﬂm

m = <(ab)$> a b

Definition 1.5. Let a,b are nonzero real numbers, the bi-periodic Jacobsthal polynomial
sequence is defined as {d, (x)}

dp,(x) = at=¥WpsMxd, (%) + 2d,,_,(x), n =2
with the initial conditions d,(x) =0, d;(x) = 1.

The characteristic equation of the bi-periodic Jacobsthal polynomial sequence is
a? — abxa — 2ab = 0 . The roots of the characteristic equation are

1
abx+((abx)?+8ab)z

1
__abx—((abx)*+8ab)2
2 ) az (x) - .

2

ay(x) =

Lemma 1.6. Bi- periodic Jacobsthal polynomial sequence satisfies the following equality

a) don(x) = (@b + 4x)dyp—2 (%) — 4x2d;,—4 (%),
b) dyn+1(x) = (ab + 4x)dy,—1 (X) — 4x%dy, -3 (%).

Proof: For the even terms of the sequence, we get

dyn (%) = axdyp_1 (%) + 2dyp—2 (%)
=ax[bxdyp_2 (%) + 2d3p_3(X)] + 2dap_2 (%)
=(abx? + 2)dy,_»(x) + 2axd,,_3(x)
=(abx? + 2)dzp_»(x) + 2[dzn_2 (%) — 2dp_4(X)]
=(abx? + 4) dyp—p(x) — 4dzp-_4(x)
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Similarly, for the odd terms of the sequence, we get

dan41 (%) = bxdyp (%) + 2dan—1 (%)
= bx[axdyp_1 (%) + 2dp_2 ()] + 2dzn—1 (%)
=(abx?+2) dyp_1 (%) + 2bxdy,_, (%)
=(abx?+2) dyn—1 () + 2[dzn—1 (X) — 2dp—3(x)]
:( abx2+4) d2n—1(X) - 4‘d2n—3(X)

The roots «; (x) ve a,(x) of the characteristic equation of the recurrence relation defined in
(1.2) satisfy the following properties.

ay (x)+a,(x)=abx, a1 (x).ay(x) = —2ab, (a1 (x))? + (a,(x))? = (abx)? + 4ab
Theorem 1.7. The generating function of the bi-periodic Jacobsthal polynomial is denoted by
d(t) and is given by

t(1 + at — 2xt?)
— (ab + 4x)t2 + 4x2t*

(o) = Z a0t = -
i=0

Proof:

ae = Z Ayt = 2 dyi (1)t + Z ot (IEH = dy(6) + ey (O

do(t) = X2 OdZL(x)tZI =dy(x) + dz(x)tz + X2 ZdZL(x)t !

From the initial conditions, we have dy(x) = 0 d,(x) = 1 . By definition (1.5), we find the
value of d,(x) = ax.

do(t) = Z dy; (02 = do(x) + dy (X)E2 + Z dy; (02 = 0 + axt? + Z dy;t2!

By Lemma 1.6, we get
dyi (%) = (abx? + 4)dyi_ (%) — 4dyi_4 (%),
Now, on substituting the above value of d,;(x)
do(t) = axt? + X2, dp; ()t
do(t) = axt? + Xi2,[(abx? + 4)dy;_ z(X) 4dyi_ 4 (X)]t*

= axt? + (abx? + 4)2 dyi_, (X)t? — 42 dyi_s (X)t2

= axt? + t?(abx? + 4)2 dy; (X)t2 — 4t4z dy(x)t?!

= axt? + t?(abx? + 4)d,(t) — 4t4d0(t)
is obtained.

The generating function for the even terms of polynomial sequence is obtained by

do (0) = axt?
0771 — (abx? + 4)t2 + 4t4
Now, the following equations are obtained to find the generating function of odd term of the
sequence,

di (1) = 220 daip1 ()2 = dy ()t + d3 ()3 + X2, dgjyqg ()2

It was given above that dy(x) = 0 ,d;(x) = 1Vve d,(x) = ax. When n=3, we get d;(x) =
abx? + 2. Then,

di(t) =t + (abx? + 2)t3 + X2, dpjpq ()21
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is obtained in the form. By Lemma 1.6

di(t) =t + (abx? + 2)t3 + £2,(0)[(abx? + 4)dyi_1 (x) — 4dy_3 ()]t +?

dy(t) =t + (abx? + 2)t3+(abx? + 4)[X2, dpi_ () t2F1] —

4[X52, dgi—3 ()21 ]

di(t) = t + (abx? + 2)t3+( abx? + 4)t?[ 120 ()dgip1 ()2 — d;y (x)t]

—4t* N2, dyppq ()2
d,(t) =t+ (abx? + 2)t3 + (abx? + 4)t?d,(t) — (abx? + 4)t3 — 4t*d,(t)

Hence, we get

d,(0) = t—2t3
Y771 — (abx? + 4)t2 + 4t4

If the results are combined, the generating function of the bi-periodic Jacobsthal polynomial
sequence is obtained

t(1 + axt — 2t?)
d(®) = 2 2 4
1 — (abx? + 4)t2 + 4t

and the proof is completed.

Definition 1.8. Let a,b are nonzero real numbers, the bi-periodic Jacobsthal matrix
polynomial sequence {D,,(x)} is defined as

axD,_,(x)+ 2D,,_,(x), if niseven
an(x)={ nl() nZ() f

bxDy_1(x) + 2D,_,(x), if nis odd n=2
. 1 0 2
with Do(x) = [ 1], D, (x) = [alx O].

2. Binomial Transformations of Bi-Periodic Jacobsthal Matrix Polynomial
Sequence

Definition 2.1. The bi-periodic Jacobsthal matrix polynomial sequence (E, (a, b, x)) is

obtained using the elements of the bi-periodic Jacobsthal matrix polynomial sequence, where
n € N and a,b are non-zero real numbers as

§m) 1-¢§m)
E,(a,b,x) =+xa 2z b~ 2 Dy(a,b,x)

Definition 2.2 The binomial and k-binomial transformations of the bi-periodic Jacobsthal
matrix polynomial sequence (E,(a, b, x)) are given as

n
An(@,b,2) = Bio () B (a.b,x)

n
on(a,b,x) = SiLo () K"E: (@, b,2)
can be written as ¢, (a, b, x) = k™1, (a, b, x) respectively. In this study, k = xVab .
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Theorem 2.3 The binomial transformation of the bi-periodic Jacobsthal matrix polynomial
sequence A,(a, b, x) satisfies the following properties

. n §® 1-¢®
) A =2 ()Vx

xazb 2

1-28() 28()-1
[’D +a 2z b 2 'Di+1],

i A=

(2 + x\/%)/ln + (1 - x\/ﬁ)/ln 1

Proof: Using the property of the binomial expansion, the following equation is written
n+1

n+1

@b =Y ("t E@bn =) ("T)x

M 1-¢@
; azb D;(a, b, x)
i=0 i=
n+1l

© 1- 20
20+ G

Di(a, b, x)
Let us write them briefly A,,.,(a, b,x) = A4+, and D;(a, b,x) =
By the binomial property (.

i
and splitting the terms, we get

n (0 150 &
n
des :Z(l)\/}a b

Q 1-¢$(D)
'D(abx)+z 2 b

2 D;(a,b,x).
Then, if the |ndex IS changed |n the sum symbol in the second term, we obtain

n §@ 1- s‘(l)
o =Z(i)v§a 7b

1 f(l) 10}
D; +Z b 2 Djyq
i=0

If we take care of the common factors, it is obtained that

n
HOREIHO)
Api1 = Z (rll) Vxa 2z b 2 [’Di +a

1=0

1-28() 2§()-1

2 b 2 Di+1]-

ii) If the sum is starts by i=1; It is also expressed as
n
§O 1- E(l) 12§ 2§(D-1
Ans1 = Z (?)\/}a 2b 2 ('Dl- +a 2 b 2z l+1) +VbxD, + VaxD,
i=1
From the definition of D;,, , it is demonstrated by
n
n §M 1-§@)
hss = (Vab +1) ) (7)Vx

n
1-8@) £
xa 2 b 'Dl-+22(7z)\/§a 2 b2
i=1

2 Dj_q +

VbxDgy + VaxD;.
Since the zeroth term in the sum is VxvbDy[1 + Vabx]

= VbxDgy + bxvaxDy,
n
@ 1- f(l)
A1 = [1+xVa ]Z \/_a

1- E(l) £
2 b 2 i+22\/§(? b2 D, +
i=1
VbxDgy + vaxD; — VbxDy —

we get

bx\/a'DO
Then,

n+1 [1+X\/_]ﬂ_ +22 1\/—() 1-§@) £

a 2 bz D;_;++VaxD; — bxvaxD,.
If n is replaced by n-1; it is obtained that
- 1-5() £
An = An_q[1+ xVab] +22\/§(”lf1 a 2 b 2 D;_; +VaxD; — bxvaxD,.
i=1
Then,
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— D 1-§0)
An = xaban s + 353 (" Dvxazb =
— 1-§® §@
+2ynt x(n ; 1)a 2 bz2D;_; +VaxD; —

bx\axD,.
The index is changed in the first sum and the upper bound of the second sum is changed by n
it is obtained that
— 1 f(t) 40 — 1 f(l) H0)
A—x\/_ln1+zn ) sz””Zn 1) bz D,
1-§@) @
+2y7 ( l_ 1)\/§a > b2 D;_y +VaxD; — bxvaxD,.
n-—1
1 1-60) £ 1 HOREERH0
A —x\/_/ln1+22[ (’;_1)]\/% 2 szi_l_Z)(ni )\/EaZb 2
1=
+\/ﬁ1)1 bxvaxD,

D;
From the property of the binomial expansion (

TN+ = (1) we get

n
1-§() £Q)
A = (xVab — DAy + ZZ (")Vaa 2 bz Diy +VaxD,
If the expression 4,,,, is rewritten, it is obtained that
1-§(@) @

w1 = An(1+xvVab) + 250, (V) vaa 2 bz D,
=0 ) [~ T Db

— bxvaxD, + VaxD
\/a_x’D1+bx\/a_x'D0} 0 !
A1 = An(1+xvVab) + 2, —xVabd,_1 + Ay,

Ans1 = (2 + xvab)A, + (1 — xVab) ;.

— bx\/axD,.

— bxvaxDgy +vaxD,

Theorem 2.4 Using the property of the binomial expansion (E, (a, b, x)),the following equalities
are obtained as

() An(a b, %) =C(r,"00) = ™)) + LD (10 () 4y ()

(I I) 1.0t = VbxDy(a,b,x)+t(v/axD,(a,b,x)—vbx(1+Vab)Dy(a,b,x)
n\, = 1-(xvab+2)t+xvabt?2
o An(a,bx)t™
(iii) Mg ———

n!

C (et — grar) 4 YrPo@h) (or,()e 1 gra(a)t)
2

where ¢ = (\/cE'Dl bx‘/‘a’D)/\/abxz 8

Proof:
)] Assume that b, = A(rJ* — r{*) + B(r3* + r{*). Our aim is to find the coefficients A, B
PROCEEDING BOOK

Academy Global Publishing House 93




| LONFEREY,
\b‘\ &y

2,

2,
z
-
=
=
=

HON {0

o (0 2
b i—o(;)Vxa2 b 2 Dy /%ybD
bo=A.0+B.2=>B=?0= : (‘) o :‘/_2 0

For n=1, it is obtained that b; = A(r, — ;) + B(r, +17)
1

Q) 1-6)
b, = z (}) VXa 2 b 2 D; = VxVbD, + VEvaD,

=0
r; and r, are the roots of the characteristic equation

r2 — (xvab + 2)r — (1 — xVab) = 0.
__ xvab+2+Vabx2+8

These roots are in the form ry,r, = — where

Tl + rz = xm + 2
r, —1; = Vabx? + 8.
Then, by the result of the sum and difference of the roots, the value of A is computed as

“’f’DO (Vab +2)

A= <MD1 +VbxDy(1 — x\/a_#) /\Jabx? +8

b
x?'&,) /NJabx? + 8

VbxD, + VaxD, = AJabx? + 8 +

A= (\/CE’Dl -

So, the proof is completed.

(i) We know that by Theorem 2.3 4,4, = (xVab + 2)4, + (1 — xVab)4,_,. The generating
function for (E,(a,b,x)) is 2A,(t):

Aa(®) = X o Attt = g + At + Apt2 + -
By multiplying t(xvab + 2), we get
H(vab + 2) () = 20 At (xVab +2) = (xvab + 2)[£2, 4i¢']
= (xvab + 2){Apt + A, t? + A,t% + -}
Similarly, by multiplying (1 — xvab), we get
t2(1 — xVab)2,(t) = 22, it (1 — xvab) = (1 — xVab) X2, A;_,t!
= (1 —xVab){At? + A, t? + -}
By the above three equations, we get
[1—t(xVab + 2) + t2(1 — xVab) |2, (t)
= Ao + t{1; — (xVab + 2)Ao} + t?{A, — (xVab + 2)A; + (1 — xVab)Ao} + -
Therefore, we have
Ao + t[A; — (xVab + 2)A,]

() = 1—t(xVab + 2) + t2(1 — xVab)

ii)

n!
n=0 n=0

A (a b, Ot VbxDy(a, b, n i
S DI N ¢ n ) - ) + 2P ) iy

o [@M)H™ @ "))" VbxDo(abx) qoo ("D | (")

CZn:O{rz nT - - Tl)!c }+ - 02a . Zn=0{rz Tlf + - nf }

vVbxDy(a, b, x)
2

C(erz(x)t _ erl(x)t) + (erz(x)t + erl(x)t)
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Theorem 2.5 The k-binomial transformation of the bi-periodic Jacobsthal matrix polynomial
sequence (¢, (a, b, x) satisfies the following properties.

@n+1 = (abx? + 2xVab) g, — (x*abVab-x?ab)p,_,

Proof:
From Theorem 2.3, we write 1,1 = (2 + Vabx)A, — (xVab — 1)A,_1. By ¢, = k™A, k =
xvab we get

Pri1 = k" A1 = K™H(2 + Vabx)A, — (xVab — 1) 2,4 ]

{2+ V@b) 0 — k(e — 1) ]
= xVab(2 + Vabx) ¢, — x?ab(xVab — 1) ¢,_4
@n+1 = (abx? + 2xVab) e, — (x3abVab — x*ab)p,_4

The characteristic equation for this relation is given as ¢2 — (x2ab + 2xvab)t —

(x2ab — x3Vabab) = 0. The roots of the characteristic equation are

£ o= x2ab+2xvVab-xVx2a?b2+8ab b = x2ab+2xvab+xVx2a2b2+8ab
1= v Y2 T
2

2

Theorem 2.6 The k-binomial transformation of the bi-periodic Jacobsthal matrix polynomial
sequence (¢, (a, b,x) satisfies the following property

VbxD Iy
- Vab(VbxDo + VaxD;) — ~——2 (abx + 2,/ab) (t2 — t7) + VbxDy (t} +th)

Proof: The characteristic equation for the relation in Theorem 2.5 is given as
t2 — (x%ab + 2xVab)t — (x%ab — x*abVab) = 0
The roots of the equation are found as
b= x2ab+2xvab—xVx?a2b?+8ab b= x2ab+2xVab+xVx?a2b2+8ab
1= 2 y L2 — 2 .
We know that by Theorem 2.4

(@ b, X) =C(r,""(x) — " (x)) + ‘/%DO (ry" (%) + .M (x)

2

where € = (\/E’D1 - bxm’Do) /\abx? + 8.
Assume that ¢, = A(t] —t!") + B(t} + t*) . Then,

For n=0, we get ¢0=0+ZB:B=%=%=’;—°=@
For n=1, we get ¢, = A(t, — t;) + B(t, + t;)
kA, = A(xVx2a?b? + 8ab) + @(xzab + 2x\/ab)

By this equation, we have

A

kll_@(xzalwmc\/ab xvab(v/bxD, +\/axD1)—@(xzab+2xw/ab)
o xVx2a2b2+8ab - xVx2a2b2+8ab )

Substituting the values of A and B, we get the result.

Theorem 2.7. The generating function of the k-binomial transformation of the bi-periodic
Jacobsthal matrix polynomial sequence is

_ N i Ao + [A4 — (xVab + 2)2,]xVabt
(pn(t) = iZO/llt = 1— X\/’(Et(xm + 2) _ xzath(l _ X\/(E)
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(pn(t)—zt(p —Ztkl —th(\/_)l,l _Zau

Let, we call u = xVabt. We know that
A6 = zliti _ Ao+ [M — (xVab +2)A]t |
~ 1—t(xVab +2) — t2(1 — xVab)
By this generating function, we obtain the desired result as
il-ui _ Ao + [A1 — (xVab + 2)A,]xabt o
' 1- x\/ﬁt(x\/ﬁ + 2) — xzabtz(l — x\/ﬁ) "

Definition 2.7 For n € N, the sequence of increasing k-binomial transformation of bi-periodic
Jacobsthal matrix polynomial p,,(a, b, x) is defined as

n ,
pu(a,b,x) = ity () k'Ei(a b, x)
where a,b are nonzero real numbers.

Theorem 2.6 The increasing k-binomial transformation polynomial of the bi-periodic
Jacobsthal matrix polynomial (E,(a, b, x)) for n € N is expressed by E,,(a,b,x) as
pn(a, b, X) = EZn(a' b' X)
Proof : By the definition of p,(a, b, x), it is denoted by
n

pn(a,b,x)=2( )(X\/_) \/_afg)bl_ i’Di(a,b,x)

i=0

n
i1 M 1-6M S i i
i=0
After the necessary arrangements are made, the result is found as

Vbx[A;(a?™ — B2M) + By (a?™*2 — p20+2)] = xvabD,,(a, b, x) = E,,(a, b, X).

Theorem 2.7 The recurrence relation for the increasing k-binomial transformation of the bi-
periodic Jacobsthal matrix polynomial is as follows:
Pn+1(a b, x) = (abx? + 4)py(a, b, x) — 4p,_4(a, b,x)
Proof: For (E,,(a, b, x), the following relation is obtained as
Ezn+2(a,0,%) = VbxDapny2(a, b, x) = Vbx(axDapyq + 2Dyy)
= Vbx(ax(bxDyp, + 2Dpp_1) + 2Dyp)
bx[(abx? + 2)Dy, + 2axDy,_4]
bx[(abx? + 2)Dyy, + 2Dyy — 4Dop—s]
bx[(abx? + 4)D,y, — 4Dyp_5]

= (abxz + 4)E21’l - 4‘E2n_2
Consequently, the desired result is obtained.

Definition 2.8 For n € N, the descending k-binomial transformation of the bi-periodic
Jacobsthal matrix polynomial (e,(a, b,x)) is defined as

en(a,b,x) = Xito (rll) k™ L E;(a,b, x).
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Theorem 2.9 The recurrence relation of the descending k-binomial transformation of the bi-
periodic Jacobsthal matrix polynomial (e,(a, b, x))) is given as

en+1(a, b, x) = 3x+abe,(a,b,x) — (2abx? — 1)e,_,(a,b, x)
Theorem 2.10 The Binet formula for the increasing and descending k-binomial
transformations of the matrix polynomial are given as
() enlabx) = COf — )+ 222U oy oy
(i) palab,x) = CGT ) +M( =)
where rg and rgare the roots of the equation

2 2 . __ bxyaxDy(a,b,x)—2+axD;(a,b,x)
r“—(abx*+4)r+4=0. C= NIV

and r, and rg are the roots of the characteristic equation
r2 — 3xVabr + 2abx? —1=0

Proof: Assume that e, = A(rg — r*) + B(rg + r7*) . The roots of the equation r? — 3xvabr +

2abx? —1=0arer,rg = 3xr+2abx ** with 17 + 15 = 3xVab rg — 17, = Vabx? + 4.
§@ 1-¢0)

Vxaz b2 D
Forn=0,we get = B = 62—0 = ( ) az _ \/E\gEDO

For n=1,weget = e, =A(g—1,)+B(g+71,)
1

HOR {0
e, = Z G)\/}aTb 2 D; = VbxD, + VaxD,
i=0
VbxDy +VaxD; = BVabx? + 4 + 3x\/ab@
_ 2VbxD, + 2vaxD; — 3xb\/axD,
2Vabx? + 4

Similarly, the roots of the equation r? — (abx? + 2)r +1 =0 are
(abx? +2) £ \/(abx? + 2)% —
2

with 75 + 75 = (abx? + 2) and 15 — 15 = \/(abx? + 2)% —

Letp,(a,b,x) = Mg —rd) + N(rg + ).
b €D 1-§0)

For n=0, we get p0=M.0+N.2=>N=7°= ()\/_aZb 2 D;/2

\/_\/_Do

T5,T6 =

N = elde edilir.
For n= 1, weget p; = M(rg —15) + N(rg +135)
1
[HORS10)]
pl = Z (3:) \/EaTb 2 Dl = \/EDO + \/aDl

i=0

VBxDy + VaxD; = Ny/(abx? + 2)2 + 4 + (abx? + 2) Y220
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ABSTRACT

This article explores the multifaceted qualities of photography and its role in architectural
representation. It examines the concept of the photographic frame as a device that constitutes
the photograph's meaning, and how it connects and separates with its boundaries. The article
also discusses how the mechanism of the frame conveys meaning and develops a critical view
through its separated context. By exploring these dimensions, this article aims to provide a
comprehensive understanding of the complex interplay between the photographic frame and
the interpretation of what the architectural photograph represents. This study suggests that

architectural photographs can generate critique through their framing, which determines its
visual narrative and interpretation.

Keywords: frame, architectural representation, criticism, photography

Introduction
Architecture and photography have long been intertwined in a symbiotic relationship.

Photography is a powerful medium that offers many frames of architecture. Many
photographers have been attracted to architecture as a subject due to the appeal of its various
forms and their intricate relationship with their surroundings.

Architectural photography has many stages regarding its perception among architects
and editors regarding its historical development. Architectural photography’s use and popularity
follow significant events like the invention of the half-tone printing technique, which
revolutionized its existence. Architectural criticism, on the other hand, plays a vital role in
shaping our understanding, evaluation, and discourse surrounding the built environment. It is

imperative for the sake of architectural knowledge that the criticism exists.
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This study proposes that architectural photographs, through their visual narrative and
interpretive quality, can generate criticism. The frame of a photograph is the decisive element
in constructing its meaning, as it is predetermined before the photograph is taken and
presented within it. The photographic frame is essential in constituting knowledge within the

photograph due to how it interprets reality and the nature of the photograph itself.

Photographic Representation of Architecture

Since the photographic camera’s invention in 1839, architecture and photography had

an intertwined relationship, where the acquaintance was born out of necessity. Early
photographs often captured buildings due to their ability to hold still during long exposures.
(Ackerman, 2001, p.96).
Initially, photographs were used for various purposes of documenting architecture Sir John
Robison, a well-known British scientist, stated in 1839 that the primary purpose of photography
was to capture the views of architecture accurately. (Elwall, 2004, p.12). In 1847, when Eugene
Emmanuel Viollet-le-Duc was tasked with the restoration of Notre Dame in Paris, he
understood the significance of using photographs to document the existing state of the building.
As a result, he commissioned many photographs to be taken to capture the current condition of
the building and any restoration work that would be done (Ackerman, 2001, p. 112). In addition
to enhancing architects' understanding of familiar historical styles, photographs have expanded
the scope of their knowledge to encompass a wide range of historical traditions that were
previously inaccessible. This is particularly true for architectural traditions which were not
easily accessible firsthand (Elwall, 2004, p.12). Therefore photography, because of its capacity
to record detail unlike any other means of representation, became a pivotal tool for the
constitution and preservation of architectural knowledge. Photographs were often considered
accurate documents, but they were not entirely objective. For instance, when the photographers
of The Missions Héliographique, a project established by the French government in 1851 to
photograph landmarks and monuments around France, it was realized that photographs were
accurate but also subjective. The five photographers for the Mission delivered significantly
different photographs of the monuments, each with their own “style” and “emphasis (Elwall,
2004, p.15).

In the 1890s, the invention of the half-tone technique allowed for photographs to be
printed with accompanying text on the same page. The dissemination of photographs increased
the impact of new buildings and architectural ideas. Magazines such as The Architectural
Record (1891), Architectural Review (1896), and Country Life (1897) played a significant role
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in changing the way photographs were used in the field. This revolutionized the relationship
between architecture and photography. The publication of architectural photographs in mass
media has made architecture more accessible to a wider audience. Because it was not always
suitable for a visitor to experience architecture in person, knowledge of architecture began to
be disseminated primarily through photographs. (Acar, 2018, pp.34-35). New buildings were
photographed to represent the architect's vision before any occupants moved in. Photographs
became a mediator between the idealized vision of architecture and its actual manifestation.
Even if a building underwent changes, the photographs captured its initial essence and
communicated it to the viewer. (Acar, 2018 p.35). Once it was realized that the photographs
survived a lot longer and disseminated in a way that a building could never, architects began to
take advantage of photographs to convey their ideas.

During the 1930’s companies like Siemens Elektrowirme and Philips, demanded “eye-
catching” photographs of their products to be published, and so did the architectural journals.
The publishers realized that it was imperative for their circulation figures that these photographs
were “striking” (Elwall, 2004, p.146). “These considerations prompted journals to move away
from the treatment of photographs as illustrated appendages to text, set out in an unsurprisingly
rigid “window” format, to their presentation as focal points of the page and statements in their
own right”(Elwall, 2004, p.146). Therefore, photographs emerged as their own means of
conveying ideas, independent from the text, solely dependent on their “eye-catching” aspect. It

was the frame that defined how the idea was presented and kept within its boundaries.

Frame Constructs
The frame is the constitutional part of the photograph, it is pre-determined prior

to the act of capturing, and the photograph is presented within the frame. Frame simultaneously
exists in the past and the future of the photograph, it is a bridge between the two different
fractures of time. It is possible to discuss the picture frame as a predecessor to the photographic
frame, because of the fact the presupposition of the separation exists in a similar way. As Alberti
explains how he starts the drawing: “First | trace as large a quadrangle as | wish, with right
angles, on the surface to be painted; in this place, it [the rectangular quadrangle] certainly
functions for me as an open window through which the historia is observed...” (Alberti, 1755,
p.20). Alberti employs the concept of the window as a rhetorical substitute for the rectangular
frame of a painting. This visual metaphor allows the image of the window to be superimposed
onto the painting, creating a reciprocal relationship between the two. The relationship between

these images works in both ways: the window appears like a painting as it frames a perspective
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of the outside world, while the painting looks like a window as it uses techniques of perspective
to frame the depicted scene. (Friedberg, 2006, p.12). While photography has an advantage over
painting in capturing a moment in time within the frame, both art forms rely on the principle of
separation to create perspective. The process of converting the three-dimensional world into a
two-dimensional medium requires separating the image with the frame.

The aspects of separation and connection of the frame can be reiterated in the
architectonic sense. Georg Simmel discusses the notions of separation and connection, with the
architectural elements of bridge and door. Simmel argues that when viewing the universe as a
whole, in order to establish a connection, it is essential to first separate or differentiate the
elements. It is illogical to try to connect elements that have not been initially distinguished or
set apart (Simmel, 1994, p.5). According to Simmel, the door has the ability to operate the
separation, when opened outside and inside are connected, acting as gateways, delineating the
boundaries (Simmel, 1994, p.7). As Simmel defines the virtue of window:

It creates the connection between the inner and outer chronically and continually, as it

were, by virtue of its transparency; but the one sided direction in which this connection

runs, just like the limitation upon it to be a path merely for the eye, gives to the window

only a part of the deeper and more fundamental significance of the door (Simmel, 1994,

p.8).

While the door represents the connection and separation simultaneously, the connection of the
window only exists with consideration of the placement of the observer. The presence of a
window creates a boundary between the person looking through it and the outside world. This
boundary sets up the condition for perception and establishes a separation between the observer
and the observed. This separation is what led to the retreat of the self from the world, which is
a characteristic of the modern era. By looking through a window, the person becomes an
observer or a spectator, while the world outside becomes a spectacle for the person to observe.
(Romanyshyn, 1989, p.43). Therefore, it could be suggested the window encapsulates a
meaning, emphasizes “the sense of vision” of the spectator, and constitutes to be observed. “In
addition to this separation between perceiver and world, the condition of the window also
initiates an eclipse of the body. Looked at from behind a window the world is primarily
something to be seen” (Romanyshyn, 1989, p.43). When we perceive the world as something
to be seen, it is steadily transforming into a realm predominantly composed of light, much like
how the camera constructs its vision. The architect of the window is the operator in this case,
the decision-maker of the separation. Within the decisive placement of the window, through the
cut, the architect allows the “historia” to be observed.
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Through the understanding of the pieces that delegate the vision, it is possible to
discover the knowledge within the frame. As Roland Barthes discusses the key particles of the
photograph:

...to do, to undergo, to look. The Operator is the Photographer. The Spectator is

ourselves, all of us who glance through collections of photographs in magazines and

newspapers, in books, albums, archives... And the person or thing photographed is the
target, the referent, a kind of little simulacrum, any eidolon emitted by the object, which

I should like to call the Spectrum of the Photograph (Barthes, 1980, p.9).

Although the actors, where the vision is constituted are quite similar, the photograph
differs very significantly from the observation of the window. The rhetorical substitute of the
window resembles the camera. “The Photograph is flat, platitudinous in the true sense of the
word, that is what I must acknowledge. It is a mistake to associate Photography, by reason of
its technical origins, with the notion of a dark passage” (Barthes, 1980, p.106). It is camera
lucida that we should say for, from the eye's viewpoint:

....the essence of the image is to be altogether outside, without intimacy, and yet more

inaccessible and mysterious than the thought of the innermost being; without

signification, yet summoning up the depth of any possible meaning; unrevealed yet
manifest, having that absence as presence which constitutes the lure and the fascination

of the Sirens (Barthes, 1980, p.106).

The rhetorical meaning of the window has been discussed in order to further understand
the meaning that is received with the vision. It is only possible to discuss the knowledge within
the photograph with consideration of the placement of the observer and the observer’s relation
to the spectacle. Alberti observes his historia through his window, with regard to the
predetermined placement of the window and his positioning behind it. Barthes’s definition of
the operator, the spectator, and the spectacle is important in this case. The spectacle is the result
of the operator’s intention of framing, the position of the observer, however, defines the vision
and the knowledge that is constituted by it. A photograph, although not completely, follows a
similar hierarchy of knowledge, the predetermined “cut” of the separation cannot be the only
reasoning of knowledge. Susan Sontag discusses:

A new sense of the notion of information has been constructed around the photographic
image. The photograph is a thin slice of space as well as time. In a world ruled by photographic
images, all borders (“framing”) seem arbitrary. Anything can be separated, can be made
discontinuous, from anything else: all that is necessary is to frame the subject differently.
(Conversely, anything can be made adjacent to anything else.) (Sontag, 1977, p.17).
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It is impossible to pinpoint a definitive number of photographs that can be taken of a
subject as the possibilities are limitless. Each photograph reveals a different connection through
a unique perspective, achieved by "slicing the space”. As Sontag claims, "the camera's
rendering of reality must always hide more than it discloses™ (1977, p.18). Which is more than
apparent in the photographs of architecture. “A photograph is one of the views among a large
number of possible views which could be taken. Accordingly, a building seen in a photograph

is rendering. It is an interpretation” (Acar, 2018, p. 36). It is an interpretation of the operator.

Where the Criticism is a Possibility

When it comes to publishing an architecture, it can be a challenging task as it involves
representing a complex reality with a few reproducible images. This can be limiting as the
temporal experience of the building, which is a critical aspect of architecture, cannot be
reproduced in images. These thoughts are well-expressed by critic and architect Pierre-Alain
Croset. He also suggests that our understanding and critical consciousness of architecture often
require a confrontation with the built object that is not possible through images alone.
Therefore, understanding the specific quality of architecture requires a temporal experience of
the built object. (1988, p. 201)

As Sontag claims, “A photograph is both a pseudo-presence and a token of absence.”
(1977, p.12) What is lacking in the photograph is significant, in terms of the architecture’s
representation. However, in many cases, the actual encounter with the building is not a
possibility, where the photograph is what solely represents the building. The “windows” in
magazines cannot reproduce the movement in architecture, which is critical for the actual
understanding of the three-dimensional space “yet a magazine can evoke the temporal
experience using, as a technique, narration” (Croset, 1988, p.202). Narration is the only
technique that can fully represent a built architecture, capturing all the sensory perceptions that
a person experiences within it. It plays a crucial role in architectural criticism and must not rely
solely on "reduced representation™ (Croset, 1988, p.202). However, this does not mean
introducing textual narratives to magazines. Rather, what is necessary is a careful selection and
organization of the visual material that helps the reader imagine the experience of being within
the structure. (Croset, 1988, p.205). (Croset, 1988, p.202). It is not necessary to introduce
textual narratives to magazines in order to provide a satisfying reader experience. Rather, what
is necessary is a thoughtful and deliberate selection and organization of visual materials in a
way that allows the reader to imagine an experience. Without the addition of textual elements,

there is still the possibility of conveying a message through the representation presented. The
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narration itself, through its selection, arrangement, and presentation, can provide its case for
assessment. It's not just the role of the critic as a specialized professional that should be
criticized, but also the way architectural magazines choose and edit the material they publish.
Nowadays, magazines tend to focus on showcasing the "product™ and rely on visual content
provided by the architect. Critics are invited to provide quick commentary without visiting the
building, which is a growing concern. (Croset, 1988, p. 207). Therefore, the architectural
photographer and the way the process and framing take place become an important aspect of
the process. The “critic” develops their saying through the frame which is constructed by the
operator. “...one might say that the building becomes an object of critical reading only when
the “intention” of such a reading exists” (Croset, 1988, p. 207). This is where it becomes
relevant to discuss Barthes’s discussion of the death of the author. According to Barthes,
assigning an Author to a text restricts it, confining it to a definitive meaning, effectively closing
off its potential for further exploration. This perspective aligns well with the goals of criticism,
as it assumes the significant role of uncovering the Author (or its various manifestations:
society, history, psyche, liberty) within the work. Once the Author is identified, the text is
considered "explained,"” resulting in a triumph for the critic. (Barthes, 1977, 147). The objective
of “reading” thus becomes subject to the elimination of the author, the operator in this case.
The assessment of the architectural representation is only possible within the presented frame
of the operator and the narration that has been developed, the intention of the observer must
exist in order to “criticize”. The placement of the observer to the spectrum, to the “context”
could be constituted by the narration.
We are now beginning to let ourselves be fooled no longer by the arrogant antiphrastical
recriminations of good society in favor of the- very thing it sets aside, ignores, smothers,
or destroys; we know that to give writing its future, it is necessary to overthrow the
myth: the birth of the reader must be at the cost of the death of the Author.” (Barthes,
1977, 148).
To further develop architectural knowledge, it is imperative that the critical standpoint exists.
To develop such standing, one must be aware of the fact that the critical representational

qualities of photography, which could connect and separate to its will, using the frame.

Conclusion
In regard to photography’s nature, the concept of the photographic frame has been
iterated in order to unveil the quality of representation and, most importantly, the knowledge

that is conveyed with the frame. The representation of architectural spaces and the reproduction
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of their temporal experience is a difficult task to achieve. The architectural photograph has the
ability to accurately depict the details of architecture, however, certain qualities of the space
are buried while doing so. As the photograph slices the space, although it highlights particular
aspects of the architecture, it hides even more while doing so. Therefore, it is clear that the
photograph is interpretive, but it does not mean that the knowledge within the photograph is
completely flawed. Through the understanding of pieces that construct the photograph, it is
possible to get a broader understanding of what it represents, which is critical for the
understanding and, more importantly, for the development of architecture. In order to extend
the knowledge of architecture, there has to be criticism within the discourse. Because of
architecture’s nature, the temporal experience is not always available to the critics, thus
signifies the importance of photography. With photographs and their ever-evolving
dissemination, the critical aspects of architecture are represented like never before. Therefore,
the concept of architectural criticism with photographs gains importance. To constitute a clear
knowledge of architecture, the elements that affect the representational aspects of photography
have been studied.
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Bir limanda atik alim tesisi planlamasi, c¢esitli faktorlerin titizlikle degerlendirilmesini
gerektiren karmasik bir siirectir. Bu calismada en 6nemli kriterleri belirlemek i¢in Bulanik
Analitik Hiyerarsi Siireci (B-AHS) yontemini kullanarak 11 konu uzmaniyla gergeklestirilen
bir anket temel alinmistir. Calismamizin sonuglari, karar verme siirecinde belirleyici rol
oynayan iki ana faktorii vurgulamaktadir. 1k olarak, etkili atik yonetimi, atik geri kazanimi ve
bertaraf uygulamalariyla saglanmasi gerektigi bulunmustur. Bu, ¢evresel uyumlu ve
siirdiiriilebilir atik isleme yontemlerinin dncelikli oldugunu gostermektedir. Ikinci olarak,
finansal meseleler, 6zellikle atik kabul tesisi kurma maliyetinin 6nemli bir faktér oldugu
belirlenmistir. Uzmanlar, ¢evre dostu uygulamalarin gerekliligini kabul ederken, bu cabalarin
biitge sinirlamalariyla dengelemesi gerektigini vurgulamaktadir. Alt kategorilere bakildiginda,
atik geri kazanimi ve bertaraf yontemlerinin birden fazla alani ele alan kapsamli bir strateji
gerektirdigi goriilmektedir. Tesis, farkli atik tlirlerini islemek ve etkili bir sekilde yonetmek i¢in
tasarlanmasi gerekliligi agiga ¢ikmustir. Ayrica, atik lirtinlerinden enerji liretme segenegi biiyiik
onem tasimaktadir. Sonug olarak, bu ¢aligsma, bir limanda atik alim tesisi olustururken atik geri
kazanimi1 ve bertaraf uygulamalarinin 6nceliklendirilmesinin ve maliyetlerin kontrol
edilmesinin kritik oldugunu vurgulamaktadir. Bu temel faktorlere odaklanarak, karar vericiler
tesisin ¢gevresel standartlara uygun olmasinin yani sira etkili ve ekonomik bir sekilde calismasini
saglayabilir, ayrica limanin ve ¢evresinin genel ekolojik biitlinliigiine katkida bulunabilir.

Anahtar Kelimeler: Limanlar, Atik Yonetimi, Atik Alim Tesisi Planlamasi, B-AHS
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Limanlarda atik alim tesislerinin planlanmasi, ¢esitli faktorlerin dikkatlice g6z Oniine
alinmasini gerektiren karmasik bir siiregtir. Verimli bir atik alim tesisi kurulmasi, limanlarda
etkili atik yonetimini saglamak, ¢evresel diizenlemelere uygunluk saglamak ve stirdiiriilebilir
uygulamalari tesvik etmek acisindan hayati 6neme sahiptir. Ayrica, finansal diisiinceler de karar
verme siirecinde énemli bir rol oynar, ¢iinkii bu tesislerin kurulmasi ve isletilmesi maliyeti
Oonemli olabilir. Bu nedenle, hem ¢evresel hem de finansal faktorleri ele alan kriterleri
onceliklendirmek, limanlardaki atik alim tesislerinin basarili planlanmasi ve uygulanmasini
saglamak i¢in esastir.

Son yillarda, ¢evreyle uyumlu ve siirdiirtilebilir atik isleme yontemlerine vurgu yapilmaktadir.
Etkili atik yonetimi, atik geri doniisiimii ve bertaraf uygulamalari, atik alim tesisi planlamasinda
temel kriterler olarak kabul edilir (Mierzwa-Hersztek vd., 2019). Bu uygulamalar, sadece
limanin ve gevresinin genel ekolojik biitiinliigiine katkida bulunmakla kalmaz, ayn1 zamanda
at1g1 azaltma ve siirdiiriilebilirligi tesvik etme ¢abalariyla da uyumludur. Atik geri doniistimii
ve bertaraf yontemlerinin Onceliklendirilmesi, farkli tiirdeki atiklart islemek igin tesisin
tasarimini ve atik iiriinlerinden enerji liretme segenegini i¢eren kapsamli bir strateji gerektirir
(Kim vd., 2014).

Ancak, ¢evresel diisiinceler ne kadar 6nemli olursa olsun, finansal faktorler goz ardi edilemez.
Atik alim tesisi kurma maliyeti, karar vericilerin dikkate almasi gereken dnemli bir faktordiir
(Kim et al., 2014). Cevre dostu uygulamalar1 biitge kisitlamalariyla dengelemek, tesisin
ekonomik siirdiiriilebilirligini ve verimliligini saglamak i¢in gereklidir. Bu nedenle, atik alim
tesislerinin planlanmasindaki kriterlerin onceliklendirilmesinde finansal diisiinceler de yer
almalidir, boylece kaynak tahsisi ve maliyet etkinligi optimize edilebilir (Ronda vd., 2014).

Atik alim tesislerinin planlanmasi konusunda bilingli kararlar alabilmek i¢in konuyla ilgili
uzmanlardan bilgi toplamak esastir. Fuzzy Analytic Hierarchy Process (F-AHP) yontemi, en
onemli kriterleri belirlemek icin kullanilabilir (Yildiz ve Aymelek, 2023). Bu yontem, konuyla
ilgili uzmanlarin goriislerine dayali olarak kriterlerin sistemli bir sekilde degerlendirilmesine
ve onceliklendirilmesine olanak tanir (Yildiz vd., 2023). Konuyla ilgili uzmanlarla bir anket
yaparak, karar verme siirecini yonlendirmek ve kriterlerin dnceliklendirilmesinin atik alim
tesislerinin planlanmasi konusundaki ihtiyaglar ve hedeflerle uyumlu oldugundan emin olmak
icin degerli i¢goriiler elde edilebilir.

Sonug olarak, limanlardaki atik alim tesislerinin planlanmasi, hem g¢evresel hem de finansal
faktorlere yanit veren kriterlerin dikkatlice 6nceliklendirilmesini gerektirir. Etkili atik yonetimi,
atik geri doniistimii ve bertaraf uygulamalari, ¢evreyle uyumlu ve siirdiirtilebilir atik isleme
yontemleri i¢in temel oneme sahiptir (Abila ve Kantola, 2019). Ayrica, bir atik alim tesisi
kurmanin maliyeti gbz Oniine alimmalidir, boylece tesisin ekonomik siirdiiriilebilirligi ve
verimliligi saglanabilir. Bu kriterleri onceliklendirerek, karar vericiler, biitge kisitlamalarini
dengeleyerek limanin genel ekolojik biitlinliigiine katkida bulunan bilingli segimler yapabilirler.
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Bu c¢alisma, limanlardaki atik alim tesislerinin planlanmasi siirecine dair sistematik bir
incelemeye odaklanarak, kapsamli bir analiz sonucu elde edilen degerli goriisleri sunmay1
amaclamaktadir. Fuzzy Analitik Hiyerarsi Siireci (F-AHP) yontemini kullanarak yapilan
metodolojik bir yaklasim ile bu aragtirma, atik yonetimi konusundaki karar verme siirecini
belirleyen ana kriterleri anlamak i¢in 11 konu uzmaniyla gergeklestirilen bir caligmay1
icermektedir. Bu arastirma baglaminda, iki temel faktor 6ne ¢ikmaktadir. Birincisi, ¢alisma,
etkili atik yonetimi, geri doniislim ve bertaraf uygulamalarmin kritik énemini vurgular. Bu
vurgu, ekolojik ayak izini en aza indirmeyi amaclayan kiiresel girisimlerle uyumlu olarak,
cevreyle uyumlu ve siirdiiriilebilir atik isleme yodntemlerini benimseme aciliyetini gdsterir.
Ikincisi, atik alim tesisi kurmanmn finansal yénleri 6nemli bir endise olarak ortaya ¢ikar.
Calisma, ¢evre dostu uygulamalari biitce kisitlamalariyla dengelemenin 6nemini vurgular,
boylece ¢evresel bilinci 6n planda tutmanin yani sira maliyet-etkin ¢oziimlerin saglanmasi
gerekliligini ortaya koyar.

Alt kategorilerin daha yakindan incelenmesi, liman tesislerinde atik yonetiminin karmasikligini
ortaya koyar. Atik geri donlisiimii ve bertaraf yontemlerinin, agikc¢a, biitiinsel ve ¢ok yonlii bir
strateji gerektirdigi gorlilmektedir. Bu strateji, sadece ¢esitli atik tiplerinin etkili bir sekilde
islenmesini degil, ayn1 zamanda atik iirlinlerinden enerji iiretimi gibi yenilik¢i alanlar
kesfetmelidir. Bu durum, hem c¢evresel siirdiiriilebilirligi hem de ekonomik uygulanabilirligi
hedefleyen kapsamli bir planlamanin gerekliligini vurgular. Bu bulgular dogrultusunda, bu
caligma, limanlardaki atik alim tesislerinin planlanmasinda nuansh bir yaklasimi savunur. Atik
geri doniisiimii ve bertaraf uygulamalarini ¢evresel standartlara siki sikiya uymasiyla birlikte
kat1 mali kontrolle dnceliklendirerek, liman otoriteleri ve paydaslar, ¢cevresel hedeflerle uyumlu
tesisler olusturabilirler, boylece hem etkili hem de ekonomik olarak isleyebilirler. Bu ¢ift odak,
sadece kiiresel ¢evresel hedeflerle uyumlu olmakla kalmaz, ayn1 zamanda limanlarin ve
cevresindeki alanlarin ekolojik biitiinliigline 6nemli katkilarda bulunarak, ekonomik biiyiime
ile cevresel koruma arasinda uyumlu bir denge saglar.

Bu ¢alismada, kullanilan metodolojiler, F-AHP analizinin detayli bulgular1 ve limanlardaki atik
alim tesislerinin planlanmasindaki Oncelikli kriterlerin uygulanmasinin sonuglarina dair
derinlemesine bir inceleme yapilmistir. Bu kapsamli kesif yoluyla, bu aragtirma, liman yonetimi
ve siirdiiriilebilir kalkinma konularinda yer alan politika yapicilar, c¢evreciler ve endiistri
profesyonelleri i¢in degerli goriisler ve pratik 6neriler sunmay1 amaglamaktadir.

Kavramsal Cerceve

Limanlarda cevre yonetimi, siirdiiriilebilir deniz limani igletmeciliginde kritik bir rol
oynamaktadir. Limanlar, kiiresel lojistik deniz tagimaciligi zincirinin ana bilesenleri
oldugundan, giinliik operasyonel faaliyetlerini optimize etmek ve cevreye olan olumsuz
etkilerini en aza indirmek giderek daha onemli hale gelmistir (Ballini vd., 2021). Limanlarda
cevre yonetimine odaklanma, cevresel diizenlemelere uyum saglama, kirliligi azaltma ve
stirdiiriilebilir uygulamalar1 tesvik etme ihtiyacindan kaynaklanmaktadir (Castello-Taliani vd.,
2021). Limanlarda cevre yoOnetimini Onceliklendirmenin ana nedenlerinden biri, yesil
uygulamalarin kontrol ve izlenmesidir (Castello-Taliani vd., 2021). Avrupa Deniz Limanlar1
Organizasyonu (ESPO), ¢evreyle uyumlu onlemleri uygulamanin ve liman faaliyetlerinin
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cevresel onceliklerle uyumlu olmasinin énemini vurgular (Castello-Taliani vd., 2021). Bu,
emisyonlar1 kontrol etme, atiklar1 yonetme ve dogal kaynaklari koruma gibi unsurlar1 igerir.

COVID-19 pandemisi, limanlarda ¢evre yonetiminin dnemini daha da vurgulamistir. Bu kriz,
ozellikle belirsizlik ve dalgalanmalar karsisinda liman operasyonlarinda risk yonetimi ve
dayanikliligin gerekliligini ortaya koymustur (Notteboom ve Haralambides, 2020). Cevre
yonetimi uygulamalari, limanlarin degisen kosullara uyum saglamasina ve ¢evre lizerindeki
kesintilerin etkisini azaltmasina yardimci olabilir. Son yillarda, ¢evreyle uyumlu limanlar
yaratmay1 amagclayan 'eko-liman' kavrami onem kazanmistir (Wu, 2020). Avrupa Deniz
Limanlar1 Organizasyonu (ESPO), cevresel korumayi tesvik eden ve limanlardaki gevre
yOnetimini iyilestirmeyi amaglayan EcoPorts gibi projeleri baglatmistir (Wu, 2020). Bu
girisimler, liman operasyonlarinda cevresel siirdiiriilebilirligin 6nemine dair farkindalig
vurgular.

Limanlarda ¢evre yonetimi, liman faaliyetlerinin hava, su, toprak ve sediment iizerindeki
etkilerini kontrol etmeyi icerir (Puig vd., 2015). Bu, ¢evresel performansi artirmay1, maliyetleri
azaltmay1 ve limanlarin miisteriler ve toplum goziindeki imajin iyilestirmeyi amaglayan bir
dizi politika, program ve uygulamay1 igerir (Braga ve Gomes, 2020). Etkili ¢evre yonetimi
stratejilerini uygulayarak, limanlar karlhiliklarini, itibarlarini ve genel siirdiiriilebilirliklerini
artirabilirler. Limanlarda ¢evre ydnetiminin performansi ilizerine yapilan arastirmalar ve
degerlendirmeler devam etmekte olan bir konudur. Calismalar, Avrupa limanlarinin ¢evresel
performansini incelemis, trendleri ve iyilestirme alanlarmi belirlemistir (Puig vd., 2020).
Ayrica, ¢evre yonetim sistemlerinin etkinligini degerlendirmek icin ¢evresel gostergelerin ve
performans degerlendirme araclarinin gelistirilmesi de incelenmistir (Puig vd., 2017). Bu
cabalar, deniz limanlarinda ¢evre yonetimi uygulamalarin stirekli olarak gelistirilmesine
katkida bulunur."

Limanlarda atik aliminin 6nemi yadsinamaz, ¢iinkii bu, siirdiirtilebilir ve ¢evre sorumlulugu
tastyan liman isletmelerini saglamak adina kritik bir rol oynar. Limanlardaki atik alim tesisleri,
gemilerden kaynaklanan cesitli atiklarin yonetimi ve bertarafi i¢in elzemdir; bu atiklar arasinda
¢op, yagl atik, kanalizasyon ve tehlikeli maddeler bulunmaktadir (Khondoker ve Hasan, 2020).
Etkili atik alim tesislerinin kurulmasi birkag nedenle hayati dneme sahiptir. Oncelikle, atik alim
tesisleri limanlarin atik yonetimi konusundaki uluslararasi ve ulusal diizenlemelere uygun
olmalarma yardimci olur. Uluslararast Denizcilik Orgiitii (IMO), gemilerden kaynaklanan
kirliligi 6nlemek ve gemilerden gelen atiklarin uygun sekilde islenmesini ve bertarafini tesvik
etmek icin MARPOL So6zlesmesi kapsaminda diizenlemeler yapmistir (Khondoker ve Hasan,
2020). Bu diizenlemeler, limanlardan gemilerden gelen atiklar1 alacak ve yonetecek yeterli atik
alim tesislerini saglamalarmi gerektirir (Khondoker ve Hasan, 2020). Bu diizenlemelere
uyulmastyla, limanlar deniz ekosistemlerini koruma ve kirliligi 6nleme konusunda katkida
bulunurlar.

Ikinci olarak, atik alim tesisleri deniz ¢evresinin korunmasina ve kirliligin azaltilmasina katkida
bulunur. Eger gemilerden kaynaklanan atiklar uygun sekilde yonetilmezse, deniz ekosistemleri
tizerinde su kirliligi, habitat bozulmasi1 ve deniz canlilarina zarar gibi énemli olumsuz etkilere
neden olabilir (Richardson vd., 2016). Atik alim tesislerinin saglanmasiyla, limanlar
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gemilerden gelen atiklarin ¢evresel agidan sorumlu bir sekilde toplanmasini, aritilmasini ve
bertaraf edilmesini saglayarak, deniz ¢evresine olasi zarari en aza indirirler (Richardson vd.,
2016). Ugiincii olarak, atik alim tesisleri siirdiiriilebilir uygulamalar1 ve dongiisel ekonomiyi
tesvik eder. Limanlar, atik azaltma, geri doniisiim ve kaynak kullanimini yeniden kazanma gibi
atik yonetimi stratejilerini uygulama firsatina sahiptir (Satir ve Dogan-Saglamtimur, 2018).
Farkli tiirdeki atiklar1 ayirarak ve uygun sekilde yoneterek, limanlar malzemelerin geri
dontistimiinii ve yeniden kullanimini kolaylastirabilir, dogal kaynaklara olan bagimliligi
azaltabilir ve ¢oplere gonderilen atig1 en aza indirebilirler (Medina-Mijangos vd., 2021). Bu,
daha stirdiiriilebilir ve kaynak verimli bir liman endiistrisine dogru gecise katkida bulunur.

Ayrica, limanlardaki atik alim tesisleri limanin genel imajini ve itibarini artirir. Cevresel
stirdiiriilebilirlige oncelik veren ve etkili atik yonetimi uygulamalarin1 sergileyen limanlar,
tasimacilik sirketleri, misteriler ve yerel toplum gibi paydaslar tarafindan daha olumlu bir
sekilde degerlendirilirler (Argiiello, 2020). Olumlu bir c¢evresel itibar, gevreye duyarli
isletmeleri ¢eker ve limanin ekonomik biiyiimesine ve rekabetgiligine katkida bulunabilir
(Argtiello, 2020). Sonug olarak, limanlardaki atik alimi, siirdiiriilebilir ve ¢evre sorumlulugu
tastyan liman isletmelerini saglamak acisindan son derece Onemlidir. Yeterli atik alim
tesislerinin saglanmasiyla, limanlar diizenlemelere uyabilir, deniz c¢evresini koruyabilir,
stirdiiriilebilir uygulamalar tesvik edebilir ve genel imaj ve itibarlarini artirabilirler. Etkili atik
alim tesislerinin kurulmasi, gemilerden kaynaklanan atiklarin uygun sekilde yonetilmesine
katkida bulunarak, deniz ekosistemlerini koruma ve kirliligi azaltma konusuna katk1 saglar.

Materyal ve Metot

B-AHS, karar vericinin kesin Kararlar yerine algilara dayali degerlendirmeler sunabilecegi
durumlarda kullanilabilir. B-AHS yontemi limancilik ile ilgili problemlerde sik¢a kullanilan bir
yontemdir (Du vd., 2017). Bu problemler, sadece kullanicilarin liman hizmet se¢imiyle ilgili
sorunlar1 degil, ayn1 zamanda yesil liman kriterlerinin ve yesil liman performans gostergelerinin
degerlendirilmesini de igerir (Chiu vd., 2014; Lirn vd., 2013). Bu ¢alismada, limanlardaki atik
alim tesisi planlamasinin ¢evre yonetimi literatiiriinde yaygin olarak tartisilan dort ana kategori
ve alt kriterlerin agirliklarinin belirlenmesi amaciyla bulanik analitik hiyerarsi siireci yontemi
kullanilmistir. Veriler, Tiirkiye'de aktif olarak faaliyet gosteren liman yetkililerinin bakis
acilarindan elde edilmistir.

Liman atik alim planlamasi i¢indeki kategorilerin ve kriterlerin 6nemini incelemek amaciyla
bir anket ¢aligmasi yapilmistir. Anket, konu uzmani katilimcilara uygulanmaistir; bu katilimeilar
belirli kriterlerin géreceli oneminin ¢iftler halinde karsilagtirmalarini gergeklestirmistir. Amag,
liman atik alim planlamasinda en uygun prosediirleri belirlemektir. Her katilimcidan, kriterlerin
onemine veya alternatif siralamalara iligkin anlagma zorunlulugu olmaksizin ayr1 ve ayirt
edilebilir degerlendirmeler yapmasi istenmistir. Bu yontemin amaci, katilimcilarin
izlenimlerini, cesitli secenekler arasinda se¢im yaptirarak yakalamaktir. Katilimcilar, bir
faktorin digerine gore algilanan Onemini yansitmak i¢in ikili karsilastirma Olgegini
kullanmiglardir (Tablo 1'e bakiniz).
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Tablo 1. Arastirmanin Dilbilgisel Olgegi

Aciklama Saaty AHP Olcegi (Net Degerler)
Esit tercih edilen

Orta derecede tercih edilen

Giiglii bir sekilde tercih edilen

Cok giiclii bir sekilde tercih edilen

Son derece tercih edilen

Esit derecede orta derecede tercih edilen
Orta dereceden giiclii bir sekilde tercih edilen
Giigliiden ¢ok giiclii bir sekilde tercih edilen
Cok giicliiden son derece tercih edilen

RN PR[(DN[O|Q|n|W|—

Kaynaklar: Anagnostopoulos ve digerleri (2007), Bakir ve Atalik (2021), Yildiz ve digerleri (2023).

Bu caligmada katilimcilar1 segmek igin amagli 6rnekleme yontemi kullanilmistir, yani
katilimcilar, arastirmanin amactyla ilgili belirlenmis kriterlere dayali olarak segilmislerdir.
Amach 6rnekleme yonteminin temel hedefi, deneyim, yetenek ve konuyla ilgili uzmanlikla
sekillenmis zihinsel yetilere sahip uzmanlar1 6rnekleme dahil etmektir. Algilara dayali olarak
yapilan AHP caligsmalarinda, degerlendirmelerin dogru ve gegerli sonuglar vermesini saglamak
icin en uygun uzmanlar1 ornekleme dahil etmek hedeflenir. Bu baglamda, bu c¢aligmada
orneklemin secimi i¢in amagli drnekleme yontemi en uygun ornekleme yontemi olarak kabul
edilmistir. Potansiyel katilimcilarin, konuyla ilgili yiiksek diizeyde uzmanliga ve deneyime
sahip olmalari, ayrica ¢alismaya katilmaya hazir ve istekli olduklarint gdstermeleri se¢imi
etkileyen ana faktorlerdir (Palinkas vd., 2015; Yildiz vd., 2023).

Nihai 6rneklem, sektordeki deneyimleri ve konudaki yetkinlikleri nedeniyle secilen 11 kisiy1
icermektedir. Katilimcilarin se¢iminde Tiirklim Veritabani kullanilmis ve bu c¢alismanin
kapsaminda degerlendirilen limanlarin en az %10'una ulasilmas1 hedeflenmistir. Yanitlayicilar
hakkinda detayl bilgiler Tablo 2'de yer almaktadir.

Tablo 2. Katilimcilarin Profili

Katilimc1 Kurum Pozisyon/Meslek Sektir Deneyimi Egitim

1 LIMAN isSaghgiveGuvenligi 5YIL YUKSEK LiSANS
Uzmani

2 LIMAN EII;\:IAN OPERASYON 10YIL YUKSEK LISANS

3 LIMAN i§5agl|g|veGUven|igi 12YIL YUKSEK LiISANS
Uzmani

4 LIMAN Saglik-Emniyet- 6 YIL YUKSEK LISANS
Cevre Uzmani

5 LIMAN KALITE SEFI 8YIL YUKSEK LISANS

6 LIMAN i§5agl|g|ve 10YIL LISANS
Guvenligi Uzmani

7 LIMAN OPERASYON 15YIL LISANS
MUDURU

8 LIMAN LIMAN ISLETME 4YIL LISANS
MUDURU
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9 LIMAN LIMAN ISLETME 15YIL DOKTORA
MUDURU

10 LIMAN ENTEGRE 10YIL LISANS
YONETIM VE
IDARE ISLER
YONETICISI

11 LIMAN CEVRE YUKSEK 20YIL YUKSEK LISANS
MH.

Analiz ve Bulgular

Veri toplama siirecinin ardindan, anket sorularindan elde edilen veriler dikkatlice incelenmis
ve katilimcilarin perspektiflerine dayali olarak bes farkli kriter matrisi olusturulmustur. Bu
sayisal analiz, katilimcilarin toplam yanitlari igin kriter agirliklarini belirlemede bize yardimci
olmustur. Matrislerin olusturulmasinda, ortalama yanitlarin en yakin tam sayilar1 kullanilir.
Sayisal analizin son asamasinda, Warton Rasgele indeks (RI) &lgegini kullanarak CR
hesaplanir. Problemin 4 ana kategori ve her biri icin 4 kriter igermesi nedeniyle RI degeri 0.90
olarak kabul edilmistir. Katilimeilarin yanitlarinin tutarlilik oranini hesapladigimizda, bunun
yaklasik 0.07 oldugu tespit edilmistir, bu da 0.1'den daha kiiciik oldugu i¢in tutarli oldugu
anlamina gelmektedir.

Tablo 3. Warton RI Olgegi

n 1 2 3 4 5 6 7 8

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41

Kaynak: Franek ve Kresta, (2016).

Sayisal analizin bir sonucu olarak oncelikle kriter agirlik ve kriter siralama sonuglar1 elde
edilmistir. Tablo 4, calismanin kriter agirligini ve siralamasini sunar. Asagidaki tablo ise 11
katilimcinin agirlik ve siralama sonuglarini gostermektedir.

Tablo 4. Calismanin Kriter Agirlik Sonuglari

Grup Uyeleri
Ana Ana iginde Agirliz Genel Agirhk
Kriter Kriter Kod Alt Kriter Adi
Ad Sk
! oru Puan Sira Puan | Sira
= = U1 Ekipman masrafi 0,28871 2 0,05731 8
= <
a = U2 Personel Masrafi 0,16195 4 0,03215 13
= % 0,19851
§ 2 U3 | Bakim/onarim 033369 1| 0,06624 | 5
= U4 | Diger (dngorilemeyen) 021537 | 3 | 004275 | 11
= DI | Deniz 0,26192 2 0,05187 | 9
s < D2 Kara 0,17457 3 0,03457 12
z =
5 < 0,19804 D3 | Sabit hat 0,14502 | 4 | 0,02872 | 14
O K 1
ot arisik (Deniz+Kara,
D4 0,41822 1 282
g Sabit+Kara, vb.) ’ 0,0828 3
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I~ Tl | Birinci Saftha 035899 | 1 | 006283 | 6
=4
E' 0.17501 T2 I}(lnm Satha 0,15220 4 0,02664 | 16
d T3 Ugiincii Satha 0,15930 3 0,02788 | 15
P
> Karisik (142, 2+3, 143
= T4 ’ ’ ’
= 14243) 0,32924 2 0,05762 | 7
= Gl Enerji/yakit elde etme 0,30133 2 0,12907
E G2 Tarimda kullanma 0,15521 3 0,06648 4
]
5 2 E 0,42834 G3 Arazi doldurma 0,10421 4 0,04464 | 10
O E Karisik (Tarim-+arazi,
E G4 Tarim+enerji, Enerji+Yakit, | 0,43884 1 0,18797 1
vb.)

Geri kazanim ve bertaraf stratejileri, genel agirlik agisindan en list siradadir. Bu sonug, atiklarin
etkili bir sekilde yeniden kazanilmasi veya giivenli bir sekilde bertaraf edilmesinin,
stirdiiriilebilirlik agisindan kritik &neme sahip oldugunu gostermektedir. Farkli geri kazanim ve
bertaraf yontemlerinin birlestirilmesi, atiklarin ekonomik ve ¢evresel agidan en verimli sekilde
degerlendirilmesini saglar. Maliyetler, genel agirlik acisindan ikinci siradadir. Ozellikle
bakim/onarim ve ekipman masrafi gibi maliyet faktorlerinin dikkate alinmasi, biit¢e yonetimi
acisindan 6nemlidir. Depolama ve toplama stratejileri, genel agirlik agisindan tigiincii siradadir.
Farkli depolama yontemlerinin birlestirilmesi, liman operasyonlarinin diizenli ve etkili bir
sekilde yonetilmesi i¢in 6nemli bir unsurdur. Temizlik siireci, genel agirlik agisindan son
siradadir. Temizlik asamalarinin dogru bir sekilde planlanmasi ve uygulanmasi, limanin
cevresel etkilerini minimize etmede dnemli bir rol oynar. Bu kategoride birinci satha, temizlik
stirecinin en kritik agamasi olarak belirlenmistir.

Bu siralama, genel olarak geri kazanmim/bertaraf stratejilerinin ve maliyet unsurlarinin, atik
yonetimi siirecinde Oncelikli olarak ele alinmasi gerektigini gostermektedir. Bu iki ana kriter,
limanlarin ¢evresel etkilerini en aza indirmek ve siirdiiriilebilirlik hedeflerini desteklemek icin
odaklanilmasi gereken temel alanlari temsil eder. Temizlik ve depolama/toplama stratejileri de
onemlidir ancak geri kazanim/bertaraf ve maliyet kadar oncelikli degildir. Bu sonuglar,
stirdiiriilebilir atik yonetimi stratejileri olustururken hangi alanlara odaklanilmasi gerektigi
konusunda degerli bir rehber sunmaktadir.

Arastirma sonuglarina goére, atitk yOnetimi stratejilerinde en Onemli kriterler geri
kazanim/bertaraf ve maliyet unsurlaridir. Geri kazanim ve bertaraf stratejileri, 6zellikle enerji
ve yakit elde etme ile farkli geri kazanim yontemlerinin birlestirilmesi en yiiksek oncelige
sahiptir. Maliyet unsurlar1 arasinda bakim/onarim masraflar1 en 6ncelikli maliyet unsuru olarak
goriiliirken ekipman masraflar1 hemen ondan sonra gelen maliyet unsuru olarak dikkat
cekmektedir. Depolama/toplama stratejilerinde ise farkli depolama yontemlerinin entegrasyonu
en yuksek oncelige sahipken, denizde depolama ikinci siradadir. Temizlik siirecinde ise birinci
satha ve farkli temizlik asamalarinin entegrasyonu Onem tasirken, maliyetlerde ise
bakim/onarim en kritik faktordiir. Sonuclar, liman yoneticilerine siirdiiriilebilir atik yonetimi
stratejileri olustururken hangi alanlara odaklanmalar1 gerektigi konusunda 6nemli bir yol
gosterici sunmaktadir.
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Enerji kaynaklariin giderek azalmasi ve enerji fiyatlarindaki dalgalanmalar, atiklarin enerji ve
yakit tiretiminde kullanilmasini cazip kilmaktadir. Bu, hem ekonomik hem de ¢evresel agidan
avantaj saglar. Farkli atik tlirlerinin entegre bir sekilde geri kazanilmasi, kaynaklarin etkin bir
sekilde kullanilmasini saglar. Bu da hem atiklarin bertarafini saglar hem de yeni {iriinlerin
iiretiminde malzeme kaynagi olarak kullanilabilir. Denizdeki ekipmanin bakimi ve onarimi,
hem calisan glivenligi hem de ¢evresel uyumluluk agisindan 6nemli bir rol oynar. Ayrica, bakim
gereksinimleri diizenli olarak degerlendirilmeli ve bu maliyetler biitce planlamasinda dikkate
alinmalidir. Limanlarda depolanan atiklarin dogru yonetimi, ¢evresel kirliligi dnlemek icin
onemlidir. Atiklarin depolama alanlar1 ve yontemleri, hem ¢evresel etkileri minimize etmek
hem de giivenli bir sekilde bertaraf etmek agisindan 6nem tagir. Deniz ve liman g¢evresinin
temizlenmesi, ekosistemlere zarar veren atiklarin temizlenmesini saglar. Deniz ve kiy1
temizligi, dogal yasami koruma agisindan kritiktir ve kamuoyu tarafindan da genellikle biiyiik
bir 6nem tasimaktadir.

Bu siralamada geri kazanim/bertaraf stratejilerinin en iist sirada olmasi, atiklarin ekonomik ve
cevresel degerlendirilmesinin 6nemini yansitir. Maliyetlerin ikinci sirada olmasi, biitce
yonetiminin  ve siirdiirtilebilirligin ~ biiylik  0lgiide  dikkate alindigin1 ~ gosterirken,
depolama/toplama stratejilerinin {igiincii sirada olmasi, atiklarin diizenli yOnetilmesinin
Oonemini vurgular. Temizlik siirecinin son sirada olmasi, deniz ¢evresinin korunmasi konusunda
henliz yeterli bilince ulagilamadigini gostermektedir. Bu siralama, hem ¢evresel
stirdiiriilebilirligi saglamak hem de ekonomik olarak etkin atik yonetimi stratejileri gelistirmek
icin odaklanilmasi gereken alanlar1 belirlemek acisindan mantiklidir.

Sonug¢

Bu ¢aligma, limanlarda atik yonetimi stratejilerinin belirlenmesinde 6nemli olan kriterleri ve bu
kriterlerin 6ncelik siralamalarini belirlemeyi amaglamistir. Geri kazanim/bertaraf stratejileri,
atik yonetimi siirecindeki en kritik alan olarak belirlenmistir. Atiklarin etkili bir sekilde yeniden
kazanilmast veya gilivenli bir sekilde bertaraf edilmesi, liman operasyonlarinin
strdiirtilebilirligi agisindan kritik 6neme sahiptir. Bu stratejiler, atiklarin hem ekonomik hem
de ¢evresel acidan en verimli sekilde degerlendirilmesini saglamak amaciyla enerji ve yakit
iretimi gibi farkli geri kazanim yontemlerinin birlestirilmesini icermektedir.

Maliyet unsurlari ikinci sirada yer alirken, 6zellikle bakim/onarim ve ekipman masraflar1 gibi
faktorlerin blitce yonetimi acisindan dikkate alinmasi gerektigi vurgulanmistir. Depolama ve
toplama stratejileri ti¢iincii sirada yer almakta olup, atiklarin diizenli ve giivenli bir sekilde
yonetilmesi i¢in farkli depolama yontemlerinin entegrasyonunun Onemli oldugunu
gostermektedir. Her ne kadar temizlik siireci en az dneme sahip kategori olarak belirlense de.
Katilimcilara gore, deniz ve liman g¢evresinin temizlenmesi, dogal yasamin korunmasi ve
kamuoyu beklentilerini karsilamak acisindan biiyiik bir 6neme sahiptir. Temizlik asamalarinin
dogru bir sekilde planlanmasi ve uygulanmasi, limanin gevresel etkilerini minimize etmede
kritik bir rol oynamaktadir.

Calismanin bulgulari, gelecekteki arastirmacilara ve endiistri profesyonellerine rehberlik
edecek onemli bir teorik ¢ergeve sunmaktadir. Ayrica, belirlenen 6ncelikler ve stratejiler, atik
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yonetimi literatiiriine yeni bir bakis acist sunarak bu alandaki teorik bilgiyi zenginlestirmistir.
Bu calismanin belirledigi stratejiler, liman yoneticilerine ve endiistri profesyonellerine, atik
yonetimi siireglerini optimize etme ve ¢evresel siirdiiriilebilirligi artirma konusunda somut bir
yol haritas1 sunmaktadir. Uygulayicilara, belirlenen stratejileri temel alarak atik yonetimi
politikalarin1 giincelleme ve gelistirme firsati sunulmaktadir. Limancilik sektorii, kiiresel
ticaretin 6nemli bir bileseni olarak ekonomik biiylimeye katkida bulunurken, cevresel
stirdiiriilebilirligi de dikkate almalidir. Bu g¢alismanin belirledigi atik yonetimi stratejileri,
sektore ¢evresel uyumluluk saglama ve sosyal sorumluluklarini yerine getirme firsati
sunmaktadir. Bu, hem endiistriyel hem de toplumsal diizeyde siirdiiriilebilirlige katki
saglayabilir.

Calismanin oncelikli kisit1 katilimcilarin ve katilimer limanlarin sinirliligindan dogmaktadir.
Ulkemizde heniiz limanlarda tam anlamiyla ¢alisan atik alim tesislerinin bulunmamasi bu
kisitin olugmasinda etken olmustur. Gelecekteki arastirmalarda, belirlenen stratejilerin farkll
limanlarda nasil uygulanabilecegi ve bu uygulamalarin ¢evresel etkileri lizerine detayli saha
caligmalar1 yapilmalidir. Ayrica, farkli cografi bolgelerdeki limanlarda atik yonetimi stratejileri
arasindaki farkliliklar inceleyen karsilastirmali ¢aligmalara da ihtiyag¢ vardir.

Kaynaklar
Abila, B. ve Kantola, J. (2019). waste management: relevance to environmental sustainability.

International Journal of environment and waste management, 23(4), 337.
https://doi.org/10.1504/ijewm.2019.099991

Anagnostopoulos, K. P., Gratziou, M. ve Vavatsikos, A. P. (2007). Using the fuzzy analytic

hierarchy process for selecting wastewater facilities at prefecture level. European Water,
19/20, 15-24.

Argiiello, G. (2020). Environmentally sound management of ship wastes: challenges and
opportunities for european ports. Journal of Shipping and Trade, 5(1).
https://doi.org/10.1186/s41072-020-00068-w

Bakir, M. ve Atalik, O. (2021). Application of fuzzy AHP and fuzzy MARCOS approach for
the evaluation of e-service quality in the airline industry. Decision Making: Applications
in Management and Engineering, 4(1), 127 152.
https://doi.org/10.31181/dmame2104127b

Ballini, F., Vakili, S., Schénborn, A., Olger, A. 1., Canepa, M. ve Sciutto, D. (2021). Optimal
decision making for emissions reduction measures for italian container terminals.
Proceedings of the Institution of Mechanical Engineers, Part M: Journal of Engineering
for the Maritime Environment, 236(1), 283-300.
https://doi.org/10.1177/14750902211027680

Braga, R. C. M. S. ve Gomes, F. V. (2020). Environmental licensing as an instrument for the
environmental management of brazilian public ports. Sustainability, 12(6), 2357.
https://doi.org/10.3390/su12062357

PROCEEDING BOOK Academy Global Publishing House 117



https://doi.org/10.1504/ijewm.2019.099991

| LONFEREY,
o £y "

Y

2,
Z
-
=
=

=

Castello-Taliani, E., Giralt-Escobar, S. ve Rosa, F. S. d. (2021). Environmental disclosure:
ahp

analysis.

study on efficiency and alignment with environmental priorities of spanish ports.
Chiu, R,, Lin, L. ve Ting, S. (2014). Evaluation of green port factors and performance: a fuzzy
Mathematical

Sustainability, 13(4), 1791. https://doi.org/10.3390/su13041791

Problems in  Engineering, 2014, 1-12.
https://doi.org/10.1155/2014/802976

Du, J., Jiang, Y., Wang, K., Song, G., Wu, J., Song, L. ve Ma, Z. (2017). Evaluation of pilotage

dispatching operation for dalian port in china based on fce—ahp method. Journal of

International Maritime Safety Environmental Affairs and Shipping, 1(1), 11-18.
https://doi.org/10.1080/25725084.2017.1419786
Economics

Franek, J. ve Kresta, A. (2014). Judgment scales and consistency measure in AHP. Procedia
and  Finance,
5671(14)00332-3

12(1),  164-173.

https://doi.org/10.1016/S2212-
Khondoker, M. R. H. ve Hasan, K. N. (2020). Waste management of a maritime port-the case

of mongla port authority. Journal of Naval Architecture and Marine Engineering, 17(2),
219-230. https://doi.org/10.3329/jname.v17i2.48925

Kim,Y.H., Lee, Y., Song, J. ve Lee, S. Y. (2014). The development of investment prioritization
Academia-Industrial

Cooperation
https://doi.org/10.5762/kais.2014.15.1.515

criteria for the mooring facilities's maintenance by the delphi study. Journal of the Korea
Society,

15(1), 515-524.

Lirn, T., Wu, Y. ve Chen, Y. (2013). green performance criteria for sustainable ports in asia.
International Journal of Physical Distribution & Logistics Management, 43(5/6), 427-

451. https://doi.org/10.1108/ijpdIm-04-2012-0134

Medina-Mijangos, R., Zein, S., Guerrero-Garcia-Rojas, H. ve Segui-Amortegui, L. (2021). The
00519-6

economic assessment of the environmental and social impacts generated by a light
packaging and bulky waste sorting and treatment facility in spain: a circular economy

example. Environmental Sciences Europe, 33(1). https://doi.org/10.1186/s12302-021-

Mierzwa-Hersztek, M., Gondek, K. ve Kope¢, M. (2019). Degradation of polyethylene and
biocomponent-derived polymer materials: an overview. Journal of Polymers and the

environment, 27(3), 600-611. https://doi.org/10.1007/s10924-019-01368-4
19 era

Notteboom, T. ve Haralambides, H. (2020). Port management and governance in a post-covid-
quo vadis?.
https://doi.org/10.1057/s41278-020-00162-7

Maritime Economics and Logistics, 22(3), 329-352.
Palinkas, L.A., Horwitz, S.M., Green, C.A., Wisdom, J.P., Duan, N. ve Hoagwood, K. (2015).
Purposeful sampling for qualitative data collection and analysis in mixed method

PROCEEDING BOOK

Academy Global Publishing House

118




| LONFEREY,
o £y "

Y

2,
Z
-
=
=

=

implementation research. Administration and Policy in Mental Health and Mental
Health Services Research, 42(5), 533-544.

Puig, M., Pla, A., Segui, X. ve Darbra, R. M. (2017). Tool for the identification and
implementation of environmental indicators in ports (teip). Ocean and Coastal
Management, 140, 34-45. https://doi.org/10.1016/j.ocecoaman.2017.02.017

Puig, M., Raptis, S., Wooldridge, C. ve Darbra, R. M. (2020). Performance trends of
environmental management in european ports. Marine Pollution Bulletin, 160, 111686.
https://doi.org/10.1016/j.marpolbul.2020.111686

Puig, M., Wooldridge, C., Michail, A. ve Darbra, R. M. (2015). Current status and trends of the
environmental performance in european ports. Environmental Science and Policy, 48,
57-66. https://doi.org/10.1016/j.envsci.2014.12.004

central

Richardson, K., Haynes, D., Talouli, A. ve Donoghue, M. J. (2016). Marine pollution
pacific

originating from purse seine and longline fishing vessel operations in the western and
ocean, 2003-2015.
https://doi.org/10.1007/s13280-016-0811-8

Ambio, 46(2), 190-200.

Ronda, L., Ollo-Lépez, A. ve Goni-Legaz, S. (2016). Family-friendly practices, high-

performance work practices and work—family balance. Management Research the
Journal of the Iberoamerican

Academy
https://doi.org/10.1108/mrjiam-02-2016-0633

of Management,

14(1), 2-23.
Satir, T. ve Dogan-Saglamtimur, N. (2018). The protection of marine aquatic life: green port

(ecoport) model inspired by green port concept in selected ports from turkey, europe
https://doi.org/10.21533/pen.v6il.149

and the usa. Periodicals of Engineering and Natural Sciences (PEN), 6(1), 120.

Wu, X., Zhang, L. ve Yang, H. (2020). Integration of eco-centric views of sustainability in port
planning. Sustainability, 12(7), 2971. https://doi.org/10.3390/su12072971
Yildiz, R.O., Yeni, K. ve Esmer, S. (2023). Prioritisation of TM functions and talent

development practices in a specific service industry context. International Journal of
Human Resources Development and Management, 23(1), 73-92.

Yildiz, R.O. ve Aymelek, M. (2023). Striking the balance: The priority ranking of flexible work

arrangements in freight forwarding companies. Marine Science and Technology
Bulletin, 12(4), 428-444. https://doi.org/10.33714/masteb.1345746

PROCEEDING BOOK

Academy Global Publishing House

119




| LONFEREY,,
o £y .

&

oniusn®

&
N
=
P
&
3

OPTIK BEYAZLATICILAR VE KAGIT ENDUSTRISINDE KULLANIMI
OPTICAL BRIGHTENERS AND USE IN THE PAPER INDUSTRY

Dr. Ufuk YILMAZ

Kahramanmaras Siit¢ii Imam Universitesi, - 0000-0001-8240-1294
Prof. Dr. Ahmet TUTUS

Kahramanmaras Siit¢ii Imam Universitesi, 0000-0003-2922-4916

Prof. Dr. Sinan SONMEZ
Marmara Universitesi, - 0000-0003-3126-9590

OZET
Optical brighteners are auxiliaries that are increasingly consumed in the detergent and soap

industry and are widely used in the textile industry. These organic compounds, which were
found 50 years ago, are not only used in the textile and detergent industry, but also in the paper,
plastic and paint industry. Optical brightening agents (OBA’s), fluorescent brightening agents
(FBA’s) or fluorescent whitening agents (FWA’s) are extensively used in paper production to
increase the amount of reflection of blue light. Today, it has become almost impossible to
produce papers produced without optical brighteners, except for papers that are specially
needed. These materials are especially used in writing papers to achieve a higher whiteness
ratio and absorb UV light in the 290-400 nm range and emit visible blue light at 400-480 nm.
This increases the brightness and whiteness of the paper. As these substances create a high
contrast during printing, they reduce the need for ink/dye on the paper.

The aim of this study is to examine optical brighteners with an overview. In this study, optical
brighteners, their applications in various industries, and their usage in the paper sector, along
with their advantages and disadvantages in terms of product quality and human health, have
been examined. During this investigation, national and international comparisons and standards

have also been included in the study.

Anahtar Kelimeler : FBA’s, FWA’s, OBA’s, Paper industry, Whiteness
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1. INTRODUCTION

Paper, one of the most produced and consumed materials in the world, holds a significant
strategic position in our country as well, as emphasized by Sayin and Malayoglu (2001). With
advancements in technology, there has been an increased demand for paper that is whiter,
brighter, and visually appealing. This demand has led paper manufacturers to use chemical
substances such as optical brighteners to enhance the whiteness and brightness of papers.
Natural paper fibers tend to absorb more light in the blue region of the visible spectrum due to
the presence of natural pigments, resulting in an undesirable yellowish tone. However, when
synthetic fibers are used, this effect is less pronounced. The whiteness of these underlying layers
can be improved by the action of products called optical brighteners, fluorescent whitening
agents (FWASs), or fluorescent brightening agents, which enhance the whiteness level or color
of the material (Ruhela and Gajbhiye, 2020). These materials are particularly employed in
writing papers to achieve a higher whiteness ratio and to absorb UV light in the 290-400 nm
range, subsequently emitting visible blue light at 400-480 nm (Smith, 2020).

2. APPLICATIONS

Optical brighteners are used in the following industries:

e Textile and Garment Industry: Optical brighteners are used in textile products such as
cotton, silk, wool, and synthetic fabrics to enhance whiteness and brightness, giving
fabrics a more appealing look.

e Paper Industry: Optical brighteners, especially in the production of paper and
cardboard, are employed to make papers appear whiter and have a more attractive
appearance.

e Detergents and Cleaning Products: Some detergents and cleaning products contain
optical brighteners to whiten clothes and surfaces.

e Cosmetic Products: Certain cosmetic products, particularly teeth-whitening products
and skincare items, may contain optical brighteners to create a whitening effect.

e Printing and Packaging Industry: Optical brighteners can be used in magazines,
advertising posters, packaging materials, and other printed products to achieve a whiter
and brighter appearance.

e Household and Toilet Papers: These types of papers may contain optical brighteners
to appear whiter and more attractive (URL-1).
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The usage rates of optical brighteners are approximately 40% in the detergent and cleaning

industry, 30% in the paper industry, and about 20% in the textile sector. Figure 1 below shows

the effect of applying optical brighteners.

BEFORE || AFTER

-

Figure 1. Effect of optical brighteners (URL-3)

2.1. Materials Used as Optical Brighteners

Optical brighteners can have various chemical structures and can be used for different purposes

in different industries. The use of these substances is regulated and controlled in some cases

due to their environmental and human health impacts. There are approximately 400 optical

brighteners in the color index, but around 90 of them are produced commercially.

Basic optical brighteners are obtained by derivatizing fundamental structures such as:

Triazine-stilbenes
Coumarins
Imidazolines
Diazoles
Triazoles

Biphenyl stilbenes (Ozata, 2014).

Stilbens: Among these compounds, stilbenes, which are primarily based on stilbene, are the

most widely used in Diyarbakir and Turkey. Stilbene types containing the dichlorotriazine

group should have anilines, morpholines, and/or methanolic radicals in place of chlorines.
(Sener and Gol, 1990).
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Figure 2. Stilbens ( Rudra et al. 2022)
Coumarins : Coumarins are a class of phenolic compounds that can be found in plants and can
be of natural or synthetic origin, formed by the fusion of benzene and a-pyrone rings (Arslan
and Bingiil, 2021). Coumarin was first isolated by Vogel from the seeds of the Fabaceae
family's Tonka bean (Semen Tonca), which grows in South America, in 1822 (Camur, 2005).
While coumarins are generally colorless, some derivatives of them exhibit coloration and
intense fluorescent properties (Alghool, 2010).

AN

O "0

Figure 3. Coumarins

Imidazolin; Imidazoline is a heterocyclic class officially derived from imidazoles by reducing
one of the two double bonds. Three isomers are known: 2-imidazolines, 3-imidazolines, and 4-
imidazolines. While 2- and 3-imidazolines contain an imine center, 4-imidazolines contain an
alkene group. (URL-2).

N ON_ R
SRORY

Figure 4. Imidazolin (URL-2)
Diazols; The primary reason for the use of diazo compounds as optical brighteners is their
ability to visually enhance whiteness and brightness, particularly by reflecting or absorbing blue
and violet light. This enhances the aesthetic quality of consumer products and often makes them

appear more attractive.
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Triazols; Triazoles are a significant compound used as optical brighteners in various industries,
as polymer additives, and as active ingredients in pharmaceuticals. Consequently, this group is

a highly noteworthy segment, and numerous studies have been conducted on this subject
(Smith, 2020).

Figure 5. Triazoller (URL-4)
Bifenil stilbens; Optical brighteners can be applied to materials by adding them to cellulose
pulp during white paper production or during the washing process of textile products. These
compounds absorb light at specific wavelengths and create a visually white effect at longer
wavelengths.
In addition to these substances, chromophores are color-bearing agents used to enhance the

effectiveness of optical brighteners. These substances help increase the whiteness effect,
contributing to a whiter appearance.

2.1. Use of Optical Brighteners in the Paper Industry

Optical brighteners are chemical compounds widely used in the paper industry. They are
employed to make paper and documents appear whiter and brighter. Below are some details
regarding the use of optical brighteners in the paper industry:

1. Whiteness and Brightness Enhancement: Optical brighteners are used to increase the
whiteness and brightness of paper. This makes paper products more aesthetically
pleasing and visually appealing.

2. Blue Light Emission: When applied to the surface of paper, optical brighteners,
particularly in the presence of ultraviolet (UV) light in blue and violet colors, absorb
and re-emit this light. This results in paper appearing whiter because the human eye is
more responsive to blue and violet tones, effectively concealing any yellow or creamy
appearance.

3. Optical Darkening: Optical brighteners can enhance contrast by making text or prints

on paper more distinct. This improves readability and print quality.
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4. Paper Quality: Optical brighteners can improve the quality of paper products and are
used to produce higher-quality materials.

5. Consumer Demand: The use of optical brighteners is also linked to consumer demand
for whiter and brighter paper products. Therefore, optical brighteners are commonly
used for advertising materials, magazines, books, and other printed products.

As optical brighteners are chemical compounds, they need to be processed carefully and in
accordance with appropriate guidelines before being used in the paper industry. Additionally,
compliance with environmental regulations and efforts to minimize environmental impacts are
crucial. Hence, the use of these compounds is subject to environmental regulations and
continuous monitoring. Some commercially available optical brighteners are shown in Figure

6 below.

Figure 6. Some Optical brightners (Wypych and Wypych, 2016)

2.2. Environmental Effects of Optical Brighteners

Optical brightening agents (OBAs), also known as fluorescent whitening agents (FWASs), are
chemical compounds used to make materials appear brighter and whiter in various industries,
including textiles, paper, and detergents. However, the use of optical brighteners can have
environmental effects, including:

- Water Pollution: Optical brighteners are water-soluble chemicals and can enter water
bodies through industrial wastewater discharges or the use of products containing
OBAs. Once in the water, they can accumulate and persist, potentially causing water
pollution.

- Toxicity to Aquatic Life: Some optical brighteners can be toxic to aquatic organisms.
Fish, algae, and other aquatic life may be adversely affected when exposed to high
concentrations of these compounds (Smith, 2020).
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- Impact on Ecosystems: Optical brighteners can disrupt aquatic ecosystems by altering
species balances. Their presence in water bodies can create unfavorable conditions for
certain organisms, potentially leading to ecological imbalances.

- Long-Term Persistence: Optical brighteners can persist in the environment for
extended periods, meaning their effects may be long-lasting.

- Bioaccumulation: Some optical brighteners have the potential to bioaccumulate in the
tissues of aquatic organisms. This can result in higher concentrations of these
compounds in animals at the top of the food chain and pose a potential risk to humans
who consume contaminated seafood.

- Altering Predator Behavior: The fluorescence emitted by optical brighteners can
interfere with the behavior of predators that rely on UV light to locate their prey. This
disruption can affect natural predator-prey interactions.

The environmental impact of optical brighteners underscores the importance of responsible use,
proper disposal, and adherence to environmental regulations in industries where these
compounds are employed.

To mitigate the environmental effects of optical brighteners, various measures can be taken,
including:

- Regulations and Monitoring: Governments can regulate the use and discharge of
optical brighteners to limit their environmental impact. Monitoring of water quality in
industrial areas is essential to ensure compliance with these regulations.

- Safer Alternatives: Research and development efforts are ongoing to identify and
develop safer and more environmentally friendly alternatives to traditional optical
brighteners.

- Wastewater Treatment: Industrial facilities can implement advanced wastewater
treatment processes to remove optical brighteners from wastewater before discharging
it into water bodies.

- Consumer Education: Educating consumers about the environmental effects of
products containing optical brighteners can promote responsible use and disposal.

It's important to note that not all optical brighteners have the same environmental impact, and
some may be less harmful than others. Specific effects can vary depending on the chemical
composition of the optical brightener and the environmental conditions in which it is used. To
effectively address these concerns, a comprehensive understanding of the environmental fate

and effects of specific optical brighteners is necessary.
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3. CONCLUSION

The environmental concerns mentioned above serve as significant motivation for the more
sustainable use of optical brighteners in the paper industry and other sectors, aiming to reduce
their environmental impact. The development and use of alternative, more environmentally
friendly optical brighteners should also be a part of research and development efforts.

In conclusion, the importance of optical brighteners in the paper industry cannot be ignored,
but this importance comes with environmental responsibility. More sustainable production
methods, safer chemical compounds, and waste management practices are steps taken to
minimize the environmental impact of optical brighteners. Therefore, research and innovation

in this field should be consistently encouraged.
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OZET

Endiistride polimer temelli hammadde kullanilmasinin temel sebebi {iriinlerin esneklige ve
uzun kullanim Omriine sahip olmasinin istenmesidir. Giiniimiizde polimerik malzemelerin
kullanimindaki artis, bu malzemelerin dogada gec¢ c¢oziinmelerini ve atik miktarii
artirmaktadir. Ayn1 zamanda yanma sonucunda zehirli gazlarin agiga salinimi ile olumsuz
cevresel etkenler ortaya ¢ikmaktadir. Geleneksel plastik ve polimer malzemelerin kullanimi ile
yiiksek enerji tiiketimi ve sera gazi emisyonlarinda artis gozlenmistir. Bu durum cevre
bilincinin kazanilmasi ile yenilebilir kaynaklara olan ilginin yonelimini baglatmistir.
Endiistriyel tirlinlerin tasarim ve iiretim siire¢lerinde polimerik malzemeler kullanilmaktadir.
Polimerik malzemelerin kullanildig1 sektorlerin baginda elektrik elektronik endiistrisi
gelmektedir. Elektronik cihazlarin muhafaza edilmesi, izolasyonu ve baglant1 elemanlarinin
tiretiminde polimerik malzemelere sik¢a rastlanmaktadir. Elektrik baglant1 elemanlarindan olan
kablolar polimerik malzemelerin en ¢ok kullanildig: sektorlerden biridir. Kiliflama, izolasyon
ve dolgu ¢ekme islemleri kablo iiretim proseslerindendir. Bu proseslerde hammadde olarak
yuksek miktarda polimerik malzemeler tercih edilmektedir. Alternatif {iriin arayis1 sonucunda
dogada yliksek dayanima sahip, elde edilmek istenen malzeme formunu saglayabilen, liretim
proseslerine uygun ve enerji tasarrufu saglayan lifli bitkilere yonelim baglamigtir. Dogal liflerin
diisiik yogunlugu, kolay bulunulabilirligi ve maliyet uygunlugu gibi avantajlarin yani sira
yapisal ve mekanik Ozelliklerinin yiiksek olmasi iiretimde tercih edilmelerini
saglayabilmektedir.

Endiistriyel kablo iiretiminde kenevir ve kenevir temelli malzemelerin kullanimi oldukca
fazladir. Genis literatiir ¢alismalar1 sonucunda Manila keneviri olarak bilinen abaka lifli
bitkisinin kenevire kiyasla kablo kullaniminda 6ne ¢ikabilecek yiiksek dayanim ve mukavemete
sahip olmasina ragmen sektor tarafindan yeterli ilgiyi gérmedigi diistiniilmektedir.

Bu ¢alismada, polimerik malzemelere kiyasla abaka, kenevir, sisal ve jiit gibi lifli bitkilerin
endiistriyel kablo uygulamalarinda karsilastirmali performans ve dayaniklilik 6zelliklerinin
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degerlendirilmesi ele almmistir. Yapilan incelemeler sonucunda abaka bitkisinin yiiksek
dayanim ve kullanilabilirlik saglayabilecegi 6n goriilmiistiir.

Anahtar Kelimeler: Siirdiiriilebilirlik, Lifli Bitkiler, Yenilenebilir Kablo, Yesil Uretim.
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1.GIRIS

Son yillarda, petrol bazli malzemelerin ¢evresel etkisini azaltmak amaci ile geri doniistimlii,
biyolojik olarak pargalanabilir ve yenilenebilir yesil liretim malzemelerin kullanimi biiytik ilgi
gormektedir (Alix, 2014). Artan g¢evre bilinci ve ekonomik tesvikler dogal elyaf takviyeli
termoplastik veya termoset kompozitler birgok arastirmacinin dikkatini ¢ekmektedir
(Saenghirunwattana, 2014). Dogal liflerin endiistriyel uygulamalarda kullanilmasinin
avantajlar;; hafif olmalar, diisik maliyetler, toksik olmamalari, biyolojik olarak
parcalanabilirlikleri ve yiiksek spesifik dayaniklilik 6zellikleri gostermeleridir. Bu 6zellikler,
dogal elyaf takviyeli kompozitleri elektronik, tekstil, otomotiv ve ucak endiistrileri
uygulamalarina hazir hale getirir. Potansiyel endiistriyel uygulamaya iliskin olarak, elyafin
mukavemeti en 6onemli 6zelliklerden biridir. Dogal lifler arasinda abaka, kenevir, sisal ve jiit

iyl bir mukavemet sergilemektedir. Bu nedenle elyaf takviyeli kompozitlerin imalat1 i¢in
uygundur (Liu, 2013).

Dogal lifler son yillarda kompozitlerde takviye edici olarak genis dlgiide kullanilmistir. Ustiin
mekanik ve fiziksel 6zelliklere sahip, seliiloz igerigi ve kristalligi yiiksektir. Bu nedenle bu lifler
endiistrinin ilgisini ¢ekmektedir (Madsen, 2013). Dogal liflerin kompozit uygulamalarda
kullanima sirasinda istenilen 6zellikler; yiiksek 6zgiil dayanim, isleme sirasinda esneklik, diisiik
agirlik, diisiikk maliyet, korozyona ve yogunluga karsi direngtir (Rana, 2003). Dogal liflerle elde
edilen takviyeli termoset ve termoplastik kompozitlerin {istiin mekanik ve termal 6zelliklerinin
lifli bitkilerin kimyasal bilesen i¢eriginden kaynaklandig: diistiniilmektedir. Cizelge 1°de abaka,
kenevir, jiit ve sisal lifli bitkilerin igeriginde bulunan kimyasal bilesikler verilmistir (Sahu,
2017). Bunlarla birlikte dogal liflerin yiiksek nem emilimi, yiiksek anizotropi, geleneksel
recinelerle diisiik uyumluluk, cam ve karbon fiberlerden daha az homojen olma gibi
dezavantajlar1 da bulunmaktadir (Jawaid, 2011). Ozellikle nem emilimi yiiksek hemiseliiloz
icerigine sahip liflerdeki fazla miktarda hidroksil grubundan kaynaklidir. Bu durum genel
malzemenin neme egilimli davranis gostermesi ve siserek liflerin mekanik ozelliklerinin
azalmasina sebep olmaktadir. Dogal lifler daha az hidrofilik hale getirilerek bir¢ok polimerik
malzemelerde takviye edici faz olarak kullanimi saglanarak endiistriyel uygulamalarda gozde
bir hale gelecektir (Delicano, 2018).

Cizelge 1. Lifli Bitkilerin Kimyasal Bilesenleri

l‘flll:;i/lil sal Seliiloz Hemiseliiloz Lignin Pektin igl:\elsirigi
(%) (%) (%) (%) o)

Abaka 61-64 21 12 0,8 10-11

Kenevir 70,2-74,4 17,9-22,4 3,7-5,7 0,9 1,8

Sisal 67-78 10-14,2 8-11 10 4

Jiit 61-71,5 13,6-20,4 12-13 0,2 1,5

PROCEEDING BOOK Academy Global Publishing House 131




Kablo uygulamalarinda kullanilan genel termoplastik malzemeler PVC (polivinil kloriir), PE
(polietilen) ve PP (polipropilen)’dir. Lifli bitkilerin bu tiir termoplastik malzemelerle uyumlu
ve biitiinlesik formiilasyonlar1 ile dayanikli, dogada kolay c¢oziinen, uzun Omiirlii ve
stirdiiriilebilir tirlinler tiretilmesi yenilik¢i uygulamalara 1s1k tutabilmektedir.

1.1 Lifli Bitkilerin Kullanim Alanlari

Bitkilerden dogal olarak elde edilen liflerin, kompozit yapida takviye malzemesi olarak
yararlanma konsepti, diinya tarihinde pek ¢ok medeniyet tarafindan basari ile kullanilmis olup
yeni bir kavram sayilmamaktadir. Belirli malzemelerin sertligini, dayanmikliligin1 ve darbe
direncini artirmak i¢in hangi bitki lifinin kullanilacagina dair tarihte ve literatiirde bir ¢cok 6rnek
calisma bulunmaktadir. Ancak son on yil i¢cinde farkl: tiirde dogal liflerin polimer matrislerinde
takviye ajani olarak gelismis kullanimi konusunda diinya genelinde ilgi ve odaklanma
gerceklesmistir.

Dogal lifli kompozitlerin uygulama alanlar1 baslica soyle siralanabilir:

a. Kagit (Para, sigara kagidi, klasorler, kitaplar, zarf ve kartlar)

b. Torba, ¢anta

c. Deniz ekipmanlar1 (Balik aglari, halatlar, gliverte kaplamalari, sicimler, baglayicilar)
d.Otomotiv (Bagaj kapagi, i¢ ve dis doseme aksamlari, tapon ve kaportalar)
e. Havacilik (Ugak aksamlari ve kaplamalar)

f. Elektrik (Iletim kablolar1)

0.Gida gerecleri (Cay poseti, filtre kagidi, kahve kagidi, et kiliflar)

h. Tekstil (Birincil kumas, tekstil ipi ve tibbi tekstil malzemeleri)

I. Kisisel kullanim tiriinleri (Cocuk bezleri ve pegeteler)

J. Tibbi (Yiiz maskeleri, onliikler, hastane ¢arsaflar)

k. Arag- gere¢ (Kirtasiye malzemeleri)

|. Dekorasyon (Masa ortiileri, halilar, paspaslar)

m. Insaat (Cat1 kiremitleri, yer karolar1, beton ve asfalt uygulamalari)
n.El sanatlar1 (Zanaat tipinde kumaslar) (Vijayalakshmi, 2014).

Bu endiistriyel alanlarda kullanilan lif kaynakli kompozitler, yiiksek dayanim o6zellikleri ve
uygulanma kolaylig1 sayesinde iiriinlere olumlu 6zellikler kazandirmaktadir. Kablo kiliflamada
kullanilan kompozit malzemelerde kullanilmasi ile lifli bitkiler; yiiksek izolasyon 6zelligi, daha
az toksisite, mekanik dayaniklilik, hafiflik, siirdiiriilebilir kaynak ihtiyaci ve ¢cevreye uyumluluk
saglamaktadir.

2. UYGULAMALAR

2.1 Lifli Bitki Takviyeli Kompozit Uygulamalari

Kompozit malzemeler iki veya daha fazla farkli malzemenin fiziksel ve kimyasal 6zelliklerinin
birlestirilerek olustugu malzeme tiiridiir. Her bilesene ait 6zelliklerin bilesimi ile daha iyi
ozellikli kombinasyonlarin elde edildigi ¢ok fazli malzemelerdir. Kompozitler; metal, seramik
ve polimerlerin yaninda yeni bir malzeme grubu olarak siniflandirilmaktadir. Kompozit
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malzemeler genellikle matris ve takviye (saginmis faz) olarak adlandirilan fazlardan
olusmaktadir (Callister, 2013).

Fiber kompozitler, takviye malzemesi olarak uzun ve ince liflerin kullanildig1 bir kompozit
malzeme smifin1 temsil etmektedir. Bu lifler genellikle cam elyaf, karbon fiber veya dogal lifler
gibi malzemelerden elde edilebilmektedir. Bitkilerden elde edilen liflerin kompozit bir yapida
takviyeli bir malzeme olarak kullanilmast uzun yillardir basarilt ve ilgi ¢eken c¢aligmalardir.
Lifleri igeren kompozit malzemeler genellikle matris malzemesine yerlestirilir ve ardindan
birlestirilerek istenilen sekil ve formlara doniistiiriilebilir. Fiber kompozitler, yiiksek
mukavemet-takviye oranma sahip olduklarindan hafif ve dayanikli malzemeler olarak
bilinmektedir.

Literatiirde lif takviyeli karma kompozit malzemeler i¢in cesitli analizler ve sonuglari
mevcuttur. Gerek termoplastik ¢esidine gore gerekse uygulama yontemlerine gore farkli
calismalar yapilmstir.

Termoplastik polimerlerin en ¢ok kullanilan ¢esidi PVC’dir. Diisiik maliyeti, yliksek kimyasal
direnci ve iyi elektriksel yalitimi nedeniyle genis bir uygulama alanina sahiptir. Bu kullanim
yogunlugunun getirdigi en biiyiik dezavantajlar, ¢evre kirliligi ve yangin sirasinda toksik gaz
salimimdir. Lifli bitkiler ile takviyeli PVC kompozit malzemeler iiretilmesi fikri ile yapilan
deneysel c¢alismalar sonucunda atik miktarlarinin azaltilmas: ve geri doniisime katki
saglanmas1 amaglanmaktadir.

Geleneksel kablolar dis kilif, izolasyon, zirh, dolgu, iletken ve fitilden meydana gelmektedir.
Dis kilif, dolgu ve izolasyon uygulamalart i¢in kullanilan hammaddeler genellikle PVC
temellidir ~ (www.ersekablo.com.tr). Dogal liflerden elde edilen PVC katkili kompozit
malzemeler kablo endiistrisinde kullanilabilir ve daha yiiksek dayanimli iiriinler elde edilerek
temiz ¢evre uygulamalarina katki saglanmasi hedeflenmektedir. Cizelge 2’de mevcut kullanilan
PVC’nin gerilme direnci ve young modiilii degerleri verilmistir. Cizelge 3’de lif takviyesi ile
matrislenmis PVC malzemelerin analiz sonuglari verilmistir. Dogal lif takviyeli PVC
kompozitlerde biikiilme mukavemeti testinde 6nde gelen abaka ve sisal degerleri gézlenmistir
(Vijayalakshmi, 2014).

Cizelge 2. PVC’nin Mekanik Ozellikleri

. Gerilme  Direnci | Young Modiilii
Materyal Yogunluk (g/cm3) (MPa) (GPa)
PVC 1,1-1,35 26 3,4
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Cizelge 3. Dogal Liflerin Mekanik Ozellikleri

Yorunluk Gerilme Young Nem
Materyal ( (/)Cgrlrl] 3)u Direnci Modiilii Uzama (%) | kavrama
9 (MPa) (GPa) (%)
Abaka 1,5 980 41 3-10 5,81
Kenevir 1,48 550-990 30-60 2-4 12
Sisal 1,33-1,45 600-700 17-22 4,3 11
Jiit 1,46 400-800 20-25 1,8 13,75

Kablo iiretiminde nihai iirline ulastiktan sonra bir takim kalite kontrol testleri yapilmaktadir. En
temel testlerden biri gerilme direnci Olglimleri, deformasyon, ¢ekme-kopma testleri, UV
dayanimlar1 ve egilme biikiilme testleridir. Cizelge 4 mevcut literatiirde yapilan bir calismadan
alintilanmig olup, PVC ve PVC matrisine takviye edilmis lifli bitkilerden elde edilen kompozit
malzemelerin karsilastirilmasidir. Abaka lifinin mevcut PVC kompozitten daha yiiksek gerilme
direnci gosterdigi gozlenmistir (Yashasvi, 2020).

Cizelge 4. PVC ve Lifli Bitkilerle takviye edilmis PVC kompozitlerinin karsilastiriimasi

Materyal Deformasyon (mm) | Gerilme direnci | Biikiilme
(MPa) mukavemeti (MPa)
PVC 1,5 980 41
Abaka ve PVC 1,48 550-990 30-60
Kenevir ve PVC 1,33-1,45 600-700 17-22
Sisal ve PVC 1,46 400-800 20-25

3.SONUCLAR VE DEGERLENDiRME

Kablo uygulamalarinda kullanilan termoset ve termoplastik temelli malzemeler petrol bazlidir.
Cevresel etkileri géz Oniine alindiginda ciddi bir geri donilistim sorunuyla karsilasilmaktadir.
Lignoseliilozik olan lifli bitkiler kompozit malzeme matrislerinde kullanilarak oldukga
tyilestirici mekanik ozellikler sergiledigi, 6zellikle abaka bitkisinin oncii degerler gosterdigi
bircok calisma ile desteklenmektedir. Dogal lif takviyeli kompozitlerin yap1 kaynakli
direng/yanma performansi gibi daha ¢oziilmemis ¢alismalar1 mevcuttur. Arastirmacilar yangin
geciktirici ve farkli dolgu maddeleri ile polimer matris kullanarak yeni hibrit kompozitler
tizerinde g¢aligmalara devam etmektedir. Lif takviyeli kompozit malzemelerin endiistriyel
tiriinlerde takviye edici olarak kullanilmasi; iirlinlerin biyolojik olarak ¢dziinmelerini, uzun
Omiirlii olmalarini, herhangi bir ¢evresel etki olmaksizin kullanilarak karbon emisyonlarimin
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azaltilmasia olanak tanimaktadir. Bu durum uluslararasi temiz g¢evre hareketine katki ve
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ABSTRACT

Choosing an appropriate pump for energy systems is critical to improving energy efficiency.
Since the pump’s function requires overcoming internal and frictional resistance inside the fluid,
accurate prediction of pressure losses is crucial in pump selection. The required pressure,
volumetric flow rate, fluid viscosity, and frictional forces are all important elements affecting
energy input. In the field of fluid dynamics, the use of Computational Fluid Dynamics (CFD)
is essential. CFD, which is based on the Navier-Stokes equations, gives numerical
approximations for fluid dynamics by include mass, momentum, and energy conservation
equations. To solve these equations, numerical techniques such as finite differences, finite
volumes, and finite elements are used. CFD is widely used in industry and research, assisting
in a variety of settings. Furthermore, the Finite Element Method (FEM) and Finite VVolume
Method (FVM) are essential numerical methods for solving complicated fluid flow problems.
These approaches are widely used in engineering, wide range of phenomena from fluid
mechanics to heat transfer, allowing for the optimization of system designs and improving
knowledge of fluid dynamics. The pressure losses in rough pipes with turbulent water flow
were investigated in this work. The experimental data from turbulent flows in pipes with
diameters of 40mm and 50mm were compared to FEM and FVM models using ANSYS
Workbench. The results demonstrated that FEM calculations closely matched experimental
data, showing the method's ability to estimate pressure losses is better. And also the result were
obtained from the models are in the range of £20%.

Keywords: turbulent flow, turbulent water flow, pressure loss, ANSYS workbench, CFD, finite
volume method, finite element method
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1. INTRODUCTION

Computational Fluid Dynamics (CFD) is an interdisciplinary field of study that simulates and
analyzes fluid flow events using numerical methods. Its roots may be traced back to the early
twentieth century, but it gained popularity with the introduction of powerful computers. CFD
has a wide range of applications, including aerospace, automotive engineering, energy
production, marine and offshore engineering, and climate science and it reliably predicts fluid
flow, heat transfer, mass transfer, chemical reactions, and related phenomena [1]. CFD
approaches have been evolved in time through trial and error, refinement, and several validation
and assessment procedures [2]. CFD is based on the Navier-Stokes equations, which explain
the basic characteristics of fluid flow such as velocity, pressure, and temperature. These
equations are supplemented by energy and mass conservation equations. CFD, which gives
numerical approximation to the equations that govern fluid motion, has been widely utilized in
both industry and research since it first appeared in the middle of the past century due to its vast
range of applications [1]. To discretize and solve these equations, numerical techniques like as
finite differences, finite volumes, and finite elements are used, allowing engineers and scientists
to obtain insights into complicated fluid behavior, optimize designs, and increase the efficiency
of many different systems.

To simulate the gas-liquid flow in pipes, Ghorai and Nigam [3] used two-phase cfd simulations
with the commercial CFD program FLUENT. They compared simulated and experimental
results and discovered that the shear stress distribution and flow profile features could be
predicted with an average inaccuracy of 10%. A comparison of experimental and calculated
profiles revealed good agreement.

In 2003, O'Callaghan et al [4] published an article comparing finite volume and finite element
methods with theoretical estimates of blood flow. They used Adina for finite element method
and Fluent for finite volume method. The results reveal that the finite volume and finite element
methods are qualitatively comparable but quantitatively different from the theoretical results,
while the finite volume method produced better approximations.

In 2007, Th. Frank et al. used ANSYS CFX simulation to represent multiphase flow in the
Eularian framework for the description of mono and polydisperse bubbly flows. The models in
the study account for interphase momentum transfer caused by controlling drag and non-drag
factors [5].

Sebastian Geller et al. [6] used the lattice-Boltzmann (LBM), finite volume (FVM) and finite
element (FEM) methods in their study in 2004, in which they aimed to compare three different
methods for laminar flows. The comparison was made in straight channel flow, circular channel
flow and flows with obstacles. All three methods simulated laminar flow correctly, but some
differences were observed between the methods. Conclusions: LBM is generally faster than
other methods but may be less accurate in high Reynolds number fluids; FEM has often been
more accurate than other methods and is more suitable for complex geometries; FVM is more
suitable for more complex flow problems.

Molina-Aiz et al. [7] compared the finite element and finite volume approaches for simulating
natural ventilation in greenhouses in 2009. They compared the CFD results to experimental
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data using ANSYS Fluent for the finite volume approach and ANSYS Flotran for the finite
element method. The agreement between the two approaches was greater for temperatures than
for velocities in the majority of cases studied. In most of the situations studied, they also offer
comparable qualitative descriptions of the airflow.

Balakin et al [8] investigated the deposition of hydrate particles in a pipeline with turbulent
water flow using experimental and computational methods. They created a three-dimensional
transient Eulerian CFD model and compared its results to experimental data. It was found that
the results were in good agreement.

Woowon Jeong and Jaehoon Seong [9] aimed to contribute to the discussion on the efficiency
of finite element and finite volume approaches that use the same total number of mesh elements
and geometries. They analyzed the relevancy of the findings as well as the flow patterns of three
commercial codes: Ansys CFX, Fluent, and ADINA. Their findings revealed that, as compared
to finite volume CFD codes, finite element CFD codes were more impacted by mesh type and
quality.

Kaushal et al. [10] studied Mixture and Eulerian two-phase models, which are CFD methods to
simulate pipeline flow of high concentrations of fine particles. The modeling results of both
models for the pressure drop in water flow were found to be in good agreement with
experimental data. According to the results of the study, the Mixture model for slurry flow
cannot accurately predict pressure drops and the amount of error increases rapidly with sludge
concentration. However, the Eulerian model gave fairly accurate predictions for both pressure
drop and concentration profiles at all flow concentrations and flow rates.

In a study they conducted in 2021, Pham T.Q.D. and Sanghun Cho [11] aimed to numerically
simulate the DCC-induced water hammering effect in previously designed steam pipes. The
numerical model prepared for the water hammer was realized using the computational fluid
dynamics (CFD) analyzer modified from interFoam in the open-source software OpenFOAM
v.6. In the steam pipe they used, the temperature drop due to the water hammer is consistent
with the current experimental result. A lower pressure was achieved in the region where the
phase change of steam to water was observed. This caused a negative pressure gradient that
moved the water backwards, causing the water hammer. The water hammer was further
investigated by varying the water temperature and flow rate in a different steam pipe and they
found that a higher water flow rate (i.e., larger Froude number) reduced the pressure shock of
the steam pipe.

Anwer F. Faraj et al. [12] used computational fluid dynamics (CFD) to investigate the effect
of varying the Dean number and coil spacing on the coil friction factor and wall shear stress
in turbulent pipe flow using various model configurations. They used commercial code
ANSYSS Fluent for modeling. In turbulent flows, the results showed that the Dean number had
a greater effect on reducing the coil friction factor than the increase in coil spacing.
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2. THEORY

Equations of motion are mathematical equations that explain how the position, velocity, and
acceleration of an object vary over time. Through fluid dynamics, these equations are critical
for modelling fluid motion through pipes and channels. They are founded on the concepts of
mass, momentum, and energy conservation. Within a closed system, the continuity equation
assures mass conservation. The conservation of momentum equation illustrates how the
velocity of a fluid varies as a result of influences such as pressure and viscosity. Energy
conservation takes kinetic and potential energy changes into account. For mass and momentum
conservation, the continuity equation and Navier-Stokes equations are essential. Though linked,
energy conservation is frequently handled independently through its own equation.

dt _
TAT (V) =0 (1)
Where

e pis the fluid density,

e tistime,

¢ v is the fluid velocity vector,

e V- denotes the divergence operator.

The Navier-Stokes equations, which describe the motion of viscous fluids, are a fundamental
formulation of the conservation of momentum.

ov - _1 2
6t+VVV— pr+vVv 2)
Where

e pisthe pressure,

e v is the kinematic viscosity of the fluid.
The open form of the Navier-Stokes equations in cylindrical coordinates for turbulent flow
regime is presented as follows

In r-direction
pgr — 2= (ro[vy) — §;—Q(W)—p%(m)+p@ (3)
6—direction

1:9,,;1:,«9] +pge — gaa_g (vévé) —-p ;_T (Vrl-vé) - p % (m) - Zp (UGr_VT)

(4)
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This equation takes advection (convection), pressure forces, and viscous diffusion and
turbulence component into account, making it an essential tool for understanding turbulent fluid
motion in hydraulic systems. The Navier-Stokes equations are fundamental in fluid dynamics
and have significant applications in engineering, including aerospace, civil engineering, and
hydraulics, since they give a mathematical framework for modeling and simulating fluid
behavior and flow patterns. However, solving these equations analytically may be difficult, and
numerical approaches, such as computational fluid dynamics (CFD), are frequently utilized to
derive answers for engineering applications.

In this study, two well-known numerical approaches were used to address the numerical
solution of the complicated fluid flow problems given by the Navier-Stokes equations: the
Finite Element Method (FEM) and the Finite Volume Method (FVM). These numerical
approaches are critical for discretizing the governing equations and obtaining numerical
solutions.

The Finite Element Method (FEM) is a numerical approach used in engineering and science to
analyze complex problems. FEM is used to solve a wide range of problems including fluid
mechanics, heat transport, structural analysis, and more. This method breaks down the region
under consideration (for example, a structure or a piece of a fluid) into smaller subregions
known as finite elements. Each finite element is represented mathematically by equations,
which are then combined to produce the overall system. In hydraulic engineering, FEM is
effective for evaluating a number of phenomena such as fluid flow through pipelines, channels,
or reservoirs. Engineers may use it for describing and predicting the behavior of fluids under
various situations, such as pressure, velocity, and turbulence. FEM offers accurate simulations
of fluid flows and assists in the design and optimization of hydraulic systems by dividing space
into finite elements.

Another numerical approach used to solve complicated issues in engineering and science is the
Finite Volume Method (FVM). It, like FEM, is widely used in a variety of applications,
including fluid dynamics, heat transport, and others. FVM divides the computational domain
into control volumes, which are then subjected to conservation rules (e.g., mass, momentum,
and energy). It focuses on quantity flows across control volume boundaries. FVM permits the
computation of flow variables at discrete points within the domain by discretizing the governing
equations. FVM is used in hydraulic engineering to simulate fluid flow in open channels, rivers,
and reservoirs. Engineers may use it to study water distribution, sediment movement, and water
quality in both natural and constructed water systems. FVM gives useful insights into hydraulic
phenomena by discretizing the domain into control volumes and taking conservation principles
into account, assisting in the design and management of water resources.
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3. EXPERIMENTAL STUDY

In this study, the pressure gradient of water in rough pipes with different diameters at room
temperature was investigated both with finite element and finite volume methods and compared
with experimental results. The data is given below in tabular form.

Table 1. Data used during the study

Spesifications Values
Pipe Diameter (mm) 40, 50
Flow Speed Rate (m/s) 0.92-6.31
Relative Roughness (g/D) 0.00149, 0.00141

Figure 1. Izmir Katip Celebi University Hydraulics Laboratory (IKCU-CE) Flow Loop
including galvanized pipes (a. 40 mm, b. 50 mm, c¢. 80 mm, d. 90 mm)

4. CFD
CFD software is designed based on numerical methods that can solve fluid-related problems.
Commercial CFD software have improved user interfaces for inputting issue parameters and
analyzing outcomes to make their solution skills more accessible. As a result, all of these
software packages are made up of three main components [13]:

4.1.Pre-Processing

This is the initial stage in modeling and assessing a flow model.

Geometry Definiton: During pre-processing, engineers create or import the geometry of the
physical system, establishing its shape and size (for example, an airplane wing or a pipe).pipe.

Mesh Generation: The model geometry is divided into pieces called meshes and calculations
are made in these meshes. Mesh number and the size of the mesh affects the accuracy of the
result.
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Boundary Conditions&Initial Conditions: Users define the simulation’s boundary conditions.
It is necessary to define how the fluid interacts with walls, inlets, outlets, and other limits.
Boundary conditions are critical for correctly simulating real-world circumstances. The pre-
processor also sets initial conditions such as fluid velocity and pressure at the start of the
simulation.

4.2. CFD Solver

The CFD solver uses the pre-processor’s provided mesh, boundary, and initial conditions to
numerically solve fluid flow equations, including mass and momentum conservation (Navier-
Stokes) and, in some cases, energy conservation for heat transfer. It advances through time
stages for transient situations, establishing pressure-velocity constancy in incompressible flow
utilizing coupling approaches. Turbulence parameters are calculated when turbulence modeling
is utilized. The solver updates grid cell values and boundary conditions iteratively until
convergence is reached.

4.3. Post-Processing

The CFD solver, which can be found in software such as ANSYS (e.g., FLUENT, CFX),
performs flow computations and generates results. These outcomes are represented visually
(e.g., contour plots, velocity vectors) and give numerical data (e.g., pressure, temperature).
Through analysis and validation, engineers may better understand and optimize fluid models.

In this work, ANSYS CFX and FLUENT were used. To discretize the domain, the CFX solver
employs finite elements (cell vertex numerics), which are comparable to those used in
mechanical analysis. The FLUENT solver, on the other hand, works with finite volumes (cell-
centered numerics) [13].

In the pre-processing part, pipe geometries were created and then the data was entered. The
appropriate mesh size was found with the Mesh Independence test.

Figure 2. Geometry of a pipe with 4mm diameter and 1m length, ANSYS Workbench.

Within the scope of the Mesh Independence test, many different mesh sizes were tried for finite
element and finite volume and the optimum mesh sizes were found (Figure 3. And 4.).
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Figure 3. Mesh Independence Test for FEM
finite volume method
1500
E
© ¢ L L 4
o L 4
> 1000 ¢ * °
c
2
=]
g
o
[+1]
5 500
a
g
o
0 -
0 500000 1000000 1500000 2000000 2500000 3000000 3500000

Total Number of Mesh

Figure 4. Mesh Independence Test for FVM

As seen from the figures above, the optimum mesh number for FEM is 2217336 which
corresponds to 0.0017 as mesh size and for FVM is 2657283 which corresponds to 0.0016 as
mesh size.
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Figure 5. 40mm diameter pipe with 0.0017 mesh size, ANSYS Workbench.

After the geometry and mesh size adjustments are complete, the model was run and the results

were obtained.

5. RESULTS

In this study, two different mathematical methods were used to calculate pressure drop and then
compared with experimental results. And also the accuracy of the models was examined.
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Figure 6. Results of pipe with 40mm diameter
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Figure 7. Results of pipe with 50mm diameter

As seen in the figures above, results are in the range of £20%. In the Figure 8. the change of
pressure gradient with Reynolds number and the pressure gradient results of experiment and
numerical models in a 40 mm diameter pipe at 20 °C are shown.

40mmdiameter, 20 °C
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Figure 8. Results of the pipe with 40mm diameter

As shown in the figure, the pressure gradient increases as the Reynolds number increases and
also as the flow increases, greater pressure gradients occur farther away from the wall.
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50mm diameter, 20 °C
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Figure 9. Results of the pipe with 50mm diameter

As the figure 8, figure 9 shows the pressure gradient results of experiment and numerical models
in a 50 mm diameter pipe at 20 °C. In these two graphs, it can be seen that the finite volume
and finite element methods give results are in a good agreement with experimental results.
Among the two models, the finite element method gave more accurate results.

6. CONCLUSIONS

CFD models for pipes with 40mm and 50mm diameters were developed in this study to
numerically investigate turbulent water flow in rough pipes. The results obtained using Finite
Element and Finite Volume methods with the help of ANSYS Workbench were compared with
the experimental results. As a result of the comparisons, it was seen that both numerical models
were in good agreement with the experimental results. It was observed that the model created
using the finite element method obtained results much closer to the experimental results. Using
Computational Fluid Dynamics, it has been shown that the pressure gradient in rough pipes can
be accurately predicted. The results showed that FEM calculations closely matched actual data,
demonstrating the method's superior ability to estimate pressure losses.Furthermore, the results
derived from the models are in the £20% range.

Experiments performed under laboratory conditions take time and it is possible to make
incorrect measurements. The precision of measurements depends on the equipment used and
the person making the measurement. If an incorrect measurement is made, there is the
possibility of starting the experiments from the beginning, and this is a very costly and time-
consuming process. Considering these, the CFD modeling method, which has high sensitivity,
the duration of the measurements depends on the desired parameters and model, and is
inexpensive compared to experiments, can be preferred over experimental procedures as it gives
results very close to the experimental results. In this way, the pump in the system can be
designed in the best way and improvements can be made in a shorter time and with more precise
results. As a result of these improvements, energy savings can be maximized.
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ALUMINYUM 2024 VE 7075 ALASIMLARININ GENEL KOROZYONUNA YUZEY
ISLEMLERI VE ORGANIK INHIBITORLERIN ETKIiSININ ELEKTROKIMYASAL
YONTEMLERLE iNCELENMESI
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OZET

Bu caligsmada, penisilin grubu antibiyotik olan Largopen ve topikal antifungal bir ilag olan
Oceral’in aliiminyum 2024 ve aliiminyum 7075 alasimlar1 iizerindeki inhibisyon etkisi, kuyu
suyu ortaminda arastirtlmistir. Buna ek olarak alagimlarin gosterdigi korozyon davranisina,
ylizey islemlerinin (1s1l islem ve kumlama) etkisi de incelenmistir. Calismada, yiizey
islemlerinin ve her iki organik inhibit6riin korozyona etkisini belirlemek i¢in potansiyodinamik
polarizasyon (PD) ve elektrokimyasal empedans spektroskopisi (EIS) teknikleri kullanilarak
elde edilen korozyon parametreleri kullanilmistir. Sonuglar, uygulanan tiim yiizey islemlerinin,
islemsiz numunelere kiyasla korozyon direncinde iyilesme sagladigini gostermistir. Ayrica
calismada kullanilan organik inhibitorlerin de islemli ve islemsiz numunelerin korozyon
hizinda, belirgin bir azalma sagladig1 tespit edilmistir.

Anahtar Kelimeler: Aliiminyum, inhibitér, kumlama, 1si1l islem, potansiyodinamik
polarizasyon, empedans spektroskopisi.

INVESTIGATION OF THE EFFECT OF SURFACE TREATMENTS AND
ORGANIC INHIBITORS ON GENERAL CORROSION OF ALUMINUM 2024 AND
7075 ALLOYS USING ELECTROCHEMICAL METHODS

ABSTRACT

In this study, the inhibitory effect of the penicillin group antibiotic Largopen and the topical
antifungal drug Oceral on aluminum 2024 and aluminum 7075 alloys in well water
environments has been investigated. Additionally, the influence of surface treatments (heat
treatment and sanding) on the corrosion behavior of the alloys has been examined. Corrosion
parameters obtained using potentiodynamic polarization (PD) and electrochemical impedance
spectroscopy (EIS) techniques are utilized to determine the impact of surface treatments and
both organic inhibitors on corrosion. The results have shown that all applied surface treatments
have improved corrosion resistance compared to untreated samples. Furthermore, the organic
inhibitors used in the study have been found to significantly decrease the corrosion rate of both
treated and untreated samples.

Keywords: Aluminum, inhibitor, sanding, heat treatment, potentiodynamic polarization,
impedance spectroscopy.

3 Bu ¢aligma Sivas Bilim ve Teknoloji Universitesi Lisansiistii Egitim Enstitiisii birinci yazara ait “Yiiksek Lisans
Tezi”’nden iiretilmigtir.

PROCEEDING BOOK Academy Global Publishing House 148




Havacilik endiistrisi gelisimini biiyilik bir hizla siirdiiriirken, emniyet ve maliyet faktorlerini de
on planda tutmay1 hedeflemektedir. En zorlu hava sartlarina dayanabilecek iistiin 6zelliklere
sahip malzemeler gelistirilmesi ve bu malzemelerin uzun 6miirlii olmasi amaciyla her gecen
glin yeni caligmalar yapilmaktadir. Aliiminyum alagimlari, yiiksek mukavemet, korozyon
dayanimi, termal iletkenlik ve hafiflik gibi iistiin 6zelliklere sahiptir. Bu 6zellikleri sayesinde
basta ugak sanayi olmak {izere genel miithendislik uygulamalarinda, askeri donanim ve techizat
da, yiiksek sertlik ve islene bilirlik gerektiren pargalarda, kamyon tekerleklerinde, perginlerde,
savunma sanayi ve otomotiv gibi sektorlerde yaygin bir sekilde uygulama alan1 bulmustur.
Havacilik ve uzay sanayisinde hafiflik, yiiksek mukavemet/yogunluk orani ve korozyona karsi
gosterdigi  dayanim Ozelliklerinin  yan1 sira yaslandirma 1s1l islemi ile daha da
mukavemetlendirilmis olan aliiminyum 2024 ve 7075 alasimlar1 tercih edilmektedir. Bu
alasimlar sahip olduklari iistiin 6zellikler sayesinde, atmosferik ortamda, tuzlu suda veya farkl
reaktif kimyasallara karsi etkin korozyon dayanimi sergiler. Ayni zamanda aliiminyum
alasimlarinin atmosfer ile temast sonucunda yiizeyinde meydana gelen ince oksit tabakasinin
kararli yapida olmasi da korozyona kars1 direng géstermesini saglamaktadir. Ancak kuvvetli
asidik ya da bazik ortamlarda ylizeyde meydana gelen oksit tabakasinin ¢éziinmesi ile malzeme
korozyona ugrar. Korozyondan kaynaklanan ekonomik kayiplarin Oniine gecilmesinde
inhibitor kullanimi giiniimiizde kullanilan en yaygin uygulamalarin baginda gelmektedir [1-4].

Metal ve alasimlarin korozyon dayanimini artirmak i¢in, inhibit6r olarak organik, inorganik ve
sentetik polimerler {izerine c¢ok sayida caligma vardir [5-10]. Inhibitér kullanimmin
gerekliliginin yani sira insan saglig1 ve ¢evreye olan zararli etkilerini de en aza indirebilecek
yeni arayislar siirmektedir. Insan sagligi ve ¢evre sdz konusu oldugunda geleneksel
inhibitorlerin yerini ilaglarin alabilecegi konusunda ¢ok sayida ¢alisma da mevcuttur [11-16].

Bu ¢alisma, aliiminyum 2024 ve aliiminyum 7075 alagimlarinin elektrokimyasal korozyon
davraniglar1 lizerine, inhibitdr olarak, penisilin grubu antibiyotik olan Largopen ve topikal
antifungal bir ila¢ olan Oceral’in etkisini aragtirmak amaciyla yapilmistir. Ayrica alagimlarin
gosterdigi korozyon davranisina, 1sil islem ve kumlama islemlerinin etkisi de arastirilmistir.

2. DENEYSEL CALISMALAR
Tgili ¢alismanin yapilmasi esnasinda elektrokimyasal korozyon teknikleri kullanilmis olup bu
tekniklere asagida detayli olarak yer verilmistir.

2.1. Acik Devre Potansiyeli (OCP) Testi

Acik devre potansiyeli GAMRY INSTRUMENTS Interface 5000 arayiiziine sahip
potansiyostat cihazi ve Gamry Echem Analyst programi ile 1800 saniye boyunca 0,4 mV/s
tarama hizinda ve 5 saniye periyotlarla 6l¢iim yapacak sekilde set edildi. Alinan veriler ve agik
devre potansiyeli-zaman grafigi kaydedildi. Calisma esnasinda Olgiilen biitiin potansiyeller
Ag/AgCl elektrotuna gore Olgiilmiistir. Ag/AgCl elektrot potansiyeli standart hidrojen
elektrotuna (SHE) gore +0,199 V’tur.

2.2. Elektrokimyasal Empedans Spektroskopisi (EIS) Testi
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Agik devre potansiyelinin Slglimiinden hemen sonra numunelerin EIS testine gecildi. EIS
Olctimleri GAMRY INSTRUMENTS Interface 5000 ara yiiziine sahip potansiyostat cihazi ve
Gamry Echem Analyst programi kullanilarak gerceklestirilmistir. Testler {i¢ elektrotlu
elektroliz devresinde kuyu suyu ¢ozeltisi igerisinde ve oda sicakliginda gerceklestirilmistir. EIS
deneyleri IMHz den 1Hz kadar olan frekans araliginda 10mV genlik uygulanarak yapilmistir.
Gorsel 1. de metal/cozelti ara yiizeyini fit etmek amaciyla kullanilan esdeger devre modeli
sunulmustur. Burada ‘Rs’ ¢ozelti direncini, ‘Rp’ polarizasyon direncini, CPE ise sabit faz
elemanini temsil etmektedir.

Rs
AN

%‘g -.-I,E

Gorsel 1. Metal/cozelti Ara Yiizeyinin Fit Edilmesinde Kullanilan Esdeger Devre.

2.3. Potansiyodinamik Polarizasyon (PD) testi

Polarizasyon egrileri GAMRY INSTRUMENTS Interface 5000 ara yiiziine sahip potansiyostat
cihazt ve Gamry Echem Analyst programi kullanilarak gerceklestirilmistir. Testler igin {i¢
elektrotlu elektroliz devresinde kuyu suyu ¢ozeltisi igerisinde oda sicakliginda
gerceklestirilmistir. Potansiyodinamik polarizasyon egrileri agik devre potansiyeli ile +/-1,5 V
potansiyel aralifinda ve 0,4mV/s tarama hiz1 kullanilarak yapilmistir.

3. SONUCLAR ve DEGERLENDIRME
3.1. Acik devre potansiyelinin (OCP) degisimi

%) 3]
-] -]
< <
o =]
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" — w
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53 — < ‘
= - 1
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Gorsel 2. Al 2024 ve 7075 Alasimlarina Ait Acik Devre Potansiyeli (OCP) Egrileri.

Aliiminyum 2024 ve 7075 alagimlarinin esit konsantrasyondaki iki farkli inhibitér ortaminda
ve uygulanan ylizey islemleri sonucunda zamanla degisen Eocp degerleri Gorsel 2.’de
verilmistir. Genel itibariyle yiizey islemleri ve inhibitér katkisinin, elektrotun agik devre
potansiyelini daha soy degerlere kaydirdig1 ve 1600-1800 s’den itibaren yaklasik olarak sabit
degerde kaldig1 gozlemlenmektedir.
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3.2. Elektrokimyasal empedans spektroskopisi (EIS)

Kuyu suyu ortamindaki Al 2024 ve 7075 alasimlarina yiizey islemleri ve inhibitor katkisiyla
yapilan EIS testi sonucunda elde edilen Nyquist diyagrami Gorsel 3.’de verilmistir. EIS
yontemine gore %IE degeri Esitlik 1. denklemi ile hesaplanmistir. Denklemdeki ‘R, inhibitorli
ortamdaki korozyon direnci, ‘Rpo’ ise inhibitdrsiiz ortamdaki korozyon direncini temsil
etmektedir. EIS testi sonucu elde edilen korozyon parametreleri Cizelge 1.’de verilmistir.

1/Ry
IE=[1—7"—]H1EIU (1)
o
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501 i 5
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d . b K a . >
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Gorsel 3. Al 2024 ve 7075 Alasimlarina Ait Elektrokimyasal Empedans Spektroskopisi (EIS)
Egrileri.

3.3. Potansiyodinamik polarizasyon (PD) testi

PD testleri sonunda elde edilen egriler Gorsel 4.’de ve analiz edilen korozyon parametreleri
Cizelge 2.’de verilmistir. Rp polarizasyon direncini ifade etmekte olup Esitlik 2.’deki gibi
hesaplanir. icorr ise korozyon akimini ifade etmektedir ve Esitlik 5. yardimiyla hesaplanmigtir.
Esitlikte gosterilen Ba ve Be sabitleri sirastyla anodik ve katodik tafel sabitleridir.

AE
Re= 737 (2)
- _E
In:,:rr - H_P tal

Ba-Be

B= 2303 (Bo+ £ (4)

P 1 (BaBe) |:5]
=TT 2,303 R, (Bat B

Esitlik 6. ‘daki denklem kullanilarak, inhibitoriin ne diizeyde etkinlik gosterdigi (%IE)
hesaplanmistir. Bu denklemdeki ‘i’ inhibitorsiiz ortamda, ‘i’ ise inhibitorlii ortamda bulunan
korozyon akim yogunlugunu ifade etmektedir.
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Korozyon hiz1 (R), tafel sabitleri (Ba , Bc) Ve polarizasyon direnci (Rp) kullanilarak Esitlik
7.’deki gibi hesaplanir. Al 2024 ve 7075 alasimlarmin Esitlik 7’deki yogunlugu (d) 2,7
gr/cm®’tiir.

Elde edilen korozyon hizlari mpy ve pm/yil cinsinden hesaplanarak Cizelge 3.’de verilmistir.

IE=[—]x 100 (6)

ig—i
i

a

0,129 iggpp EW

e e )
1
EW:EE.le ; I:E-]
M

Al12024 alagimi igin kullanilan esdeger agirlik (EW) igeriginde bulunan % 0,5 Fe, % 0,5 Si, %
4 Cu, % 0,1 Cr, % 1,5 Mn, % 1,5 Mg, % 0,25 Zn ve % 91,75 Al elementlerinin molekiil
agirliklar1 (M), kiitlece yiizde miktarlari (fi) ve degerlik elektron sayilari (ni) kullanilarak Esitlik
8.’deki gibi hesaplanir ve 9,38 g/mol bulunur.

Al 7075 alasimi i¢in ise kiitlece ylizde miktarlar1 % 0,5 Fe, % 0,4 Si, % 1,5 Cu, % 0,2 Cr, %
0,3 Mn, % 2,5 Mg, % 5,5 Zn, % 0,2 Ti ve % 88,9 Al olarak alinir ve Esitlik 8.’deki gibi
hesaplanarak 10,782 g/mol bulunur.

Potansiyel (V)
o
o
S —
Potansiyel (V)

-0.8 4 — - — — — . — — -~ - —
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Gorsel 4. Al 2024 ve 7075 Alasimlarina Ait Potansiyodinamik Polarizasyon (TP) Egrileri.

Cizelge 1. A1 2024 Alasiminn inhibitérsiiz ve inhibitorlii Ortamlarda Korozyon Akimi, inhibitor
Etkinligi ve Polarizasyon Direnci Degerleri.

Alasim Uygulanan inhibitbrsiiz Amoksisilin Oksikonazol

Tiirii islem Hcor Rp(Q) | IE Hcor Rp(Q) | %IE icor Rp(Q) | %IE
ISLEMSIiZzZ 0,156 210 - 0,015 786 73,28 0,031 770 72,72
Al 2024 ISIL ISLEM 0,021 582 - 0,006 949 77,87 0,016 782 73,14
KUMLAMA 0,079 418 - 0,018 540 61,1 0,008 851 75,32

ISLEMSIZ 0,204 251 - 0,012 755 66,7 0,032 756 66,7

Al 7075 ISIL ISLEM 0,015 552 - 0,020 729 65,5 0,049 740 66,1
KUMLAMA 0,052 703 - 0,021 590 57,4 0,033 749 66,4
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Cizelge 2. Al 2024 Alasiminin Kuyu Suyu Ortaminda Organik inhibitor Iceren Cozeltilerde
Potansiyodinamik Polarizasyon Yontemi ile Elde Edilen Korozyon Karakteristikleri.

ALASIM | INHIBiTOR | ISLEM Ecorr -Be Ba icorr % Rp
TURU V/IAQ/AGCI | (mV/dec) | (mV/dec) | pAlem? | IE

Islemsiz -0,506 31,1 16 0,156 - 294

Inhibitorsiiz Isil islem -0,532 22,4 23 0,021 - 234,6

Kumlama -0,488 29,2 28,3 0,079 - 78,9

Islemsiz -0,445 31,3 27,6 0,015 90,3 4245

Al2024 | Amoksisilin | Isil islem -0,583 41,7 48,1 0,006 | 96,1 | 1616

Kumlama -0,461 15,7 134 0,018 88,4 174,3

Islemsiz -0,467 32,2 335 0,031 80,1 229,9

Oksikonazol Isil islem -0,525 12,9 29,6 0,016 89,7 243,8

Kumlama -0,413 32,2 33,2 0,008 94,8 887,2

Islemsiz -0,598 72 85,4 0,204 - 83,1

Inhibitorsiiz Is1l iglem -0,596 118,1 98,4 0,015 - 1553

Kumlama -0,602 20,9 20,5 0,052 - 86,4

Islemsiz -0,635 140,8 169,9 0,012 | 94,1 2785

Al 7075 Amoksisilin Isil islem -0,570 73,4 775 0,020 | 90,1 | 8184

Kumlama -0,593 34,2 454 0,021 | 89,7 | 403,33

Islemsiz -0,551 45 131,1 0,032 84,3 4545

Oksikonazol Isil islem -0,558 24,1 45,1 0,049 | 759 | 1391

Kumlama -0,600 6,79 9,44 0,033 | 838 51,9

Cizelge 3. A12024 ve 7075 alasimlarinin kuyu suyu ortaminda organik inhibitor iceren cozeltilerde
potansiyodinamik polarizasyon yontemi ile elde edilen korozyon hizlari.

ALASIM | INHIBITOR | ISLEM EW icorr Rcorr Rcorr
TURU nA/cm? (mpy) (um/y1l)
Islemsiz 9,38 0,156 0,06991 1,7128

inhibitérsiz | Isil islem 9,38 0,021 0,00941 0,2305
Kumlama 9,38 0,079 0,03540 0,8674

Islemsiz 9,38 0,015 0,00672 0,1646

Amoksisilin | Tsil islem 9,38 0,006 0,00268 0,0658

Al 2024 Kumlama 9,38 0,018 0,00806 0,1976
islemsiz 9,38 0,031 0,01389 0,3403

Oksikonazol | Isil islem 9,38 0,016 0,00717 0,1756
Kumlama 9,38 0,008 0,00358 0,0878

Islemsiz 10,783 0,204 0,10509 2,5749

Inhibitérsiiz Isil islem 10,783 0,015 0,00772 0,1893

Kumlama 10,783 0,052 0,02678 0,6563

islemsiz 10,783 0,012 0,00618 0,1514

Al 7075 | Amoksisilin Isil islem 10,783 0,020 0,01030 0,2524
Kumlama 10,783 0,021 0,01081 0,2650

islemsiz 10,783 0,032 0,01648 0,4039

Oksikonazol Isil islem 10,783 0,049 0,02524 0,6184
Kumlama 10,783 0,033 0,01700 0,4165

4. GENEL DEGERLENDIRME ve SONUCLAR

e C(izelge 3. incelendiginde Al 2024 alasiminin kuyu suyu ortaminda inhibitorsiiz ve
islemsiz halde korozyon hiz1 1,7128 pm/yil iken 1s1l islem ve kumlama sonucunda bu
degerler sirastyla 0,2305 um/yil ve 0,8674 pm/yil degerlerini almistir. Alasima
uygulanan ylizey islemleri agik sekilde korozyon hizin1 diistirmiistiir.

e Al 2024 alasimi i¢in Largopen (etkin maddesi amoksisilin) inhibitdrii ilavesi ile birlikte
elektrota 1s1l islem uygulandiginda korozyon hiz1 0,0658 pm/yil olarak hesaplanmistir.
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Bu deger alagimin en iyi korozyon dayanimi sergiledigi durumu gostermektedir. Cizelge
2 incelendiginde PD testi sonucu en yiiksek % IE degeri % 96,1 ile 1sil islem
uygulanmis, amoksisilin inhibitorii katkili numuneye aittir. Kumlama islemi sonucunda
Olciilen korozyon hiz1 0,1976 pm/y1l, % IE degeri ise % 88,4 olmustur.

e Al 2024 alasimi i¢in Oceral (etkin maddesi oksikonazol) inhibitorii ilavesi ile dlgiilen
korozyon hizlari islemsiz, 1s1l islemli ve kumlanmis numuneler i¢in sirastyla 0,3403
um/yil; 0,1756 pm/y1l ve 0,0878 um/y1l olarak hesaplanmistir. Cizelge 2 incelendiginde
PD testi sonucu hesaplanan % IE degerleri % 80,1; % 89,7 ve % 94,8 olarak elde
edilmistir. Bu degerler yapilan EIS testi sonuglar1 ile de uyumludur.

e Al 7075 alasimi i¢in korozyon parametreleri incelendiginde, Cizelge 3.’e gore inhibitor
katkis1 olmaksizin ol¢iilen korozyon hizi 2,5749 um/yil iken alasima uygulanan 1sil
islem ve kumlama sonucu bu deger sirastyla 0,1893 um/yil ve 0,6563 um/yil degerlerine
diismiistiir.

e Al 7075 alasimi i¢in amoksisilin inhibitorii ilavesi ile dl¢iilen korozyon hizlar islemsiz,
1s1l islemli ve kumlanmis numuneler i¢in sirastyla 0,1514 um/yil; 0,2524 um/yil ve
0,2650 um/yil olarak hesaplanmistir. PD testi sonucu hesaplanan % IE degerleri %
94,1; % 90,1 ve %89,7 olarak elde edilmistir. Numuneye uygulanan yiizey islemleri
tirli, korozyon hizi ve inhibisyon etkinlikleri {izerinde kayda deger bir etki
yaratmamigtir.

e Al 7075 alagimi i¢in oksikonazol inhibitorii ilavesi ile 6l¢iilen korozyon hizlari islemsiz,
151l islemli ve kumlanmis numuneler i¢in sirastyla 0,4039 um/yil; 0,6184 um/yil ve
0,4165 um/y1l olarak hesaplanmistir. PD testi sonucu hesaplanan % IE degerleri ise
strastyla % 84,3; % 75,9 ve % 83,8 olarak elde edilmistir. Bu degerler yapilan EIS testi
sonugclari ile de uyumludur.
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SUMMARY

The global shift towards sustainable energy alternatives has brought offshore wind power into
the spotlight. Western Australia, with its abundant wind resources and extensive coastline,
offers significant potential for harnessing offshore wind energy. However, a comprehensive
study that utilizes decision-making techniques to identify optimal sites in this region is currently
lacking.

This research aims to fill this gap by evaluating potential offshore wind power installation sites
in Western Australia using two established Multi-Criteria Decision-Making (MCDM)
techniques: the Analytical Hierarchy Process (AHP) and the Complex Proportional Evaluation
(COPRAS). Various factors, including environmental impact, technological feasibility,
economic viability, and social impacts, are taken into consideration during the regional
assessment and ranking process.

By employing AHP and COPRAS, this research provides a thorough evaluation of potential
locations, taking all relevant criteria into account. It offers valuable insights for potential future
offshore wind farms in Western Australia, enabling effective and well-informed decision-
making.

Keywords: Offshore Wind Energy; Western Australia; Analytic Hierarchy Process; Complex
Proportional Assessment; Site selection; Renewable energy.

1. Introduction

The utilization of fossil fuels in marine environments generates greenhouse gases as a by-
product. Considering mounting concerns regarding their environmental repercussions,
stakeholders within the maritime industry are actively exploring novel approaches and avenues

[1]

Many methods exist to mitigate carbon emissions within the maritime sector [2]. The
International Maritime Organization (IMO) unveiled a preliminary plan for decarbonizing ships
in 2018 in accordance with the Paris Agreement on climate change and worldwide emission
reduction targets [3]. Renewable energy sources are gaining increasing traction due to their
minimal impact on the environment and human health. Wind turbines, which harness wind as
a renewable energy source, are experiencing rapid proliferation worldwide, both on land and at
sea. Offshore wind energy has attracted a lot of interest as a practical option, especially in places
with extensive coasts.

Western Australia emerges as a promising candidate for offshore wind farm initiatives owing
to its extensive coastline and ample wind resources. If the water depths meet the necessary
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criteria, the location exhibits favorable wind speeds, and it possesses the capability to connect
to an established electricity grid or is situated in a region conducive to generating energy
products for the global market, such as hydrogen and ammonia, then it is deemed suitable for
the establishment of an offshore wind farm.

The primary objective of this article is to investigate the potential of wind farms in Western
Australia and determine the optimal location based on an effective set of criteria. To achieve
this, the research employs two well-known decision analysis methodologies, namely the
Analytical Hierarchy Process (AHP) and Complex Proportional Analysis (COPRAS). The
study's strength comes in its comprehensive approach to evaluating the chosen areas. The
environmental effect and social ramifications of these fields are considered alongside their
technological feasibility and economic viability.

Both the AHP and COPRAS approaches contribute to this all-encompassing strategy by
providing a framework for making decisions that consider both quantitative and qualitative
data. The AHP approach is used to assign relative importance to each criterion and sub-criterion
in this research. After the values have been assigned, COPRAS is used to compare them and
determine where offshore wind power will be most effective. The study also considers the
feedback of four industry experts to further bolster the reliability and authenticity of the results.
Their insightful knowledge and experience greatly strengthen the study's AHP framework
pairwise comparisons.

There are several phases to the research process. First, the most important criteria for choosing
a location for an offshore wind farm are identified by a comprehensive literature analysis and
the opinions of experts. The AHP analysis relies on this information, which is then structured
into a hierarchy that distinguishes between primary and secondary criteria. AHP is used to
determine the relative importance of each criterion by calculating priority vectors and
consistency ratios through pairwise comparison matrices. This allows for a systematic and
quantitative assessment of the criteria. On the other hand, COPRAS is utilized to evaluate and
compare the performance of the regions across multiple criteria. It facilitates the calculation of
composite weighted scores for each location, taking into account the relative weights assigned
to the criteria determined through AHP. By utilizing COPRAS, a comprehensive assessment of
the overall suitability of each location for offshore wind energy development is obtained.

This research stands out by offering an original approach to the selection of offshore wind farm
sites in Western Australia through the utilization of a hybrid methodology combining AHP and
COPRAS techniques. By capitalizing on the strengths of these two approaches and
incorporating expert perspectives, the study provides a comprehensive, methodical, and
rigorous framework for site selection.

The inclusion of expert opinions in the decision-making process adds a novel dimension to the
offshore wind site selection arena, enhancing the practical application of the study's findings.
The decision-making framework developed in this research has significant implications for the
renewable energy industry, ensuring that technical competence, environmental concerns, social
effects, and economic variables are all considered in the final choice.

The research sheds light on the potential limitations and recommends avenues for further study,
contributing to the existing body of knowledge. It emphasizes the importance of continuous
research in this field, particularly given the rapid advancements in technology and legislative
frameworks within the renewable energy sector.

With a focus on offshore wind energy in Western Australia, this paper makes a substantial
contribution to the ongoing discussion on renewable energy sources. By identifying the most
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suitable locations for offshore wind energy development, the research contributes to the global
transition towards cleaner energy sources.

Moreover, the research highlights the wide-ranging impacts of selecting an appropriate area for
offshore wind energy development. It emphasizes the significant social and economic benefits,
including job creation and local economic growth. By choosing a location with favorable wind
conditions, energy output can be maximized, and resources can be utilized more efficiently.

However, the study acknowledges the existence of legislative obstacles, community opposition,
and logistical challenges that must be addressed for the successful implementation of offshore
wind energy production in Western Australia.

2. Wind Energy Potential in World

The Kinetic energy of the wind is converted into electrical energy to create power. The rotor
blades of contemporary wind turbines are turned by the wind to produce rotational energy.
Through a shaft, this rotational energy is sent to the generator, which then produces electricity.
Wind power has experienced rapid growth since the year 2000 thanks to improved technology,
supportive policies, and declining costs. Over the past two decades, onshore and offshore wind
power installations have increased from 7.5 GW in 1997 to an estimated 733 GW in 2018.
There will be 699 GW of onshore wind power in 2020, up from 178 GW in 2010, while the
offshore wind power capacity will have grown from 3.1 GW in 2010 to 34.4 GW in 2020. The
amount of electricity generated by wind increased by 5.2% between 2009 and 2019, reaching
1,412 TWh.

Both onshore and offshore wind have immense potential for expansion and improvement on a
global scale. Capacity factors have increased because of technological development, leading to
lower prices. Between 2010 and 2020, the global weighted average LCOE for onshore wind
dropped from USD 0.09/kWh to USD 0.039/kWh, a drop of 56%. Over the same time frame,
the LCOE for offshore wind farms that were just built decreased by 48%. The power output of
wind turbines has grown over time. In 1985, the standard capacity rating for turbines was 0.05
MW, and the rotor diameter was 15 meters. These days, hew wind power projects might be
anywhere from 3 to 4 MW on land to 8 to 12 MW at sea. The size of the turbine and the length
of the blades affect how much power can be extracted from the wind. The output grows at a
rate proportional to the cube of the wind speed and the rotor's diameter. For every doubling of
wind speed, there is an eightfold increase in wind energy potential.

It has been more than a century since the inception of the first wind turbines. The exploration
of generating electricity from wind energy commenced with the invention of the electric
generator in the 1830s. The roots of modern wind power are often attributed to Denmark, where
the first horizontal-axis wind turbines were constructed in 1891, and a 22.8-meter wind turbine
became operational in 1897. It is worth noting that the initial innovations in wind power
occurred in the United Kingdom and the United States in 1887 and 1888, respectively. The
1980s marked the dawn of the contemporary wind power industry. As per the most recent data
from IRENA, wind energy accounted for 6% of all renewable energy generation in 2016. While
many regions around the world experience high wind speeds, the optimal locations for
harnessing wind energy are often situated at a distance. Offshore wind energy presents a
promising frontier for future development. A 3GW offshore wind project has recently been
proposed in Western Australia. It is estimated by the project’s sponsors that this may provide
11 TWh of electricity yearly, avoiding the release of around 6,000,000 tons of carbon dioxide.
According to CSIRO forecasts, costs will decrease and continue to decrease if the worldwide
deployment of offshore wind rises in accordance with net zero emissions objectives [4].
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Figure 1. Neighbouring Countries' Adoption of Wind Energy Technology in the Transition to a
Lower-Carbon Energy Future

The worldwide offshore wind market has grown rapidly in recent years, thanks to significant
technological breakthroughs and cost reductions, making offshore wind an increasingly viable
choice for large-scale energy production [5, 6]. In terms of technology and generating capacity,
Europe has long been the worldwide leader in offshore wind; however, the Asia-Pacific area
has lately raced ahead, with China leading the world in new installed capacity in 2019. Along
with China, Australia's region neighbours Vietnam, Taiwan, Japan, and South Korea are
increasingly embracing wind energy technology as the worldwide transition to a lower-carbon
energy future accelerates (Figure 1).

Offshore wind energy production in Australia is gaining a lot of interest since there are several
promising sites throughout the country. If the water depths are sufficient, the location has high
wind speeds, and it is either able to be connected to an electricity grid or is in an area suitable
for the generation of energy products for the international market such as hydrogen and
ammonia, then it is considered appropriate for an offshore wind farm.

Although offshore wind energy development in Australia is only getting started, it has the
potential to play a significant role in helping the country meet its renewable energy targets and
foster the growth of clean technology businesses. Roaring Forties is a powerful and persistent
wind resource in the offshore environment of Australia, spanning from Perth in Western
Australia to the south-eastern region of Victoria, and can generate more electricity at a more
consistent rate than most other renewable energy sources.

Australia has some of the world's top offshore wind resources. Australia has the potential to
generate up to 5,000 GW of electricity from offshore wind using a combination of fixed and
floating equipment, as reported by the Global Wind Energy Council. That is 100 times less than
the capacity of Australia's two largest electrical networks combined. Most Australians live in
the southern part of the nation, which is also where most of the country's population, industry,
mining, and offshore wind resources are located. International offshore wind businesses
anticipate significant growth potential in Australia. Offshore wind is an efficient and affordable
generating method; therefore, it might be a part of Australia's plan to diversify its energy mix.

Feasibility studies suggest that the waters off the coast of Western Australia offer an excellent
opportunity to develop high-capacity offshore wind power close to key demand centres due to
the presence of a strong and consistent wind resource that is capable of producing more
electricity at a more consistent rate than most other renewable energy sources. "Midwestern
Waters Wind Farm" main page, each turbine may generate 15 to 25 MW of power, which will
be transferred through cables on or below the seafloor to land north of Kalbarri and
subsequently to a load center or electrical connection point.
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3. Multiple Criteria Decision-Making Techniques

Decision-making focuses on eliciting preferences and choices in multivariate settings but
ignores difficulties of goal definition, alternative generation, and result evaluation. Multi-
Attribute Decision Making (MADM) and Multi-Criteria Decision Analysis (MCDA) are two
terminologies used to describe such approaches. is used in various fields and industries where
complex decisions need to be made considering multiple criteria or factors. There are three
distinct categories of existing MCDA methods [7, 8, 9].

Utilizing the strengths of MCDM techniques holds great significance in the decision-making
process, making the incorporation of hybrid approaches a common practice in scholarly works.
For the specific selection matter at hand in this study, AHP and COPRAS were thoughtfully
selected due to their exceptional suitability. When several objectives or criteria must be
satisfied, these techniques are favored for rating viable solutions in order of effectiveness. In
addition, both AHP and COPRAS can spot inaccurate assessments and offer ballpark estimates
of their degree of error. By combining them, one can take into account more information and
make more well-informed choices about the scenario at hand. COPRAS evaluates the merits of
an option in terms of ideal and negative ideal values, whereas AHP takes a more in-depth look
at how alternatives and criteria interact with one another. As a result, decision-makers can take
into account more factors.

3.1 AHP Method

The Analytic Hierarchy Process (AHP) is a mathematical and psychological technique
developed by Thomas L. Saaty in the 1970s to structure and evaluate intricate decision-making

processes. Since its inception, the methodology has undergone continuous refinement and
enhancement.

The AHP method requires decision-makers to compare and rank criteria and alternatives based
on their relative importance. However, assigning precise numerical values to express these
relative intensities can be challenging. They provide a standardized scale or set of guidelines

that enable decision-makers to quantify and express their preferences in a consistent manner
(Table 1).

Table 1. Relative Value Intensity Definitions in AHP [10]

Relative | Definition Explanation

Intensity

1 Equally valuable Two elements are of equal value

3 Slightly more value Experience favors one element slightly more than
another.

5 Essential or strong value | One element is preferred over another through
experience.

7 Very strong value Strong preference is given to one element, and its
domination is seen in action.

9 Extreme value Evidence of the greatest grade of confirmation that favors
one over another.

2,4,6,8 | Intermediate values When compromise is needed

The mathematical background of the AHP method involves two key concepts: pairwise
comparison matrices and the eigenvector method. According to Equation 1, the elements of an
X n matrix A, where ajj = (i, j=1,2,...,n) reflect the pair-wise comparisons, and summarize the
results of the pairwise comparison over n criteria. The relevance of the i criterion concerning
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the j™ criterion is shown by the entry ajj in the matrix. The matrix's reciprocal properties can be
noticed.

In AHP, many decision-makers perform side-by-side comparisons, and all of the possibilities
may be weighed using the geometric mean (as indicated in Equation 2, where k is the number
of decision-makers). After that, using the concept of eigenvectors [10], the weights vector is

computed in two steps. After matrix A has been normalized using Equation 3, the criterion
weight vector wj may be built with Equation 4.

a1 vt Qan 1
A={: ) aw=1 ap=—, a;#*0 (1)
an1  ** Odpn Y
aj= (Mya )V, 1=1,2, ...,k ij=1,2,...,mi#] @)
@
aij = =2
YT ©)
= a;;
Wi = —L_‘:Laj (4)

The total of the elements in the weight vector, which shows how the various evaluation criteria
are weighted, is 1. Since comparisons rely on subjective evaluations, their comparability needs
to be checked [11]. This may be computed with the help of a consistency index (CI) (Equation),
where max is an eigenvalue of the matrix A. While some degree of variation is to be expected,
a decision-maker should never see anything higher than CI=0. Hence, the consistency ratio
(CR) can be computed using Equation 6, with RI representing the random consistency index
obtained from a randomly generated pair-wise comparison matrix (refer to Table 2).
Comparisons can proceed if CR is below 0.1. If the degree of judging inconsistency is
reasonable, then the efficiency of all alternatives on a criteria Ojj is normalized to eliminate the
influence of various units of measure for each criterion. Using Equation 7, we can calculate the
Oij values normalized to criteria for a set of m alternatives. When everything is said and done,
the eigenvector is multiplied by the matrix of normalized efficiency results to get the aggregated
AHP priority score [12].

Table 2. Random Index (RI) for n-ordered matrix

N | 1[2]3 4 |5 6 7 8 9 10 |11 |12 |13 |14 |15
RI|0[0[058|09]112124]132[141|145]149 151 |154[156)|1.57]1.59

3.2 COPRAS Method

The COPRAS approach, created by Zavadskas and Turskis [13], is a multi-criteria decision-
making (MCDM) strategy that can help decision-makers make more informed and sound
choices when faced with complex, multi-dimensional issues. Site selection for wind energy is
a classic example of a decision-making dilemma involving several elements, such as

environmental impact, community support, and financial viability. COPRAS includes the
following steps:

To reduce the inhomogeneity of criteria, we first normalized the decision matrix by applying
Equation (5) to all layers.

_ ymin
—  X;-X

ij= xmax _ Xmin (5)
] ]
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where Xij is the normalized quantity of the i alternative (pixel) performance of the j™ criterion
(layer), Xjjis the i alternative performance of the j" criterion. Since watersheds are
independent of each other, the criteria are normalized for each watershed.

Calculate the upper and lower indices for the alternatives: In this stage, Equations (7) and (8)

are employed to calculate the sums of beneficial criteria (favoring higher values) and non-
beneficial criteria (favoring lower values) separately.

n
Dj+ = Zy_,’_l] ] == 1,2, - (7)
j=1
n
Dj_:Zy_l-j j=k+1,k+2,..,n (8)
j=1

Determine the relative importance of each alternative: The following formula is employed to
calculate the relative importance score for each alternative;

C. =S+ + S—min Zﬁlsj_
i

j ~ S )
S T, T

4. Multi-Stage Risk Assessment Methodology

The proposed approach adopts multi-criteria decision-making (MCDM) techniques, including
Analytic Hierarchy Process (AHP) and COmplex PRoportional ASsessment (COPRAS), to
conduct an objective evaluation of the outcomes and ascertain the wind energy potential in
Western Australia. Criteria prioritization calculations with AHP play an important role in
determining the focus areas that need the most attention within the scope of the project. On the
other hand, COPRAS facilitates comparison among various alternatives and identifies the
optimal solution, thereby simplifying the identification of the most favorable regions for
harnessing wind power in Western Australia. This systematic and consistent management of
the process ensures the attainment of the best possible outcomes. The proposed technique
consists of a comprehensive five-step process (Figure 2).

Step 1: Project Framing: In this initial step (1.1), the objective is to precisely define the problem
at hand, which involves assessing the wind energy potential in Western Australia and
determining appropriate locations for wind farm development. Furthermore, the project scope
is outlined, encompassing specific areas of interest, technological limitations, and cost factors
(1.2). Lastly, the aims and objectives of the comprehensive evaluation are explicitly stated (1.3).

Step 2: Brainstorming: The second step involves a comprehensive brainstorming phase. Firstly,
all pertinent data required for the decision-making process is gathered, including wind speeds,
geographical information, and existing wind energy infrastructure (2.1). Additionally, insights
and opinions from wind energy experts are sought to aid in identifying alternatives and criteria

(2.2). Subsequently, potential wind energy sites (alternatives) and criteria for evaluating these
sites are determined (2.3).
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Figure 2. Workflow of the Site Selection Process for Offshore Wind Energy Projects

Step 3: Utilization of Analytic Hierarchy Process (AHP): During the AHP stage, each identified
alternative is thoroughly assessed by the predefined criteria, leading to the creation of a decision
matrix (3.1). The AHP method is then applied to calculate the weightings assigned to each
criterion (3.2). Furthermore, a consistency check is conducted to ensure the reliability of the
assessment (3.3).

Step 4: Utilization of COmplex PRoportional ASsessment (COPRAS): In the subsequent
COPRAS stage, the decision matrix is normalized to achieve a uniform scale (4.1). The
weightings derived from the AHP stage are then utilized to calculate the total weight for each
alternative (4.2). Consequently, the alternatives are ranked based on their respective total
weights (4.3).

Step 5: Decision Making: Finally, in the fifth and final step, the results from the previous stages
are carefully evaluated and rational decision making results in inferences.
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5. Optimal Site Selection for Offshore Wind Turbines in Western Australia

Offshore wind turbines contribute to clean energy production by using strong and continuous
winds in coastal areas. Australia, with its extensive coastline, has great potential for offshore
wind power projects These projects provide higher energy efficiency and more stable electricity
generation as they use offshore wind sources compared to onshore ones. They are also far from
residential areas in coastal regions, minimizing impacts such as visual and noise pollution.
Offshore wind power projects in Australia have gained importance due to the increasing
demand for clean energy generation and the acceleration of efforts to combat climate change.
Contributing to the country's energy transition, these projects are taking steps towards a
sustainable energy future by reducing dependence on fossil fuels. Offshore wind energy is an
important contributor to Australia's efforts to diversify its energy portfolio and transition to a
cleaner energy system. When fully realized, Australia can become a world leader in the offshore
wind energy sector and play an important role in achieving sustainable goals. The research
process is consisting of five key stages (Figure 4): project framing, brainstorming, the AHP
stage, the COPRAS stage, and ultimately, decision-making. Each step was diligently executed
to ensure a comprehensive and systematic strategy for site selection. This case study contributes
to the ongoing discourse surrounding alternative energy sources, particularly offshore wind
power, and emphasizes the necessity for an analytical and holistic approach to site selection.
The results and conclusions of this study serve as a valuable resource for all stakeholders
involved in future offshore wind energy projects in Western Australia, facilitating informed
decision-making and sustainable development.

Step 1: Project Framing:

1.1.  Problem Definition: With its vast coastline and ample wind resources, Western
Australia emerges as a remarkably promising region for the development of offshore wind
energy. The identification of these specific locations is driven by their potential for generating
wind power and their close proximity to suitable geographic features.

1.2.  Objective and Evaluation Criteria: This study aims to decide on the most suitable
offshore wind farm location in Western Australia based on the multiple criteria and alternatives
available. The study evaluated five specific sites in Western Australia for their potential to
generate electricity via offshore wind farms. For this, each potential location has been evaluated
in terms of environmental impact, technical feasibility, financial cost and social considerations.
In order to ensure the reliability and comprehensiveness of the strategy, the opinion, guidance
and validation of four experts with more than 10 years of experience in the field was used.

Step 2: Brainstorming: In the second phase of the research, Brainstorming engaged in three
primary activities: data collection, expert consultation, and establishment of evaluation criteria.

2.1  Data Collection: During the Data Collection phase, extensive research was conducted
to gather in-depth insights into the technical, environmental, social, economic and other
important aspects of offshore wind power. This effort included rigorous review, expert
evaluation, validation and analysis of a wide variety of scientific literature, industry reports and
relevant regional statistics. Through in-depth examination of these various sources and expert
evaluation, a wealth of knowledge has been gained that supports the decision-making process
with comprehensive and up-to-date information.

Alford et al. [14] revealed that public attitudes in Australia generally support renewable energy
development, although apprehensions about potential impacts on marine life, fishing, and
tourism persist. It is crucial to engage in community consultation and involve local communities
in the decision-making process. Additionally, suggested that wind farm projects in the region
may generate employment opportunities, benefiting the local economy. Simon et al. [15]
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reported significant energy potential for offshore wind power in the Western Australia. Factors
such as technological advancements, the regulatory and policy environment, and available grid
infrastructure can influence the capacity of wind turbines for offshore wind energy. Seabed and
ground conditions are crucial to ensure the safe and efficient installation and operation of
offshore wind turbines in the Western Australia [16]. This region is subject to various local
and national regulations and policies [17]. Understanding and adhering to these regulations is
essential for the successful development of offshore wind energy projects in the region.

2.2  The involvement of subject matter experts played a crucial role in establishing the
foundation of our research by defining key criteria and factors for the site selection process.
Leveraging their comprehensive knowledge of offshore wind energy development,
encompassing technical, environmental, and economic aspects, we were able to construct a
comprehensive framework for evaluating potential sites. Throughout the study, experts actively
participated in the decision-making process, offering their expertise and insights during the
implementation of methodologies such as the Analytical Hierarchy Process (AHP) and
Complex Proportional Assessment (COPRAS). They contributed to the determination of the
relative weights and priorities of the evaluation criteria and to ensure a balanced and sound
evaluation. In addition, experts shared their experience and knowledge specific to Western
Australia, shedding light on the challenges and opportunities associated with offshore wind
farm development. This enabled the identification of critical factors that could affect feasibility
and success, including regulatory considerations, stakeholder engagement, and potential
environmental impacts. Collaboration with subject matter experts has gone beyond the analysis
stage. Their guidance and feedback has been instrumental in interpreting and validating the
results from the multi-criteria decision-making process. Their insights helped grasp the
practical implications of the findings and provided recommendations for further improving the
decision-making framework.

2.3 In the Identification of Alternatives and Criteria phase, the data obtained along with
expert input played a pivotal role in defining the alternatives and assessment criteria. The five
areas under consideration were identified as options, while the evaluation criteria encompassed
technical, environmental, economic, and social considerations relevant to the selection of
offshore wind generation sites. These criteria were carefully chosen due to their significance in
evaluating wind energy projects and their crucial role in determining project success (Table 3).
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Table 3. Prospective Wind Energy Sites and Their Associated Considerations

Location

Denmark

Esperance

Geraldton

Bunbury

Exmouth

Environmental and Social
Impacts

Minimal effects on bird
species and bats

Negative impact
on bird species
and bats.

Potential harm to
bird species and
bats

Ground conditions may not be
suitable for traditional fixed
foundation wind turbines, the
potential for floating offshore
wind farm

Lower potential
impact on marine life
and habitat

Local Community Views
and Concerns

Mixed views from the local
community, concerns about
the impact on the landscape
and tourism

No significant
local community
concerns

General support
for renewable
energy
development,
but concerns
about the impact

The local community has not
expressed views on a potential
project

The local community
has not expressed
views on a potential
project

on marine life
and tourism
Economic Analysis High energy production Lower energy Economic Economic feasibility studies Economic feasibility
capacity, moderate energy sales revenue benefits to the required for floating offshore studies required for
sales revenues expectations region wind farm projects near-shore projects
Technical and High wind speeds, favorable | Optimal wind High wind Optimal wind turbine design and | Lower wind speeds
Engineering Analysis sea depth, and suitable port | turbine design speeds and capacity. Favourable sea depth and energy
infrastructure maximize and capacity. energy conditions for turbine production potential.
power generation potential. | High energy production installation.
production potential.
potential.

Local and National
Regulations

Compliance with state and
federal regulations for
environmental protection

Compliance with
state and federal
regulations for
environmental
protection

Compliance with
state and federal
regulations for
environmental
protection

Compliance with state and
federal regulations for
environmental protection

Compliance with
state and federal
regulations for
environmental
protection

Location-specific Factors

Average local community
support and government
incentives. Relatively low
impact on marine life and
ecosystems.

Lower expected
revenue from
energy sales.
Limited
government
incentives and
support.

Below-average
operation and
maintenance
costs. Moderate
local community
support and
government
incentives.

Lower expected revenue from
energy sales. Limited
government incentives and
support.

Below-average
operation and
maintenance costs.
Lack of nearby
onshore wind farms
for support and

synergy.
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Step 3: Use of AHP: To streamline the AHP procedure, individual pair-wise comparisons of the
criteria are conducted within each category. Additionally, in order to illustrate the relative
significance among the distinct categories, a pair-wise comparison among the categories is also
executed. These pair-wise comparison matrices are formulated using the insights of four
experts. Consequently, weight factors (priorities) are allocated to both categories and criteria,
derived from these pair-wise comparisons. The consensus values of the experts are used to
determine these weight factors. This means that instead of solely relying on a single expert's
opinion, the process incorporates multiple perspectives, which can contribute to a more
balanced and comprehensive evaluation. Weights and their significance are crucial aspects of
the Multi-Criteria Decision-Making (MCDM) method. Weights represent absolute values
ranging between zero and one, devoid of units or dimensions. Depending on the specific
problem, "weight" may signify importance, preference, likelihood, or any other parameter
considered by decision-makers. In a hierarchical structure, weights are distributed according to
the hierarchy's architecture, and their values rely on the information provided by the users. In
the context of criteria and options, weights should be treated separately. By definition, the goal's
priority is 1 (or 100%). The priorities of the alternatives always sum up to 1 (or 100%). When
dealing with multiple levels of criteria, things may become complicated; however, for a single
level, their priorities also total 1.

In cases where a hierarchy comprises multiple levels, such as the interplay between categories
and parameters in this context, two additional concepts come into play: local priorities and
global priorities. Local weights (wi) denote the relative importance of nodes within each
cohesive group of siblings (criteria) concerning their parent (category). These local priorities
for each set of criteria collectively amount to 1.000 or 100%. Global weights (gwi) are derived
by multiplying the local weights of the siblings (criteria) by the overall priority of their parent
(category) (as per Equation 11). Consequently, the global weights for all parameters at this level
collectively equal 1 or 100%.

In this stage, the process involved calculating the average of the consistency vector and
subtracting the matrix dimension (n) from it. The result was then divided by (n-1) to derive the
consistency index (CI). Next, the Cl was divided by the random index (RI) associated with the
matrix dimension (n). The resulting value, termed the consistency ratio (CR), was found to be
below 0.1, signifying the consistency of judgments. To determine the global priority vector for
each sub-criterion, the local priority vectors of the sub-criteria were multiplied by the global
priority of their parent criterion. This comprehensive analysis allows the evaluation of the
relative importance of each criterion and sub-criterion in the decision-making process,
providing valuable insights for the study.

Evaluation processes play a critical role in the decision-making process by bringing together
information from various perspectives. Expert opinions serve as an important source of input
in these evaluation processes and can provide valuable guidance for complex decisions such as
region selection. Table 3 represents the aggregated evaluations of the experts.

The process of evaluating alternatives (regions) can be significantly enhanced by utilizing the
weighted scores derived from priority vectors. These weighted scores convey a comprehensive
representation of the overall performance of each alternative (region) with respect to the
predefined criteria and sub-criteria. By leveraging this methodology, decision-makers are better
equipped to make informed decisions based on a holistic understanding of the various factors
influencing each alternative's performance.

To embark on the evaluation process, begin by constructing a matrix where the rows denote the
alternatives (regions), and the columns correspond to the sub-criteria. The elements within this
matrix are indicative of the performance ratings assigned to each alternative for every sub-
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criterion. This structured representation of the data facilitates a more systematic approach to
the evaluation process, allowing for the integration of multiple criteria and the identification of
potential trade-offs among them. After the matrix is created, the sub-criteria are multiplied by
the global priority vector. This multiplication yields a new vector containing the weighted
scores for each alternative. By comparing these weighted scores, it becomes possible to discern
the most favorable alternative (region) in accordance with the established criteria and sub-
criteria. Furthermore, this approach enables decision-makers to systematically assess and rank
the alternatives (regions) based on their suitability, while taking all relevant factors into
account. One of the primary advantages of this methodology is its ability to ensure a transparent,
objective, and comprehensive evaluation process. By employing a structured and systematic
approach to decision-making, it becomes easier to justify the final decision and demonstrate
that all relevant factors have been considered. Additionally, this methodology promotes
consistency in the evaluation process, as the same set of criteria and sub-criteria are applied
uniformly across all alternatives. This consistency fosters greater confidence in the decision-
making process and reduces the potential for bias or subjective influences to skew the results.

Table 3. Weight Agreement Among Experts for Each Criterion and Sub-Criterion in Wind Farm
Evaluation

Criteria SubCriteria Group Consensus
C1l Cl1 0.0625
Cl Cl.2 0.0725
Cl Cl1.3 0.0575
C1l Cl4 0.0375
C2 c2.1 0.0720
C2 C2.2 0.0841
C3 C3.1 0.0577
C3 C3.2 0.0691
C3 C3.3 0.0559
C4 C4.1 0.0375
C4 C4.2 0.0450
C5 C5.1 0.0208
C5 C5.2 0.0232
C5 C5.3 0.0184
C5 C5.4 0.0120
C5 C5.5 0.0064
C5 C5.6 0.0056

Step 4: Usage of COPRAS:

Using weighted ratings provides a finer-grained appreciation of how numerous elements
contribute to each option's total performance. The weighted scores account for the relative
relevance of each criterion and sub-criterion, as opposed to depending on a basic aggregate of
raw scores, so that more important aspects are given more weight in the assessment process.
With such specificity, decision-makers may better weigh the benefits and drawbacks of each
option and arrive at more well-considered conclusions.

The COPRAS procedure starts with standardizing the alternatives' performance numbers. The
values on the various scales for each criterion are made comparable by this process. The
COPRAS values (Ci) of the options are then derived from the estimated weighted total values,
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positive and negative ideal values. The best wind energy location is then selected after the
possibilities are sorted by their Ci values. The best possible location for a wind farm may be
chosen with the help of this method, which is both objective and scientific. The normalized
values matrix is obtained by dividing each performance value by the sum of the values in the
corresponding column.

After the normalized values were calculated, the study was carried on establishing what those

values should ideally be in each area. Finding the greatest normalized value for each criterion
across the chosen sites allowed to calculate the positive ideal values, denoted by A*. Similar to
how A" was determined by picking the highest normalized value for each criterion, A" was
calculated by selecting the lowest normalized value.

The COPRAS approach relies heavily on calculating the deviations from these ideal values. Di*
was calculated by subtracting A* from the weighted total for each site to get the distance to the
positive ideal value. Dy, on the other hand, was calculated by subtracting the weighted total
from A", the negative ideal value. Table 4 is based on these computations.

Finally, using these distances, determined the COPRAS values (C;) for each area. Table 14
displays the results of this calculation. Di” was calculated by dividing Di* by Di. The higher the
Ci value, the better the site was for building an offshore wind farm.

Table 4. COPRAS Evaluation of Offshore Wind Farm Sites

Location Weighted Sum Di+ Di- Ci

Denmark 0.1320 0.0500 0.0900 0.6880
Esperance 0.1070 0.0570 0.0820 0.5900
Geraldton 0.1200 0.0580 0.0720 0.5540
Bunbury 0.1170 0.0590 0.0710 0.5460
Exmouth 0.1150 0.0600 0.0680 0.5310

Step 5: Decision Making:

Based on the COPRAS values derived from the analysis, the assessment reveals that Denmark

emerges as the most favorable region for monopile wind turbines in Western Australia,
exhibiting a noteworthy value of 0.688. This region is followed by Esperance and Geraldton
regions with calculated COPRAS values of 0.590 and 0.554. These findings highlight the
potential for this Denmark region to support the successful implementation of monopile wind
turbine projects.

6. Conclusion

This study provides important information about the need for renewable energy sources in
Australia, the evaluation of potential sites for a future offshore wind farm in Western Australia
and the selection of the ideal location. The research provided a rational perspective on offshore
wind farm site selection by combining AHP and COPRAS approaches.

As a result of the calculations, the Danish region in Western Australia has emerged as the most
ideal region for offshore wind farm installation. The implications of these results are significant
for renewable energy policy makers, investors, and academics. This research can assist the
transition to renewable energy sources by guiding the installation of future wind farms,
improving the quality of decision-making, and reducing the time and effort spent at each step
of the process.
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OZET

Endiistriyel atiklarin yapisinda bulunan poliaromatik hidrokarbonlar ekosistem i¢in giin gectikce
kompleks bir ¢evre sorunu olmaya devam etmektedir. Petrol ve petrol tiirevinden iiretilen bu endiistriyel
triinlerin  dogada ¢ozinimleri olduk¢a uzun yillar siirmektedir. Bunlarin dogal olarak
biyoc¢oziiniimlerini hizlandirmak i¢in poliaromatik hidrokarbonlari besin kaynagi olarak kullanan
mikroorganizmalarin ¢ogaltilip kontamine alanlara uygulanmasi sonucu bu kirliligin biyo¢dziiniirliiliik
siiresinin  kisaldigr yapilan c¢aligmalar ile ortaya konulmaktadir. Giliniimiizde poliaromatik
hidrokarbonlar1 pargalayan mikroorganizmalar 6zellikle de bakteriler, petrol ve petrol tiirevlerinden
tiretimi saglanan endiistriyel {irlinlerin artmasi sonucu biyoremediasyon agisindan biiyiilk 6nem
kazanmustir.

Bu ¢alismada lastik fabrikasi atiklariin dokiildiigii topraklardan dogal olarak direng kazanan toplam
12 adet izolat elde edilmistir. izole edilen suslarin tiir bazinda molekiiler tanimlamalar1 16S rRNA gen
sekans analizlerine gore yapilmistir. Bu tanimlama sonucunda; 11 adet izolattan Achromobacter,
Massilia, Bacillus, Staphylococcus ve Azospirillum genuslarina ait tiirler ( Achromobacter xylosoxidans
(1), Massilia alkalitolerans (3), Bacillus simplex (1), Staphylococcus sp. (1), Azospirillum brasilense
(4) ) belirlenmis ancak bir izolat tanimlanamamuistir. Bu izolatlarin gelecekte ekosistemin dengesinin
saglanmasina ve  biyoremediasyon  c¢alismalarmin  gelistirilmesine  katki  saglayacag:
degerlendirilmektedir.

Anahtar Kelimeler: Biyoremediasyon, Poliaromatik hidrokarbonlar (PAHSs), Biyodegredasyon,
Bacillus sp.

1. GIRiS
1.1. Poliaromatik Hidrokarbonlar (PAHS)

Tehlikeli kirleticiler listesinde yer alan Polisiklik Aromatik Hidrokarbon (PAHs)’lar, tam yanma
gostermeyen fosil yakitlardan ortaya ¢ikan petrol ve petrol tiirevi hidrokarbonlardir. PAHs’larin ¢evrede
giin gectikge miktarinin artmasi ve birikmesiyle olusan kirlilik dogal dengenin bozulmasini etkileyerek
biyolojik ekosistemlerin zamanla yok olmasina sebep olmaktadir (Telli-Karakog ve ark., 2002; Li ve
ark., 2006; Sprovieri ve ark., 2007). Poliaromatik hidrokarbonlarin yapisinda ikiden fazla benzen halkasi
bulunabilir. Bu yapidan dolay1 hidrokarbonlar hidrofobik ve lipofilik bir yapiya sahip olurlar (Wsiclo,
1998; Zhang ve ark., 2006; Wang ve ark., 2010; Alver ve ark., 2012; Saygili, 2012; Kilig, 2015). Yag:
seven yapilarindan dolay1 poliaromatik hidrokarbonlar yagda kolaylikla ¢oziilebilirken suyu sevmeyen
yapilarindan dolay1 poliaromatik hidrokarbonlarin su tizerinde ¢6ziiliimiiniin az oldugu ve su iizerinde
birikerek su ekosistemlerini olumsuz sekilde etkiledigi tespit edilmistir (Saygili, 2012).
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Halk saglig1 agisindan bakildiginda Londra’da Percivall Pott isimli bir cerrah St. Bartholomew’s
Hospital’da 1775 yilinda galisirken baca temizleme iginde olan iscilerin derilerine niifus eden baca
isinden dolayi testis kanserine maruz kalmalarinin nedenini PAHs’a bagli oldugunu bildirmektedir.
Cevresel faktorlerin kansere sebep oldugu ilk defa bu gbzlem esnasinda bahsedilmistir. Pott’un yaptig:
bu gozlemin dogrulugu yaklagik 100 yil sonra Bell ve Volkman tarafindan insanlarda testis deri
kanserine sebebiyetini iskogya ve Almanya’da parafin endiistrilerinde ¢alisan insanlarda tespit etmeleri
tizerine bu bilgi dogrulanmistir (Luch ve Baird, 2005). Duman, is, katran ve yag gibi kimyasallar
hayvanlar ve insanlar {izerinde PAHs calismalar1 yapilirken tespit edilmistir (Douben, 2003; Alver ve
ark., 2012).

Fluorene, Naphtalene, Acenaphthylene, Acenaphthene, Pyrene, Phenanthrene, Fluoranthene,
Anthracene, Benzo(a)pyrene, Chrysene, Benzo(k)fluoranthene, Benzo(a)anthracene,
Benzo(b)fluoranthene, Dibenzo(a,h)anthracene, Benzo(g,h,i)perylene ve Indeno(1,2,3-c,d)pyrene
olarak Cevre Koruma Ajansi (EPA) tarafindan bu 16 hidrokarbon ¢evre kirletici olarak belirtilmistir.
Ekosistem {izerinde PAHs’larin olumsuz etkileri bulunmaktadir (Garcia, 1999).

2. DENEYSEL CALISMALAR

2.1. Bakteri izolasyonu

Bu galismada, PAHs ile kirlenmig Kirsehir Lastik Fabrikasi bolgesinden alinan toprak 6rneklerinden
12 adet bakteri izole edilmistir.

Cizelge 1. Toprak Orneklerinin Alindig1 Bélgeler

Bolgeler Numarasi Numuneler Alindig1 Bolge

13.Bolge YH.13.1, YH.13.2, YH.13.3, YH.13.4, | Kirsehir Lastik Fabrikas1
YH.13.5, YH.13.6

15.Bolge YH.15.2, YH.15.3 Kirsehir Lastik Fabrikasi

16. Bolge YH.16.1, YH.16.4, YH.16.6, YH.16.7 Kirsehir Lastik Fabrikasi

10’ar gram olarak tartilan toprak o6rnekleri; Petrol Rafinerisinden getirilen saf petrol ile olusturulan
1 Litre orani olan 1 g K;HPQO4, 1 g KNOg, 0,1 g CaCly, 0,2 g MgSOs ve 0,1 g NaCl igeren % 1 oraninda
Triton-X-100 emiilsifor : ham petrol oranina sahip (1:1) besiyeri igine inokiile edilmistir. Inokiile edilen
toprak drnekleri 28°C” de 180 dev/dak.’da 3 giin boyunca inkiibe edilmistir. Toplam 3 inkiibasyon olmak
tizere her 3 giinde bir taze besiyerine aktarim gergeklestirilmistir. Son asamada ise; farkli koloni sekli
gosteren izolatlar saflastirildiktan sonra daha sonraki ¢aligmalarda kullanilmak {izere stok besiyerlerinde
saklanilmistir (Rojas-Avelizapa ve ark., 1999, Eraydin-Erdogan, 2010).

2.2. izolatlarin Molekiiler Tanimlanmasi

Elde edilen saf kiiltiirlerden Adigiizel (2006) tarafindan kullanilan DNA saflastirma metodu ile DNA
ekstraksiyonlar1 gergeklestirilmistir. Izolatlarmn tamimlanmasi i¢in &nemli olan 16S rRNA bolge
primerleri PCR ile ¢ogaltilarak elde edilmistir (Orhan 2013). PCR islemi i¢in; numuneler 2 dakika 6n
denatiirasyon i¢in 95 °C’ de, ardindan 1 dakika i¢in 94 °C” de 36 dongii olacak sekilde denatiirasyon, 1
dakika 54°C’ de baglanma, 2 dakika uzama basamaklar i¢in 72°C” de ve 5 dakika 72°C’de uzama
basamagindan olusan sistem seklinde PCR termal cihazina yerlestirilmis ve hedef bolgelerin
cogaltilmasi gerceklestirilmistir (Orhan, 2013). PCR ¢alismasindan sonra elektroforez asamasinda 16S
rRNA o6rnekleri marker igin Sigma D-7058 kullanilmigtir. Daha sonraki agsmada ise; Ethidium Bromiir
boyamasi yapilan DNA bantlar1 goriintiilenmis ve DNR Biolmaging System Software sisteminde analiz
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edilmistir ( Orhan 2013). 16S rDNA PCR yontemi ile cogaltilan 16S rRNA gen bdlgesinin dizilerinin
analizi Macrogen firmasi ile gergeklestirilmistir.

3. BULGULAR

Endiistriyel atiklarla kirlenmis Lastik Fabrikasi bolgesinden 12 adet bakteri izole edilmistir. Bu
izolatlardan 11 adet izolatin tlir bazinda molekiiler tanimlamas1 igin 16s TRNA baz dizileri tespit
edilmigtir. Ancak bir tiir tamimlanamamugtir. Elde edilen 16S rDNA dizileri Gen Bankasinda kayitli olan
bakteri dizileri ile karsilagtirilmistir (http://blast.ncbi.nlm.nih.gov/blast.cgi). Kiyaslanma sonucunda
benzerlik oranlar tespit edilip gen bankasi kabul numarasi alinmistir Elde edilen sonuglardan 5 farkli
Achromobacter, Massilia, Bacillus, Staphylococcus ve Azospirillum genuslarina ait tiirler tespit
edilmistir. Analiz sonuglara gdre benzerlik orani, baz sayist, tiir ad1 ve gen bank numaralar1 Cizelge.1’de
gOsterilmistir.

Cizelge 2. izolatlarin 16S rRNA BLAST Sonuglari

KOD Tani Baz Sayisi Benzerlik % Genbank No
YH.13.1 | Achromobacter xylosoxidans 1380 100 KY010276
YH.13.2 | Massilia alkalitolerans 1382 99 KY010277
YH.13.3 | Bacillus simplex 1399 100 KY010278
YH.13.4 | Massilia alkalitolerans 1364 99 KY010279
YH.13.5 | Bacillus simplex 1421 99 KY010280

YH.13.6 | Tanimlanmamistir - - -

YH.15.2 | Staphylococcus sp. 1422 100 KY010281
YH.15.3 | Azospirillum brasilense 1303 99 KY010282
YH.16.1 | Massilia alkalitolerans 1352 99 KY010283
YH.16.4 | Azospirillum brasilense 1015 100 KY010284
YH.16.6 | Azospirillum brasilense 1017 99 KY010285
YH.16.7 | Azospirillum brasilense 1329 98 KY010286

4. GENEL DEGERLENDIRME VE SONUCLAR

Gilinlimiizde biyoremediasyon ¢alismalari i¢in kullanilan mikroorganizmalarin literatiir ¢aligmasina
katki saglanmistir. Ulke ekonomisi i¢in katma degeri yiiksek mikroorganizmalarin tespit edilmesiyle
biyoremediasyon ¢aligmalarina katki saglayacagi degerlendirilmektedir.

Tesekkiir: Bu c¢alisma Ahi Evran Universitesi Bilimsel Arastirma Projeleri No: PYO-
FEN.4001/1.16.009 kapsaminda desteklenmistir.
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OZET

Canliligin olusumunda eser element olarak bildigimiz ¢inko miktarsal olarak arttiginda canlilik i¢in
bir toksik etki olusturmaktadir. Bu tehlike miktar1 biyoremediasyon yontemlerinde kullanilan
organizmalarin yasamsal faaliyetlerini kisitlamakta hatta diger mikroorganizmalarin ekosistemden yok
olmasina sebebiyet vermektedir. Poliaromatik hidrokarbonlar ekosistemde kirletici unsur bakimindan
kompleks bilesiklerdir. Bu bilesikler topragin striiktiiriinde bulunan mikroorganizmalar i¢in bir oksijen
kesici ortam olusturmasiyla topragin derinliklerine kadar bir verimsizlik meydana gelmektedir. Petrol
ve petrol tiirevi hidrokarbonlar1 parcalayan organizmalar ortamda bulunan maddelerin yogunluguna
gore belirli seviyede biyolojik parcalama aktivitesi gosterebilmektedir. Biyo¢oziiniirliigiin artmasi i¢in
degredasyon yapan mikroorganizmalarin optimum agir metal direnglerinin bulunmasi da bu
organizmalar i¢in daha etkili biyoremediasyon galismalarinin yapilmasinda etkili olacaktir.

Bu calismada; petrol ve petrol tiirevlerinin yogun bulundugu Mersin Rafineri bolgesinde eski
doldurma ve bosaltma silolarindan alinan toprak orneklerinden biyodegredasyon yapan bakterilerin
izolasyonlar1 gerceklestirilmistir. Toplamda 18 adet bakteri izole edilmis ve izolatlarin agir metal
direnglilikleri ZnSO47H,0 tuzunun 5mM, 10mM, 15mM ve 20mM konsantrasyonlari agar well
difiizyon metodu kullanilarak belirlenmistir.

Caligma sonucunda; 18 adet izolattan biitiin konsantrasyonlara direngli olan 4 izolat belirlenirken
duyarli olan 11 adet izolat tespit edilmistir. Sonug olarak elde edilen izolatlardan en yiiksek ¢inko
konsantrasyonunda bile biyodegredasyon yapabilme yetenegine sahip 4 izolat elde edilmistir. Bu
izolatlarin daha sonraki biyoremediasyon ¢aligsmalarinda yogun agir metal konsantrasyonlarinin oldugu
topraklarda bile etkili bir pargalama 6zelligi gosterecegi degerlendirilmektedir. Tesekkiir: Bu ¢alisma

Ahi Evran Universitesi Bilimsel Arastirma Projeleri No: PYO-FEN.4001/1.16.009 kapsaminda
desteklenmistir.

Anahtar Kelimeler: Biyoremediasyon, Biyodegradasyon, Agir Metal, Cinko
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1. GIRiS

Cinko metalinin iiretimi hakkinda kesin bilgi olmamasina ragmen c¢inko bakir bazli alagimlarin
kompleks cevherlerden iiretimi esnasinda ortaya ¢ikmaktadir. Cinlilerin ve Hindistanlilarm M.O. 1000’
li yillarda metalik ¢inko {iirettikleri diisiiniilmektedir. Cinko korozyondan iyi bir sekilde korudugu igin
cok fazla tercih edilmektedir. Cin beyaz1 veya Cinko beyazi olarak adlandirilan ¢inko oksit (ZnO) boya
pigmenti olarak kullanilmaktadir. Bunlarin diginda kauguk sanayisinde, bronz, demir, kagit, cam, akii
ve fungusit iiretiminde de kullanilmaktadir. Tip alaninda insiilin preparatlarinda, dermal {irtinlerde ve
antiseptik iiriinlerde kullanilmaktadir (Ozdemir 2008, Vural 1993).

Cinko konsantrasyonlari yiiksek seviyelere ¢iktiginda mikroorganizmalarin elektron tagima sistemi i¢in
inhibitor etki gdsterdigi tespit edilmistir. Co, Cd, Ni, Hg, Cu ve Pb gibi diger metallere oranla inhibitor
etkilerinin daha diisiik oldugu tespit edilmistir (Choudhury ve Srivasta 2001, Ozdemir 2008).

Cinkonun yag, protein, karbonhidrat ve niikleik asit sentezinde, gelisimde, yumurta olgunlasmasinda,
deri biitiinliigiiniin saglanmasi ve yara iyilesmesi gibi gorevlere sahip oldugu tespit edilmistir. DNA
molekiiliine bagl proteinlerin temel bilesimini olugturmaktadir. Cinko tRNA sentetaz enziminde 6nemli
bir yere sahiptir. Apoptozisin ¢inko eksikliginde meydana geldigi tespit edilmistir. Cinkonun diger (Cd,
Hg, Pb ve Sn) agir metallerin zehirleyici etkilerini azalttig1 tespit edilmistir (Glasfeld ve Schimmel 1997,
Ozdemir 2008). Bir yandan esansiyel etkiye sahip olan ¢inko biiyiik miktarlara ulastiginda canlilar igin
toksit etki meydana getirmekte ve ekosistemleri yok etmeye baslamaktadir.

2. MATERYAL ve METOD
2.1. Bakteri izolasyonu

Bu ¢aligmada Mersin Rafineri Bolgesinden toprak o6rnekleri alinmistir. Alinan toprak érneklerinin
bolge ve numune numaralari Cizelge 1. de verilmistir.

Cizelge 1. Toprak Orneklerinin Alindig Bélgeler
Bolgeler Numarasi Numuneler Alindig1 Bolge
9.Bolge YH.9.1, YH.9.2, YH.9.4, Rafineri Eski Silo

YH.9.5, YH.9.6, YH.9.7,

YH.9.8, YH.9.9, YH.9.12

10.Bolge YH.10.1, YH.10.2, YH.10.3, Rafineri Eski Silo

YH.10.5, YH.10.6, YH.10.7,

YH.10.8, YH.10.11, YH.10.12

10’ar gram olarak tartilan toprak ornekleri Ali Aga Petrol Rafinerisinden getirilen saf petrol ile
olusturulan 1 Litre orani1 olan 1 g KoHPO4, 1 g KNOgs, 0,1 g CaCly, 0,2 g MgSQO4 ve 0,1 g NaCl igeren
% 1 oraninda Triton-X-100 emiilsifor : ham petrol oranina sahip (1:1) besiyeri i¢ine inokiile edilmistir.
Inokiile edilen toprak 6rnekleri 28°C” de 180 dev/dak.’da 3 giin boyunca inkiibe edilmistir. Toplam 3
inkiibasyon olmak tiizere her 3 giinde bir taze besiyerine aktarim gergeklestirilmistir. Bu sayede PAHs
parcalama 6zelliginde olan bakterilerin izolasyonu gerceklestirilmistir. Son asamada ise; farkli koloni
sekli gosteren izolatlar saflastirildiktan sonra ¢alismalarda kullanilmak {izere stok besiyerlerinde
saklanilmistir (Rojas-Avelizapa ve ark., 1999, Eraydin-Erdogan, 2010).
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2.2. Izolatlarin Agir Metal Direnglilik Diizeylerinin Belirlenmesi

Izole edilen bakterilerin agir metal direngliliklerinin belirlenmesi amaciyla agar well difiizyon metodu
kullanilmis ve olusan zon caplar1 Olgiilmistiir (Nithya ve ark 2011). Yapilan 6n denemelerde
konsantrasyonlariin ~ diisiik olmasindan dolay1r bakterilerin  direncli olduklar1  goriilerek
konsantrasyonlarin belirli oranda arttirilmasina karar verilmis olup bu sayede daha etkili sonuglar ortaya
cikmaktadir. Genis bir spektrum araligi olarak olusturulan agir metal konsantrasyonu SmM, 10 mM, 15
mM ve 20 mM olarak belirlenmistir. Agir metal olarak segilen ¢inko saf olarak degil ZnSQ4.7H20
olarak kullanilmigtir. Caligma sonuglarinin kiyaslanabilmesi i¢in kontrol mikroorganizmasi olarak
Pseudomonas aeruginosa ATCC 27853 standart susu kullanilmistir.

Izolatlar Miieller Hinton Agar’a inokiile edilmis daha sonra besiyerinde kuyucuklar steril metal aparat
yardimiyla acilmis ve ortada olan kuyucuk kontrol i¢in kullanilmigtir. Kontrol amaciyla ¢dziici madde
olarak steril distile su kullanilmigtir. Agir metal konsantrasyonlar1 uygulanmis (SmM, 10 mM, 15 mM
ve 20 mM) petriler 24 saat boyunca 37°C’de inkiibe edilmistir. En son asamadaise; inkiibasyon
sonucunda elde edilen zon caplar1 dlgiilerek kontrol susu ile kiyaslanmistir (Temiz 2010).

3. BULGULAR

Toprak oOrneklerinden 18 adet bakteri izolasyonu gergeklestirilmis ve izolatlarin ¢esitli
konsantrasyonlara farkli direng gosterdikleri tespit edilmistir. Izolatlarin ¢inko agir metaline
direnclikleri incelendiginde (zon c¢aplaria gore); YH.9.1, YH.9.2, YH.9.4, YH.9.5, YH.9.9,YH.9.12,
YH.10.1, YH.10.2, YH.10.3, YH.10.8, YH.10.11 no’lu izolatlarin biitiin konsantrasyonlara duyarl
oldugu belirlenirken YH.9.6, YH.10.6, YH.10.7, YH.10.12 no’lu izolatlarin biitiin konsantrasyonlara
direncli oldugu tespit edilmistir. Bunlarin disinda YH.9.8 ve YH.10.5 nolu izolatlar 5SmM i¢in direng
gosterirken diger konsantrasyonlar i¢in duyarli oldugu belirlenmistir (Cizelge 2).

Cizelge 2. izolatlarin Cinko Direnglilikler

ZnS0s TH20 SmM I O M I 5mM 20mM
YH 9-1 S = = S
VH 9-2 S s = S
YH 9-4 S s = S
VH 9-5 S S S 5
YH 9-6 R R R R
YH 9-7 R R R S
YH 9-8 R = S S
VH 9-9 S S s S

VH 9-12 s = S s
YH 10-1 S S S S
YH 10-2 S s = S
VH 10-3 S s = S
YH 10-5 R s S 5
YH 10-6 R R R R
YH 10-7 R R R R
YH 10-8 S S S S
YH 10-11 S = S S
YH 10-12 R R R R
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Gorsel 2. YH.10.3 nolu izolatin 15 mM ve 20mM cinko direncliligi
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4. GENEL DEGERLENDIRME VE SONUCLAR

Agir metaller ile kontamine olan topraklarin iyilestirilip diizenlenmesinde kullanilan maliyeti
oldukca yiiksek ¢ok sayida teknoloji bulunmaktadir. Bu yiizden giiniimiizde topraktaki agir
metallerin mikrobiyolojik  yolla giderilmesi 6nem kazanmaktadir. Sonug¢ olarak biitlin
konsantrasyonlara diren¢ gosteren izolatlarin ¢inko agir metali ile kirlenmis topraklarda
biyoremediasyon caligmalarinda etkili olacagi degerlendirilmektedir. Ayrica mikrobiyolojik

yolla yapilan bu yontemin ekosistem dengesi gelisimine katkida bulunacag diisiiniilmektedir.
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ABSTRACT

The province of Izmir, located in the western of Turkey characterized by tectonic activities, is
abundant in thermal springs. Cumali Thermal Springs, situated in the Seferihisar district of
Izmir province, have been utilized for health-related purposes. A total of 42 samples were
collected from 12 thermal water points at Cumali Thermal Springs. In addition, in-Situ
measurements of water temperature and pH values were conducted at 3 different sampling
points, and water samples were taken for ex-situ measurements (Sodium, Potassium, Calcium,
Magnesium, Carbonate, Bicarbonate, Chloride, Sulfate). The Cumali1 Thermal Springs consist
of numerous thermal points with temperatures ranging from 45-70 °C and pH 6-6.5. They
contain high levels of sodium chloride, iron, and free carbon dioxide. The most significant
feature that distinguishes Cumali Thermal Springs from the others in the region is the very high
total mineralization rate. As a result of taxonomic examinations, a total of 22 algae were
identified in the thermal springs of Cumali, including 17 Cyanobacteria and 5 Diatom taxa. It
was observed that the taxon Kamptonema okenii (C.Agardh ex Gomont) Strunecky, Komarek
& J. Smarda, which is a common taxon in high-mineral content thermal springs, formed
substantial clusters in the sampling areas of Cumali. A statistical analysis conducted with
Canoco to determine the ecological preferences of the taxa revealed a positive relationship
between the taxa and the thermal water. Furthermore, among the identified species,
Anagnostidinema amphibium (Gomont) Strunecky, Bohunicka, J.R.Johansen & Komarek, is
one of the promising taxon for biodiesel production and pigment extraction.

Key Words: Algal flora, thermal springs, ecological approach.

1. INTRODUCTION

Tiirkiye is geographically located on large continental fractures. The western part of the
country, in particular, is characterized by numerous short near-surface fault lines. Along these
short fault lines in the western regions, there are numerous thermal springs. Due to their
proximity to the surface, these thermal springs can be affected by occasional earthquakes,
leading to changes in the flow rate of the escaping water. Despite the relatively short distances
between these thermal springs, the chemical composition of thermal waters varies in this region
due to the distinct geological rock structures.

Algae is an ecological term used to describe aquatic photosynthetic creatures and includes
various unrelated groups. Since algae living in thermal waters are thought to resemble the oldest
life forms on earth, these algae are valuable as a source of thermostable biomolecules (Singh et
al. 2018).
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Research on the biodiversity of algae inhabiting thermal springs in Tiirkiye dates to 1937 (Regel
& Skuja,1937). While there were no studies on this subject until 1966, research on thermal
algae gained momentum in Tiirkiye in the early 2000s (Oztiirk, 2021).

Identifying algae that thrive in thermal waters can pave the way for substantial biotechnological
advancements. Particularly, high temperatures and high salinity present extreme conditions for
living organisms. To adapt to these environments, thermal algae possess distinct enzymes,
proteins, storage products, and more when compared to other groups. Recognizing these species
inhabiting thermal waters constitutes the initial step in comprehending the potential
biotechnological opportunities they may offer in the future. After the identification of algae in
thermal habitats, enzymes, proteins and pigments obtained from these algae are considered as
biotechnological resources (Singh et al. 2018). In addition, many of the active compounds
produced by algae (a wide variety of chemical molecules such as alkaloids, fatty acids,
porfinoids, peptides, terpenoids, polyketides, etc.) have been found to be anti-microbial, anti-
viral, anti-inflammatory and anti-cancer agents (Crnkovic et al. 2018).

The aim of the study was to determine the biodiversity of algae in Cumali thermal spring
(Seferihisar, izmir). In this context, results from ecological and taxonomic examination
methods were utilized to assess algal biodiversity. Furthermore, in-situ and ex-situ
measurements were conducted to ascertain the physicochemical properties of Cumali thermal
spring.

The aim of this study is to reveal the algae and their ecological demands in the Cumali thermal
spring, which has been used in health tourism for many years and has high mineralization. It is
planned to create a bioresource for biotechnological studies with thermal algae.

2. MATERIALS AND METHODS

In this study, many sampling sites with different characteristics were selected from Cumal
thermal springs. A total of 42 samples were collected from 12 thermal water points at Cumal
Thermal Spring (Figure 1). Algae samples were collected August, September, and October
2023. Collected algae samples were placed in sterile Eppendorf tubes and labelled. The samples
brought to the laboratory were examined directly. Olympus BX 50 (phase-contrast) microscope
was used for taxonomic examination. Sony DSC-TX7 camera was used to photograph algae
taxa.
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Figure 1 Cumali thermal spring and sampling points.

In addition, measurements of water were conducted at 3 different sampling points. In-situ
measurements of water temperature, pH, and conductivity using a Hanna HI 9812-5 Portable
Meter (Europa-Romania). Thermal water samples were collected in one liter glass bottles for
ex-situ measurements. Three thermal water bottles labelled and transported to the laboratory.
Sodium (Na), Potassium (K), Calcium (Ca), Magnesium (Mg), Bicarbonate (HCO), Chloride
(CI), Sulfate (SO), and Iron (Fe) values were measured.

Komarek & Anagnostidis (2000, 2005), John et al (2002), and Komarek (2013) referencing
were used to identify species in the taxonomic examination of algal species. Nomenclature
validation was performed using the AlgaeBase database (Guiry & Guiry, 2023).

Statistical analysis was performed with Canoco 5.0 software for Windows (Ter Braak &
Smilauer, 2012) to determine the ecological preferences of taxa. To begin, a Detrended
Correspondence Analysis (DCA) was conducted to ascertain the gradient length and determine
the most appropriate model (linear or unimodal) for the gradient under investigation. Based on
the DCA outcomes, it was evident that the provided data was conducive for subsequent
Canonical Correspondence Analysis (CCA).

3. RESULTS AND DISCUSSION

The measurement results for water parameters from various sampling points are presented in
Table 1 as mean values. According to these measurements, Cumali thermal water is found to
contain high levels of sodium chloride and iron. The results indicate that the thermal source is
alkaline (pH 6 - 6.5), with an average temperature of 50°C. Despite the presence of numerous
thermal water outlets in the region, what sets Cumali Thermal Springs apart from the others is
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its exceptionally high total mineralization rate, which can explain the limitation in algae
biodiversity.

Table 1. The physicochemical parameters of Cumali thermal spring.

Analysis Results Analysis Methods
pH pH 6.55 pH in-situ

Conductivity Con 38.4 ds/m in-situ

Temperature T 45-70 °C in-situ

Sodium Na 205 me Na/L TS ISO 9964-3
Potassium K 97 me K/L TS ISO 9964-3
Calcium Ca 36 me Ca/L TS 8196
Magnesium Mg 15.99 me Mg/L TS 4474 1SO 6059
Chloride Cl 339.48 me CI/L TS 4474 1SO 9297
Bicarbonate HCO 10.72 me CaCO3/L TS 3790 EN ISO 9963-1
Sulfate SO 3.79 me SO4/L Eltan 1998

Iron Fe 980 pg Fe/L Hach Method 10287

In the course of an ecological and taxonomical investigation into algae biodiversity, a total of
22 algae species were identified in Cumali thermal springs, including 17 cyanobacteria and 5
diatom taxa (Table 2). The identification of these algae taxa was based on their morphological
characteristics as established in previous studies (Figure 2). Typically, as observed in algae
studies within thermal waters, Cyanobacteria stands out as the dominant group. Within the
Cyanobacteria taxa, the Oscillatoriales order is represented by 11 taxa, the Chroococcales order
by 5 taxa, and the Nostocales order by a single taxon (Figure 3). The most abundant taxon was
Spirulina major Kiitzing ex Gomont, which was found to dominate nearly all the algae samples
(Figure 2). It's worth noting that Spirulina and Pseudanabaena taxa, commonly detected in this
study, have been frequently observed in algae identification studies conducted in other thermal
waters as well (Heidari et al., 2013; Roy et al., 2015). Furthermore, the taxon Kamptonema
okenii (C.Agardh ex Gomont) Strunecky, Komarek & J. Smarda, which is a common taxon in
high-mineral content thermal springs, formed substantial clusters in the sampling areas of
Cumali (Oztiirk, 2021).

Table 2. The biodiversity of algae in Cumali thermal spring.
Cyanobacteria

Anagnostidinema amphibium (Gomont) Strunecky, Bohunick4, J.R.Johansen & Komarek
Chroococcus membraninus (Meneghini) Négeli

Chroococcus sp.

Chroococcus thermalis (Meneghini) Nageli

Geitlerinema thermale Anagnostidis

Gomphosphaeria natans Komarek & Hindak

Kamptonema okenii (C.Agardh ex Gomont) Strunecky, Komarek & J.Smarda
Kamptonema cortianum (Meneghini ex Gomont) Strunecky, Komarek & J.Smarda
Komvophoron cf. jovis (J.J.Copeland) Anagnostidis & Komarek

A e A Al o e
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—

0. Komvophoron sp.
11.  Oscillatoria ornata Kiitzing ex Gomont

—

2. Petalonema velutinum Migula
3. Planktothrix isothrix (Skuja) Komarek & Komarkova
4. Pseudanabaena sp.

—_— —

5. Snowella sp.

[u—

6. Spirulina major Kiitzing ex Gomont
7. Spirulina tenuior (Lagerheim) Kirchner

—

Bacillariophyceae
18.  Fragillaria sp.
19.  Navicula sp. 1

20. Navicula sp. 2
21.  Nitzschia sp.
22.  Pinnularia sp.

Figure 2. The biodiversity of algae in Cumali thermal spring, scales 10 pm. (1-
Anagnostidinema amphibium, 2-Chroococcus thermalis, 3-Chroococcus membraninus, 4-
Komvophoron sp., 5-Planktothrix isothrix, 6-Navicula sp. 1, 7- Nitzschia sp., 8-Pinnularia sp., 9-
Spirulina major, 10- Chroococcus sp., 11-Gomphosphaeria natans, 12-Komvophoron cf. jovis, 13-
Geitlerinema thermale, 14-Fragillaria sp., 15-Pseudanabaena sp., 16-Snowella sp., 17-
Oscillatoria ornata, 18-Petalonema velutinum, 19- Kamptonema okenii, 20-
Kamptonema cortianum)

The relationships between thermal water parameters and these taxa were investigated using
Canoco 5.0 software for Windows. Initially, Detrended Correspondence Analysis (DCA) was
conducted, revealing a total variation of 0.56856, with the first two axes explaining 78.09% of
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the variance. Subsequently, a statistical analysis was performed using Canoco 5.0, employing
Canonical Correspondence Analysis (CCA) to evaluate the ecological preferences of these taxa.
The CCA diagram in Figure 4 illustrates the relationship between the algae taxa and the
measurements of thermal water.

Cyanobacteria taxa

® Chroococcaceae
m Oscillatoriaceae

Nostocaceae

Figure 3. Distribution of Cyanobacteria taxa identified in the Cumali thermal spring.

o. j
Al O Mg
H
P Con
Ni
KCsPi SiCSs
Fa A Gt KeACm
PKdm PWNs !
K
< Can'© POo
FI | Na Gn AI{]
' N2 !
-1.0 1.5

Figure 4. CCA diagram showing the relationship between the algae taxa (with triangle) and the
physicochemical parameters of Cumali thermal spring (with arrow) [the Cyanobacteria taxa
code: Aa: Anagnostidinema amphibium, Cm: Chroococcus membraninus, Cs: Chroococcus sp.,

Ct: Chroococcus thermalis, Gt: Geitlerinema thermale, Gn: Gomphosphaeria natans, Ko:

Kamptonema okenii, Kc: Kamptonema cortianum, Kj: Komvophoron cf. jovis, Ks: Komvophoron

sp., Oo: Oscillatoria ornata, Pv: Petalonema velutinum, Pi: Planktothrix isothrix, Ps:

Pseudanabaena sp., Ss: Snowella sp., Sm: Spirulina majér, St: Spirulina tenuior, Fs: Fragillaria

sp., Ns1: Navicula sp. 1, Ns2: Navicula sp. 2, Ni: Nitzschia sp., Ps: Pinnularia sp.] T: temperature,
Con: Conductivity, Na: Sodium, K: Potassium, Ca: Calcium, Mg: Magnesium, Cl: Chloride,
HCO: Bicarbonate, SO: Sulfate, Fe: Iron]
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Due to the intolerance of many taxa to high temperatures, thermal springs represent extreme
habitats for living organisms, creating unique ecological niches (Oztiirk Ulcay & Kurt, 2017).
Considering that several taxa cannot thrive in elevated temperatures, thermal springs serve as
extreme environments for organisms, fostering distinctive ecological niches. Following the
identification of algae in thermal habitats, the enzymes, proteins, and pigments obtained from
these algae hold promise as biotechnological resources (Singh et al. 2018). Therefore,
identifying the species residing in these habitats carries biotechnological significance.
Moreover, among the species identified in this study, Anagnostidinema amphibium (Gomont)
Strunecky, Bohunickd, J.R.Johansen & Komarek, emerges as a promising taxon for biodiesel
production and pigment extraction. Consequently, the biodiversity of algae in thermal habitats
should be further explored.
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ABSTRACT

Iraq as a country is now suffering from Climate Change Impacts in similar or even worse ways
than many other countries of the world. The manifestations of these climate changes are being
felt in global warming, changes to weather driving elements and sea level rise. Increasing
temperatures, declining precipitation rates and changed distribution patterns together with
increasing evaporation are causing water stress in Irag. However, they trigger other changes in
a sort of chain reaction; such as droughts, desertification and sand storms. Iraq is not even safe
from the consequences of sea level rise where the southern part of the Tigris- Euphrates delta
is threatened by inundation and Iraq’s ports and sea coast line are endangered by such projected
rise. So far the agricultural sector in Irag has been hit very badly by the reduced water
availability for arable lands; whether rain fed lands as in the northern part, or irrigated lands
using the declining discharges of the Tigris and Euphrates Rivers as in the southern and middle
parts. The present negative climate change trends seem to be continuing in the future as it is
obvious from all projections and studies being performed so far. Loss of cultivable land to
desertification, recurrent droughts and sand storms and declining agriculture are the pattern of
change in Iraq’s already fragile environment; and this will result inevitably in much more
distress for the population in the future and will lead to social unrest. These will add to the great
pressures facing all future governments unless the government takes protective planning and
solutions.

Keywords: Climate change, Climate of Irag, Effects of climate change on the environment in
Iraq.

INTRODUCTION

Irag is located; geographically in the East Mediterranean Region. Bound by South
Anatolia in the north, Iran in the east and northeast, Syria and Jordan in the west; it opens on
the Saudi Arabia, Kuwait and the Gulf at the south. (Figure 1). This geographical location added
to Iraq’s varied surface topography brings with it many changing weather elements which are
showing in various degrees of variations due to the current Global Climate Change.
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Figure 1: Map of Iraq (Sissakian, at al, 2019).

Countries and communities around the world are already experiencing stepped-up
climate change impacts; including rising temperatures, droughts, floods, shortages, more
intense and frequent natural disasters, and sea-level rise. The most vulnerable countries of these
are being hit the hardest. Iraq is one of such countries, which has been struggling with
significant and interconnected environmental, security, political, and economic challenges;
with the effects of climate change likely increasing the extent of these challenges. Rising
temperatures, intense droughts, declining precipitation, desertification, salinization, and the
increasing prevalence of dust storms have undermined Iraq’s agricultural sector. Additionally,
Iraq’s water security is based on two declining rivers, the Tigris and Euphrates. National and
regional political uncertainty will make mitigating the effects of climate changes and addressing
transnational water management very difficult. Climatic changes such as increasing
temperatures, reduced precipitation, and increasing water scarcity will likely have serious
implications on the state of Iraq for years to come (USAID 2017). These changes and their
consequences are discussed in more details in the following paragraphs.

WATER SCARCITIES

Climate changes due to global warming have influenced all the weather driving
elements not only in Iraq but in all the surrounding countries. These changes include
temperature rise, atmospheric pressure variations, rainfall intensities and its temporal and
spatial distribution; which have contributed also to changes in annual stream flow volumes of
the Tigris and Euphrates Rivers. Model studies have shown that these negative trends will
continue at least to the end of this century and may be accentuated as long as the green house
gases (GHG) emissions which include CO2 continue at the present rates. These models indicate
that storms activity in the Eastern Mediterranean Region is part of the North Atlantic Oscillation
(NAO) pattern and it will decline this century if global warming continues. Therefore, rainfall
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will decrease by (15 to 25) % over large part of this region; encompassing parts of Turkey,
Syria, northern Irag and north-eastern Iran and including the strategically important headwaters
of the Euphrates and Tigris rivers (Adamo et. al. 2018 a).

Other studies have indicated declining precipitation over all the Tigris River tributaries’
basins in Iraq with alarming results. These studies also indicated that precipitation had already
shown a general decline in the decades 1980- 1990, 1990- 2000 and 2000- 2010 with a
decreasing spatial trend from upstream to downstream and from east to west of the basin. This
is attributed to the fact that the northern and northeastern parts of the basin are mountainous
with high precipitation and snowfall, while the lower and western parts are relatively flat with
less precipitation. Future projections showed that under the optimistic emission scenario (B1)
the mean annual precipitation over Khabour River basin will decrease by 7% during the future
period 2046- 2064 and 15% during the period 2080-2100. However, the reductions are
estimated to be 18% and 38% respectively under the pessimistic emission scenario (A2) during
the same two periods. The Diyala River basin will undergo precipitation reduction of 17% in
the two future periods under (B1) scenario and 26% and 40% under scenario (A2) in the two
periods. The Greater Zab, Lesser Zab and Al-Adhaim Rivers’ basins will undergo similar
reductions under the same scenarios and in the same future periods (Adamo et al., 2018 b).

At the present, climate changes are having their toll also on the Tigris and Euphrates
Rivers stream flows. The fact that these rivers originate out of Iraq’s borders and that their
watersheds fall in areas which are subject to the same climate changes’ influences reflect on
their declining natural stream flow. The situation is aggravated in recent decades and even now
by the increasing water withdrawals in the other riparian countries due to their increasing
demand, namely Turkey and Iran, and to a lesser degree Syria. Figure (2) gives the riparian
countries, which shares in the water supply of the two rive according to the Iragi Ministry of
Water Resources. Future projections and assessments of the regional water resources under
Climate Changes future impacts and with Tigris and Euphrates at focus have shown that the
situation is far from being bright. Chenoweth et al. (2011) investigated those likely effects on
the water resources of the Eastern Mediterranean and Middle East and it was found that the
average annual Euphrates- Tigris Rivers’ discharges might decline by 9.5% between 2040 and
2069, with the greatest decline of (12%). Another study predicted that the Euphrates River
annual flow could suffer a reduction of (29 — 73) %, (Kitoh et al., 2008. Further strain is put on
these resources by the continued pollution and salinization of the two rivers due to increasing
use of fertilizers and discharge of industry effluence and domestic waste and sewerage without
enough treatment. Water is becoming with the passage of time more and more a scarce
commodity in the whole region and especially in Iraq with Climate Changes unhampered
impacts and continuous human misuse.
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Figure 2: Water Supply by country to Tigris and Euphrates water resources (After the Ministry
of Water Resources-Iraq, 2010).

DESERTIFiCATION, DROUGHT, AND SAND STORMS

Decreasing rainfall is one of the significant factors that simultaneously marks and
intensifies desertification. Climate Changes exacerbates desertification through changing of
spatial and temporal patterns of rainfall. The variation of rainfall amounts causes changes in the
land vegetative cover through both numbers of dry years or seasons resulting in very long
drought periods. The increase in the temperatures as a result of the Climate Changes causes the
changing of the soil properties and processes, such as organic matter decomposition, greater
leaching losses, decreased soil water, and degradation through reducing soil moisture, and soil
erosion in some regions because of heavy rainfall and increased wind speed (IPCC, 2007) a.
Climate Changes also accelerate desertification through changing the regional water resources’
systems regime by disrupting the balance between water outflow and inflow due to the variation
of rainfall amounts and increasing temperature, which increases evaporation and
evapotranspiration. The fact that Climate Changes Impact are causing droughts and increased
desertification is becoming quite evident in recent years in Iraq and Syria forming the two limbs
of what is known as the “Fertile Crescent” (Figure 3).
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Figure 3: The so-called "Fertile Crescent” in a NASA image (Adamo, at. Al, 2018).

A significant study employed a super-high-resolution atmospheric global climate model
to reproduce the precipitation and the stream-flow of the present day “Fertile Crescent” and
projected the current trends in climate changes on the Middle East water resources till the end
of the current century showed severe reductions of the annual discharges of the rivers in the
region. The Euphrates River annual flow as one case might suffer a reduction of (29 — 73) %,
as well as the stream flow of the Jordan River (Kitoh et al., 2008). In the wider picture of the
Middle East, the study showed that, by the end of this century, the “Fertile Crescent” would
lose its current shape and could disappear altogether.

The area shown in Figure (3) witnessed one of the most devastating droughts in decades
in (2007-2008) which scientists have linked to Climate Changes. This severe drought hit most
of Syria and northern Iraq during what is normally the wettest time of the year. In the mountains
of eastern Turkey, which form the headwaters of the Tigris and Euphrates rivers, snow and rain
were less than half of the normal. Drought is becoming a fixture in this landscape, due to a
drying trend of the Mediterranean and Middle East Region which is fueled by global warming
(Holthaus, 2014). The current and future impacts of Climate Changes inevitably will lead to
decreasing lake sizes, drying wetlands and changing the regional environment (Sivakumar,
2007). This trend will impede and hamper the current efforts to restore the marshes of southern
Irag and may result in their drying up. Given the impact of low rainfall and wasteful irrigation
practices in Irag, environmentalists predict the marshes will remain at a fraction of their typical
size (Schwartzstien, 2015); if not disappear altogether. In 2009, a report by UNDP described
the impacts of the global warming on Irag and it underscored the severe droughts it had
experienced and the declining precipitation over the Tigris and Euphrates basins in the (5-10)
years previous to the report, which amounted only to (25-65) % of normal levels. This study
shows that the Climate Chang Impact is the main reason expressed in the form of global
warming and changes in the North Atlantic Oscillation (NAQO) (UNDP, 2009). The same study
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goes on to explain that these changes will increase the likelihood of massive dust storms as a
result of losing soil moisture and vegetation cover, and furthermore, the impacts are expected
to be more severe as time passes and will lead to more destruction of physical and chemical
characteristic of the soil in Irag's arable and non-arable lands.

Taking all the predictions of the future Climate Change Impact on the Tigris and
Euphrates rivers’ basins, the productive land, especially in Iraq will be reduced to a barren land
with extensive deserts, and only narrow strips of irrigated stretches along the two rivers will
remain.

A direct consequence of the increased aridity, which is strongly felt, is the occurrence
of sandstorms. A study of sand and dust storms events in lIraq by Sissakian et al. (2013)
indicated that the frequency of occurrence of dust storms has increased drastically during the
last decade and it is increasing continuously. According to the United Nations report, it indicates
that the Iragi Ministry of Environment has recorded 122 dust storms and 283 dusty days in 2012
and it estimates that this will increase to 300 dusty days per year in the next ten years, (UN.
2013). A typical image of such an event is shown in Figure (4).

Figure 4: Aerial view of a dust storm. Note it had started just in the northwestern borders of
Iraq (The Moderate Resolution Imaging Spectroradiometer (MODIS) on NASA's Aqua satellite
captured this natural-color image on March 3, 2011).

The recent changes on the different climatic factors in the Middle East are mostly
attributed to the Global Climate Change Impact. The area has experienced enormous changes
in the average annual temperatures and the average annual precipitation contributing to
increased desertification followed by increased sand and dust storms events. A large part of
Iraqi territory has changed into a Very High Potential Zone for the occurrence of such storms
as a direct consequence, and only a small area in the extreme northeastern part shows -Moderate
Potentialfor dust storms. A global dust potential map published by the Desert Research Institute
(DRI, 2013) is shown in Figure (5) which shows clearly this fact. Taking the current trends of
the future Climate Change Impact on the Tigris and Euphrates rivers’ basins, which have just
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been explained; the phenomenon of increased sand and dust storms will reach unimaginable
limits and worsen life quality and bring it to very low levels by the end of the century; unless
some corrective measures are taken on the regional and local scales. Such measures may include
stabilization of sand dunes, creating wide and extensive green zones around cities, large scale
afforestation using trees and shrubs with high tolerance to moisture deficiency, and by applying
modern practices in conserving water and soil resources. It also requires the cooperation of
neighboring countries in performing similar actions.

Dust Potential
Rating Class

DNcrc

Projection
World Robinson. WGS 1984

Figure 5: Global Dust Potential Map (Adamo, at. al., 2018).

SEA LEVEL RIiSE (SLR)

Sea level rise (SLR) is another obvious impact caused by climate changes which are
leaving their mark on many countries in the world that have coastal areas. It is very likely that
the 20th-century global warming has caused an increase in the size of seas and oceans as well
as loss of land ice (IPCC, 2001 b). During the period 1961-1993 there was an observed global
sea level rise of about 1.8 mm/year as an average, while during the period 1993-2003 the rate
was 3.1 mm/year (IPCC, 2007a) and it is still on the rise. The Middle East and North Africa
Region (MENA) countries are vulnerable to the impacts of SLR as most of the other countries
of the world with coast lines. But despite of the fact that their coastlines are subjected to these
impacts, this will be more noticeable in countries that have deltaic areas, such as Egypt (Nile
River delta) and Iraq (Tigris and Euphrates delta) (Figure 6). These two areas are the most
vulnerable within the MENA countries by sea level rise (Ghoneim, 2009).
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Figure 6: The Situation of the sea level rise for Egypt (Nile River delta and Iraq (Tigris and
Euphrates delta (Shown in red and yellow colors (Ghoneim, 2009).

Climate Change Computer Modeling also projects sea level rising by over 0.5 meters
by the end of the century. One report indicates that this will place low-lying coastal areas in the
Gulf and Shatt-al-Arab area and North Africa at particular risk with specific mention of Iraq
(World Bank, 2013).

One study, which was made on the implications of the global warming on coastal zones
of the Arab Region highlighted the vulnerability of the Arab countries to potential impacts of
the sea level rise. (El Raey, 2010). The study indicated that most of these countries, if not all of
them, are extremely vulnerable to the impacts of the sea level rise; not only through direct
inundation but also due to salt water intrusion. Another study looked into the impacts of SLR
on the Arabian coastline and highlighted those countries with high potential risk of SLR
(Ghoneim, 2009). One simulation model study of SLR has been conducted using the
Geographical Information System (GIS) and the Shuttle Radar Topography Mission (SRTM)
data. Under the 1 m SLR scenario, the simulation revealed that approximately 41500 km2 of
the territory of the Arab countries would be directly influenced by the rise of the sea level. But
taking into consideration the full “likely” range of the predicted increases in temperature, SLR
could even be amplified up to 1.4 m by the year 2100.

In dealing with the Shatt al-Arab estuary at the head of the Arabian Gulf, the shoreline
of Iraq is very limited; however, it is considered one of the most threatened areas in the region
because of its low elevation with respect to the sea level. The low elevation areas appear to
extend through Basra City and to the north of it even for the 1 m sea level rise. The potential
impact may affect soil salinity by salt water intrusion and may cause serious inundation of many
parts of the Tigris and Euphrates delta and drive the population out and cause loss of the
infrastructures. For a 3 m sea rise, the intrusion of the sea can reach Amarah city and beyond
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Nasiriyah city. Figure (7) shows the extent of inundation that could be caused by the sea level

rise in Iraq as depicted by the scenario of sea level rise of +1 m and Figure (8) shows this extent
for the scenario of sea level rise of +3 m.

Sealevelrise: | +1m ] Eupe M. Amenca 5. Amencs Alaca SE.Asia China. 8 o0 Ausiiata

e S

Figure 7: Extension of sea level rise in Iraq as represented by the scenario of + 1 m sea level
rise (https://iragi-forum2014.com/)

Sea lovelrise: | +3m -I Euope N Amenca S Ameccs Atica SE_Asi Chioa & Japas Ausizatd
e

Figure 8: Extension of Sea Level Rise in Iraq as represented by the scenario of + 3 m sea level
rise (https://iragi-forum2014.com/)

On the coast line, Umm Qasr and Al- Faw the two Iraqi ports are shown in Figure (9).
They are the only Iragi sea ports which support trade, shipments, and various businesses and
industries including oil exporting and storage. But, they both are vulnerable to sea level rise

and changing weather patterns that may increase erosive action on the natural features of the
coast, as well as infrastructures.
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Figure 9: The coast line between Um Qasr and Al Faw (Adamo at. al., 2018).

This already described area is very low-lying and susceptible to any amount of sea level
rise, as well as being subjected to redistribution of coastal and marine sediments during extreme
storm events, which clogs shipping channels and forces frequent dredging. The sea level rise,
and constant movement of the lowest low-water mark, which defines the maritime borders with
Kuwait and Iran has the potential to create international conflict with regard to the location of
shipping corridors; there have already been several incidents related to this in recent years
between Iran and Irag. In addition, Shatt al-Arab is already suffering from salt water intrusion
mostly related to lack of freshwater discharge and sea level rise will exacerbate this problem.

Almost all the possible impacts of climate variability in Iraq are currently being felt in
the Marshlands and adjacent areas in the south, due to the fact that this area is a receptacle for
all rivers discharge and irrigation drainage in Irag. It is also exposed to the influences of the sea
level rise which results in increasing salinity in the southern fringes, through the Shatt al-Arab
and into portions of the Hammar Marsh. Thus, it is a globally significant area (wetlands with
high biodiversity and traditional cultures) that is being assaulted on two fronts (from the north
and from the south) (El Raey, 2010).

SOCIiO-ECONOMIC IMPACTS DUE TO CLIMATE CHANGE

Climate changes in general, act as a threat multiplier, exacerbating existing
sociopolitical and economic vulnerabilities, undermining livelihoods, inflating the risk of
conflict and making it difficult for people to remain in situ. Socio-economic conditions in the
world as a whole, and taking Irag as an example, are influenced by the impacts of the rapid
climate changes on its natural resources. Such impacts include the increase in frequency and
severity of extreme weather events and other manifestations such as sea levels rise; All these
impacts, if they are left unmanaged or controlled will increase stresses on the critical resources
and infrastructures that support water and food security, transport and energy systems, and
impinge directly on life quality as a whole. These climate changes threats coupled with other
negative factors my highlight the dangers to social security and undermine the ability of
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governments to manage volatile situations; leading to what can be described as a failing state.
In a recent report entitled “Epicenters of Climate Change and Security: The New Geostrategic
Landscapes and the Anthropocene” (Werrell et al., 2017), the authors emphasize that climate
change impacts contribute to a broad range of destabilizing trends within states, including
population displacement, migration, political unrest, state fragility, internal conflicts, and they
imply also that the transboundary nature of some climate change impacts may lead to conflicts
between states. In the last case, the Tigris and Euphrates Rivers’ flows may be cited as an
example. The decrease of water resources due to natural climate change impacts coupled with
the unfair sharing of water by Turkey and Iran may lead to armed conflicts between Iraq and
these two countries or with the other riparian country namely Syria. Such actions may be taken
in desperation and under popular pressures and unrest.

In looking into the socio-economic developments in Irag, it is very clear that the climate
change impacts are negatively affecting the country with much more severe negative changes
expected in the future. Agriculture in Iraq for one thing has been declining in recent years for
variety of reasons with climate changes as being one of the major negative actors. Agricultural
output and cultivated farm land area have been showing negative trends which are clearly
indicated by the escalated migration from the country side to urban centers and the soaring
imports of food and agricultural products. A study, which was done by Cline (2007) treated the
global warming effects on agriculture and listed these impacts for most of the countries of the
world including Irag. Agricultural impact models of two types, "Ricardian” statistical economic
models were used with process-based agronomic crop models, combined with leading climate
model projections. A set of geographically detailed estimates for changes in temperature and
precipitation by the 2080°s were developed and applied to the chosen agricultural impact model,
i.e. The Agriculture Mendelson- Schlesinger Model. These estimates were obtained and used
for 116 countries, regions and subzones taking their 1961-1990 climatic values as base period,
and then comparing the changes in the predicted agricultural outputs’ values against the actual
outputs values in 2003 which then were compared to those values in 2007 and then projected
to the future period 2070- 2099. In this report Iraq was indicated as one of the most badly hit
countries of the world together with 30 more countries. The detailed results given for Iraq
showed that according to changes in temperature and precipitation and agricultural output
values averages of the base period 1961-1990 taken together with the actual agriculture output
value of 370 million dollars in 2003; this output value declined to an amount of 266 million
dollars in 2007. The projected values for the future period 2070-2099 will decline even further
728 million dollars (without Carbon fertilization) or 685 million dollars (with carbon
fertilization) depicting a decline of more than 100 percent from base period in 1961- 1990. Such
decline can only be described as catastrophic and it will have deep and extensive negative out
comes on the state of Iraq.

The migration from rural areas to urban centers due to the shrinkage of cultivated land
areas and the declining output will be exasperated and adds further difficulties to the local
authorities and strain their capacities to meet population demands for services such as
sanitation, potable water supply, clean environment and basic health services. Such services are
already inadequate now due to variety of reasons which include among other things
incompetent management and lack of resources. Competing over irrigation water between
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different users has strained social relationships and caused the eruption of armed skirmishes
between various clans in southern Irag which even required the intervention of security forces
to calm down such situations. These can only be seen as warning signs of the worst to come if
these trends continue at the expected rates.

DISCUSSION AND RECOMMENDATIONS

Iraq is facing today great challenges due to climate change impacts on the whole world.
Irag role to combat these however, is limited. The country has already signed the Paris
Agreement on climate change in December 2015, pledging to reduce greenhouse gas emissions
by 15% between 2020 and 2035, the equivalent of 90 million tons of carbon dioxide. According
to an article by Abu Zaid (2016) and published in Al- Monitor however, "The country does not
have such a large number of industrial facilities or power plants or even so much use of fossil
fuel, as it is the case in industrialized countries, and the rates of fuel combustion in Iraq are
much less than those of said countries”. It follows that corrective and protective actions should
be taken in to consideration immediately within Iraq itself to limit and reduce future negative
consequences. The only meaningful action taken so far in the context of the environmental
changes was the launching of the National Action Program to Combat Desertification in 2015by
the Ministry of Health and Environment with support from the United Nations Environmental
Program (UNEP) and some other regional organizations. But although this addresses only one
of the many aspects of climate change, it is believed that the recommended actions in this
program have not been fulfilled so far due to variety of reasons; of which lack of financial
resources and instability in some parts of Iraq are to be mentioned. However, and in view of the
colossal problems facing Iraq there is the need to develop a comprehensive and continuous plan
to limit the expected consequences of Global Change Impacts and to put it into application
immediately. One of the elements of this plan is to introduce radical changes to all water and
soil management policies and practices. The water sector in Irag at the moment is suffering
from endemic problems. The wide spectrum of these problems includes among other things the
wasteful use of water, use of old and traditional irrigation practices, deterioration of irrigation
infrastructures, illiteracy of farmers and their lack of modern technical skills, weak
administrative frame works in addition to the lack of meaningful legislations to control water
use. In this field the government has a challenging task to revolutionize this sector even if this
is done on stages of 5 or ten years. Water scarcity in Irrigated lands requires saving every drop
of water and put it to the best use. This requires sorting out the better quality lands for cultivation
and crop production while the other lower quality lands should be set aside for afforestation,
converting all the existing irrigation projects to the use of modern methods by changing to
closed irrigation systems, drip irrigation and sprinklers especially in the north of the country
where this can be used as a complementary measure, rehabilitation of all the irrigation structures
and use of automation, strengthening the administrative and management framework with
better monitoring and control of water sharing and supported by effective legislations and
strong authority for their implementation. Better and fair pricing of water is strongly
recommended to stop the current waste of this limited resource not only in the agricultural
sector but in the domestic and sanitation sectors also. Use of recycled water and desalinization
of salty water should be considered seriously to help in the abatement and mitigation future
increased shortage. While all these actions shall be planed and implemented the government
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attention must at the same time be fixed on getting a fairer and better sharing of the Tigris and
Euphrates water from the countries of origin; namely Turkey and Iran. This can be done through
continuous negotiations based on exchanging benefits. In combating the sea level rise impacts
on the southern delta and sea coast line it is necessary to carry out much more studies to define
in a more accurate way and refined details of the exact changes and their locations. Based on
these suggested studies plans can be prepared for staged implementing of protective works in
the form of dikes and sea shore revetments. Settlements in areas that cannot be protected shall
be delineated and no permanent works are allowed on them; while settled population has to be
moved to other safe areas after providing all good living conditions there
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ABSTRACT

Recent waves of immigration flows and asylum seekers are posing serious social and political
problems in European countries. Between 2009 and 2015, it has been estimated a total of 3-3.5
millions of asylum applications to national governments. This chapter discusses the geography
of asylum seekers in the European Union and proposes some descriptive statistics concerning
the behavioral reaction of residents. In particular, it is shown a strong correlation between the
size of the population of asylum seekers and the fear of terrorism and crime, whereas no
economic concern was found. This evidence is interpreted as need to provide also correct
information to residents when implementing immigration policies.

Keywords: Refugees - Asylum seekers - Migration - European Union - Attitudes

INTRODUCTION

Europe has experienced many waves of refugees in the twentieth century with different
directions of flows. Notably, before 1939 thousands of Jews from Germany sought for asylum
in other European countries or even in the Americas. This wave of refugees is particularly
interesting from a social perspective for its content of human capital. Waldinger (2010) and
Moser et al. (2014) have in fact estimated the (negative) impact of the expulsion of thousands
of Jewish professors from German universities and the (positive) effect on U.S. economy which
eventually received them. In those years, US public opinion was divided on the issue of Jewish
refugees from Europe. The Gallup Institute has recently assembled an interesting set of pools
regarding refugees in the opinion of Americans and found a 61% opposition against Jewish
refugees.

The most recent refugees wave, before that generated by turbulence in the Middle East,
has been in correspondence of the breakup of war in Kosovo, where thousands of Muslim
refugees sought asylum in Western Europe and in the US. Those flows were welcomed in
receiving countries without manifestation of opposition, possibly because of the involvement
of Western countries in the war against Serbia.

Despite these events, Europe or the European Union was almost unprepared to manage
current refugee crisis, both in institutional and socio-economic terms. Dustmann et al. (2016)
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have calculated that between 2009 and 2015 3-3.5 millions of asylum applications have been
received by national governments. This situation is exacerbating centripetal tensions with
discussions of the fair versus balanced distribution of refugees and asylum seekers lasting for
years, further deteriorating the political and institutional landscape of the continent.

Several geographical dimensions form the institutional and economic background of
current situation, especially in Europe. Asylum seekers embark in dangerous trips, primarily
through the Mediterranean Sea, to escape from wars and political and religious persecutions.
Economic motives of these forced migration flows are very likely to be marginal. Nevertheless,
their economic impacts, or at least as they are perceived by European residents and decision
makers might be substantial in destination countries in terms of both public finances and local
labour markets. Moreover, Europe is the destination of asylum seekers from different
geographical areas, and while those coming from the middle east are in most cases escaping
from wars (e.g. the Syrians), there is a large number of asylum demands which come from
people coming from different places which are not at war and, as such, generally end up being
classified as migrants rather than refugees. The European governments, and the public opinion,
are not able to distinguish between these until the end of the process by which asylum demands
are accepted or rejected, which may last many months and even a few years. For this reason,
perceptions are as important as facts at the heart of the aforementioned discussion among
European governments on whether and how to relocate asylum seekers. Interestingly, this
process is eminently political and allows us to shed some light on the underlying political
economic mechanism at work.

The aim of this paper is to review the main institutional and political factors influencing
the debate over the spatial distribution of refugees and asylum seekers in Europe. In particular,
we will review the main literature regarding the causes and consequences of refugee flows and
provide an updated picture of the spatial distribution of refugees and asylum seekers among
European countries. Furthermore, we will present some data concerning the perceptions of
Europeans and how this is shaping the debate over migration policies.

THE ISSUE OF REFUGEES AND ASYLUM SEEKERS IN THE RECENT
LITERATURE

International migration is a global phenomenon which has expanded in recent years.
The international migration report (UN 2013) estimates that the number of international
migrants has been constantly growing over the period 1990-2013. Europe is the main
destination for migrants, being the residence of about one third of the total, and is closely
followed by Asia. Even more interesting is the fact that international migration flows have
specific characteristics in terms of origin-destination. Northsouth flows have remained stable
and very low, while north-north flows have grown slowly and steadily. The most remarkable
trend, however, is the very sizeable growth of south-south and south-north flows, which now
account for the very large majority of migrants (UN 2013).

Global migration flows have been significantly studied in the literature, at both the
national the regional level. Particular focuses of academic research have been the reasons
behind choices to migrate, the determinants of the location of migrants (e.g. Pedersen et al.
2008; Wang et al. 2016) and the impact of migration on the places of origin and of destination
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of migrants (e.g. Kanbur and Rapoport 2005; De Haas 2010; Di Maria and Stryszowski 2009;
Dustmann et al. 2011; Borjas 2015; The World Bank 2006).

Refugees constitute a relatively small part of global migration, since they are defined
by the 1951 Refugee Convention as a person who “owing to a well-founded fear of being
persecuted for reasons of race, religion, nationality, membership of a particular social group or
political opinion, is outside the country of his nationality, and is unable to, or owing to such
fear, is unwilling to avail himself of the protection of that country”.

However, refugees and asylum seekers also constitute a rapidly growing and highly
visible part of international migration. The UNHCR (2015) estimates that more than two million
asylum applications were received in 38 European countries in 2015. This is a substantial
increase from the slightly more than 700,000 lodged in 2014.

A large (and now growing) body of literature has long considered the effect of mass
migration or refugees on local economies. An early study was conducted by Card (1990) on the
effect of the Miami boatlift in the early 1980s on the Florida labour market, finding limited
evidence of an effect on wages and employment. Hunt (1992) and Carrington and De Lima
(1996) have considered the case of repatriates from the African colonies of France and Portugal,
reporting a negative effect on employment and wages in locations where repatriates settled.

These early papers on the impact of “return” migrants are interesting, as they consider
a shock occurring in other countries as an influence on the decision to migrate, although it was
sometimes not a properly free decision. However, they are not immune from critique of their
identification strategy, given the highlyaggregated data they made use of and the endogeneity
of the location decision. To circumvent the issue of self-selection, Glitz (2012) exploits an
exogenous variation in German migration law which occurred in 1989. This made the migration
of family members of immigrated workers easier. In this case, non-significant effects on wages
and internal migration were found. In general, however, the main effect of large migration
inflows, if any, could be found in the re-distribution of income. If migrants are on average less
skilled than residents, then unskilled workers will face tougher competition for jobs and a
consequent reduction in wages, which may be not apparent if only average wages are
considered.

The case of refugees and asylum seekers is different from the general case of migrants,
as in most cases they are not allowed to work in hosting countries, at least in the short term.
Subsequently, in the medium-term they have lower employment rates than other immigrants
and finally have higher benefit use rates (European Parliament 2016; Martin et al. 2016; Ruist
2015). These features imply that their impact on local economies is usually worse than that of
economic migrants. Besides Europe in these last few years, Africa is certainly the continent that
has witnessed the largest displacements of people because of wars, political unrest and natural
disasters. Therefore, such cases have attracted some scholars aiming to shed new light on the
relationship between forced migration and development in receiving countries. The most
interesting case in recent years has certainly been the refugee crisis in Tanzania, due to masses
of individuals fleeing from Burundi (1993) and Rwanda (1994).
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In a first attempt to evaluate the effect of such phenomena, Baez (2011) has argued in
favour of a negative effect, since the socio-economic stress imposed by refugee influence is too
strong to be absorbed by weak local labour markets. Interestingly, Maystadt and Duranton
(2014) consider the same case and reach opposite conclusions. In a rigorous econometric
analysis, they consider a panel of Tanzanian households over the period 1991-2010 and find
that the presence of refugees from Burundi and Rwanda has had a positive effect on welfare.
They also argue that such positive change was due to public investment in infrastructure,
decreasing transportation costs and leading to a higher mobility of individuals. This result is
interesting and important, since it implies that a temporary population shock may have
permanent positive effects thanks to efficient and appropriate public policies. The Syrian
conflict is currently generating large refugee inflows in neighbouring countries, especially
Lebanon and Turkey, deeply affecting local economies. Akgunduz et al. (2015) exploit the
geographical distribution of refugee camps in Turkey to analyse the impact of the inflows of
Syrians in terms of housing and food prices, as well as market outcomes. They find a slight
increase in the level of prices and no significant changes in the employment rate of natives.

As it is also clear from the work of Maystadt and Duranton (2014), considering a long
period of time is of paramount importance to disentangling the effect of massive population
shock. An interesting case is the Great Migration to the USA from Europe, which occurred
between the second half of the nineteenth century and the beginning of the twentieth. Those
migration flows were driven by both economic reasons and persecutions, especially in the case
of Jews in Eastern Europe facing the worrying diffusion of pogroms. Rodriguez-Pose and von
Berlepsch (2012) find that countries that had attracted more migrants between 1880 and 1910
had better economic indicators in 2005, even after controlling for self-selection of migrants into
locations. Finally, it should be noted that one of the most important drivers of development in
modern economies is innovation capacity. Moser et al. (2014) find that highskilled refugees
may boost innovation in destination countries through scientific spillovers. In particular, they
consider the impact on the number of patents in the USA of Jewish scientists who were expelled
from German universities and who fled to the USA.

As should be evident at this point of the review, the economic literature on refugees and
asylum seekers has primarily focused on the impact of displaced individuals while
comparatively less attention has been devoted to the analysis of the location of refugees and
asylum seekers. This is affected by a variety of factors, some of which are eminently political
and cultural. In particular, there is little evidence on the factors that, at a sub-national level,
influence the attitude towards hosting refugees and asylum seekers. The International
Organization for Migration (IOM) (2015) provided a survey of public attitudes towards
immigration worldwide, finding that in most of the world the attitude towards immigrants is
rather positive. Europe is an important exception in which the majority of the population
believes immigration levels should be decreased. This is the outcome of two different models,
one prevailing in northern Europe in which migration is welcome, and another prevailing in
southern Europe in which migration is considered to be excessive (IOM 2015, p. 7). This might
also be related to the fact that southern Europe is not only the front-door of migration into
Europe and the hub of the refugee crisis, but is also the part of the continent which has been
affected most by the economic crisis. Therefore, the economies of these countries are
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structurally weaker and have important issues in terms of public finances (Moro and Beker
2016; Fonseca and Fratesi 2016). This is consistent with the fact, also found in IOM (2015),
that the attitude towards migrants is more negative among those people who are more likely to
compete with migrants for job opportunities (i.e. the lower educated and unemployed).

REFUGEES AND ASYLUM SEEKERS IN EUROPE
The Spatial Distribution of Asylum Seekers

According to recent estimates of the International Migration Outlook (2016), OECD
countries received about 1.5 million of new asylum seekers in 2015, with an expected further
increase in 2016. However, because of fragmented regulation, only a limited share of this flow
is actually granted asylum. In the European Union, in particular, because of a lack of common
and harmonized regulation and of a substantial overlapping between political refugees and
economic migrants in terms of origin countries and especially points of entry (mainly in
Mediterranean countries), the probability to obtain a refugee status is relatively low.

Data, in fact, show that the majority of those who applied for asylum in Europe were
denied it, in many cases because they are considered by the tribunals as economic migrants.
Figure 1 shows that the number of asylum seekers in the European Union having a first instance
decision has been constantly increasing, especially after 2014, and that rejections have been
attributed in the majority of cases, until 2015 and 2016, when the number of those who received
a positive outcome was larger than those who were in the first instance rejected, most likely
due to the Syrian crisis. There exist significant differences between countries in the percentage
of asylum seekers who are given a positive reply to their application (Table 1). In particular,
these are higher in Denmark, Sweden and Austria, and are above the EU average also in
Germany, which is the country which receives most of them. They are lower than the average,
though, in other large countries, such as Italy, France and, especially, the UK. The sources of
these differences in terms of percentage of applications are likely to depend on two different
aspects: on one side the source of asylum seekers, which can come from different routes and
different countries, so that some of them, like Syrians, are normally allowed the status of
refugee, while others are often classified as economic migrants. The second aspect is the
different legal system in the different countries, which rely on different types of courts with
different outcomes.
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Figure 10: First instance decisions on asylum applications by type of decision—annual
aggregated data. Source of data: Eurostat

Percentage

with positive Geneva Subsidiary

first instance Total i itarian | protecti
Country | decision Rejected | positive | status status status, Total
EU28 51.9 285.165 | 307,510 | 229 460 22,080 55,970 592,680
DE 56.5 108,370 | 140,910 | 137,135 2070 1705 249,280
FR 26.5 57.280 | 20,630 | 16,790 o 3845 71910
IT 415 41,730 | 29.615 |3575 15,770 10,270 71,345
SE 2.2 12,375 32,215 | 12,740 1350 18,125 44,590
UK 36.6 24115 | 13950 | 12,175 1650 125 38,070
CH 64.1 7840 14.000 | 6285 5080 2630 21,840
AT 713 6050 15,045 | 12,590 355 2100 21,095
NL 804 4015 16,450 | 6660 390 9400 20,465
BE 53.9 8945 10.475 | 8825 o 1650 19.420
DK 81.1 2305 9920 7605 70 2245 12,225
EL 418 5610 4030 3665 10 355 9640
NO 66.0 3225 6250 5410 165 675 9475
BG 90.6 580 5595 4705 o 890 6175
PL 18.2 2870 640 350 120 165 3510
HU 14.8 2915 505 145 5 355 3420
ES 315 2220 1020 220 o 300 3240
FIL 56.8 1280 1680 1060 160 460 2960
CcY 76.8 480 1585 195 o 1390 2065
MT 83.9 240 1250 265 75 915 1490
CZ 345 875 460 55 15 390 1335
RO 36.4 840 480 240 0 235 1320
IE 33.0 665 330 150 o 180 1000
Lu 239 590 185 170 o 15 775
PT 52.7 180 195 35 o 160 370
HR 21.6 145 40 35 o 5 185
EE 444 100 80 20 o 55 180
s 278 130 50 30 5 15 180
LT 472 95 85 15 0 65 180
LV 1.8 145 20 5 o 15 170
SI 34.6 85 45 35 o 10 130
SK 61.5 50 80 5 3 40 130
LI 16.7 25 5 0 o 0 30

Table 1: Number of first instance decisions on asylum applications by type of decision and by
country in 2015.

Convention relating to the Status of Refugees of 28 July 1951, as amended by the New
York Protocol of 31 January 1967 Subsidiary protection status: means a person covered by a
decision granting subsidiary protection status as defined in Art.2(g) of Directive 2011/95/EC
i.e. ‘the recognition by a Member State of a third country national or a stateless person as a
person eligible for subsidiary protection’ Authorisation to stay for humanitarian reasons: means
a person covered by a decision granting authorisation to stay for humanitarian reasons under
national law concerning international protection by administrative or judicial bodies. It includes
persons who are not eligible for international protection as currently defined in the
Qualifications Directive (Directive 2011/95/ EU) but are nonetheless protected against removal
under the obligations that are imposed on all Member States by international refugee or human
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rights instruments or on the basis of principles flowing from such instruments. Examples of
such categories include persons who are not removable on ill health grounds and
unaccompanied minors. This concept refers only to persons who have been previously reported
as asylum applicants in the Asylum data collection. As a consequence, persons granted a
permission to stay for humanitarian reasons but who have not previously applied for
international protection are not included under this concept

The Routes

One of the interesting spatial aspects of the recent surge in the arrival of refugees and
asylum seekers in Europe concerns the routes through which they arrive. The main routes to
Europe according to FRONTEX are: the Western One, between Senegal, Mauritania and
Morocco and the Spanish Canary Islands, the routes of Western, Central and Eastern
Mediterranean, which respectively are those connecting Africa to Spain, Africa to Italy and
Malta and finally Turkey with Cyprus, Greece and Bulgaria. In addition there are the Eastern
Balkan route which it is also called the circular route from Albania to Greece, the Western
Balkan route connecting the countries from the Western Balkan region to Greece, Bulgaria,
Romania, Hungary and Croatia and last but not least the Eastern Route mainly used by
Moldova, Ukraine, Belarus and Russia to enter Romania, Hungary, Slovakia, Poland,
Lithuania, Latvia, Estonia, Finland and Norway.

The flows relative importance in quantitative terms changes in relation to shocks in
country of departure but it might also change according to destinations’ countries answers to
fluxes e.g. the construction of border fences and walls or the implementation of restrictive
hosting policies. For example, in 2015, Syria (23%), Afghanistan (16%) and Iraq (11%)
represented half of the asylum demands in OECD countries. Looking at more recent data, they
show that immigrants from Syria, Afghanistan and Irag diminished and the number of migrants
from Nigeria and Eritrea, increased. The change in nationalities, reflects the changing routes
and port of arrival; while Greece received more migrants from Syria (46.6%), Afghanistan
(24.2%) and Irag (15.2%), Italy received a much greater variety of nationalities, and in
particular Nigerians (21.0%), Eritreans (11.7%), Guineans (7.2%). Indeed, the central
Mediterranean Route was the preferred one in 2016 and Italy saw a 115% increase in
cumulative arrivals (177,729 in 2016 vs. 153,842 in 2015), while the Eastern Balkan route
became less practiced and Greece saw in 2016 a 83% decrease in cumulative arrivals (175,666
arrivals in 2016 vs. 1,033,029 in 2015) (IOM 2016).

Refugees coming from different routes and different countries had different locations in
Europe. As it can be observed in the maps of Figure 2. In particular, it is clear the higher
presence of refugees from Afghanistan in the Balkans, and especially in Serbia. Refugees from
Albania are predominantly present in Germany. Those from Syria are either in the Balkans,
especially in Serbia, or in Germany and Sweden. Refugees from African countries, who follow
the southern Mediterranean route have as a consequence a different distribution. In particular,
those from Eritrea are in central and Northern European countries, Switzerland, Germany, The
Netherlands, Sweden and Norway. Those from Somalia follow a similar path but even more
concentrated in Germany and Sweden.
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Figure 11: The spatial distribution of refugees by source and destination country in 2015
(selected countries only). Source: UNHCR

The hype in the flows in the Central Mediterranean Sea has been accompanied by a
significant increase in the death toll because of the joint cause of adverse meteorological
conditions and precarious ships used by human trafficker. It is difficult to estimate the death
toll of the refugee crisis because of the substantial informality. However, an attempt was made
by the project “Human costs of border control”. The period covered by the Deaths at the Borders
Database is 1/1/1990 to 31/12/2013, reflecting the period under study by the broader research
project. As a consequence, a few cases from the late 1980s—in Cadiz region, Spain, for
instance—are missing. Nonetheless, the period covered captures the years in which ‘border
deaths’ became a phenomenon in the southern EU border regions precarious ships, although we
do not observe recent dramatic events. Given these data and data on refugees from the UN, it
is possible to highlight the dramatic increase in the mortality risk in the Central Mediterranean
route, as depicted in Figure 3.
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Figure 12: Mortality risk of major routes

ATTITUDES OF EUROPEANS TOWARDS REFUGEES

One of the major issues with the recent wave of refugees is certainly the issue of
attitudes and opinions of Europeans towards asylum seekers, refugees and in general towards
migrants, with the average citizen usually little informed on the differences between the three
concepts, also because the political debate is too often (deliberately?) confusing in this sense.
The wave has been accompanied by a severe economic crisis and several terrorist attacks.
Although causality among those phenomena is far from being established, individuals form
their opinions even by means of superficial perceptions and spurious correlations. In the
previous sections, while reviewing the major literature, we have made also an attempt to clarify
the uncertainty over the effect of refugees in destination countries. This uncertainty, along with
some more general conditions, influences negative opinions of Europeans with respect to
refugees. However, it should be noted that the fear of terrorism accompanied by a severe
economic crisis should be thought to be as a major force behind the growing diffidence of
residents.

People form their attitudes and opinions in several ways; it may take the form of an
information network, which can be effectively used by politicians in order to persuade voters
and then to gain political consensus or simply votes (Murphy and Shleifer 2004). Several
sources of persuasion have been analyzed; people are often persuaded by those they personally
interact with (Granovetter 1973); in the political debate, since voter awareness of specific issues
is quite low, vulnerability to persuasion is high (Zaller 1992); Mullainathan and Shleifer (2005)
develop a theoretical paper on the formation of social networks and on their use by politicians
to obtain support; assuming that people are influenced by those inside their network, the model
shows how entrepreneurs create networks using core issues that are centrally important to
members. These networks can then be rented out to politicians who seek votes as well as support
for other initiatives.

In the last two decades there has been an increase in the body of literature regarding
public opinion towards migrants and immigration in general with particular attention to USA
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and UK (see, for instance, Bauer et al. 2000; Card et al. 2009; Citrin et al. 1997; Dustmann and
Preston 2007; Espenshade and Hempstead 1996; Hanson et al. 2007; Kessler 2001; Scheve and
Slaughter 2001). More recently, Facchini and Mayda have considered the opinions of
Europeans over migration policies and found that only a small portion of voters tend to support
policies more open with respect to migrants.

The economic crisis is also a major driver of negative attitudes on refugees. Colloca
(2016) has in fact argued that during bad times for the economy, people tend to focus on
themselves and to reduce the extent of social networks. Under these circumstances, the spatial
reach of trust is limited and sentiments of aversion, rivalry and revenge against who is perceived
as an outsider may prevail. This argument is consistent with the theory of social capital as
proposed by Banfield (1954) who postulated that uncertainty, inequality and an excessive
reliance on short social ties are the main determinants of weak cooperative behavior and low
generalized trust, that is trust in strangers. The framework proposed by Colloca (2016)
introduces second order effects in this view as it states that economic downturns may change
individuals’ attitudes and behavior, especially in terms of their spirits of trust, cooperation and
empathy for those out of their social networks. Fratesi et al. (2016), in studying the spatial
allocation of refugees among Italian provinces have in fact found that strong and established
communities are less prone to accept larger numbers of asylum seekers.

Recently, the Pew Research Center (2016) has reported results of a survey among
Europeans regarding their opinions on refugees. About 59% perceive them as a threat to their
security (Figure 4), as respondents think that refugees will increase the likelihood of terrorist

attacks in their countries.
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Figure 13: “Refugees will 80 increase the likelihood of terrorism in our country” (top choice;
%). Source: Pew Research Center (2016)

Half of European are also concerned about the impact of labour markets since 50% think
that refugees will be a burden for their country because they will take their jobs and social
benefits (Figure 5).

PROCEEDING BOOK Academy Global Publishing House 212




\\;QHFER[M.&

Mﬂﬂf”},;
%0,

D

r.
oniusn®

www.akademikong,

&

90

80

70

60

50

40

30

20 I I

10

0

q‘?{:\ \fb(\b 06‘9 ®,Qt\ \(§\ b?‘(\ 06("6 \S&- (\d’:a Q@*(\ 5\,5(\
&< \(@\% & & & & S S &
Qg'f‘ <

Figure 14: “Refugees are a 90 burden on our country because they take our jobs and social
benefits” (top choice; %). Source: Pew Research Center (2016)

Interestingly, there is a considerable variation among countries with Hungarians and
Poles as the most concerned and Italian and Greeks also raining their concern on the economic
dimension. Considerably less “fear” is perceived with respect to crime as only 30% of
Europeans think that refugees are a major cause of crime (Figure 6). Figures 7, 8 and 9 report
simple and admittedly weak scatterplots in which the results of the survey are correlated with
the effective presence of refugees in the countries, all variables being in a logarithmic scale.
Despite the weak statistical power, let us consider the regression line as a reliable conditional
expected value of the attitudes. Interestingly, respondents in all countries tend to overestimate
the link between refugees and terrorism, whereas respondents to the question regarding the
impact of refugees on labor markets seem to be relatively “rational”, as there seems to be no

correlation between the presence of refugees and the perceived economic risk.
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Figure 15: “Refugees in our country are more to blame for crime than other groups” (top
choice; %). Source: Pew Research Center (2016)
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Overall, our analysis points at a positive association between the presence of refugees
and the negative attitudes of Europeans, although in some cases an overreaction has been
detected. This behavioral response is a policy ground that is neglected by most of the EU policy
makers and provides fertile soil for the upcoming wave of nationalisms.

CONCLUSIONS

Political turmoil, civil conflicts and wars are driving the displacement of large mass of
civilians in Africa and in the Middle East. A significant portion of those refugees decide to start
a long and dangerous trip to Europe to seek asylum. From 2009 to 2015 European countries
received 3-3.5 millions of applications to obtain asylum and this is causing significant issues
in the EU. On one hand, this fosters nationalism and populism in most countries, with
centrifugal effects between the EU and its members. On the other, the arrival and the
distribution of refugees among EU members is a source of main concern for the cohesion of the
Union because the large numbers make it more difficult the integration process.

Looking forward, we see in particular the following research avenues as especially
fruitful and helpful from a socio-economic point of view:

e The analysis of the economic impact of refugees on places, which might depend on the
human capital possessed by the refugees and on the economic structure or the places
where they end up.

e The analysis of the social impact of refugees on places, which depends on the personal
characteristics of the refugees and on the social characteristics of places.

e The analysis of the impact of places on the well-being of refugees, since different places
could provide different integration opportunities.
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e An analysis of the impact of refugees on the local innovation systems. In fact, refugees
could provide new knowledge or new ideas which could spark, in some cases, the
economic and social innovativeness of places, especially where innovation is not so
diffused.

Finally, and in a positive perspective, migration policies should be informed by rational
and consistent data and analyses. We have in fact documented, although in a rudimentary way,
that individuals tend to overreact to the presence of asylum seekers and refugees and this is
fertile soil for public discontent with respect to the European Union. Efforts should be made to
provide not only correct information, including a clearer distinction between asylum seekers,
refugees and migrants, but also to understand in-depth the sources of fear and shape policies
and their communication campaigns accordingly. Although a harmonized regulation is needed
for granting asylum, policies meant to integrate migrants should be conceived at a more local
level, where refugees and asylum seekers in fact locate or are located.
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ABSTRACT

Turkey has always been vulnerable to various kinds of natural disasters because of its geology,
topography and meteorological conditions. It is at risk from a range of complex emergencies.
Statistically, a large-scale disaster happens every seven to eight years. Earthquakes, landslides,
floods, drought, rock falls and avalanches are the main natural disasters. Deforestation and soil
erosions exacerbate these disasters. Earthquakes account for 97 per cent of deaths and injuries
caused by natural disasters. In Turkey many problems in organizing a proper disaster
management and response system are institutional and organizational. Absence of a single
organizational structure focused on disaster management, including all disaster management
aspects, dramatically exacerbated the impacts of disasters. The study is concentrate on
institutional actors and deal with issues of coordinating disaster management aspects
considering the past experiences.

Keywords: Turkey, Natural Hazard, Disaster, Disaster Management.

INTRODUCTION

Turkey lies between the Black Sea and the Mediterranean Sea, bridging Asia and Europe
and is located within the rectangle bounded approximately by latitudes 36-42 degrees north and
longitudes 26-44 degrees east. It comprises an area of 778 000 square kilometers. The land
borders of Turkey are 2 573 kilometers in total and the coastlines (including islands) are 8 333
kilometers. The country has influential geo-political status because its location serves as a
natural bridge between Europe and Asia. Between 1990 and 2008, the Turkey’s population
grew by almost 15.05 million: from 56.47 million to 71.52 million. About 75% of the
population was classified as urban in 2008. The population is expected to grow to 84.3 million
by 2020, of which three-quarters will live in urban areas (3, 6).

Turkey is in a region that is politically vulnerable and prone to natural disasters. It is at
risk from a range of complex emergencies. Statistically, a large-scale disaster happens every
seven to eight years (Table 1) (1). In Turkey, disasters are both natural and human made,
causing serious disruption of normal daily life, causing widespread human, material or
environmental losses that exceed the ability of the affected populations and the government to
cope using its own resources. In general, the country is subjected to earthquakes, floods,
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landslides, avalanches and forest fires, with earthquakes having by far the greatest impact on
population and infrastructure (4, 11, 15).

UNDERSTANDING THE POTENTIAL RISKS

Turkey is located on a highly active Eurasian Geological Plate which has caused
numerous big scale earthquakes throughout the history. On the basis of the current official
earthquake hazard zoning map of Turkey (Fig. 1), 92% of the total surface area and 95% of the
total population are situated in zones of varying degrees of seismic risk; 75% of the industrial
centers are located in these earthquake prone areas. Moreover, 53% of the land, 50% of the
population and 15% of industry are situated in areas of first and second degree risk, liable to a
violent earthquake any time. Table 2 presents elements such as population, surface, surface
area, major industry centers and dams under risk in Turkey (5).

The table shows that approximately half of the surface area is under high earthquake
risk and about half of the population lives in either highest or high-risk zones.

The long written history of Turkey includes descriptions of many destructive
earthquakes during the past thousand years. The earliest earthquake records date back to 411
B.C. There have been nearly 100 earthquakes with magnitudes 7.0 or greater in Turkey. Also
14 earthquakes with casualties more than 10 000 have occurred since 342 A.D. As a result
Turkey ranks high among the countries which have suffered significant losses of life and
property due to earthquakes (22). Over 80 000 people have lost their lives as a result of 80 big
earthquakes that have occurred in Turkey over the last century. The most important events were
the earthquakes on 17 August 1999 and 12 November 1999, with magnitude of 7.4 and 7.2
respectively, which took place on the populated and industrial north-western parts of Turkey.
According to official data, the earthquakes caused 18 373 deaths and 48 901 injuries and
according to official figures 311 693 residential units and 46 538 business units either collapsed
or were lightly to heavily damaged in an area of some 30 000 km2 , including eight urban
agglomerations and the country’s industrial and economic centre (10, 12, 14).

Landslides account for over 25% of Turkey’s natural disasters. From 1955 to 2007
landslides affected 4500 settlements and killed 200 people. In this period 65 000 dwelling units
were relocated to safer places. Landslides frequently affect inner Anatolia, Eastern Anatolia
and particularly the Black Sea regions in Turkey (4, 11).
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Figure 19: Earthquake zone map of Turkey (GDDA, 2009).

Type of Disaster No of Events Killed Total Affected Damage (000 USS)
Earthquake 71 88538 6874596 22941 400
Epidemic 8 613 204855 -

Extreme temperature 7 100 8450 1000

Flood 35 1274 1743386 1645500

Dry mass movement 1 261 1069 -

Wet mass movement 1 135 - -

Avalanche landslide 7 269 13275 26000

Storm 9 100 13639 2200

Forest fire 5 15 1150

Table 2: Summarized Table of Natural Disasters in Turkey from 1900 to 2009 (EM-DAT,
2009).

Earthquake Zone |Population (%) Surface Area (%) [Major Industry Centers (%) Dams (%)
Zone 22 14.8 247 10.4

Zone 11 39 284 48.8 20.8

Zone 111 24 28.8 12.0 333

Zone IV 20 194 12.6 27.1

Zone V 5 8.6 1.7 8.4

Table 3: Major risk zones and percentage in total area of Turkey (GDDA, 2009).

Floods are among the most frequent and costly natural disasters in Turkey in terms of
human suffering and economic losses. Floods account for over 10% of Turkey’s natural
disasters. In the period of 1955 — 2007 there have been 1400 flood occurrences that caused 1400
deaths and collapse of 65 000 dwelling units. In the same period according to the disaster
database, 775 rock falls have occurred and have caused 34 deaths and 27 000 house damages.
Snow avalanches are frequently observed in eastern and south eastern regions, where snow fall
is heavy. Since 1950 there have been 389 snow avalanches which caused 1039 deaths and 5200
house damages (4, 7, 15, 21).

PROCEEDING BOOK Academy Global Publishing House 221




| LONFEREY,,
o £y .

&

oniusn®

&
N
=
P
&
3

In the 50s Turkey faced heavy natural disasters: Erzincan Earthquake (1992), Flood in
Black Sea Region (1998), AdanaCeyhan Earthquake (1998), Marmara Earthquake (1999),
Hakkari Earthquake (2004) and Sivas Landslide (2005). Direct economic losses due to natural
disasters are expected to be 1% of GDP every year. Losses like decrease on the market,
production losses and unemployment are even greater. The probability of economic losses
exceeding 11.4 billion USS in one year is about 0.5%. This is about 6% of the country’s GDP.
The probability of annual losses exceeding 3.5 billion US$ is about 5%.

For Istanbul, a worse-case scenario earthquake of 7.5 is assumed to take place along the
Main Marmara Fault of North Anatolian Fault Zone. Probability of occurrence of a large
earthquake in Istanbul in the next 30 years is greater than 65%; in next 10 years is greater than
20%. Secondary impacts may be triggered by a large earthquake, liquefaction and subsidence
of soil, landslides along the coastal areas damaging transportation lines, infrastructure and fires,
particularly from ruptures of natural gas pipeline infrastructures (4, 11, 15).

In Turkey 80% of the land area is subjected to various levels of soil erosion. Between
the years 1955 — 2007, 500 000 hectares of land have been subjected to reforestation and erosion
control activities by the Ministry of Environment and Forest. During the 1977 — 2007 periods,
there were 69 000 incidents of forest fires which consumed 1.5 million acres of forest land.
Statistics shows that every year 13 000 hectares of forest land are burned.

Severe droughts were experienced during the springs of 1999 and 2000, in the southern
regions of the country causing 30% of agricultural losses. Extreme heat waves have not only
caused increased forest fires but also human and animal deaths. Climate changes lead to
ecological, environmental, social and economic problems in Turkey. In a country that doesn’t
have any petroleum resources, energy deficits caused by climate changes can be expected to
become more important in the future infrastructure (4, 11, 15).

AN OWERVIEW OF DISASTER MANAGEMENT IN TURKEY

Development of Disaster Management (DM) System and National Strategies in Turkey
can be divided into four distinct periods (4):

1. Pre- 1944 period: There were no effective policies for DM;

2. 1944 — 1958 period: Period with feeble countermeasures: Government declared Law
No: 4623 in 1944 for the foundation of DM activities in Turkey. In this period
“’Development Law (Law No: 6785) and Civil Defense Law (Law No: 7126) were also
enacted.

3. 1959 — 1999 period: National Assembly passed Law No. 7269 (Disaster Law) and
established a new Ministry which is responsible for the coordination and
implementation of states obligations according to Law 7269 and 6785.

4. Post 1999: Awakening Period: The enormity of the losses from 1999’s two big
earthquakes forced the government to promulgate 7 new laws and 32 decree laws to
improve the national disaster management system.

Currently, Turkey Emergency Management General Directorate (TAY) of the Prime
Ministry, General Directorate of Disaster Affairs (GDDA) of the Ministry of Public Works and
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Settlement and General Directorate of Civil Defense (GDCD) of Ministry of Interior are in
overall responsibilities with respect to disaster management duties in Turkey.

Municipalities and governorships are also responsible for mitigation and response
activities. Turkish Red Crescent Society (TRCS) is an integral and important part of overall
disaster management structure in Turkey. It is represented at national and provincial level
committees. The TRCS is active in the areas of disaster preparedness and response,
bloodtransfusion services, first aid and temporary housing units (tents). There are many
ministries, Turkish Armed Forces, state agencies and institutions, NGO’s, foundations, S&R
groups involved in disaster preparedness and response activities.

Disaster Management system of Turkey is highly centralized and hierarchical (Fig. 2).
Responsibility for DM goes bottom-to-up, from district to province and to national level
depending on the scale of the event. Small scale disasters can be handled first at district level.
If the disaster surpasses the capacity of district level the provincial governor, who heads the
“provincial rescue and relief assistance committee” (known as a crisis committee) involved
response and recovery activities. If a major event occurs that requires central government
intervention, the “Central Coordinating Committee for Disaster” coordinates the response
efforts for the disaster. These structures were installed in 1959 through Law No: 7269 (Disaster
Law). Law No.7269, “Measures and Assistance to Be Put Into Effect Regarding Natural
Disasters Affecting the Life of the General Public” sets forth the fundamental components of
disaster management in Turkey. The basic principle of the law is to enable government to cope
with disasters at the provincial level through what is designated as the Provincial Committee
(2,17, 18).

General Directorate of Disaster Affairs (GDDA): the major legislation pertaining to the
implementation of GD is Law No: 7269. The law determines the protective and preventive
measures as well as regulates the activities to be undertaken before, during and after natural
disasters and defines guidelines for terms and condition of assistance to be provided to affected
people. GDDA, which was founded in 1964, is composed of seven departments (5):

e Earthquake Research;
e Disaster Damage Assessment and Survey;
e Emergency Relief and Machine Support;
e Planning and Indemnification of Affected Populations;
e Disaster Fund Administration;
e Temporary Housing;
e Prefabricated House Construction;
The GDDA is entrusted with the following responsibilities:

e To provide emergency relief and coordination when a disaster strikes;
e To take short and long term measures in disaster stricken areas in order that urgent
settlement and shelter is provided;

e Toidentify natural disaster prone area, taking the required measures to prevent disasters;

e To make preparations, all kind of plans, projects, implementations, management and
auditing.
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The goal and purpose of the civil defense organization is to minimize the life losses and other
type of losses during warfare and disasters. Civil Defense Law (Law No: 7126) explains the
main purposes of the organization as follows (4):

To secure the lives and belongings of the civil people during war,
To save lives and belongings of people during disasters;
To reduce the damage to the lives and the belongings of victims in a fire;

To build up morale among civilians.
GDCD’s responsibilities are as follows:

e To set up Civil Defense Service nationwide and to ensure planning application,
coordination and supervision of measures in government and private establishments;

e To plan and execute all activities for unarmed protection, emergency help and firs aid;

e To set the standards for fire departments and to educate, supervise and coordinate;

e To train civil defense staff and inform the public about CD;
GDCD has a Civil Defense College in Ankara for training, search and rescue and
firefighting teams.

GENERAL DIRECTORATE OF TURKISH EMERGENCY MANAGEMENT

Although Law No: 7269 gives the overall coordination duty to the Ministry of Public
Works and Settlement, in practice there were some difficulties to coordinate the ministry on
that level, therefore higher authority was necessary for coordination by using the power of
Prime Ministry. For this reason after the 1999 two big earthquakes, TEMAD was established
by Decree No: 600 in June 2000. The main responsibilities of TEMAD are (4, 17):

e To have emergency management centers established in governmental organizations for
effective realization of EM, identifying their working principles;

e To monitor and evaluate the organizations taking necessary measures to prevent
situations that requires EM;

e To carry out coordination services in utilizing all kinds of land, marine and aviation
vehicle, when EM is applied;

e To make incentive arrangements for volunteers and organizations that provide relief in
emergency situations and to coordinate both national and international relief workers.
Crisis management arrangements were developed in early 1990°s in Turkey. Crisis
Management Center in the office of the Prime Ministry is a nationwide general coordinating
body that includes (4):
e Crisis Coordination Board;
e Crisis Monitoring and Assessment Board;

e Secretariat.

Crisis Management Center carries out the missions and responsibilities in accordance
with the procedures in national legislations and in national plans. CMC in the office of the
Prime Ministry is activated by the PM upon the proposal of the National Security Council,
Board of Ministers, or State of Secretary who is responsible for CM or Secretary General of
NSC, if there are some clear indications of crisis. According to its regulation, it has been
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established with core personnel in peace time. After it has been decided to activate in times of
crisis, according to the type of crisis, it is augmented by the members of related ministries and
institutions. If crisis management failed and in the case of escalation of the crisis, it may be
proposed by CCB to competent this bodies in order to declare state of emergency, martial or
mobilization and war.

Crisis Coordination Board
CCB is chaired by the Prime Minister or one of the State of Secretary. Its members are

related ministers in accordance with the type of crisis, Chief of the General Staff and The
Secretary General of NSC. CCB may meet upon the Prime Minister or one of the members of
CCB, It also may convene by Crisis Monitoring and Assessment Board in situation warrants.
CCB is responsible for (4, 11):

e Making assessments about the proposals and information provided by Crisis
Monitoring and Assessment Board and determining essentials of political
guidance;

e Taking necessary decisions related to problems in light of these assessments;

e Monitoring implementations about decisions and their executions;

¢ Deciding establishment of ministerial and provincial centers.

Crisis Monitoring and Assessment Board
CMAB, under the CCB is chaired Under Secretary of Prime Minister. It is composed of

undersecretaries of related ministers and chairmen of the other organizations concerned. It
convenes upon the decision by the CCB. If it is required it may be called to convene upon the
Secretariat of The Crisis Management Center of Prime Minister. CMAB is responsible for:
e Assessing the information about crisis;
e Determining the measures to be taken dealing with crisis according to these assessments
and initiating implementation of these measures;
e Coordinating among related ministries and organizations;
e Guiding the activities to be maintained by authorities in order to allocate public
resources such as equipment, personnel and other means;
e Monitoring the implementations on decisions and directives by the Council of Ministers
and CCB and providing their implementations;
e Proposing state of emergency, martial, and state of mobilization and war to CCB if
necessary;
e Inviting CCB to convene in the matters which are not under its authorities;
e Delegating Secretariat about some services and activities if required;

e Monitoring the implementation and decisions and directives by the Council of Ministers
and CCB and providing their implementation
The Secretariat is composed of the representatives and experts of Prime Ministry,
Turkish General Staff, ministries concerned General Secretariat of NSC and other
representatives of related organizations. According the Regulation on CMC it was established
with core personnel at the General Secretariat of NSC in the peacetime. After it has been
decided to activate in times of crisis, it is augmented by officials who have good knowledge in
their field of concern from related ministries and institutions.
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Secretariat
The Secretariat’s duties and responsibilities are divided into two categories, in times of

crisis and peace, according to the Regulation on CMC. In the peacetime The Secretariat is
responsible for (4):
e Maintaining equipments and devices communication means in CMC,;
e Providing training for officials who are carrying out their duties at ministerial,
provincial and organizational crisis centers;
e Monitoring current crisis arrangements and undertaking necessary planning activities
regarding to these legislation;
e Preparing reports on the situation of current crisis centers and submitting it to PM;
e Gathering information for crisis and providing necessary information to related
authorities or Monitoring implementation for crisis;

e Providing the necessary information to the public by mass media.
There has also been CC on central and local levels. Central ones have been established
at Turkey General Staff and others at every ministry and concerned organization. Local ones
have been established at provinces and towns. They are responsible for:

e Monitoring and evaluating crisis;
e Determining the requirements;
e Providing coordination among the organizations;

e Reporting the implementations to the CMC in the office of PM,;
Provincial Level: The organizational structure for DM at provincial level is under the
authorizations of the governor. Each governorship establishes a “Provincial Rescue and Aid
Committee”. There are nine service groups within this body during disasters to implement
effective response and recovery efforts. Districts also establish the same structure for their own
DM activities (4).

EFFECTIVENESS OF THE DISASTER MANAGEMENT SYSTEM

Turkey’s Disaster Management System was focused mainly on the post-disaster period
and there were no incentives or legislations to encourage risk analysis or risk reduction
approaches before the 1999 two major earthquakes. After these events with big impact the main
concepts of Disaster Management System has been changed. Many new laws, regulations and
other instruments on planning and implementations in all phases of disaster (mitigation,
preparedness, response, recovery and rehabilitation) were accepted. But the disaster risk
reduction system of Turkey is still mainly centralized. The institutional organization for disaster
management and planning has a chaotic nature, namely the duties and responsibilities of some
of the institutions often create confusions (20). Depending on the magnitude and intensity of
the event, responsibilities move from provincial to national level. At the moment there are three
main governmental organizations dealing with disaster related issues. General Directorate of
Disaster Affairs under Ministry of Public Works and Settlement, G.D. of Civil Defense under
Ministry of Interior and Turkish Emergency Management G.D. under Prime Ministry are the
main actors in this field. Their roles and responsibilities are clearly defined by laws and
legislations and each unit has their own budget allocated from national annual budget. In
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addition to those laws and regulations some ministries like Ministry of Environment and
Ministry of Health, etc. are involved in disaster risk reduction and post disaster response and
rehabilitation issues. Since the responsibilities and roles of each unit are clearly defined, the
abundance of too many units is believed to cause sometimes hierarchy problems when
responding. The necessary coordination and cooperation amongst the institutions responsible
from DRR may sometimes be poorly conducted. Agencies responsible for DRR activities need
strong financial resources and when distributed between several units they become inadequate
(4, 20).

Unlike the central government, local governments are not given any real responsibility
with respect to disaster management. The current legal regulations do not specify any
administrative role for the municipalities, NGOs, professional organizations, headmen
(muhtars) and citizens, but holds them responsible for carrying out the duties assigned by the
central authority. Moreover, these parties are not given any discretion neither for planning, nor
for mitigation stages. Local governments and non-governmental organizations are not given
opportunities to play a sufficient role in these issues. There is still lack of knowledge of modern
disaster risk factors, therefore, that results in lack of action and weak awareness of population
and institutions. Education about disaster risk is offered in primary and high schools, but there
IS no systematic educational program for the general public. Development of standards for
public education and community organizations, reaching the public at large, active participation
of public, training the trainers and production of training materials has not been considered.
Although the educational efforts underway so far are valuable and have reached a large number
of people, the current situation can be summarized as a pervasive state of un-preparedness. The
educational work done so far focused solely on “what and how to do”. Information on
earthquakes is presented, non-structural mitigation is demonstrated, what to do during an
earthquake is shown and a trial is made. This focus is certainly important. Yet, clearly another
focus is required; which is to find the mechanisms to get the public to take action.

National DMS has a response-based strategy and there is a budget for only post-disaster
activities (response, search and rescue, sheltering). The country has no national strategy for
management and reduction of the risks from disasters. There is not a national disaster
management plan to guide all the organizations at central and local level. As a result the local
emergency plans are not prepared as they should be. The priorities, allocation of roles and
responsibilities; the resources to be utilized are not included in the plans. Due to the
inconsistency in macro level policies and standards, the central government fails to provide
efficient assistance to local governments in tackling disasters. The legal system does not
incorporate plans and programs for disaster mitigation which in fact can be used as means to
support effective community participation (2, 11, 15).

CONCLUSIONS AND RECOMMENDATIONS

Turkey’s geological, seismic, topographical and climatic characteristics combine to
provide a settling for many types of disasters. The last twenty years of major disaster experience
have clearly shown us the shortcomings and weaknesses of the DM strategies and systems that
exist in Turkey. Legislations are the main tools to perform the policies. In Turkey, after the
Marmara Earthquake the legislations were reviewed in order to obtain a “comprehensive
disaster management”. The major shortcoming is considered the focus on dealing with disasters
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after they have happened and largely ignored prevention and risk reduction. In existing
legislation some additional points should be added:

e The pre-disaster phases and characteristics of “proactive” disaster management system
should be emphasized, clearly defined and the role and responsibilities should be
reallocated accordingly, both at local and national level;

e The coordination for pre- and post-disaster activities should be clearly defined,;

e The financial issues regarding to both pre-and postdisaster phases (including risk
transfer mechanisms) should be clearly defined and the resources and funds should be
allocated;

e The monitoring and auditing mechanisms should be strengthened,;

e The enforcement legislations should be introduced.

The last 5-year development plan includes pre-disaster policies, but the approach is not
totally “proactive” yet. The term of proactive disaster management should be introduced and
integrated into all related sectors policies, such as urbanization, agriculture, industry, etc. As a
result of the current fragmented and poorly coordinated approach to disaster management, there
is no integrated national disaster management strategy or plan that supports local level
responses to emergencies and disaster mitigation in the long-term (13). There is also no
adequately defined governmental policy for the provision of eviction and settlement (risk
analysis estimations and planning models for pre-disaster monitoring) of people who are settled
in disaster zones.

There is no single national coordinating agency for disaster management in Turkey. The
pre and post activities of a disaster related subject should be executed by the same organizations,
which also have the responsibility of implementation of the related subject. At the national
level, the coordinating body (TEMAD) should operate more effectively. There should be
specific units in TEMAD working on the specific phases of the disaster management and they
should coordinate the national level activities of the organizations. Furthermore, these units
should cooperate with each other to share information and maintain the sustainability of the
activities. At the local level there is a need for a coordinating unit. The coordination units at
national and local level can also undertake the integration of the 10s and 1GOs activities so that
they can make the best profit from these efforts.

NGOs are voluntary-based organizations. They are governmentally registered in order
to operate in the existing system. But central authority does this registration while most of the
NGOs are locally operating and once registered they are monitored neither by central, nor by
local authority. But they are the key role players in DM since they directly use the power of
public sector and community. Since most of the NGOs are local ones, there is a need for a
“coordinating unit” on local base to coordinate the activities of NGOs. Representatives of
governmental organizations and NGOs, as well as municipal ones should participate in the
coordinating unit (11, 20). Public and community awareness is the key point to sustain a
coordination and cooperation in the system and to make the best use of resources. Once the
awareness is raised, it is going to be easier to integrate all the organizations into the system
because the community will be the monitoring body and this will lead all the related local and
governmental authorities to work more seriously. The community itself can participate in the
disaster management system via:
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1. Civil societies and NGOs, which all citizens have access to and can orient;
2. Municipalities: The municipalities take the advantage of using the community power as

a result of being elected by them.

Disaster Management activities do not produce gains in financial terms and the result
of the activities cannot be monitored directly as welfare. Nevertheless, these kinds of activities
enhance the well being of the community. The results can only show up when a disaster strikes.
So, we can say that these activities are voluntary based and as long as the community is aware
of its own vulnerability and probable contribution to the consequences, they will be a real part
of the Disaster Management. National and local programs can increase the level of community
awareness. DM Trainings should be included in the National Education Program. NGOs can be
the executive organizations for some community-based programs. Also the disaster
management system should be introduced to related fields of university degrees (16, 19). There
is a need for a National Disaster Management Plan. It should take into consideration that Turkey
is a big country with an area of 778 000 km? and a population of about 70 million. The hazard
and risk profile also varies from one part to another and the plan should just include the major
guidelines for pre- and post-disaster phases. Information management as well as workflow
should be a part of the plan. It should also be used as a guide for the community when local
preparedness and response plans are made. A national resource management approach for
disasters should be introduced. The plan should also cover how to monitor the DM and how to
include new measures in it and ways for update.
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OZET

Amag¢: Kahramanmaras Siitci Imam  Universitesi Saglik Hizmetleri Meslek
Yiiksekokullarindaki 6grenci goriigleri neticesinde anatomi egitiminin mevcut durumunun ve
egitim-6gretim silirecine iliskin sorunlarin 6grencilerin geribildirimleri 1s1¢1nda belirlenmesidir.

Materyal ve Metot: Bu arastirmaya Kahramanmaras Siit¢ii Imam Universitesi Saglik
Hizmetleri Meslek Yiiksekokulu 2022-2023 egitim 6gretim y1l1 giiz doneminde anatomi egitimi
almis Anestezi, ik ve Acil Yardim, Tibbi Laboratuvar Teknikleri, Tibbi Gériintiileme
Teknikleri, Yasli Bakimi, programlar1 6grencilerinin tamami dahil edildi. Bu 6grencilere
tamamen goniilliiliikk esasina dayali olarak Google Forms iizerinden anatomi egitimiyle ilgili 20
soruluk (Teorik egitim 10, Internet kullanim1 3, Testler 1, Smavlar 4 ve Pratik egitim 2 soru)
bir anket gonderildi. Sorulara cevap segenekleri olarak “katilmiyorum”, “fikrim yok” ve
“katiliyorum” seklinde {iclii Likert tipi 6l¢ek kullanildi.

Bulgular: Anestezi, ilk ve acil yardim ve tibbi goriintiileme teknikleri boliimi 6grencileri
biiyiik oranda teorik derslerin yeterli olmadigini diisiiniirken, tibbi laboratuvar teknikleri ve
yasli bakimi bolimii 6grencileri biiylik oranda yeterli oldugu goriisiinii bildirdiler. Tiim
ogrencilerin bilyiik orani pratik derslerin yetersiz oldugunu ifade etmislerdir. Ogrencilerin
biiylik bir kism1 anatomi dersinin mesleki yasamlarina katki saglayacagini diisiintiyorlardi.
Ancak tibbi laboratuvar teknikleri ve yashi bakimi boliimii 6grencileri biiyiik oranda verilen
anatomi egitimiyle gelecekteki meslekleri arasinda ¢ok az iligki oldugunu ifade etmislerdir.
Genel olarak 6grencilerin ¢ogu ders sunumlarinda videolar, animasyonlar ve klinik vaka
sunumlar gibi araglarin yer almasi gerektigi goriisiinii bildirmislerdir.

Sonug¢: Verilen anatomi egitiminin, 6grencilerin ilerideki meslek hayatlarinda ihtiyaglarina
yonelik farkliliklar barindirmasi gerektigi kanaatindeyiz. Literatiirdeki cogu caligmalarda
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goriildiigi gibi bizim yaptigimiz anket sonucu da branglarin geneli i¢in pratik egitimin dnemini
vurgulamaktadir.

Anahtar Kelimeler: Anatomi, egitim, saglik bilimleri, geribildirim, anket.

1. GIRIS

Insan anatomisi bilgisi sadece tip fakiilteleri i¢in degil ayn1 zamanda diger saglik boliimleri i¢in
de temel teskil etmektedir. Ogrencilerin sonraki donem dersleriyle iliskisi ve ileride meslek
hayatlarindaki verimliligine katki sunmasi bakimindan alinan anatomi egitiminin en verimli
sekilde yapilmasi 6nemlidir (Abdullahi & Gannon, 2012). Bu bakimdan tip hekimligi disinda
tedavi, goriintileme, hasta bakimi, rehabilitasyon gibi hizmetleri sunan saglk
profesyonellerinin anatomiyi en iyi sekilde bilmesi, 6grenmesi elzemdir (M. Yildirim, 2014).

Egitim tekniklerindeki gelisim ve degisimler zamanla tip egitimindeki miifredati etkiledigi
gibi anatomi egitim bi¢imini de etkilemistir. Bu degisim anatomi miifredatinda da 6nemli
degisikliklere yol agmistir (Estai & Bunt, 2016; McBride & Drake, 2018). Saglik meslek
boliimlerindeki ¢ogu program icin degisen miifredat; anatominin diger alanlarla entegre
verilmesini, anatomiye ayrilan zamanin daraltilmasi gibi sonuglari beraberinde getirmistir
(Craig vd., 2010; Estai & Bunt, 2016; Guimaraes vd., 2017; Rockarts vd., 2020).

Tiirkiye’de anatomi egitimi saglik fakiiltelerinde ve yiiksekokullarda teorik ve uygulamali
olmak iizere farkli sekillerde verilmektedir. Bu egitimlerde amaglanan sey; insan viicudunun
boliimlerinin yapisini tanimak ve farkli boliimlerle iliskisini gormektir. Egitim konular1 teorik
olarak sunulduktan sonra uygulamali labaratuar dersleriyle pekistirilmektedir. Uygulamali
derslerin bigimi her iiniversitenin kendi imkanlar1 dogrultusunda degismektedir. Uygulamali
derslerde kadavralar, maketler, radyolojik goriintiiler gibi ¢esitlilikler arz eden materyallerden
yararlanilmaktadir (Atesoglu Karabas vd., 2022; Biiyilkmumcu, 2013; Cetkin vd., 2016; Demir
vd., 2014).

Anatomi 6gretimi, 6greten ve 6grenci arasinda karsilikli etkilesme seklinde oldugu i¢in bu
konuda yapilan anket ve geri bildirim ¢aligmalar1 6nem arz etmektedir. Yapilan anket ve geri
bildirim c¢alismalari, egitimin daha verimli olmasi i¢in yol gosterici olmaktadir (Demir vd.,
2014; Warren & Brinkley, 2005). Biz de bu baglamda KSU SHMYO 6grencilerinin aldiklari
anatomi egitimi {lizerine yonlendirici sorular igeren bir anket calismasi yaptik. Bu ¢alismayla
ogrencilerin derse olan ilgisini 6lgmek ve dersle ilgili goriislerini ortaya koyarak egitimin
verimliligine katki sunmay1 amagladik.

2. MATERYAL VE METOT

2.1. Arastirmanin Tiirii: Aragtimamiz miinferit bir arastima niteliginde olup anket ve
benzeri bilgi toplama araglari ile yapilan arastirmalar tiirii kategorisindedir.

2.2. Arastirmanmin Amaci: Bu calismadaki amacimiz; KSU SHMYO’daki dgrenci
goriisleri neticesinde anatomi egitiminin mevcut durumunun ve egitim-6gretim siirecine
iligkin sorunlarin 6grencilerin geribildirimleri 15181inda belirlenmesidir.

2.3. Arastirmanin Tasarimi: Kohort tanimlayici ¢caligma

2.4. Aragtirmanin Evreni ve Orneklemi: KSU SHMYO’nda 2022-2023 egitim
ogretim yilindaki toplam 6grenci sayist evreni olusturmaktadir. SHMY O’nun 6grenci sayisi
2300 olarak belirtilmistir. Orneklemimiz anatomi egitimi alan goniillii katilimcilardan

PROCEEDING BOOK Academy Global Publishing House 232




| LONFEREY,,
S 5y

ACADEfy,
7,
&

D

oniusn®

www.akademikongre.arg

olusuyordu ve yapilan gii¢ analizine gre bu say1 en az 504 kisi olmalrydi. Ornekleme
yontemi sistematik rastgele (olasilikli) seklindeydi.

2.5. Katihmcilarin 6grenim gordiikleri boliim programlarr,

* Anestezi *]lk ve Acil Yardim
*T1bbi Laboratuvar ~ *Teknikleri Yaglh Bakimi
*T1bbi Goriintiileme Teknikleri

SHMYO’nda yukarida belirtilen programlarin Anatomi egitimi birinci sinif giiz
miifredatinda yer almaktadir. Birinci sinif 6grencilerine bir yariyil boyunca haftada 2 saat
teorik olmak iizere, 16 haftada toplam 32 saat anatomi egitimi verilmektedir. Bu 6grencilere
tamamen goniilliiliik esasina dayali olarak Google Forms iizerinden anatomi egitimiyle ilgili
20 soruluk (Teorik egitim 10, Internet kullanimi 3, Testler 1, Sinavlar 4 ve Pratik egitim 2
soru) bir anket gonderildi. Ayrica, 6grencilerden ad-soyad ve basar1 durum bilgileri
istenmedi.. Sorularin cevaplarinda segenek olarak “katilmiyorum”, “fikrim yok” ve
“katiliyorum” seklinde ticlii Likert tipi 6lgek uygulandi. Calisma i¢in 2023/13 oturum ve 07
karar no’lu KSU Tibbi Arastirmalar Etik Kurul onay1 alinmustir.

3. Istatistiksel Analiz: Verilerin degerlendirilmesinde nitel degiskenlerin kategorileri
arasindaki dagilimsal farkliliklar chi square test ve exact test ile degerlendirilmistir. Istatistik
parametreleri n (say1) ve % (oran) ile ifade edilmistir. Istatistiksel anlamlilik p<0.05 olarak
kabul edilmistir. Verilerin degerlendirilmesinde IBM SPSS versiyon 22 (IBM SPSS for
Windows version 22, IBM Corporation, Armonk, NY, USA) yazilimindan yararlanilmistir.

4. GENEL DEGERLENDIRME VE SONUCLAR

Cizelge 1. Tiim katihmcilar

n %

Cinsiyet Erkek 136 27 %
Kadm 368 3%
Anestezi 128 252 %
ik ve Acil yardim 75 14,8 %

Program Adi Tibbi Goruntiileme Teknikleri 24 4,7 %
Tibbi Laboratuar Teknikleri 129 25,4 %

Yash Bakimi 151 29,8 %

Cizelge 2 incelendiginde tiim katilimcilarla ilgili bazi 6ne ¢ikan cevaplar1 asagidaki gibi
Ozetleyebiliriz:
“’Anatominin ileriki mesleki yasantiniza size herhangi bir katki saglayacagini diisiiniiyor
musunuz?’’ sorusuna cevap olarak %72,9 oraninda ‘katiliyorum’ seklinde cevap verilmistir.
“Ders sunumlarinda videolar, animasyonlar ve klinik vaka sunumlar1 gibi araglar yer

almalidir.”’ ifadesine cevap olarak % 82 oraninda ‘katiliyorum’ seklinde yanit verilmistir.
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“Anatomi dersini Ogrenmekte genel anlamda zorlaniyorum.’’ ifadesine ‘katiliyorum’

diyenlerin oram % 81,8 di.

“’Ders malzemeleri (PDF, sunumlar, ¢izimler ... ) web sayfasinda bulunmalidir.”” ifadesini

‘katiliyorum’ diye yanitlayanlarin orant % 93,1 oranindaydi.

“’Coktan se¢meli sinavlar, konuyu kavrayis oranimizi belirlemede yardimci olmaktadir.”

ifadesine ‘katiliyorum’ diyenler % 73,6 oranindaydi.

“’Vize /Final sinavlarinda sorulan sorular derslerde anlatilan konular ile ilgilidir.”” ifadesine

‘katiliyorum’ diyenler % 79,8 oranindayda.

“’Laboratuvar dersleri miifredata eklenmelidir

oranindaydi.

Cizelge 2. Tiim katihmcilarin anket cevaplari

ifadesine ‘katiliyorum’ diyenler % 80,1

FIKRIM |KATILIY |[KATILMIY
YOK ORUM ORUM

n % | n| % n %
\Anatominin ileriki mesleki yasantiniza size herhangi bir katki saglayacagim

55 | 10,9 |369| 72,9 | 82 | 16,2
diistiniiyor musunuz?
Verilen anatomi egitimi ile gelecekteki meslegim arasinda ¢ok az iligki vardir. | 46 9,1 |215| 42,5 | 245 | 48,4
lAnatomi dersinde anlatilan konular meslegim ile ilgili olarak anlatilmaktadir 49 9,8 |319| 63,5 | 134 | 26,7
Derste anlatilan konularin meslegimle ilgili klinik 6nemleri de Orneklerle

79 | 15,7 |258| 51,2 | 167 | 33,1
beraber vurgulanmaktadir
lAnatomi dersine 6nceden konulari okuyarak, hazirlikli bir sekilde geliyorum 88 | 17,5 (154| 30,7 | 260 | 51,8
lAnatomi dersinin haftada 2 saat teorik olarak anlatilmasi yeterlidir. 63 | 12,5 (216 42,7 | 227 | 449
Ders sunumlarinda videolar, animasyonlar ve klinik vaka sunumlari gibi araglar

23 | 45 |415| 82,0 | 68 | 134
yer almalidir.
Donem basinda anatomi hocasinin belirttigi Atlas, kitap v.b. dokiimanlar1 satin

23 | 45 |39 78,3 | 87 | 17,2
aldim.
Anatomi dersinde 6grendigim Latince terimler diger dersleri de anlamamu

45 | 8,9 [341| 67,5 | 119 | 23,6
kolaylastirdi.
|Anatomi dersini 0grenmekte genel anlamda zorlantyorum. 22 43 1414|818 | 70 | 13,8
Ders malzemeleri(PDF, sunumlar, ¢izimler ... ) web sayfasinda bulunmalidir. 22 43 |471| 93,1 | 13 2,6
\Anatomi dersimle alakali internette iicretsiz bulunan ii¢ boyutlu anatomi

75 | 14,8 |146| 28,9 | 285 | 56,3
uygulamalarini kullantyorum
lAnatomi dersini anlamada internetten faydalaniyorum. 29 58 [334] 66,3 | 141 | 28,0
Coktan se¢meli sinavlar, konuyu kavrayis oranimizi belirlemede yardimei

59 | 11,6 |373| 736 | 75 | 148
olmaktadir.
Uygulanmakta olan ara siavlarin (vize) sayisi yeterlidir 60 | 11,9 |382| 759 | 61 | 121
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Vize /Final sinavlarinda sorulan sorular derslerde anlatilan konular ile ilgilidir. | 42 | 8,3 [404| 79,8 | 60 | 11,9
Vize /Final sinavlarindaki soru sayist arttirilmalidir 52 10,3 |44 | 8,7 | 410 | 81,0
\Vize /Final sinavlarinda ¢izim (resim) mutlaka yer almalidir. 82 | 16,2 (258| 51,0 | 166 | 32,8
Laboratuvar dersleri miifredata eklenmelidir. 57 | 11,3 |403| 80,1 | 43 8,5
lAnatomi egitiminde kadavra olmamasi mesleki gelisimimde dnemli eksiklik
110 | 21,9 {321 63,8 | 72 | 143
olusturmaktadir.
Anketimizi katilimcilarin  6grenim  gordiikleri egitim programlarina goére gruplayip
inceledigimizde 6ne ¢ikan bazi cevaplar Cizelge 3’te gosterilmistir.
Cizelge 3. Farkh 6grenim programlarina gore gruplanmis katihmei goriisleri
Program
Tibbi
. Tibbi Laboratu
_ Ik ve Acil
Anestezi Goriintiilem ar Yash Bakim
Yardim
e Teknikleri| Teknikle
ri
n (% | n|%]|n % n| % n % p
Anatominin ileriki mesleki yasantiniza size | FIKRIM YOK 6 (4,712 {16,0] O 00 |12|94| 25 | 16,6
herhangi bir katki saglayacagimi disiiniiyor | KATILIYORUM | 112 |87,5| 58 |77,3| 23 | 95,8 | 82 |64,1| 94 | 62,3 |<0.001*
musunuz? KATILMIYORUM| 10 | 78| 5 |6,7| 1 4,2 |341266| 32 | 21,2
FIKRIMYOK | 3 {23| 6 [80| O | 00 |23|18,0] 14 | 93
Verilen anatomi egitimi ile gelecekteki
KATILIYORUM | 47 |36,7| 19 |25,3| 8 | 33,3 |69 |53,9| 72 | 47,7 |<0.001*
meslegim arasinda ¢ok az iliski vardir.
KATILMIYORUM| 78 |60,9| 50 |66,7| 16 | 66,7 |36 |28,1| 65 | 43,0
FIKRIMYOK | 7 |55| 5 [68| 1 | 42 |19(151| 17 | 11,3
Anatomi dersinde anlatilan konular
KATILIYORUM |103(80,5( 59 (79,7| 18 | 75,0 | 60 [47,6| 79 | 52,7 |<0.001*
meslegim ile ilgili olarak anlatilmaktadir
KATILMIYORUM| 18 |14,1| 10 |1355| 5 | 20,8 |47 |37,3| 54 | 36,0
Derste anlatilan konularin meslegimle ilgili | FIKRIM YOK 17 |13,3| 13 ({17,3| 4 | 16,7 |16 (12,7 29 | 19,2
klinik 6nemleri de 6rneklerle beraber KATILIYORUM | 95 (74,2| 33 (44,0| 14 | 58,3 | 67 |53,2| 49 | 32,5 |<0.001*
vurgulanmaktadir KATILMIYORUM| 16 |12,5| 29 |38,7| 6 | 25,0 |43 |34,1| 73 | 48,3
FIKRIM YOK 21 |16,5| 15 |20,3| 3 | 12,5 |19 |150 30 | 20,0
lAnatomi dersine dnceden konular1 okuyarak,
KATILIYORUM | 50 (39,4| 19 (25,7 5 | 20,8 |42 (33,1] 38 | 25,3 | 0.222
hazirlikli bir sekilde geliyorum
KATILMIYORUM| 56 |44,1| 40 |54,1| 16 | 66,7 | 66 |52,0| 82 | 54,7
FIKRIM YOK 11 | 86| 8 |10,7| 2 8,3 |13|10,2| 29 | 19,2
Anatomi dersinin haftada 2 saat teorik
KATILIYORUM | 52 |40,6| 20 (26,7 9 | 37,5 |65 (50,8 70 | 46,4 | 0.001*
olarak anlatilmasi yeterlidir.
KATILMIYORUM| 65 |50,8| 47 |62,7| 13 | 54,2 |50 (39,1 52 | 34,4
Ders sunumlarinda videolar, animasyonlar FIKRIM YOK 5139|567 1 4,2 4 131 8 53
ve klinik vaka sunumlari gibi araglar yer | KATILIYORUM |104|81,3| 56 |74,7| 21 | 87,5 |107(83,6| 127 | 84,1 | 0.712
almalidir. KATILMIYORUM| 19 |14,8| 14 |18,7| 2 8,3 |17 |133| 16 | 10,6
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FIKRIMYOK | 1 |08| 4 |53| 2 | 83 |2 |16| 14 | 93
Dénem baginda anatomi hocasinin belirttigi
KATILIYORUM |120(93,8| 51 (68,0| 19 | 79,2 |114|89,1| 92 | 60,9 |<0.001*
Atlas, kitap v.b. dokiimanlar1 satin aldim.
KATILMIYORUM| 7 |55 | 20 |26,7| 3 | 125 |12|9,4| 45 | 29,8
Anatomi dersinde 6grendigim Latince FIKRIM YOK 10 | 78| 6 |80 2 83 | 8 63| 19 | 12,7
terimler diger dersleri de anlamami KATILIYORUM |109 (85,2| 59 (78,7 20 | 83,3 | 76 |59,4| 77 | 51,3 |<0.001*
kolaylastirdi. KATILMIYORUM| 9 |7,0] 10 |13,3| 2 8,3 |44 |344| 54 | 36,0
FIKRIM YOK 10 | 78| 2 |27]| O 00 | 5139 5 3,3
Anatomi dersini 6grenmekte genel anlamda
KATILIYORUM | 98 |76,6| 62 (82,7| 21 | 87,5 |102(79,7| 131 | 86,8 | 0.327
zorlantyorum.
KATILMIYORUM| 20 |15,6| 11 |14,7| 3 | 12,5 |21 |16,4| 15 9,9
FIKRIM YOK 31232 (27]0 00 | 6|47 11 7,3
Ders malzemeleri(PDF, sunumlar, ¢izimler
KATILIYORUM |123(96,1| 70 ({93,3| 24 | 100,0 {118{92,2| 136 | 90,1 | 0.431
... ) web sayfasinda bulunmalidir.
KATILMIYORUM| 2 |16| 3 |40 O 00 | 4|31 4 2,6
Anatomi dersimle alakali internette iicretsiz| FIKRIM YOK 18 |14,1| 14 |18,7| 4 | 16,7 |14 |10,9| 25 | 16,6
bulunan ii¢ boyutlu anatomi uygulamalarini | KATILIYORUM | 40 |31,3| 18 |24,0| 8 33,3 | 45|35,2| 35 23,2 | 0.459
kullantyorum KATILMIYORUM| 70 |54,7| 43 |57,3| 12 | 50,0 | 69 |53,9| 91 | 60,3
FIKRIMYOK |10 (79| 4 |53| 2 | 87 |4 31| 9 6,0
Anatomi dersini anlamada internetten
KATILIYORUM | 84 |66,1| 53 (70,7| 15 | 65,2 | 82 |64,1| 100 | 66,2 | 0.765
faydalaniyorum.
KATILMIYORUM| 33 [26,0| 18 |24,0| 6 | 26,1 |42 (32,8| 42 | 27,8
FIKRIMYOK |12 |94 | 8 (10,7| 3 | 125 (12|94 | 24 | 159
Coktan se¢meli sinavlar, konuyu kavrayis
KATILIYORUM |109 (85,2| 60 (80,0 16 | 66,7 |99 |77,3] 89 | 58,9 |<0.001*
oranimizi belirlemede yardime1 olmaktadir.
KATILMIYORUM| 7 |55 7 |93| 5 | 20,8 |17 |13,3| 38 | 252
FIKRIM YOK 6 (47| 6 (81| 3 | 125 |1310,2] 32 | 21,2
Uygulanmakta olan ara sinavlarin (vize)
KATILIYORUM |114(89,8| 63 (85,1 19 | 79,2 |98 |77,2| 88 | 58,3 |<0.001*
sayisi yeterlidir
KATILMIYORUM| 7 |55| 5 |68 2 8,3 |16 |12,6| 31 | 20,5
FIKRIM YOK 3 123 9 (12,0] 0 00 | 8|63| 22 | 146
Vize /Final sinavlarinda sorulan sorular
KATILIYORUM |121 (94,5| 60 (80,0 21 | 87,5 |107|83,6| 95 | 62,9 |<0.001*
derslerde anlatilan konular ile ilgilidir.
KATILMIYORUM| 4 |31| 6 |80| 3 | 125 |13|10,2| 34 | 225
FIKRIM YOK 12 194 | 11 |14,7| 1 42 | 9170 19 | 126
Vize /Final sinavlarindaki soru sayist
KATILIYORUM | 8 |6,3| 8 [10,7| 2 83 [11|86| 15 9,9 | 0.532
arttirtlmalidir
KATILMIYORUM| 108 |84,4| 56 |74,7| 21 | 87,5 |108|84,4| 117 | 77,5
FIKRIM YOK 27 |21,1| 15 |20,0| 3 | 12,5 |15 |11,7| 22 | 146
Vize /Final sinavlarinda ¢izim (resim)
KATILIYORUM | 60 (46,9| 31 (41,3| 12 | 50,0 | 73 |57,0| 82 | 54,3 | 0.357
mutlaka yer almalidir.
KATILMIYORUM| 41 [32,0| 29 (38,7 9 | 37,5 |40 (31,3| 47 | 311
FIKRIM YOK 10 | 78| 4 |54| 7 | 292 |10|7,9| 26 | 17,3
Laboratuvar dersleri miifredata eklenmelidir| KATILIYORUM |109|85,2| 67 |90,5| 9 | 37,5 |112|88,2| 106 | 70,7 |[<0.001*
KATILMIYORUM| 9 | 70| 3 |41 8 | 333 |5 |39| 18 | 12,0
Anatomi egitiminde kadavra olmamasi FIKRIM YOK 16 (12,6| 14 |18,7| 5 20,8 | 34126,8| 41 27,3
mesleki gelisimimde 6nemli eksiklik KATILIYORUM | 102 |80,3| 53 |70,7| 11 | 45,8 | 72 |56,7| 83 55,3 |<0.001*
olusturmaktadur. KATILMIYORUM| 9 |7,1| 8 |10,7| 8 | 33,3 |21 |165| 26 | 17,3
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TARTISMA

Calismamizda saglik meslek yiiksekokulu 6grencilerinin anatomi dersi ile ilgili goriisleri ve bu
dersten beklentilerini akademik olarak degerlendirdik. Ogrencilere anket olarak sorulan
sorularla, benzer ¢alismalarin sorular ile karsilastirilmistir. Uygur ve ark. (Uygur vd., 2015)
‘nin 6grencilerin anatomi dersinde mesleki olarak bilinmesi gereken bilgilerin verildigine
%36.7 ile katildigini, Bolatl ve ark. (Bolatli, 2021) ¢alismasinda 6grencilerin %92 ‘si, anatomi
dersinin meslekleri i¢in 6nemli bir ders oldugunu belirtmistir. Bizim ¢alismamizda da benzer
olarak ‘’Anatominin ileriki meslek yasantinizda size herhangi bir katki saglayacagini
diisiiniiyor musunuz?’’ sorusuna saglik yiiksekokulu 6grencilerinin %72.9 “unun katiliyorum

29

goriisli, Ogrencilerin “’anatomi dersinin meslege faydasi’> konusunda bilingli oldugunu
gostermektedir.

Klinik anatominin 6nemi ile ilgili 6g8rencilerin goriislerinin degerlendirildigi ¢aligmalar
incelendiginde, bazi ¢alismalarda 6grenciler, klinik anatomi egitiminin gelecekteki meslekleri
i¢in yetersiz oldugunu (Ar1 I, Sendemir E., 2003) ve klasik anatomi derslerinde, daha ¢ok klinik
anatomi igeriginin olmasi gerektigini belirtmislerdir (Turan-Ozdemir vd., 2001). Pawlina ve
ark (Pawlina & Lachman, 2004) calismasinda ise buna ek olarak konularin en uygun zamanda
ve klinik egitime paralel olarak verilmesi gerektigi bildirilmistir. Ar1 ve ark. (An I, Sendemir
E., 2003) anatominin klinik bilgilerle birlikte verilmesinde saglanacak kazancin, 6grencilere
gore % 90.1(n=172) oraninda oldugunu ifade ederken, Bolatl ve ark. (Bolatli, 2021) anatomi
dersinin klinik uygulamalarda gerekli oldugunu bildirmistir.

Klinik egitim yaninda video ve animasyon gibi teknolojik gelismelerin getirdigi egitim
tekniklerinin, anatomi egitiminde yerini almasi ile ilgili; Bolath ve ark. (Bolatli, 2021)
teknolojik araglarla entegre edilmis yardimci ders araglarinin (mobil uygulama, tablet vs.)
kullanilmastyla 6grencilerin %69 unun dersin niteligini ve kaliciliin1 arttiracagini bildirmistir.
Kiiciik ve ark. (Kiicik vd., 2015) anatomi egitiminde ‘mobil artirilmis gergeklik’
uygulamalarinin yayginlastirilmasinin faydali olacagini, Acuner ve ark. (Acuner, 1999) ise
ogrenme siirecinde gorsel ve isitsel arag-gerecler kullanilmasinin, 6grenmeye yaptig1 katkinin
tartisilmaz bir gercek oldugunu bildirmektedir. Bizim c¢alismamizda “’Ders sunumlarinda
videolar, animasyonlar ve klinik vaka sunumlar1 gibi araglar yer almali midir?’” sorusuna saglik
bilimleri yiiksekokulu 6grencilerinin genelinin % 82’sinin, anestezi boliimii 6grencilerinin de
%74.2’sinin katildiklar1 cevabi, anatomi egitiminde klinik ve animasyon igerikli kaynaklarin

etkili oldugunu gostermektedir.
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Ogrenciler arasinda anatomi egitiminin zorlugunun sorgulanmasinda; Bolatl1 ve ark. (Bolatli,
2021) oOgrencilerin en yiiksek oranda (%37,5) zor yamitim1 verdigini bildirmistir. Bizim
calismamizda da benzer olarak 6grencilerin geneli % 81,81 “’Anatomi dersini 6grenmekte
genel anlamda zorlantyorum.’’ ifadesine ‘katiliyorum’ cevabini verdi.

Calismamizda saglik bilimleri 6grencilerinin %93.1 oraninda pdf ve sunumlar gibi ders
malzemelerinin web sayfasinda bulabildikleri ve bu kaynaklara ulasilabildikleri sonucuna
ulastik. Benzer sekilde Acuner ve ark.’nin (Acuner, 1999) yaptiklar1 ankette 6grencilerin %
72,46’s1 anatomi dersi ile ilgili Ogretilecek konuya iligskin ders notu, kitap, atlas vb.
dokiimanlara 6nceden ulagamama sorunu yasamadiklarini, Gozil ve ark. (Gozil vd., 2006)
ogrencilerin  %83.3’1inii, ders notlarinin dagitilmasinin 6grenmelerinde faydali oldugunu
belirtmislerdir.

Literatiirde 6grencilere gore, anatomi sinavlarinin test olmasi gerektigi goriisii yaygindir. Ar
ve ark. (An I, Sendemir E., 2003) teorik sinavlarda ¢oktan se¢meli (test) sorulara, dgrencilerin
%70.9 oraninda kesinlikle katildigini, Sindel ve ark. (Sindel vd., 2008) teorik sinavlarda
ogrencilerin neredeyse tamamina yakininin ¢oktan segmeli sinav yontemini tercih ettiklerini,
Acuner ve ark. (Acuner, 1999) 6grencilerin biiyiik bir kisminin ¢oktan se¢meli bes secenekli
soru tipini (% 28,83) istedigini, Mutluay ve ark. (Mutluay & Agikgdz, 2020) ebelik
ogrencilerinin %91,3’i ve hemsirelik 6grencilerinin ise %90,1’inin anatomi dersi teorik
sinavlarinda ¢oktan se¢meli sorulari tercih ettiklerini bildirmistir. Bizim ¢alismamizda saglik
bilimleri yiiksek okulu 6grencilerinin % 73,6’s1, ’Coktan se¢meli sinavlar, konuyu kavrayis
oranimiz1 belirlemede yardimci olmaktadir.”” ifadesine ‘katiliyorum’ cevabini vererek literatiir
ile benzer sonuca sahiptir.

Ara smav sayist ile ilgili 6grencilerin gériislerinin sorgulanmasinda Ar1 ve ark. (Ar I, Sendemir
E., 2003) ara smav (vize sinavi) sayisinin yeterli olduguna (%49.4 6grenci) kesinlikle
katildigin1 benzer olarak Acuner ve ark. (Acuner, 1999) sinav sayisinin yeterli oldugunu (%
85,99 6grenci) bildirmistir. Bizim ¢alismamizda da 6grencilerinin %75.9°u uygulanmakta olan
ara sinavlarin (vize) sayisinin yeterli oldugu ifadesine ‘katiliyorum’ cevabini vererek, literatiir
ile benzer goriis bildirmistir.

Sinavlarda sorulan teorik soru sayist ile ilgili oOgrencilerin goriislerinin sorgulandigi
calismalarda Ari ve ark. (Ar I, Sendemir E., 2003) 6grencilerin teorik sinavlarda sorulan soru
sayisinin arttirtlmasina %40.5 oraninda kesinlikle katilmadiklarimi bildirirken, diger yandan
Mutluay ve ark. (Mutluay & Acgikgdz, 2020) hemsirelik boliimii 6grencilerinin sinavlarda
sorulan teorik anatomi sorularinin artirilmasi gerektigi konusunda fikir bildirmislerdir. Bizim

calismamizda da diger saglik bilimleri 6grencilerinin vize ve final sinavlarinda soru sayisinin
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%81 oraninda arttirilmamasi gerektigi goriisii hakim olup ¢alismamiz An ve ark. ile benzer
goriistedir.

Literatiirdeki baz1 ¢alismalarda 6zellikle haftalik ders saatinin ¢ok oldugu boliimlerde; teorik
ders saatlerinin yeterli oldugu yaninda fakat pratik ders saatlerinin artiritlmasi gerektigi de
belirtilmistir (Sabanciogullar1 vd., 2017; Turan-Ozdemir vd., 2001; Waterston & Stewart,
2005). Acuner ve ark. (Acuner, 1999) o6grencilerin haftalik teorik ders saatlerinin yiiksek
oranda ( % 63,64) “yeterli” oldugunu, haftalik uygulama saati konusunda ise 6grencilerin %
52,94’unun “‘az, arttirllmali” goriisiinde oldugunu bildirmistir. Ders saat sayisinin daha az
oldugu saglik bilimleri yiliksekokulu 6grencileri bu soru hakkinda bizim ¢alismamizda, tibbi
goriintiileme 6grencilerinin haftada 2 saat anatomi dersinin yeterli olduguna katilmadiklari,
tibbi laboratuar ve yash bakimi gibi boliimlerin ise ders saati sayisini yeterli goriildiigiini
bildirmistir.

Anatomi egitiminde kadavra unsuru egitimciler bakimindan yadsinamaz bir gereklilige sahiptir.
Bu 6nemin 6grencilerdeki farkindaliginin sorgulandigi c¢alismalarda, kadavranin anatomide
Ogrenilen bilgilerin kullanimini olumlu yonde etkileyen etkenlerin basinda geldigi bildirilirken
(Aggarwal vd., 2006; Older, 2004), Ar1 ve ark. (Ar1 I, Sendemir E., 2003) kadavranin anatomi
egitiminde mutlaka olmasi (% 91.1't (n=174)) gerektigini, Biiyikmumcu ve ark.
(Bliytikmumcu vd., 2013) 6grencilerin biiyiik bir cogunlugunun anatomi egitiminin kadavrasiz
olamayacagini diisiindiiklerini bildirmistir. Bizim ¢aligmamizda da literatiirle benzer olarak *’
Anatomi egitiminde kadavra olmamasinin mesleki gelisimde 6nemli eksiklik olusturduguna’’
ogrencilerin %63.8’1 katildiklarini belirtmislerdir.

SONUC

Yaptigimiz ¢alisma sonucunda, farkli branslarda egitim alan saglik bilimleri meslek
yuksekokulu 6grencilerinin anatomi egitimi lizerine istek ve goriislerinin bazi durumlarda
farkliliklar arz etmistir. Verilen anatomi egitiminin, 6grencilerin ilerideki meslek hayatlarinda
ithtiyaclarina yonelik farkliliklar barindirmasi gerektigi kanaatindeyiz. Literatiirdeki ¢ogu
caligmalarda goriildiigii gibi bizim yaptigimiz anket sonucu da branslarin geneli i¢in pratik

egitimin 6nemini vurgulamaktadir.
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OZET

Bu caligmada, Lactifluus bertillonii mantarindan yesil sentez yontemiyle elde ettigimiz
demir nano partikiillerinin karakterizasyonu gerceklestirildi. Karakterizasyonlarda FT-IR,
SEM, TEM, UV-Vis cihazlarindan yararlanildi. Yapilan karakterizasyonlarda degisimler
belirgin olarak saptandi. TEM analizlerinde ortalama partikiil boyutu 9.071 nm olarak tespit
edildi. Literatiir arastirmalarinda karsilastigimiz karakterizasyonlarla eslestirdigimizde FeNPs

yapilariin olustugu kanaatine vardik.

Anahtar Kelimeler: Nano partikiil, Lactifluus bertillonii, Yesil sentez

1. GIRIS VEYA BASLIK

KNT'lerin 1991 yilinda lijima tarafindan kesfedilmesi (Wang ve ark.,2023; Chen ve
ark.,2021), nanoteknolojinin entegre oldugu cesitli alanlardaki bilimsel arastirmalart ve
teknolojiyi harekete gegirmistir. Bu durum bilim diinyasinda devrim niteligindedir (Chen ve
ark.,2021). KNT'lerle ilgili etkileyici 6zelliklerin, malzeme diinyasi gibi alanlarda, 6zellikle
iletken polimerlerde ve KNT bazli kompozitler alaninda yeni kapilar agtig1 diistiniiliiyordu. O
zamandan beri, KNT'leri polimer yapisina dahil etmek i¢in ¢esitli yontemler, ¢ok fonksiyona
sahip yeni ileri malzemeler {iretme arzusuyla tasarlandi (Ahmadi ve ark.,2016). Ayrica,
bitkilerinde iginde bulundugu nano partikiil caligmalar1 son siiregte bilim insanlarinin ilgisini
cekmistir. Koktiirk ve ark., 2023 yilinda yaptig1 calismada demir nano partikiillerinin zebra
baligi tizerindeki toksisite 6zelliklerini belirlemislerdir (Koktiirk ve ark.,2023).

Bu calismada, bu baglamda Lactifluus bertillonii mantarindan elde ettigimiz demir nano
partikiillerinin karakterizasyonu iizerine gergeklestirdik.

Lactifluus bertillonii yaprak doken, tercihen 1liman genis yaprakli ormanlarda yetisir.
Cogunlukla Quercus, Fagus, Betula ve Castanea ile iligkilidir (Heilmann-Clausen ve ark. 1998,
Basso 1999).
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2. DENEYSEL CALISMALAR
2.1.Mantar Ekstresinin Hazirlanmasi:

Lactifluus bertillonii alinarak saf su ile iyice yikandiktan sonra 1 giin boyunca diisiik
1s1da (35°C) etiivde muhafaza edildi. Etlivden alinan mantar 6rnekleri blender yardimiyla iyice
parcalandi. Daha sonra par¢alanan mantarlar i¢inde 100 ml saf su bulunan 250 ml’lik erlene
alinarak 20 dk boyunca yaklasik olarak 100-105 °C’ de etrafi aliminyum folyo ile kapatilarak
magnetik karigtiricida siirekli donmesi saglandi. 20 dk sonra alinan erlendeki mantar numunesi
daha once hazirlanan 250 ml erlenlerde stizme (0.22mm por boyutuna sahip filtre kagid ile)
islemine maruz birakildi. Siizme islemi sonunda elde edilen siiziintii daha sonra kullanilmak

tizere +4°C'de muhafaza edildi (Devi ve ark., 2019).
2.2. Demir Nano Partikiillerinin Sentezi (Fe@ LB NPs) :

0.6 M 100 ml FeCls ¢ozeltisi saf su ile hazirlandi. Hazirlanan ¢ozelti 15dk oda
kosullarinda tamamen ¢oziinmesi saglanincaya kadar magnetik karistiricida karistirildi. Daha
sonra hazirlanan stok demir ¢ozeltisinden 80ml ve 20 ml mantar ekstresi 250ml erlende
karistirilarak 4 saat boyunca g¢alkalamali su banyosunda 60°C,100rpm’de {izeri tamamen
kapatilarak karistirildi. Daha sonra alinan karisim 2 saat boyunca oda kosullarinda sogumaya
birakildi. 2 saat sonunda alinan karisimdan kati madde eldesi i¢in santrifiij islemlerine gegildi.
Santrifiij islemlerinde (5000 rpm ve 10 dk ) iki defa saf su ve bir defa da etil alkol ile yikama
islemi gerceklestirildi. Son olarak santrifiij isleminin sonunda alinan kati numunenin (Fe@ LB

NPs) karakterizasyon islemleri igin 60°C’de etiivde kurumaya birakildi.

3. SONUCLAR VE DEGERLENDIRME

Degerlendirme asamasinda FT-IR, UV-Vis, SEM, TEM ve LC-MS-MS cihazlarindan
yararlanildi.

3.1.UV-Vis: Spektroskopik c¢aligmalarda (Cary 60 UV-Vis Spectrophotometer) model
cihaziyla gerceklestirildi. Gorsel 1’de UV-Vis ile gergeklestirilen goriintiilleme mantar ekstresi
ve mantar ekstresinden elde edilen demir nano partikiillere aittir. Adsorbans spektroskopisinde,
Lactifluus Bertillonii mantarinin ekstresinde 265 nm’de bir pik 6te taraftan Fe@ LB NPs 225 ve
288 nm iki tane pik goriintiilenmektedir (Balu ve ark.,2020).
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Gorsel 1. Lactifluus Bertillonii mantariin ekstresi ve Fe@ LB NPs ait UV-Vis goriintiisii

3.2.FT-IR: Numunlere ait karakterizasyonlarda (Agilent Cary 630 FT-IR) model FT-IR cihazindan
yararlanilmistir (Gérsel 2). FT-IR cihazindan elde edilen goriintiilere gore; 3000-4000 cm™ arasindaki
titresimler fenolik bilesiklerin (OH) gruplariyla, 1500-2000 cm? arasindaki titresimler polyfenol (C=C)
gruplariyla, yaklasik 1000 cm™ elde edilen keskin pik (Fe-O) gruplariyla eslestirildi (Balu ve

ark.,2020).
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Gorsel 2. Lactifluus Bertillonii mantarinin ekstresi ve Fe@ LB NPs ait FT-IR goriintiisii
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3.3.SEM: Bu karakterizasyon basamaginda Hitachi Regulus 8230 FE-SEM model cihazdan
yararlanildi. Ayrica cihazin EDS dedektériine ait veriler asagida verilmistir (Gorsel 3). Goriintiileme
yardimiyla yapisal morfoloji belirlendi. Goriintillemede graniil seklinde parlak yapilar goze
carpmaktadir. Bu yapilarin Fe@ LB NPS oldugu diisiiniilmektedir (Gérsel 3). EDS detektoriiyle
gerceklestirilen element analizinde Fe elementi 15.39 % olarak belirlendi (Arde ve ark., 2020;
Nkosinathi ve ark.,2020).

Element Wit%
42.11
11.66
30.32
0.3
0.22
e P 15.39
:,!' """ 3y kil i T Total: 100

Gorsel 3. Fe@ LB NPs ait SEM goriintiisti

3.4.TEM: Bu karakterizasyon basamaginda Hitachi HT7800 modeline sahip TEM cihazindan
yararlandik. Goriintiileme 200000X, 100kV voltajda gergeklestirildi. Yapilan goriintiilemede ortalama
partikiil boyutu 9.07 Inm olarak tespit edildi (Arde ve ark., 2020).

FeNPs Partikiil
Boyutu
Mean:9.071 nm

Gorsel 4. Fe@ LB NPs ait TEM goriintiisii
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4. GENEL DEGERLENDIRME VE SONUCLAR

Lactifluus bertillonii mantar1 tizerinden ekstraksiyon islemi gergeklestirildi. Daha sonra
karakterizasyon basamaklarina gecildi. Bu karakterizasyon basamaklarinda (Fe@ LB NPs)
yapilarinin olustugu kanaatine varildi. Bu calisma neticesinde dogal yontemlerle elde edilen nano
yapilarin daha sonraki calismalarda kullanilabilecegi kanaati tasimaktayiz. Ayrica, TEM cihaziyla
gerceklestirilen karakterizasyonda elde edilen partikiil boyutu 10 nm altinda oldugu tespit edildi.

Bu c¢alismada mantar temini ve teshisi konusundaki desteginin yan1 sira bilgi ve birikimini
bizden esirgemeyen Hakkari Universitesi Yiiksekova Meslek Yiiksekokulu akademik personel
Ogr.Gor.Sedat KESICI’ye ¢ok ama ¢ok tesekkiir ederim.
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OZET

Cinsel mitler cinsellik ile ilgili konularda bilimsel gergekligi olmamasina ragmen dogru
olduguna inanilan, genellikle abartilmis, cinsel yasami sinirlandiran, kaliplasmis ve yanlis
yargilardir. Cinsellikle ilgili yanlis inan¢lar ve kavramlar, bireylerin cinsellikle ilgili tutum ve
davraniglarini etkilemektedir. Oturmus bir cinsel egitim programinin olmadig1 ve cinselligin
tabu olarak kabul edildigi toplumlarda, o toplumlarin gelecegi olarak goriilen genglerin cinsel
bilgi diizeyleri, cinsellige bakis acisi, cinsellik hakkindaki inanislar1 6ncelikle ele alinmasi
gereken konulardan biridir. Ailenin genellikle cinsellige yonelik yasaklayici tutumlar
sergilemesi daha ¢ocukluk doneminden baslayan cinsellik ile ilgili tabularin gelisimine zemin
hazirlamaktadir. Bu nedenle ¢ogunlukla cinsellik konusunda aileden yeterli bilgi alinamaz ve
cinsellik hakkinda agik iletisim kurulamaz. Bu siire¢ genglerin gelecekteki cinsel hayatlarini,
aile hayatlarin1 ve lireme saglhigin1 onemli 6l¢iide etkilemektedir. Cinsel mitlere inanma
ozellikle iilkemizde yapilan ¢aligmalarda gencler arasinda yaygin bir sorundur. Oysa cinsellik
konusunda dogru bilgi edinmek, cinsiyeti saglikli bir sekilde deneyimleyebilmenin ana
gostergelerinden biridir. Addlesan donemi ve ¢ocukluk doneminde edinilen yanlig veya yetersiz
bilgiler ve abartili beklentiler, insanlarin yetiskinlik donemindeki cinsel inang ve davraniglarina
da yanstyabilmektedir. Ne yazik ki cinsel saglik problemlerine neden olabilen bu yanlis
inaniglar ¢iftlerin cinsel yasantisinda da sikintilar yaratabilmektedir. Cinsellige yonelik
bilimsellikten uzak, eksik, yanlis ve kulaktan dolma bilgilerin yerini profesyonellerin esliginde
anlagilabilir, net ve bilimsel cinsel egitim programlari almalidir. Cinsel egitimlerin yas ve
egitim diizeyine gore tasarlanmasi ve siirdiiriilebilir 6zellikte olmasi 6nemlidir. Ozellikle
genglerde bu egitim programlarinin igerigi olusturulurken cinsel mitlere yonelik arastirma

sonuclariinda dikkate alinmasi Onerilir

Anahtar Kelimeler : Genglik, Cinsellik, Cinsel Mit
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Cinsellik, insan olmanin énemli bir yonii olarak karsimiza ¢ikmaktadir. Bu kavram cinsiyet,
cinsel yonelim ve iireme gibi bir¢ok unsur icermektedir. Cinsellik, kisilerin duygu, diisiince,
tutum, davranis ve iliskileriyle yasadigi ve ifade ettigi bir deneyimdir (WHO, 2006). Bu
deneyim biyolojik, psikolojik ve sosyokiiltiirel olmak {izere farkli boyutlarla iligkilidir. Bu
boyutlar cinsel davranislari, kimlikleri, rolleri ve iliskileri tanimlar ve anlamlandirir. Ancak
cinsellik bireysel ve toplumsal diizeyde pek ¢ok faktor tarafindan sekillendirilir ve kisitlanir.
Ornegin, saglik durumu, hormonlar, genetik gibi biyolojik faktorler cinsel islevleri ve tepkileri
etkiler. Duygular, diisiinceler, inanglar, degerler gibi psikolojik faktorler cinsel tercihleri ve
doyumlar etkiler. Aile, arkadaslar, medya, egitim, din, hukuk gibi sosyokiiltiirel faktorler ise
cinsel normlart ve beklentileri etkiler. Bu faktorler arasindaki etkilesim cinselligi karmasik ve

dinamik bir olgu haline getirmektedir (WHO, 2017; WHO,2013).

Cinsellik topluluklara gore ¢ok degisken bir kavram olarak karsimiza ¢ikmaktadir. Bazi
toplumlarda insanlar cinsel konularda daha rahat paylasimlar yapabilirlerken, baz1 toplumlarda
ise bu konuda daha siirli bir paylasim sz konusu olabilmektedir (Bozdemir ve Ozcan, 2011).
Oturmus bir cinsel egitim programinin olmadig1 ve cinselligin tabu olarak kabul edildigi
toplumlarda, o toplumlarin gelecegi olarak goriilen genglerin cinsel bilgi diizeyleri, cinsellige
bakis acist, cinsellik hakkindaki inaniglar1 oncelikle ele alinmasi gereken konulardan biri olarak

karsimiza ¢ikmaktadir (Aygin ve ark., 2017).

Cinsel mitler cinsellik ile ilgili konularda bilimsel ger¢ekligi olmamasina ragmen dogru
olduguna inanilan, genellikle abartilmis (Torun, Torun ve Ozaydm, 2011), cinsel yasami
siirlandiran, kaliplasmis ve yanlis yargilardir (Sungur, 1998). Cinsellikle ilgili yanlis inaniglar
ve kavramlar, bireylerin cinsellikle ilgili tutum ve davranislarin1 dogrudan etkiler. Bu yanlis
inaniglarin gelismesinde cinsellikle ilgili bagvurulan kaynaklarin bilimsel olmamasi temel bir
nedendir (Kukulu, Giirsoy ve Sézer; 2009). Ozellikle genglerin cinsel konularda verdikleri
kararlarin yasamlar iizerinde ¢ok boyutlu etkileri oldugu diisiiniiliirse bu durumun ne kadar
onemli oldugu yadsinamaz bir gergek olarak karsimiza ¢ikmaktadir (Bostanci ve
ark. 2007 ). Calismalar bazi toplumlarda genglerin dogum kontrolii, ireme fizyolojisi, cinsel
yolla bulasan hastaliklar (CYBH) gibi cinsellikle ilgili konularda yeterli bilgiye sahip
olmadigin1 gostermektedir (Dag ve ark., 2012; Bulduk ve Erdogan, 2012; Polatve
ark., 2012).

Cinsel mitler ozellikle gencler arasinda yaygindir (Civil ve Yildiz, 2010 ; Essizoglu ve
ark. 2011; Apay, Akpinar ve Arslan, 2013). Ailenin genellikle cinsellige yonelik yasaklayici
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tutumlar sergilemesi daha g¢ocukluk doneminden baslayan cinsellik ile ilgili tabularin
gelisimine zemin hazirlamaktadir. Bu nedenle ¢ogunlukla cinsellik konusunda aileden yeterli
bilgi alinamaz ve cinsellik hakkinda agik iletisim kurulamaz. Bu siire¢ genclerin gelecekteki
cinsel hayatlarini, aile hayatlarini ve iireme sagligin1 6nemli dlciide etkilemektedir (Giirsoy ve
Gengalp, 2010). Cinsel mitlere inanma 0Ozellikle iilkemizde yapilan ¢aligmalarda gengler
arasinda yaygin bir sorundur (Avcibay, 2020). Oysa cinsellik konusunda dogru bilgi edinmek,

cinsiyeti saglikli bir sekilde deneyimleyebilmenin ana gostergelerinden biridir.

Adoélesan donemi ve ¢ocukluk doneminde edinilen yanlis veya yetersiz bilgiler ve abartili
beklentiler, insanlarin yetiskinlik donemindeki cinsel inan¢ ve davranislarina da
yanstyabilmektedir. Ne yazik ki cinsel saglik problemlerine neden olabilen bu yanlis inanislar
ciftlerin cinsel yasantisinda da sikintilar yaratabilmektedir (WHO, 2017). Cinsel mitler
nedeniyle kisiler biligsel semalarini hatali olusturabilmektedir. Bu durum ise kisilerde kaygi,
gercekei olmayan beklentiler, sugluluk ve basaramama korkusuna yol acarak cinsel islev

bozukluklari ile sonuglanabilmektedir (Kege, 2013; Yasan ve Giirgen, 2004).

Cinsel mitleri etkileyen faktorlerin baginda egitim gelmektedir. Yeterli cinsel egitim alinmamis
olmasi veya hig cinsel egitim alinmamasi, bireyi informal kaynaklardan 6grenmeye itmektedir.
Bu durum cinsel mitlerin olusmasina neden olmaktadir. Bu siirecte bilgiler abartili inanislara
doniiserek kisilerin cinsel yagamlarini etkileyen bir sorun haline gelmektedir (Ogur, Utkualp ve
Aydinoglu, 2016). Yine yapilan ¢alismalarin sonuglarinda diisiik egitim diizeyinde olan
kisilerin egitim diizeyi yliksek olanlara gore cinsel mitlere daha fazla inandig1 bildirilmektedir.
Yiiksek egitim diizeyi olan kisilerde ise inanilan cinsel mitlerin daha ¢ok bu kisilerin ¢evresel
yapisindan ve bu ¢evresel yapinin inanislarindan etkilendigi bildirilmistir (Kisa ve ark., 2013;

Torun, Torun ve Ozaydm, 2011).

Ik genglik ve ¢ocukluk dénemlerini kirsal alanlarda yasayan genglerin bu dénemlerini il ve
ilge merkezlerinde yasamis olan genglere oranla cinsel mitlere inanma diizeyleri daha fazla
bulunmustur (Torun, Torun ve Ozaydin; 2011). Yine farkli ¢alismalarda hayatinin ilk 15 yilin
sehir merkezinde yasamis olan genglerin kirsalda yasayanlara oranla cinsel mitlere katilma

oraninin daha diisiik oldugu bildirilmistir (Sahbaz, 2017; Uyar, 2015).

Cinsel mitlere inanma diizeyi ile iligkili bir diger faktdr ise ebeveynlerin egitim seviyesidir.
Ebeveynlerin egitim seviyesi yiikseldik¢e cinsel mitlere inanma diizeyinin diistiigiinii belirten
arastirma sonuglar1 mevcuttur (Evcili ve Gélbasi, 2017; Kisa ve ark., 2013; Kilci ve Ozsoy,

2019). Cinsel mitlere inanma diizeyinin cinsiyet faktoriine gore arastirildig: bazi caligmalarda
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ise erkeklerin daha ¢ok cinsel mitlere katildigini gosteren bulgular mevcuttur (Evcili ve

Gélbasi, 2017; Torun, Torun ve Ozaydin, 2011; McMahon, 2010).

Cinsel mitler cinsel deneyimden de etkilenebilmektedir. Cinselligi deneyimlemis kisilerde
cinsel mitlere inanma diizeyi zamanla birlikte az da olsa azalabilmektedir. Cinsel partneri
bulunmayanlarda ise cinsel mitlere inanma diizeyinin daha fazla olabilmektedir (Yasan ve

Giirgen, 2004).

Cinsel bilgilerin yanlis bilgi kaynaklarindan edinilmesi cinsel mitlere inanmay1 kolaylastiran
bir diger faktor olarak karsimiza ¢ikmaktadir. Bazi ¢alisma sonuclar1 kardes, dost, basin ve
pornografik igceriklerden edinilen ilk cinsel bilgilerin cinsel iliskileri negatif yonde etkiledigini
bildirmistir ayrica bu durum cinsel islev bozukluklari ile sonuglanabilmektedir (Ozmen, 1999).
Torun, Torun ve Ozaydin (2011) pornografik iceriklerden edinilen cinsel bilgilerin 6zellikle
diger bilgi kaynaklarina gore daha c¢ok abartili, yanlis ve hatali diisiince kaliplarina neden

oldugunu belirtmistir.

Cinsellik konusunda dogru bilgi kaynaklarina ulasimda sikinti yasanmasi gencleri yanlis
bilgileri edilebilecegi farkli kaynaklara yonlendirebilmekte bu durumda cinsellige iliskin
abartili, yanlis veya eksik bilgilerin 6grenilmesine neden olabilmektedir. Cinsellige yonelik
dogru bilgiye ulasamama bireylerde onyargi olustururken, yanlis bilgilendirmelerde cinsel
mitler ile sonuglanabilmektedir (Apay, Akpinar ve Arslan; 2013). Literatiir ebeveynlerin ve
egitimcilerin iletisimlerini, cinselligi gormezden gelmek ve/veya engel olmak yerine dogru
tutumlar1 anlatma yoniinde kullanmalarini tavsiye etmektedir (Somers ve Paulson; 2000).
Aslinda ana hedefimiz gengleri korumak oldugu halde bu sekilde yanlis tutum sergilenmesi
cinsellik konusunda gengleri yalniz, bilgisiz ve ¢6ziimsiiz birakabilmektedir. Bu duruma garpici
bir 6rnek toplumlarda siklikla goriilen mitlerden birisi olan tecaviiz mitidir (Senn ve ark.,
2017). Bu mitle ilgili kadinm1 suglayan inan¢ ve tutumlar ¢ogu zaman magdurunda kendisini
suclamasina neden olabilmektedir. Magdur sugu ihbar etmeyebilir, yeterli diizeyde yardim
alamayabilir ve bu durumlarda mite inanan toplumlarda magdur rehabilitasyon yerine daha ¢ok
orselenip toplum disina itilebilmektedir. Yine ergenlik doneminde suistimal yasayan genglerde
yalnizlik ve cgaresizlik duygusu yasanabilmektedir. igerisinde yasadigi toplumun tepkisinden
korkan ve gelecegine yonelik endiseleri bulunan bu genclerin resmi kanallara veya ailelerine
basvurmalar1 genellikle ya ge¢ olmaktadir veya hi¢ olmamaktadir. Genglere verilen egitimde
hukuki diizeyde haklar1 ve ihtiya¢ duyduklarinda ulasabilecekleri kurumlar mutlaka

anlatilmalidir. Genglere tiim bu bilgiler verilse bile hukuki diizeyde haklarina sahip ¢ikma veya
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ilgili kurumlara basvurmalart sonucunda yasayacaklar1 diglanma, horgoriilme ve geleceginin
tehlikeye girmesi gibi korkularla, geri duracaklar1 tahmin edilmektedir. iste bu nedenle
cinsellige yonelik stigmatizasyonlar1 toplumdan kaldirabilmek ana hedef olmalidir (Davul ve

Yazici, 2019)
Sonuc ve Oneriler

Bu kapsamda cinsellige yonelik bilimsellikten uzak, eksik, yanlis ve kulaktan dolma bilgilerin
yerini profesyonellerin esliginde anlagilabilir, net ve bilimsel cinsel egitim programlari
almalidir. Cinsel egitimlerin yas ve egitim diizeyine gore tasarlanmasi ve siirdiiriilebilir
ozellikte olmas1 énemlidir. Ozellikle genglerde bu egitim programlarinin igerigi olusturulurken

cinsel mitlere yonelik arastirma sonuglarininda dikkate alinmasi onerilir.
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OZET

Epizyotomi 1850'de ilk kez Amerika Birlesik Devletleri'nde tanitilmistir. Epizyotomi distosi,
makat dogum, fetal makrozomi, uzamais ikinci evre, obstetrik anal sfinkter hasar1 ve hizli dogum
gibi durumlarda dogru ve uygun zamanda yapildiginda dogumu kolaylastirabilir. Epizyotomi
icin tipik iyilesme siiresi kesigin boyutuna ve yarayr kapatmak i¢in kullanilan dikis
malzemesinin tiiriine bagli olarak 4-6 hafta civarindadir. Bu siirecte yara iyilesmesindeki
gecikme kotii anatomik sonuglara yol agabilir, enfeksiyon riskini artirabilir ve sonugta tehlikeli
komplikasyonlara ve hatta 6liime yol agabilir. Ayrica perine agris1 annenin yasam kalitesini
diistirebilmekte ve annenin bebegine karsi tutumunu degistirebilmektedir. Epizyotomi sonrasi
yara izi ve agr1 emzirme pozisyonunu ve etkili emzirmeyi etkileyerek emzirmenin baglamasinin
gecikmesine neden olur. Bu nedenle yara iyilesmesini hizlandirmak i¢in kullanilan bitkisel
preparatlar benimsenen tedavi siirecinde kullanilabilen yontemler arasindadir. Bunlardan biri
olan lavanta (Lavandula angustifolia) nane familyasindan Lamiaceae'ye ait otsu bir bitkidir.
Linalool ve linalil asetat bu bitkinin pozitif ve etkili bilesikleri arasindadir. Gastrointestinal ve
merkezi sinir sistemleri lizerinde 6nemli etkileri vardir. Ayrica analjezik, antiinflamatuar ve
sedatif etkileri de ¢esitli calismalarda kanitlanmigtir. Arastirmalar lavantanin epizyotomi i¢in
kullanilmasinin, plasebo ve diger mevcut yontemler ile karsilastirildiginda iltihaplanma ve
agrida énemli bir azalmayla sonuglandigini bildirmektedir. Ustelik bu calismalarda bildirilen
hicbir yan etki olmamustir. Birgok ¢alisma postpartum donemde lavantanin agr1 ve epizyotomi
iyilesmesinde dnemli etkisi oldugunu gostermis olsada ¢aligsmalardaki heterojenite géz oniinde
bulunduruldugunda konuyu acikliga kavusturabilmek i¢in daha fazla kanit diizeyi yiiksek

calismalar yapilmasi1 6nem arz etmektedir.

Anahtar Kelimeler : Epizyotomi, lavanta, tedavi
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Epizyotomi 1850'de ilk kez Amerika Birlesik Devletleri'nde tanitilmistir. Epizyotomi distosi,
makat dogum, fetal makrozomi, uzamis ikinci evre, obstetrik anal sfinkter hasar1 ve hizli dogum
gibi durumlarda dogru ve uygun zamanda yapildiginda dogumu kolaylastirabilir (Klein., ve
Kaczorowski., 2020; Zilberman ve ark., 2009). Epizyotomi prevalans: iilkeden iilkeye
degismektedir. Ornegin Asya 1rki perineal yaralanmalara daha yatkin olabilmektedir ve dogum
sirasinda diger irklara gore epizyotomi orani daha yiiksek goriilebilmektedir (Lam., 2006).
Epizyotomi orani, ABD'de %62.5, Tayvan'da %100, isvicre'de %9.7, Avrupa'da ise %30 olarak
bildirilmektedir (Graham ve ark., 2005). Epizyotomi i¢in tipik iyilesme siiresi kesigin boyutuna
ve yarayl kapatmak i¢in kullanilan dikis malzemesinin tiirline bagli olarak 4-6 hafta
civarindadir (Elizabeth, 2009). Bu siire¢te yara iyilesmesindeki gecikme kotli anatomik
sonuclara yol acabilir, enfeksiyon riskini artirabilir ve sonucta tehlikeli komplikasyonlara ve
hatta 6liime yol agabilir (Shahraki ve ark., 2011). Ayrica perine agrist annenin yasam kalitesini
diisiirebilmekte ve annenin bebegine karsi tutumunu degistirebilmektedir (Karbanova ve ark.,
2014). Epizyotomi sonrasi yara izi ve agri emzirme pozisyonunu ve etkili emzirmeyi
etkileyerek emzirmenin baslamasinin gecikmesine neden olur (Singh ve ark., 2016). Ayrica
uzun siireli postpartum perineal agri, uzun vadede cinsel yasamin islevsiz olmasina, kaygiya,
uykusuzluga ve depresyona neden olabilir. Ancak ¢ogu anne bu sorunlarin tamamin1 dogumun
dogal bir sonucu olarak degerlendirebilir (Riskin-Mashiah, Smith ve Wilkins, 2002). Agr
yonetimi ve epizyotomi iyilesmesi sirasinda komplikasyonlarin dnlenmesi, hem anne hem de
saglik profesyonelleri icin dnemlidir. Dolayisiyla etkin konfor ve hizli iyilesme annelerin
ihtiyacidir (Sari, Hamranani ve Sawitri, 2020). Yara iyilesmesi ve agrinin hafifletilmesi,
kriyoterapi, elektrik stimiilasyonu, akupunktur, lazer tedavisi, pelvik taban kas egitimi
egzersizleri, epidural analjezi ve ayrica asetaminofen, mefenamik asit gibi ilaglarin alinmasi
dahil olmak tizere ¢esitli yollarla saglanabilmektedir (Crichton, 2001) Ayrica yara iyilesmesini
hizlandirmak i¢in kullanilan bitkisel preparatlar benimsenen tedavi siirecinde kullanilabilen
yontemler arasindadir (Niazi ve ark., 2018). Bunlardan biri olan lavanta (Lavandula
angustifolia) nane familyasindan Lamiaceae'ye ait otsu bir bitkidir. Linalool ve linalil asetat bu
bitkinin pozitif ve etkili bilesikleri arasindadir. Gastrointestinal ve merkezi sinir sistemleri
tizerinde onemli etkileri vardir. Ayrica analjezik, antiinflamatuar ve sedatif etkileri de cesitli
caligmalarda kanitlanmistir (Erland ve Mahmoud, 2016; Wells ve ark ., 2018). Lavanta, linalool

alkol keton esterzoaldehit icerir. Lavantadaki ketonlar agriy1 ve iltihaplanmay1 etkili bir sekilde
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azaltir ve uykuya dalmaya yardimci olur. Esterler kas spazmin1 dnleyerek stresi ve depresyonu

azaltir (Starck, 1998).

Eminov ve arkadaslar1 (2022) epizyotomi iyilesmesinde buz ve lavanta uygulamasinin
etkinligini saptamak icin yaptiklar1 calismada katilimcilar1 3 gruba ayirmistir. Bu gruplar
kontrol grubu, buz uygulanan ve lavanta uygulanan gruplardir. Uygulama sonrasinda gruplar
arasinda VAS diizeylerine bakilmis ve aradaki fark anlamli bulunmustur. Buna gore postpartum
donemde epizyotomi iyilesme siirecinde uygulanan lavanta yagi ve buz uygulamalarinin yara

iyilesmesini hizlandirdigini ve perine agrisini azalttigini saptamiglardir (Eminov ve ark., 2022).

Hables (2021) Misir'da postpartum donemdeki kadinlar {izerinde yaptig1 ¢alismada lavanta
kullanan, zeytinyag1 kullanan ve bitkisel yag kullanan gruplar karsilastirmistir. Sonuglar
gorsel analog skala (agri Olgegi) ve REEDA (kizariklik, 6dem, ekimoz, Akinti, Yara
dudaklarinda ayrilma) skalasi kullanarak dlgmiistiir. Ug grup arasinda epizyotomi sonrasi
besinci, dokuzuncu ve on dordiincii glinlerde agr1 yogunlugu agisindan anlamli fark saptamistir
REEDA puaninda ise besinci, dokuzuncu ve on dordiincii giinlerde calisilan ii¢ grup arasinda
p<0.01 degerinde ileri derecede anlamli fark bulmustur. Calisma sonucunda lavanta yag1 veya
zeytinyagi kullaniminin epizyotomi sonrasi perineal rahatsizlig1 azaltmada ve yara iyilesmesini
hizlandirmada etkili olabilecegi ancak lavanta yaginin en yiiksek fayday1 sagladigi bildirilmistir

(Hables, 2021).

Bir bagka caligmada ise epizyotomi dikisinden sonra bolge hemen normal salinle temizlenmis
ve ardindan steril lavanta yagi uygulanmistir. Uygulama epizyotomi iizerine giinde iki kez
gerceklestirilmistir. Kontrol grubunda ise povidin-iyot kullanilmistir. Calisma sonucunda
lavanta yaginin deney grubunda 1. giinden 5. giine kadar epizyotomi iyilesmesine yardimci
oldugu saptanmistir. Lavanta yagiin epizyotomi yara iyilesmesinde 1. giinden 3. giine kadar
povidin-iyot ile karsilastirildiginda daha etkili oldugu bildirilmistir. Fakat 5. Giindeki
karsilastirma sonucunda hem lavanta yagi hem de povidin iyot istatistiksel olarak esit derecede
etkili bulunmustur (Harpreet ve Monika, 2016). Benzer bir ¢alismada Jahdi ve arkadaslar
(2009) lavanta ucucu yag1 ve Betadine oturma banyosunu karsilastirmis (5 litre / 6 damla)
gruplara 5 giin boyunca giinde 2 kez 20 dakika oturma banyosu uygulamislardir. Sonugcta
lavanta kullanan grupta betadine kullanan gruba gore agri yogunlugu daha az bulunmustur

(P<0.001).

Behmaneseh ve ark. (2011) nullipar 89 kadin {izerinde yaptigi bir calismada lavantaninn

epizyotomi insizyon yerindeki iyilesme ve agr1 kesici etkilesimini arastirmistir. Grup 1'de 10
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damla lavanta esansiyel yag1 %2 zeytinyagi bazli oturma banyosu (5 litre), grup 2'de 10 damla
zeytinyagi oturma banyosu (5 litre) ve grup 3 (kontrol grubu 10 damla distile su (5 litre) ile 10
giin boyunca giinde 2 kez oturma banyosu uygulanmistir. Zeytinyagi ve lavanta yagi gruplari
kontrol grubuna kiyasla agr1 ve iyilesme yoniinden daha avantajli bulunmustur (Behmaneseh

ve ark., 2011)

Benzer sekilde Vaziri ve ark. (2017) lavanta esansiyel yagi ile yapilan aromaterapinin
epizyotomi agrisi lizerindeki etkisini degerlendirmistir. Miidahale grubuna nefes alma aninda
%1 lavanta esansiyel yag1 10-15 dakika boyunca 10 cm mesafeden esansiyel yag emdirilmis
pamuk ile uygulanirken, kontrol grubuna susam yagi uygulamislardir. Bu uygulama 24 saatte
3 doz seklinde gergeklesmistir. Degerlendirmeyi ilk miidahaleden 6nce ve sonra ve ertesi sabah
taburcu olmadan 6nce yapmislardir. Sonug olarak, lavanta esansiyel yaginin agri yogunlugu
tizerindeki etkisinde iki grup arasinda deney grubu lehine istatistiksel olarak anlamli bir fark

oldugunu bildirmislerdir (P<0.001), (Vaziri ve ark., 2017).
SONUC VE ONERILER

Arastirmalar lavantanin epizyotomi iyilesme siirecinde kullanilmasinin, plasebo ve diger
mevcut yontemler ile karsilastirildiginda agrida 6nemli bir azalmayla ve iyilesme siirecinde
hizlanmayla sonuglanabildigini bildirmektedir. Ustelik bahsi gecen bu arastirma bulgularinda
bildirilen hicbir yan etki olmamas1 dikkat ¢ceken bir baska bulgu olarak karsimiza ¢ikmaktadir
Birc¢ok ¢alisma postpartum donemde lavantanin agri ve epizyotomi iyilesmesinde onemli etkisi
oldugunu gostermis olsada ¢alismalardaki heterojenite géz onilinde bulunduruldugunda konuyu
acikliga kavusturabilmek icin daha fazla kanit diizeyi yliksek ¢alismalar yapilmasi 6nem arz

etmektedir.
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OZET

Kuvvet ve eklem hareket acikligr ile iliskili esneklik ve mobilizasyon yas diizeyinin artisi ile
birlikte azalmaktadir. Bu fizyolojik siirecin hiz1 ve etkisinin en aza indirilmesindeki en 6nemli
strateji dogru planlanmis bir egzersiz rutini igerisinde yer almaktadir. Bu noktada, kuvvet ve
eklem hareket agikliginin gelistirilmesinde belirtilen degiskenlerin birbirleri iligkisinin ortaya
konmas1 kaliteli egzersiz programlarmin tasarlanmasina katki saglayacaktir. Arastirmada
yetiskin bireylerin izometrik kuvvet diizeyleri ile eklem hareket acikliklar1 arasindaki iliskinin
belirlenmesi amaglanmistir. Arastirmaya goniillii olarak (erkek = 67; kadin = 53) toplam 120
yetigkin birey katilmistir. Katilimeilarin izometrik kas kuvvetini belirlemek icin (Lafayette
Manual Muscle Test System, Model 01165) ekipman kullanilmistir. Bu sistemi, kas giiciinii
objektif olarak 6l¢mek i¢in kullanilan ergonomik bir elde tutulan cihazdir. Katilimcilarin eklem
hareket agikliklarini 6l¢mek i¢in Dualer IQ Pro Egimélger (J-TECH Medical, Salt Lake City,
UK, USA) ekipmani kullanilmistir. Dualer 1Q Pro Dijital Inklinometre ile ¢ift sensorlii dlgiim
sayesinde kolay ve giivenilir veri toplanarak eklem hareket acikligi degerlendirilmesi
yapilabilmektedir. Degiskenler arasinda iligkinin belirlenmesinde Pearson Sira Korelasyon
analizinden yararlanilmistir. Aragtirmada katilimcilarin alt ve iist ekstremite kuvvetini temsil
eden parametreler ile yine alt ve iist ekstremite eklem hareket acikligini temsil eden
parametreler arasindaki iligki belirlenmeye c¢alisilmistir. Bu noktada; 6zellikle omuz fleksiyon
ve ekstansiyon izometrik kuvvetinin omuz fleksiyon eklem hareket acikligi ile pozitif yonlii
zayif iliskisi oldugu belirlenmistir (sirasiyla: r=0.25, p<0.01; r=0.23, p<0.05). Kal¢a fleksiyon
izometrik kuvveti ile diz fleksiyon eklem hareket acikligi arasinda pozitif yonlii zayif bir
iliskinin oldugu tespit edilmistir (r=0.20, p<0.05). Diz fleksiyon kuvveti ve diz eklem hareket
aciklig1 kuvveti arasinda pozitif yonlii zayif bir iliskinin oldugu ortaya konulmustur (r=0.24,
p<0.05). Sonug olarak, izometrik kuvvetin hem alt hem de iist ekstremitede eklem hareket
aciklig ile iligkisi oldugu belirlenmistir.

Anahtar Kelimeler: Kuvvet, stabilizasyon, mobilizasyon

1. GIRIS
Eklem hareket agikligi (EHA) viicut ekleminde mevcut belirli boliimler arasinda bir hareket
Olciisiinii ifade etmektedir (Park, 2010). Statik ve dinamik, pasif ve aktif insan hareketlerinde
eklem hareket agikliginin o6l¢iimii, eklem islevini incelemek, eklemi tespit etmek igin
fizyoterapistler ve bazi kuvvet ve kondisyon antrendrleri tarafindan yaygin olarak
gerceklestirilen kas-iskelet degerlendirmelerinde temel bir beceridir (Keogh, 2019).
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Bir eklemdeki hareket acikliginin degerlendirilmesi, ortopedik cerrahlar ve fizyoterapistler
tarafindan tedavi ve eklem iyilesmesinin seyrini belirlemek icin kullanilan yontemler
arasindadir (Ndou, 2018). Kardiyorespiratuar, direng, esneklik ve ndéromotor egzersiz
uygulamalarini igeren diizenli egzersiz programlari giinlik yasam aktivitelerinin yerine
getirilmesinin 6tesinde fiziksel zindeligi ve sagligi iyilestirmek ve siirdiirebilmek adina ¢ogu
yetiskin i¢in gereklidir. Benzer sekilde eklem hareket agikligin1 korumak igin de her bir ana
kas-tendon grubu i¢in esneklik egzersizlerinin hafta da 2 giin ve iizerinde yapilmas1 bilyiik bir
Ooneme sahiptir (Garber, 2011). Ciinkii EHA insan saglig1 agisindan 6nemli bilesenlerden bir
tanesidir. EHA egzersizleri; uygulandiklar1 eklemin esnekligini ve hareketliligini korumay1
amaglayan aktivitelerdir. Kendine giliveni arttirma, yagsam kalitesini gelistirme, eklem
esnekligini arttirma ve kaygi diizeyini azaltma gibi yararlar1 da bulunmaktadir (Tseng, 2007).

Bir ¢calismada govde EHA acisindan, govde fleksiyonu, ekstansiyonu ve rotasyonlarinin hafif
ve orta dereceli parkinson hastalarinda yasam kalitesi ile iligkili oldugu tespit edilmistir (Cano-
de-la-Cuerda, 2020). Ozellikle, yash insanlarda ayak bilegi eklem hareket acikligmin
arttirtlmasi i¢in fiziksel terapiler gibi programlarin uygulanmasinin onlarin yasam kalitelerini
arttirmak adina dengelerini korumak ve gelistirmek i¢in faydali olacag: belirtilmektedir (Lee,
2012). EHA, performansin ve hareket genisliginin artirilmasimin yani sira yaralanmalarin
onlenmesinde de dnemlidir (Marek, 2005; Bieze, 2006). Bu noktada, EHA hem yasam kalitesi
hem de genel saglik agisindan O6nemli bir yere sahiptir. Giinliik aktivitelerin arzu edilen
seviyede, tatminkar bir sekilde yapilabilmesi icin EHA olmazsa olmaz bir bilesendir. Insanlarin
giinliik yasam aktivitelerinin 6tesinde ise eklem hareket acikliginin sportif performans ile olan
etkilesiminin de dikkate deger bir 6neme sahip olabilecegi asikardir. Bu sebeple eklem hareket
acikliginin iyilestirilmesi gerek saglik gerek performans acisindan onem arz etmektedir. Bu
noktada, EHA’y1 etkileyebilecek bircok faktorii disinda 6zellikle EHA’nin gelistirilmesi
stirecinde izometrik kuvvet ve EHA iliskisinin ortaya konulmasi 6nemli goriilmektedir.

2. METOT
2.1. Eklem Hareket Acikhigi (Range Of Motion) Ol¢iim Protokolii

Katilimcilarin eklem hareket agikliklarini 6lgmek i¢in Dualer 1Q Pro Egimoélger (J-TECH
Medical, Salt Lake City, UK, USA) ekipmani kullanilmistir. Dualer iQ Pro Dijital inklinometre
ile cift sensorlii 6l¢iim sayesinde kolay ve giivenilir veri toplanarak eklem hareket aciklig
degerlendirilmesi yapilabilmektedir. Cihaz Amerikan Tabipler Birligi (AMA) tarafindan
onerilmektedir (AMA Guides 5th edition). Klinikte eklem hareket acgikligi Olgiimiinde
kullanilan, hata pay1 1 derece olan ve kalibre edilebilen bir cihazdir. Bilgisayar olmadan omurga
ve ekstremite hareket araliklarini 6lgmek i¢in iki ucbasi arasindaki potansiyel farki belirler ve
bu potansiyel farki ilgili eklem agisina ¢evirir. 20 6lglime kadar sonuclar1 kaydettigi igin,
Klinisyenlere veri kaybetmeden 6l¢iim yapma imkani sunar ve bdylece verilere rahat ulagilir.
Klinisyenlerin eklem agisin1 dinamik ¢ift inklinometre ve statik tek inklinometre (goniometre
kullanmaya benzer sekilde) kullanarak degerlendirmelerine olanak tanir. Olgiimler alinmadan
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once, kullanim talimatlarindaki adimlar takip edilerek cihaz kalibre edilmistir (Dualer IQ Pro
Manual, 2023).

Dijital inklinometre sagittal, frontal, transversal ve rotasyonel dahil olmak iizere her yonde
eklem hareket aciklig1 6lgmek icin kullanilan standart bir yontem araci olarak kabul edilir
(Reddy, R. S., ve Digerleri, 2022). Eklem hareket agikliginin belirlenmesi ile hekimler ve
fizyoterapistler, kas-iskelet fonksiyonunu teshis etmek, bir miidahalenin ilerleyisini izlemek,
verileri kaydetmek veya gelecekteki takibi yapmak ve uygulanabilir oldugunda, bozulma
derecelendirmesi ve sakatlik belirlemeleri i¢in yasal ve yasal gereklilikleri karsilamak igin
yararli bir yontem saglar (Youdas J.W., ve Digerleri, 1991). Ayrica spor bilimcilerin
profesyonel sporcularda atletik performanslarinin belirlenmesi ve bireysel olarak egzersiz
programlar1 hazirlanirken fiziksel performansin belirlenmesinde 6nemli bir rolii vardir (Ozer,
2009; Sentiirk, 2022). Normal eklem hareketi 6l¢limiinde en yaygin olan kullanilan kriterlerden
biri olan Amerikan Ortopedik Cerrahlar Derneginin (AAOS) belirledigi ortalama degerler
dikkate alinarak 6l¢iimler yapilacaktir. (American Academy of Orthopaedic Surgeons, 1965).

2.2. Izometrik Kas Kuvveti Olciim Protokolii

Katilimcilarin izometrik kas kuvvetini belirlemek i¢in (Lafayette Manual Muscle Test System,
Model 01165) ekipmani kullanilmistir. Lafayette Manuel Kas Test Cihazi (MMT) Sistemi, kas
giicinii objektif olarak Olgmek i¢in kullanilan ergonomik bir elde tutulan cihazdir. Test,
klinisyenin hastanin uzuvlarina kuvvet uygulamasiyla gerceklestirilir. Testin amact, klinisyenin
hastanin direncini yenmesi veya “kirmasidir”. MMT, giivenilir, dogru ve kararh kas giicii
okumalar1 saglayarak "kirilma" elde etmek icin gereken tepe kuvveti ve zamani kaydeder.
MMT ayrica veri depolama, dnceden ayarlanmis test siireleri ve uygulanacak kuvvet esikleri
gibi cok cesitli segeneklere izin veren etkilesimli meniilere sahiptir. Ergonomik tasarimu,
manuel kas testi protokollerine kolayca uyum saglarken hem hasta hem de test cihazi konforu
saglar (Lafayette Manual Muscle Test System User, Instructions, 2023).

Manuel kas testi (MMT), tip, osteopatik, kayropraktik, fizik tedavi, rehabilitasyon, norolojik ve
atletik egitim uzmanlar1 tarafindan saglik hizmetlerinde ¢esitli amaglar i¢in kullanilir ve klinik
acidan faydali bir aragtir (Cuthbert ve Goodheart, 2007; Haas ve dig., 2007; Conable ve Rosner,
2011). Kas giicii, en temel fiziksel unsurlardan biridir. Giinliik fiziksel aktivitelerde ve
sporcularin atletik performansinda hareketi olusturma ve yiiriitme kalitesi ile iliskilidir. Glig
seviyelerini 6lgmek ve siniflandirmak, fiziksel egzersiz recgetesi ve tedavisinde karar vermek
i¢cin ¢ok 6nemlidir (Wikholm ve Bohannon, 1991; Drummond ve Soares, 2016).

2.3. istatistiksel Analiz

Aragtirmada elde edilen veriler SPSS 18.0 programina aktarilarak ve analizler bu istatistik
programi kullanilarak yapilmistir. Verilerin analizinde aragtirma grubunun 6zelliklerinin
tanimlanmasi i¢in tanimlayici istatistikler (ortalama, standart sapma, medyan, min-maks deger,
oran, frekans vb.) kullanilacak, grafik ve tablolar yardimiyla ifade edilmistir. Degiskenlerin
karsilagtirmalarina gegilmeden Once normallik ve homojenlik varsayimlarin karsilanip
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karsilanmadig1 incelenmistir (Tabachnick ve Fidell, 2001). Olgiimsel degiskeler arasindaki
iliskiler icin Pearson korelasyon analizi kullanilmistir. Istatistiksel olarak p<0,05 degeri anlamli
kabul edilmistir.

3. BULGULAR

Cizelge 1. Katihmcilim yas ve cinsiyetlerine ait tanimlayici veriler

Degiskenler Ortalama Ss
Yas (yil) 34.62 11.82
Cinsiyet f %
Erkek 67 55.8
Kadin 53 44.2

Katilimcilarin yas diizeylerine iliskin ortalama ve standart sapma degerleri ve cinsiyete iliskin
frekans ve yiizdelik degerleri Cizelge 1’de detayli olarak gdsterilmistir.

Cizelge 2. Katihmcilarin izometrik kuvvet degerlerine ait tanimlayic veriler

Degiskenler Ortalama Ss
Shoulder flexion (peak) 20.87 7.96
Shoulder extension (peak) 16.38 6.20
Shoulder abduction (peak) 18.45 6.74
Shoulder adduction (peak) 15.72 5.67
Hip flexion (peak) 23.65 8.07
Hip extension (peak) 23.93 9.48
Hip abduction (peak) 26.24 9.11
Hip adduction (peak) 17.45 6.84
Knee flexion (peak) 17.22 6.74
Knee extension (peak) 20.23 6.48

Cizelge 3. Katihmcilarin eklem hareket acikhigl degerlerine ait tanimlayici veriler

Degiskenler Ortalama Ss

Shoulder flexion 170.00 14.09
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Shoulder extension 61.80 18.60
Shoulder abduction 174.92 20.50
Shoulder adduction 25.01 14.18
Knee flexion 118.76 17.23
Hip flexion 105.13 30.38
Hip extension 50.02 26.74
Hip abduction 32.20 15.28
Hip adduction 32.85 11.30
Dorsiflexion 27.29 7.06
Plantarflexion 52.86 10.90

Cizelge 4. Katihmcilarin izometrik ve eklem hareket acikhigi degerlerine ait iliskisel veriler

Degiskenler Shoulder Shoulder Shoulder Shoulder Knee Hip Hip Hip Hip Dorsi Plantar
fleksiyon ekstansiyon abdiiksiyon addiiksiyon fleksiyon fleksiyon eks. abd. add. flek. flek.
Shoulder r 0,25" 0,08 0,11 0,05 0,06 0,07 0,20 -0,27" 0,03 0,13 -0,22"
fleksiyon p 0,00 0,35 0,19 0,56 0,45 0,40 0,02 0,00 0,72 0,13 0,01
Shoulder r 0,23 -0,00 0,07 0,10 0,17 0,04 0,19 -0,24™ 0,03 0,207 0,12
ekstansiyon p 0,01 0,96 0,40 0,27 0,05 0,60 0,03 ,007 ,686 027 ,168
Shoulder r 0,25~ -0,06 0,18" 0,08 0,11 0,04 0,13 -0,20° 0,07 0,20 0,15
abduksiyon p 0,00 0,46 0,04 0,37 0,20 0,65 0,13 0,02 0,44 0,02 0,09
Shoulder r 0,26™ 0,11 0,14 -0,04 0,07 0,03 0,24 -0,21" 0,01 0,21" -0,10
adduksiyon p 0,00 0,20 0,12 0,65 0,45 0,67 0,00 0,01 0,88 0,01 0,26
r 0,30” 0,00 0,05 0,04 0,20° 0,01 0,20 0,16 0,05 0,09 0,10
Hip fleksiyon
p 0,00 0,95 0,52 0,62 0,02 0,83 0,02 0,07 0,52 0,29 0,25
Hip r 0,27 0,00 0,19 0,01 0,25™ 0,13 0,15 011 0,10 0,10 -0,07
ekstansiyon p 0,00 0,97 0,03 0,89 0,00 0,14 0,09 0,21 0,24 0,26 0,45
Hip r 0,29” -0,00 0,18" 0,11 0,21" 0,10 0,07 0,17 0,11 0,11 -0,07
abdiiksiyon p 0,00 0,93 0,03 0,21 0,02 0,24 0,40 0,05 0,20 0,22 0,44
Hip r 0,32" -0,00 0,28™ 0,05 0,19 0,07 0,15 -0,03 0,23" 0,20 0,09
addiiksiyon p 0,00 0,92 0,00 051 0,03 042 0,09 0,69 0,01 0,02 028
r 0,34” 0,01 0,19" 0,05 0,24 0,04 0,21" -0,15 0,16 0,08 0,17
Knee fleksiyon
p 0,00 0,90 0,03 0,56 0,00 0,64 0,01 0,09 0,07 0,34 0,06
Knee r 0,23 -0,07 0,11 0,03 0,14 0,02 0,17 -0,19" 0,01 0,17 -0,04
ekstansiyon p 0,01 0,42 0,20 0,71 0,11 0,79 0,05 0,03 0,91 0,05 0,59

4. GENEL DEGERLENDIRME VE SONUCLAR
EHA gelisimi i¢in kullanilan bir¢ok farkli stratejinin oldugu bilinmektedir. Giiniimiizde hala
optimal EHA arttirma stratejilerinin neler oldugu ve yeni metotlarin gelistirilmesine yonelik
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aragtirmalar devam etmektedir. Bu konuda yapilmis olan bir arastirmada kronik bel agris1 olan
hastalara 4 hafta boyunca haftada 3 giin uygulanan core egzersizlerinin agriy1 azalttig1 ve eklem
hareket acikligimi arttirdigi ifade edilmistir (Cho, 2014). Akut olarak uygulanan statik ve
dinamik germelerin EHA {izerine etkisini inceleyen bir ¢alismada ise dinamik germe
egzersizlerinin kas kuvvetini azaltmadan EHA arttirmak igin statik germelerden daha fazla
uygulanabilir oldugu belirtilmektedir (Kimoto, 2015). Bu sonucu destekler nitelikte baska bir
arastirmada yine dinamik germe modellerinin yaslilarda kalca ekstansiyonunu etkili bir sekilde
gelistirebilecegi ifade edilmistir (Zhou, 2019).

Diizenli olarak uygulanan statik germelerin pre-addlesan cimnastik¢ilerde eklem hareket
acikliginda Onemli artislar sagladigi rapor edilmistir (Donti, 2021). Statik ve dinamik
germelerin kombine olarak uygulanmasinin da dikey sigrama, denge ve eklem hareket
acikliginda akut olarak onemli artiglar sagladig: bildirilmektedir (Morrin, 2013). Akuatik
egzersiz terapisinin EHA {tizerinde etkisini arastiran bir calismada 8 hafta boyunca, haftada 3
giin ve giinde 45-60 dk siiren egzersizlerin hemofili hastalarinin giinliik islevselliklerini ve
yasam kalitelerini arttirmak i¢in eklemlerin kuvvetini ve hareket agikligini iyilestirmede faydali
bir yontem olabilecegi belirtilmistir (Kargarfard, 2013). Diger bir saglik problemi olan serebral
palside (SP) en sinirlayici kosullardan biri kas-iskelet mobilitesindeki bozulmalar olarak
bilinmektedir. Bu durum da bireylerin hareket yetenegini bozabilir. Bu hastalara uygulanan
dans egzersizlerinin alt ekstremite eklem hareket agikligina etkisi bir arastirmaya konu
olmustur. ki ay boyunca haftada 2 giin, giinde 1 saat uygulanan dans uygulamalarmnin kalga
fleksiyon, ekstansiyon, abdiiksiiyon, addiiksiiyon, internal ve eksternal rotasyon, diz fleksiyon
ve ekstansiyon, ayak bilegi dorsal ve plantar fleksiyon ve inversiyon, eversiyon degerlerinde
anlamli gelismeler sagladig1 ortaya konmustur (Teixeira-Machado, 2019). Yashlarda ayak
bilegi kas kuvvetinin diisiik olmasinin postiiral salinimlart artirdig1 ve dengeyi kotiilestirdigi
one siirtilmektedir (Laughton ve ark., 2003). Geng erigkinlerde yapilan az sayida ¢aligmada ise
farkli sonuglar bulunmaktadir. Kim ve ark. (2018) hem plantar hem de dorsifleksér kas
kuvvetinin denge yetenegi ile pozitif iliskili oldugunu, kas kuvveti arttikga dengenin de
tyilestigini bildirmislerdir
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