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Editorial
Dear Readers and Researchers,

Cumhuriyet University Journal of Engineering Faculty (CUMFAD) is an international, scientific, peer-
reviewed and electronically accessible journal published twice a year by Sivas Cumhuriyet University Engineering
Faculty. CUMFAD aims to deliver qualified studies in all engineering branches to its readers with an objective
point of view. As the editorial board, we are happy to present the first issue of our magazine to our readers. We
would like to express our deepest gratitude to our authors, reviewers and everyone who contributed to this
issue of our journal, especially to our advisory board, co-editors, field editors, language editors, and staff
responsible for review and typesetting. In addition, we are grateful to all our authors who have been patiently
waiting for us, despite the negative impact of the earthquake disaster in our country and the disruptions due to
the editorial office change process. Also, we would also like to thank everyone who has contributed and
supported our magazine so far. Our next issue will hopefully be published in June 2025.

In this issue, there are 21 research and 1 review articles that have undergone a strict blind review and
editorial process. Studies published in our journal go through three important stages: preliminary review, blind
peer-review process and editorial process. During the peer-review process, each article was reviewed by at least
two referees. In addition, every article that enters the review process is screened for plagiarism with the help of
iThenticate software. We recommend our authors who want to submit their works to our journal for our
upcoming issues, to pass their work through a plagiarism software before sending them to us.

For our new issues, you can upload your works to https://dergipark.org.tr/tr/pub/cumfad. In addition,
our journal aims to expand the academic advisory board and the referee pool. In this context, valuable
researchers who want to be on the advisory board of our journal or who want to contribute to our journal as a
referee can send their CVs to skockanat@cumhuriyet.edu.tr via e-mail. Referee certification processes are
carried out through Dergipark. For this reason, our referees who want to obtain a referee certificate should
apply through Dergipark.

See you in the next issue with qualified and original works...

Assoc. Prof. Dr. Serdar KOCKANAT
Editor
December, 2024

VIII



Editor'den
Degerli okuyucular, kiymetli arastirmacilar,

Cumbhuriyet Universitesi Miihendislik Fakiiltesi Dergisi (CUMFAD) Sivas Cumhuriyet Universitesi
Muhendislik Fakiltesi tarafindan yilda iki defa cikarilan uluslararasi, bilimsel, hakemli ve elektronik ortamda
okuyucularin erisimine acik bir dergidir. CUMFAD, tim muhendislik dallarinda nitelikli calismalari nesnel bir bakis
acisi ile okuyucusuna ulastirmayi hedeflemektedir. Yayin kurulu olarak dergimizin ilk sayisini okuyucularimizla
bulusturmanin mutlulugu icerisindeyiz. Ozellikle danisma kurulumuza, es editérlerimize, alan editdrlerimize, dil
editorlerimize ve 6n inceleme ve dizgiden sorumlu g¢alisanlarimiza olmak Uizere, yazarlarimiza, hakemlerimize ve
dergimizin bu sayisina katkida bulunan herkese verdikleri emekten 6tlirli en derin stikranlarimizi sunariz. Ayrica
Ulkemizde meydana gelen deprem felaketinin tiim sirecleri olumsuz etkilemesine ve editoryal ofis degisim
sireci nedeniyle yasanan aksamalara ragmen bizleri sabirla bekleyen tim yazarlarimiza minnettariz. Bununla
birlikte simdiye kadar dergimize katkida bulunan ve destek saglayan herkese tesekkir ediyoruz. Bir sonraki
sayimiz Haziran 2025’de yayimlanacaktir.

Bu sayimizda siki bir kor hakemlik ve editorliik siirecinden gegmis 21 arastirma ve 1 inceleme makalesi
bulunmaktadir. Dergimizde yayimlanmakta olan galismalar 6n inceleme, kor hakemlik siireci ve editoryal siireg
olmak Uzere G¢ 6nemli asamadan gecmektedir. Hakemlik stirecinde her makale en az iki hakem tarafindan
incelenmistir. Ayrica, inceleme slirecine giren her makale iThenticate yazilimi yardimiyla intihal taramasindan
gecmektedir. Oniimiizdeki sayilarimiz icin calismalarini dergimize gondermek isteyen yazarlarimiza ¢alismalarini
bize gondermeden 6nce mutlaka intihal yazilimindan gegirmelerini éneriyoruz.

Yeni sayilarimiz icin ¢alismalarinizi https://dergipark.org.tr/tr/pub/cumfad adresine yukleyebilirsiniz.
Ayrica, dergimiz akademik danisma kurulunu ve hakem havuzunu genisletmeyi hedeflemektedir. Bu baglamda
dergimizin danisma kurulunda yer almak isteyen veya hakem olarak dergimize katkida bulunmak isteyen degerli
arastirmacilar 6zge¢mislerini skockanat@cumhuriyet.edu.tr adresine e-posta ile gonderebilirler. Hakem sertifika
islemleri Dergipark Uzerinden yulrGtilmektedir. Bu nedenle hakem sertifikasi almak isteyen hakemlerimizin
Dergipark lGzerinden basvuruda bulunmalari gerekmektedir.

Nitelikli ve 6zglin ¢alismalarla bir sonraki sayida bulusmak tzere...

Dog. Dr. Serdar KOCKANAT
Editor
Aralik, 2024
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ABSTRACT

The increase in occupational accidents that have occurred in our country in recent years has increased the
importance of occupational health and safety (OHS) related practices. Occupational Health and Safety Law No.
6331 and the regulations related to this law have made certain practices such as risk assessment mandatory.
Risk assessment can be defined as all the procedures carried out to determine the causes of occupational
accidents and to reduce or completely eliminate these causes. While performing a risk assessment, all risks in
the workplace are identified and these risks are ranked according to their degree of importance. Precautions to
be taken for all risks are determined, starting with the risk with the highest risk score. There are many methods
used for risk assessment in the literature. In this study, 109 risks belonging to TCDD Sivas Concrete Sleeper
Factory were evaluated with traditional L matrix, Fine-Kinney and failure modes and effects analysis (FMEA)
methods. 109 risks were clustered into 8 different scores in the L matrix method, 28 in the Fine-Kinney
method, and 33 different scores in the FMEA method. In order to represent the risks with a larger number of
scores and to reveal the risk hierarchy more clearly, the study also conducted a risk assessment using the fuzzy
logic method. Analyzes made using the fuzzy logic method and different membership functions have revealed
that the fuzzy logic method can be used successfully for risk assessment.

Keywords: Risk assessment; L matrix method; Fine-Kinney; failure modes and effects analysis; fuzzy logic

Bulanik Mantik Yonteminin Risk Hiyerarsisi Olusturmak Uzere Kullanimi: Beton
Travers Fabrikasi Ornegi

Siire¢

Gelis: 01/08/2024
Kabul: 04/09/2024

oz

Son yillarda iilkemizde meydana gelen is kazalarindaki artislar is saghig ve giivenligi (ISG) ile ilgili uygulamalarin
énemini artirmistir. 6331 sayili is Sagligi ve Givenligi Kanunu ve bu kanuna baglh ydnetmelikler, risk
degerlendirmesi yapilmasini zorunlu hale getirmistir. Risk degerlendirmesi, is kazalarinin sebeplerini belirlemek
ve bu sebepleri tamamen ortadan kaldirmak veya azaltmak amaciyla yapilan islemler olarak tanimlanabilir. Risk
skoru en yiiksek olan riskten baslamak tzere tiim riskler igin alinmasi gereken 6nlemler belirlenir. Literattrde
risk degerlendirmesinde kullanilan ¢ok sayida yontem s6z konusudur. Bu ¢alismada Turkiye Cumhuriyeti Devlet
Demiryollari (TCDD) Sivas Beton Travers Fabrikasina ait 109 adet risk, geleneksel L tipi matris, Fine-Kinney ve
hata tirleri ve etkileri analizi (HTEA) yontemleri ile degerlendirilmistir. Tespit edilen 109 adet risk L tipi matris
yonteminde 8, Fine-Kinney yonteminde 28, HTEA yonteminde ise 33 farkh skor icerisinde kiimelenmistir.
Risklerin daha fazla sayida skor ile temsil edilebilmesi ve risk hiyerarsisinin daha net ortaya koyulabilmesi
amaciyla ¢calismada ayrica bulanik mantik yontemi ile risk degerlendirmesi yapilmistir. Bulanik mantik yontemi
ile farkh Uyelik fonksiyonlari kullanilarak yapilan analizler bulanik mantik yénteminin risk degerlendirmesi
amaciyla basaril bir sekilde kullanilabilecegini ortaya koymustur.

Anahtar Kelimeler: Risk degerlendirmesi; L tipi matris yontemi; Fine-Kinney; hata tirleri ve etkileri analizi;
bulanik mantik
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Giris

is saghg ve giivenligi calisma hayatinin siirdirildigi
tiim sektorlerde, is saghgi ve glvenligini tehdit eden riskleri
ortadan kaldirmak ve givenli bir calisma ortami olusturmak
icin yapilan sistemli ve bilimsel ¢aligmalarin butiini olarak
tanimlanabilir.

i{SG’nin amaci sadece calisan saghginin degil tiim
isletmenin ve (retimin emniyetinin korunmasi, ¢alisma
ortaminin  butlnliginin  sirdiridlmesi  ve  Gretimin
stirekliliginin saglanmasidir. iSG bir biitiin olarak, risklerin
ongorilmesini, degerlendirilmesini ve dngorilen bu risklerin
tamamen ortadan kaldirilabilmesi ya da zararlarinin en aza
indirilebilmesi icin yapilacak ¢alismalarin  tamamini
icermektedir [1].

6331 sayili is Sagligi ve Givenligi Kanunu’nda [2], iISG’de
en iyi kosullari hedefleyerek, isyerlerinin  mevcut
durumunun  siirekli iyilestirilmesi amaglanmistir.  Bu
kanunda, is kazasi veya buna bagh zararlar ortaya ciktiktan
sonra neler yapilacagi degil (reaktif yaklasim), is kazasi ve
meslek hastaliginin 6nlenmesi icin atilacak adimlar (proaktif
yaklasimlarla) esas alinmistir [3].

Bu esasa uygun bir ¢alisma ortaminin saglanmasi igin,
yapilan isin tirline gore degisen tehlikeler ve bu tehlikelere
bagli ortaya cikan riskler belirlenmeli ve bu risklerin ortadan
kaldiriimasi amaglanmalidir.

Risk degerlendirmesinin amaci nedir sorusunun cevabi
hukumetler, isverenler ve ¢alisanlar tarafindan farkl bicimlerde
verilebilir. Hiikiimetler tilkede her alanda glivenli ve saglikh bir
galisma ortaminin  saglanmasini  ve ¢alisanlarin  refahini
amaglarken, isverenler, isyerinde olan veya disaridan
gelebilecek tehlikelerin isgiye zarar vermemesi, iscinin ruh ve
beden bitlnliglinin bozulmadan korunabilmesi, iscinin ve
isyerinin maddi ve manevi kayiplara ugramamasini amag edinir.
Calisanlar ise isverenler ile benzer sekilde maddi ve manevi

kayiplara ugramadiklan, ruh saglklarinn  ve beden
butdnliklerinin korundugu bir c¢alisma ortamini amaclarlar
[4,5].

Risk  degerlendirmesi, herhangi  bir  sistemde,

tehlikelerden kaynaklanan risklerin blyGklGguni tahmin
edebilme ve mevcut kontrollerin yeterliligini dikkate alarak
bu risklerin kabul edilebilir olup olmadigina karar verebilme
sirecini kapsar [6].

Risk degerlendirmesi isyerinin kurulusundan itibaren
baslar ve cesitli asamalar takip edilerek devam eder. Risk
degerlendirme asamasinda yapilan c¢alismalar Sekil 1'de
verilmistir.

Risk degerlendirme amaciyla literatlirde tanimlanmis
pek ¢ok yontem bulunmaktadir. Risk degerlendirme
yontemleri genel olarak kalitatif (nitel) ve kantitatif (nicel)
olarak iki ana gruba ayrilmaktadir [7,8]. Kalitatif risk
analizinde numerik degerler ve matematiksel bagintilar
yerine cok disik, dislik, orta, yiksek, cok yiksek vb.
tanimlayici  so6zel ifadeler kullanilirken, kantitatif risk
analizinde riskin meydana gelme olasiligl, siddeti gibi
parametrelere sayisal degerler verilerek risk skoru
hesaplanmaktadir [3]. Bir isyerinde bulunan birden fazla
risk, skorlarina gore siralanarak riskler hiyerarsisi olusturulur
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ve skoru en vyiiksek riskten baslamak tzere ¢oziimleme,
azaltma veya ortadan kaldirma siiregleri baslatilir.

Risk degerlendirme siireglerinde siklikla kullanilan bazi risk
degerlendirme yontemleri ve yonteme 0zgl karakteristik
ozellikler asagida kisaca 6zetlenmistir.

HTEA, Urlinlerde veya yapilan isyeri ¢calismalarinda mevcut
bulunan veya olasi hatalari, kullanicilara ulasmadan belirlemek
ve bu hatalar yok etmek icin kullanilan bir mihendislik
yontemidir [9].

HTEA, sistemdeki tim hata tirleri icin iyilestirme
¢alismalari yapilmasinin planlanmasindan ziyade, tim sistem
elemanlari tzerinde en biiyiik katkiyi saglayacak hata tirlerini
onceliklendiren bir yontemdir. Hata tiirlerinin btttind icin, veri
derleme ve veri ¢oziimleme fazlasiyla zaman ve isglicli
gerektirmektedir. HTEA metodunun, sirecin basinda ©n
secim yapmasi ve yalnizca 6nemli oldugu belirlenen pargalar
icin veri derlemesi, yontemin etkinligini artirmaktadir [10].
HTEA yontemi kantitatif bir yontem olup, olasilik, siddet,
kesfedilebilirlik gibi sayisal verilere ihtiya¢ duyar. Cogu zaman
siralanan bu parametreler icin hazir sayisal veriler elde etmek
zordur veya mevcut veriler yeterli seviyede ve glivenilir
degildir. Bu durumda, sayisal veriler uzman vyargisina
bagvurularak tahmin edilmektedir [10].

Bir riskin ortaya gikabilme olasiligi (1 ile 5 arasinda) ile riskin
gerceklesmesi durumunda meydana gelecek hasarin siddetinin
(1 ile 5 arasinda) carpilarak risk skorunun elde edildigi L tipi
matris yontemi, sadeligi ve kolay uygulanabilirligi sayesinde en
¢ok kullanilan kantitatif yontemlerin basinda gelmektedir [1].
Bu yéntemde hesaplanan risk skoru 20’den buyiik ise devam
eden is, risk kabul edilebilir bir seviyeye disuriliinceye kadar
durdurulur, heniiz baglamamig bir is ise baslatiimaz. Riskin
dusirilmesi olasi degilse faaliyet engellenir [11].

L tipi matris yontemi gibi kullanimi kolay olan Fine-Kinney
yonteminde risk skoru hesabinda kullanilan {i¢ bilesen,
olasilik, frekans (tehlikeye maruz kalma sikligi) ve siddettir
[12]. Bu yontemde parametre skala araliklari daha genistir.

Bulanik mantik veya diger adiyla puslu mantik, 1961
yilinda Litfi A.Zadeh tarafindan ortaya koyulan bir mantik
yapisidir [13]. 1965 yilinda bulanik kiime kavrami ve 1968
yilinda bulanik algoritmalar Zadeh tarafindan, 1970 yilinda ise
bulanik karar verme yontemleri Bellman ve Zadeh tarafindan
ortaya atilmistir [14]. Bulanik kiimelerinin en bariz ozelligi
belirsizlik iceren sayisal ve sozel bilgilerle verileri es zamanli
sliregte insan mantigina en uygun sekilde
modelleyebilmesidir. Ginlmiz teknolojisinde sik sekilde
rastlanilan akilli ve uzman sistemlerle otomasyonda, belirsizlik
ortaminda en uygun karar verebilme ve modellemenin
esasinda bulanik mantik 6nerme ve ¢ikarimlari bulunur [15].

Klasik Aristo mantigina gore varlik ya kiimenin elemanidir
veyahut degildir. Aristo yaklasiminda sonuclar iki kesin
hikimden birini icerir yani sonuglar nettir. Fakat bulanik
varlik kimesinde bu iki sonugtan baska sonuglar oldugu da
gorilur. Aslinda her varligin bir Gyelik derecesi vardir ve bu
derecelerin [0,1] arasinda olmasi mimkandr [16].

Risk analizi yaparken pek ¢ok degiskeni dikkate almak
zorunludur. Fakat her degiskenin hesaplanabilmesi zor
olmakta bazi durumlarda ise degiskenlerin hesaplanabilmesi
mimkin olamamaktadir. Kesin sinirlar icermeyen ve kesin
bicimde ifade edilemeyen degiskenler bulanik mantik kurami
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ile sayisal olarak ifade edilebilir ve risk analizinde kullanilabilir
[1].

Bulanik mantik kontrol adimlar G¢ ana asamadan olusur
(Sekil 2). Bunlar;

Bulaniklagtirma (Fuzzification),

Cikarim ve bilgi tabani (Inference and knowledge base),
Durulastirma (Defuzzification) [17].

Tehlikelerin Taninmasi
Risklerin Belirlenmesi ve Degerlendirilmesi

Risk Kontrol Tedbirlerinin Belirlenmesi

Kontrol Tedbirleri Dékiimantasyonu

Yeniden izleme,Tekrar Etme ve Denetim

Resim 1. Risk degerlendirme asamalari [6]
Figure 1. Risk assessment stages [6]

KURAL TABANI

o [ - - B~

Resim 2. Bulanik kontrol sistemi
Figure 2. Fuzzy control system

Bulaniklastirma ham haldeki girdileri araliklara bolerek
tyelik fonksiyonlari ile ifade etmektir. Her Gyelik
fonksiyonuna, kontrol amacina uygun sozsel bir ifade atanir.
Belirlenen Gyelik fonksiyonlari uygun geometrik sekil ile
ifade edilir [16]. Literatlirde tigcgen Uyelik fonksiyonu, yamuk
tyelik fonksiyonu, Gauss uyelik fonksiyonu, ¢an egrisi tiyelik
fonksiyonu, sigmodial Gyelik fonksiyonu, S ve m gibi farkl
tyelik fonksiyonlari tanimlanmustir [18].

Bulanik sonuglarin gikarim yapildigi basamakta bulanik
girdi degerleri elde etmek amaciyla Uyelik fonksiyonlari
biriktirilip gruplandirilir ve ilgili kiimeler arasinda baglanti
kurulur. Bu bilgiler, bulanik kiime adi altinda dondstdrilir
[1].

Durulastirma, bulanik sonug ¢ikarimlarinin bulanik kiime
ciktilarinin  Glgek degerleri lizerinde oynayip farkliliklar
yapilarak reel sayilara donUsturildiga bolimdar. Yani
durulastirma, bulunan sonug kismindan bir deger bulunmasi
demektir. Durulagtirma isleminin amaci tek durum elde
edebilmektir [19].

Bu ¢alismada TCDD Sivas Beton Travers Fabrikasi calisma
alanlarinin risk degerlendirmesi geleneksel tig yontem (L Tipi
Matris, HTEA ve Fine-Kinney) ve bulanik mantik yéntemi ile
yapilmistir. Calisma alanina ait 109 adet risk tanimlanmis ve
her bir riskin skoru ilgili yontem ile belirlenmistir. Geleneksel
risk degerlendirme yontemlerinde bir is yerindeki risklerden
bir cogu ayni risk skoruna sahip olmakta ve ayni skora sahip

riskler arasinda bir 6ncelik siralamasi yapilamamaktadir. Bu
¢alismanin amaci bulanik mantik yontemi kullanarak ayni
skorlara sahip risk sayisini azaltmak ve riskler hiyerarsisinde
daha net bir ayrim ortaya koyabilmektir.

Materyal ve Yontem

Bu ¢alismada TCDD Sivas Beton Travers Fabrikasina ait
farkh galisma alanlarinda risk degerlendirme galismasi
yapiimistir. Risk degerlendirme amaciyla geleneksel 3 risk
degerlendirme yontemi (L Tipi Matris, HTEA ve Fine-Kinney)
ve bulank mantik yéntemi kullanilmistir. Calisma alanlari,
genel bolim, is makineleri, bakim atolyesi, kaliplama ve
gerdirme, dis istif, elektrik, kaynak, i1si santrali, su aritma ve
agrega laboratuvar bolimleri ile lojman bolimi olarak
belirlenmistir. Her bir bolim igin ayr ayri tanimlanmis 109
adet risk igin risk degerlendirme ¢alismalari yapiimistir (EK 1).

Bulanik mantik yonteminin risk degerlendirme amaciyla
kullanimi asagida verilen alti asamada gerceklestirilmistir,

1. Fabrikadaki tehlike  kaynaklarinin  ve  risklerin
tanimlanmasi

2. Risk skorlarinin geleneksel 3 yontem ile belirlenmesi (Skor A)

3. Geleneksel yontemler ile 2. asamada elde edilen risk
skorlarinin  bulanik mantik yonteminde girdi olarak
tanimlanmasi ve bulanik risk skorlarinin elde edilmesi

(Skor B)
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4. L tipi matris, HTEA ve FineKinney yontemlerine ait
olasilik, siddet, fark edilebilirlik ve frekans
parametrelerinin bulanik mantik yonteminde girdi olarak
tanimlanmasi ve geleneksel yontem skorlarinin bulanik
risk skoru olarak elde edilmesi (Skor C)

5. Dordiincii asamada elde edilen skorlarin (Skor C) bulanik
mantik yonteminde girdi olarak tanimlanmasi ve bulanik
risk skorlarinin elde edilmesi (Skor D)

6. Skor A, B ve D’nin kiyaslanmasi ve bulanik mantik
yonteminin risk hiyerarsisi olusturmak icin kullaniminin
ve etkinliginin irdelenmesi.

Calismanin ilk asamasi icin TCDD Sivas Beton Travers
Fabrikasina ait tim calisma alanlari fabrikada gérevli is
Saghgi ve Glvenligi uzmani ile detayh olarak incelenmis
ve hem ISG uzmani hem de calisanlar ile yapilan
degerlendirmeler ve gériismeler sonucunda fabrikaya ait
109 adet risk belirlenmistir. ikinci asamada fabrikada iSG
uzmani tarafindan daha o6nce Fine-Kinney yontemi ile
hazirlanmis olan risk degerlendirme raporlari ve
calisanlar ile yapilan gérismeler dikkate alinarak her bir
risk icin olasilhk, siddet, fark edilebilirlik ve frekans
parametrelerine ait numerik degerler hassas bir sekilde
ortaya konulmus ve tim riskler igin, L tipi matris, Fine-
Kinney ve HTEA vyontemleri ile risk degerlendirme

(RS) esitlikleri ve skora bagli kabul edilebilirlik degerleri
siraslyla Esitlik 1-3’te ve Tablo 1-3’te verilmistir.

RS = OxS (1)
RS = OxSxF (2)
RS = OxSxFE (3)

Esitliklerde O, riskin olusma olasiligini, S, siddetini, F
frekansini ve FE, fark edilebilirligini temsil etmektedir
[10,11,12,16,20,21].

Calismada bulanik  mantik  yontemi ile risk
degerlendirmesi MATLAB paket programinda bulunan
“fuzzy logic” ara¢ kutusu ile yapilmistir. Calismanin
Uglncl asamasinda her bir risk icin geleneksel yontemler
ile elde edilen 3 farkli risk skoru bulanik mantik arag
kutusunda girdi (input) olarak tanimlanmis ve 3 farkh risk
skoru degeri tek bir risk skoruna donlstirilmastir.
Bulanik mantik ciktisi (output) olarak elde edilen risk
skorlart 1 ile 5 puan arasinda degerlendirilmistir (1
minimum risk, 5 maksimum risk). 109 adet riskin daha
¢ok kimeye (risk skoruna) ayrilmasi ve risklerin
biribirlerinden daha belirgin ayrilabilmeleri igin farkh
uyelik fonksiyonlari ile analizler yapilmistir. 3. asamada
kullanilan 4 farkli analize ait L tipi matris, Fine-Kinney ve

. . . . e HTEA girdi yelik fonksiyonlarn ile ¢kt Gyelik
islemleri yapilmistir. Belirtilen yontemlere ait risk skoru fonksiyonlari Sekil 3-6'da verilmistir.
Cizelge 1. L Tipi matris yontemi kabul edilebilirlik degerleri
Table 1. L Type matrix method acceptability values
Zararin Siddeti

Zararin Olasilig [1]Cok Hafif [2]Hafif [3]Orta [4]Ciddi [5]Cok Ciddi
[1]Cok Dustik Onemsiz 1 Dislik 2 Distik 3 Dlsuk 4 Distk 5
[2]Dustik Dustk 2 Dustk 4 Dusuk 6 Orta 8 Orta 10
[3]Orta Dislik 3 Dislik 6 Orta 9 Orta 12 Yiksek 15
[4]YUksek Dustk 4 Orta 8 Orta 12 Yiksek 16 Yiksek 20
[5]Cok Yiksek Distik 5 Orta 10 Yiksek 15 Yiksek 20 Durdur 25
Cizelge 2. Fine-Kinney yontemi kabul edilebilirlik degerleri
Table 2. Fine-Kinney method acceptability values

Risk 6nem derecesi Risk skoru Eylem
Tolere Gosterilemez Risk (Durdur) 400<R Hemen gerekli tedbirler alinmali ve ¢alismaya ara verilmelidir.
Esasl(Yuksek) 200<R<400  Kisa vadeli eylem plani alinmali ve iyilestirme yapilmalidir.
Onemli(Orta) 70<R<200 Dikkatli izlenmeli ve uzun siirede iyilestirme yapiimalidir.
Olasi(Dustk) 20<R<70 Eylem plani denetim ve gozetim altinda alinmalidir.
Onemsiz R< 20 Oncelikli tedbir gerekmeyebilir.

Cizelge 3. HTEA yontemi kabul edilebilirlik degerleri
Table 3. FMEA method acceptability values

Risk 6nlem

derecesi Risk skoru Diizenleyici onleyici faaliyet
Katlanilamaz ROS >400  Risk kabul edilebilir bir seviyeye disiiriiliir. Devam eden bir is varsa durdurulur,
Riskler [durdur] Herhangi bir is baslatilmaz. Riskin distrilmesi olasi degilse faaliyet engellenir.
Onemli Riskler 100< ROS<  Risk azaltilincaya kadar is baslatilmaz. Devam eden isler durdurulur. Risk igin
[ytksek] 400 onlemler alinmali ve 6nlemler sonucu faaliyetin devamin karar verilmelidir.
Orta Dlizeydeki 40< Risk degerlerini dlistirmek igin risk azaltma énlemleri alinir.
Riskler [orta] ROS<100
Katlanilabilir 10<ROS<  Mevcut kontroller siirdiiriilmeli ve kontrollerinde siirdiiriildigii denetlenmelidir. Ek
Riskler [disuk] 40 kontrol proseslerine ihtiya¢ duyulmayabilir.
Onemsiz Riskler ROS< 10  Riskleri yok etmek amaciyla kontrol prosesleri planlamaya ve gerceklestirilecek
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Resim 3. 1. analiz igin girdi ve ¢ikti Gyelik fonksiyonlari gésterimi
Figure 3. Input and output membership functions for 1t analysis
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Resim 4. 2. analiz igin girdi ve ¢ikti Gyelik fonksiyonlari gésterimi
Figure 4. Input and output membership functions for 2" analysis
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Resim 6. 4. analiz igin girdi ve ¢ikti Uyelik fonksiyonlari gdsterimi
Figure 6. Input and output membership functions for 41" analysis

Cizelge 4. L tipi matris yontemi icin yapilan 4 analize ait 6rnek gosterim
Table 4. Examples of 4 analyses performed for the L-type matrix method

4.Analiz Risk Skoru

Risk No  Geleneksel Risk Skoru  1.Analiz Risk Skoru 2. Analiz Risk Skoru  3.Analiz Risk Skoru
1 10 13 13 13 13
2 3 5.95 5.45 5.61 7.4
3 3 5.95 5.45 5.61 7.4
Cizelge 5. Fine-Kinney yontemi icin yapilan 7 analize ait 6rnek gosterim
Table 5. Examples of 7 analyses performed for the Fine-Kinney method
Risk  Geleneksel 1.Analiz 2.Analiz 3.Analiz 4.Analiz 5.Analiz 6.Analiz 7.Analiz
No Risk Skoru Risk Skoru  Risk Skoru  Risk Skoru  Risk Skoru  Risk Skoru  Risk Skoru  Risk Skoru
1 50 96.2 177 96.2 94.5 94.5 96.4 413
2 45 95.2 85.1 294 323 94.5 96.4 340
3 45 95.2 85.1 294 323 94.5 96.4 340

Cizelge 6. HTEA y6ntemi icin yapilan 4 analize ait 6rnek gosterim

Table 6. Examples of 4 analyses performed for the FMIEA method

Risk No  Geleneksel Risk Skoru  1.Analiz Risk Skoru  2.Analiz Risk Skoru
1 270 122 118

4.Analiz Risk Skoru
485

3.Analiz Risk Skoru
132
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56 440
3 36 32.2
Calismanin 4. Asamasinda  geleneksel  risk

degerlendirme yontemlerine ait olasilik, siddet, frekans
ve fark edilebilirlik degerleri bulanik mantik yénteminde
farkli Gyelik fonksiyonlari ile tanimlanarak her bir
geleneksel yontemin bulanik mantik risk skorlari elde
edilmistir. Uyelik fonksiyonu belirlenirken yéntemlere ait
olasilik, siddet, frekans ve fark edilebilirlik degerlerinin
sayisal araliklan dikkate alinmistir. L matris yonteminde
olasilik ve frekans degerleri 1-5 araliginda, HTEA
yonteminde olasilik, siddet ve fark edilebilirlik degerleri
1-10 araligindadir. Fine-Kinney ydnteminde ise olasilik
0.2-10 araliginda, siddet 1-100 araliginda ve frekans 1-10
araligindadir. Bu deger araliklari dikkate alindiginda L tipi
matris ve HTEA yontemlerinde 4 Uyelik fonksiyonu ile

Bulgular ve Tartisma

Calismada ilk olarak geleneksel risk degerlendirme
yontemleri ile elde edilen sonuglar analiz edilmistir.
Hesaplanan risk skorlarinin hangi degerlerde kiimelendigi
ve risk hiyerarsisinde kag¢ farkli skor elde edildigi
belirlenmistir.

Geleneksel L tipi matris yonteminden elde edilen risk
skorlarinin  6nemsiz, disik, orta, yiksek ve durdur
seviyelerine gore dagilimlari ve her bir risk skorunun adet
dagilimlari sirasiyla Sekil 7 ve 8’de verilmistir.

Sekil 7 ve 8 birlikte degerlendirildiginde 109 adet
riskin 8 farkh skor ile temsil edildigi gorilmektedir. Risk
skoru 3 olan 26, 4 olan 41, 5 olan 24 adet risk mevcuttur.
L tipi matris, uygulanmasi kolay bir risk degerlendirme
yontemidir ancak elde edilebilecek skor sayisi toplam 14

120
100

80

Adet

35.5 31 40.2
35.5 31 36
calisilirken, Fine-Kinney yonteminde 6zellikle siddet

araliginin genis olmasi (1-100) 7 farkh Gyelik fonksiyonu
tanimlanmasina olanak vermistir. Her bir yontemin farkh
tyelik fonksiyonlari ile elde edilen sonuglarindan 3 adet
ornek Tablo 4-6’da verilmistir.

Geleneksel risk skorlari bulanik mantik yontemi ile
yeni skorlara donistirildikten sonra her yontem igin
yapilan farkl analizlerden, yontemin gercek skoru ile en
uyumlu olan analiz sonuglari belirlenmis ve bu skorlar 1-5
arasindaki Olgekte bir sonuca donistirilmek lzere yine
bulanik mantik yontemi ile analize tabi tutulmusglardir (5.
Asama). Bu asamada 2 adet Ug¢gen ve 1 adet trapez
olmak lizere 3 adet cikti Gyelik fonksiyonu ile analizler
sirdurtlmastar.

adettir (Tablo 1). Dolayislyla risklerin bazi risk skorlarinda
kiimelenmesi kaginilmazdir. Kiimelenen risklerin ise
onem sirasina gore dizilimi ve Onem sirasina goére
¢6zimlenmesi mimkin degildir. Calismada mevcut
riskler L tipi matris yontemi ile analiz edildiginde en ¢ok
“duslk” risklerin oldugu gorilmektedir (Risk skoru
2,3,4,5 ve 6 olan toplam 101 adet risk).

Geleneksel Fine-Kinney yonteminden elde edilen risk
skorlarinin 6nemsiz, olasi, 6nemli, esasli ve durdur
seviyelerine gore dagihmlari Sekil 9’da, her bir risk
skorunun adet dagilimlari Sekil 10°da verilmistir. Sekil 9
incelendiginde fabrikadaki risklerin en ¢ok “olasl” risk
seviyesinde kiumelendigi gorilmektedir. Ancak bu
yontemde elde edilen dagilimin L tipi matris yontemine
gore daha cok cesitlilik gosterdigi ve en az 4 ayri grupta
risklerin farkli farkli kiimelendigi séylenebilir.

dnemsiz riskler ditsiik(2,3,4.5) orta(8,10,12) viiksek(15.20) durdur(25)

Seviyeler

Resim 7. Geleneksel L tipi matris skorlarinin seviyelere dagilimlari
Figure 7. Distribution of traditional L-type matrix scores across levels
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Figure 8. Number distribution of L-type matrix scores
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Resim 9. Geleneksel Fine-Kinney skorlarinin seviyelere dagilimlari
Figure 9. Distributions of traditional Fine-Kinney scores across levels
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Resim 10. Fine-Kinney skorlarinin adet dagilimi
Figure 10. Number distribution of Fine-Kinney scores
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HTEA

Adet
[ =]
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katlanilamaz risk
R>400

dnemili risk
100<R<400

dnemsiz risk R<10 katlanilabilir risk  orta dizeydeki
10=R<40 risk 40< R<100

Seviyeler

Resim 11. Geleneksel HTEA skorlarinin seviyelere dagilimlari
Figure 11. Distribution of traditional FMEA scores across levels

Sekil 10 incelendiginde Fine-Kinney yonteminde
skorlarin 28 farkl skor degerinde dagildigi gérilmektedir.
Skoru 20 olan 12, 45 olan 16, 300 olan 10 adet risk
mevcuttur. L tipi matris yontemi ile kiyaslandiginda Fine-
Kinney yonteminde ayni skora sahip risk sayisinda 6nemli
oranda azalma olmustur (L tipi matris yonteminde ayni
skora sahip 41 adet risk varken Fine-Kinney yonteminde
bu sayi en fazla 16 olarak elde edilmistir). Ayrica L tipi
matris yonteminde elde edilen farkli skor sayisi 8 iken
Fine-Kinney yonteminde bu sayi 28’e ¢ikmistir.

Geleneksel HTEA yonteminden elde edilen risk
skorlarinin  6nemsiz, katlanilabilir, orta, 6nemli, ve
katlanilamaz seviyelerine gore dagilimlari Sekil 11'de
verilmistir. Sekil 11 incelendiginde fabrikadaki risklerin
“orta” seviyesinde kiimelendigi gorilmektedir.

HTEA skorlarinin adet dagilimlarinin verildigi Sekil 12
incelendiginde HTEA yontemi skorlarinin 33 farkh risk
skoruna dagildig1 goriilmektedir. En ¢ok gozlenen risk
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- @
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skoru 10’ar adet ile 64 ve 128 olarak belirlenmistir. Bu
sonuglara gore risklerin ayristiriimasi hususunda HTEA
yonteminin en basarili yéntem oldugu net bir sekilde
goriilmektedir.

Calismanin bulanik mantik ile risk degerlendirme
analizi kisminda, materyal ve metot bélimiinde
aciklamasi verilen 3. asamadaki 4 farkh analize ait
sonuglar Sekil 13-16’da, 4. asamadaki 3 farkh analize ait
sonuglar Sekil 17-19°da ve bulanik mantik yonteminde
belirlenen 1-5 arasi skalada elde edilen farkl skor sayilari
Tablo 7’de verilmistir.

Sekil 13-16 incelendiginde g¢alismanin 3. Asamasinda
yapilan 4 analizin ilk Gglnde risklerin 1.9-2.1 skor
araliginda kimelendigi gorilmektedir. 4. Analiz ise risk
skoru 2.4-2.6 arali§ina kaymistir. Bu durum 4. analizdeki
tyelik fonksiyonlarinin  “6nemli risk” tanimlamasina
uygun olarak belirlendigini gostermektedir.

250 300

L
L
=

400 450

HTEA Risk Skom

Resim 12. HTEA skorlarinin adet dagilimi
Figure 12. Number distribution of FMEA scores
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Resim 19. 4. Asama 3. Analiz Sonuglari
Figure 19. Stage 4, 3" Analysis Results

Cizelge 7. Bulanik mantik 1-5 arasi skalada elde edilen farkli skor sayilar
Table 7. Fuzzy logic different score numbers obtained on a scale of 1-5

Asama ve Analiz Bilgisi

1-5 arasi skalada elde edilen farkl sonug sayisi

3. Asama 1. Analiz
3. Asama 2. Analiz
3. Asama 3. Analiz
3. Asama 4. Analiz
4. Asama 1. Analiz
4. Asama 2. Analiz
4. Asama 4. Analiz

Calismanin 4. Asamasinda yapilan 3 analizin sonuglarinin
verildigi Sekil 17-19'da risk skorlarinin iki farkli risk skorunda
kiimelendigi goriilmektedir. ilk iki analizde risk skorlarinin
2.25-2.5 araligi ile 3.0-3.25 araliginda kiimelendigi goruliirken
Ug¢lincl analizde 2.75 ve 3.5-3.75 araliklarinda kiimelenme
gorilmektedir.

Bulanik mantik ile risk degerlendirmesinde calisilan
toplam 7 analizde 109 adet riskin 1-5 arasinda kag farkli skora
dagildigini gosteren Tablo 7 incelendiginde 3. Asamadaki 2.
Analiz sonuglarina gore risklerin 35 farkh skora dagildig
gorilmektedir. Bu degerlendirme kapsaminda geleneksel
yontemler arasinda en yiksek sayl HTEA yonteminde 33
olarak elde edilmistir. Buna gére bulanik mantik yonteminin
risklerin farklh skorlara dagitiminda ve risk hiyerarsisi
olusturmada calisilan yontemler arasinda en etkin sonucu
verdigi net bir sekilde gorilmektedir. Fine-Kinney yontemi
109 adet riski 28 farkli skora dagitabilmistir. Yapilan 7 analizin
Uclinde Fine-Kinney yonteminden daha iyi sonuglar elde
edilmistir. L tipi matris yontemi dikkate alindiginda ise (109
adet risk 8 farkli skora dagitilmistir) yapilan tim bulanik
mantik analizlerinin L tipi matris yonteminden daha etkili
oldugu acik bir sekilde séylenebilir.

Sonuglar ve Oneriler

TCDD Sivas Beton Travers Fabrikasina ait 109 adet riskin
geleneksel L tipi matris, Fine-Kinney, HTEA yontemleri ve
bulanik mantik yontemi ile farkh Gyelik fonksiyonlar
kullanilarak degerlendirildigi bu ¢alismada elde edilen veriler
degerlendirildiginde asagidaki sonuglara varilmistir;

o Geleneksel risk degerlendirme yontemleri kendi
aralarinda kiyaslandiginda L tipi matris yonteminin, risk
skorlarinin - farkli gruplara ayrilmasi hususunda en
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basarisiz yontem olarak belirlenmistir. L tipi matris
yonteminde risk skoru hesabinda vyalnizca ki
parametrenin yer almasi ve buna bagli olarak elde
edilebilecek skor sayisinin kisith olmasi skor cesitliligini
azaltan temel faktorddir.

e  Fine-Kinney ve HTEA yontemleri risklerin ¢esitlendirilmesi
hususunda frekans ve fark edilebilirlik parametrelerini de
icerdikleri icin L tipi matris yontemine kiyasla daha iyi
cesitlilik saglamiglardir.

e  Bulanik mantik yontemi risk degerlendirmesi amaciyla
basari ile  kullanilabilecek bir yontem olarak
degerlendiriimis ve 109 adet riski 35 gruba ayirarak
degerlendirilen yontemler arasinda en iyi performansi
gostermistir.

e Bulanik mantik yénteminin risk degerlendirmesi amaciyla
kullaniminda girdi ve cikti parametrelerine ait UGyelik
fonksiyonlarinin segilmesi yontemin etkinligi tzerinde
¢ok etkili bir faktordiir. Uzman gorusleri ile iyi bir sekilde
belirlenecek Gyelik fonksiyonlari  bulanik  mantik
yonteminin daha etkin kullanimini saglayacak ve riskler
daha fazla gruba ayrilabilecektir.

e Bu calismada bulank mantik yonteminin  risk
degerlendirmesi amaciyla kullanilabilirligi arastiriimis
ancak yontemin basarisini etkileyen parametreler bir
duyarhlik analizi ile c¢alisilmamistir. Bundan sonraki
calismalarda yontemin etkinligini artirmak icin gerekli
ivilestirme calismalarinin yapilmasi énerilebilir.
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F;'I'g( BOLUM TEHLIKE KAYNAKLARI

1 Yangin, sel, deprem, terdr, sabotaj

2 Uyari levhalari

3 Fabrikanin muhtelif yerlerindeki, diizensiz
konumlanmis, ahsap ve gelik esya dolaplari

4 Sosyal tesisler, su aritma tesisi vb.

5 Ziyaretgiler

6 o Yuksekte galisma (Her tiirlt yiikseklikteki bakim,

Z onarim, kontrol vs. galismalar)
7 o Kapali kap, kazan, tank, silo gibi dis ortama
timiyle veya yari kapall ortamlarda yapilan
kaynak igleri
8 Su kulesi, lojmanlar, midriyet binasi, sosyal
tesisler
9 Malzeme depolari
10 Acil durumlar
11 Aydinlatma
12 Koruyucu donanim ve is elbisesi kullanmama
13 Egzoz gazi
14 Arag yollarindaki isaretlerin eksik olmasi
15 ﬁ is makinelerinde yangin séndiirme ve ilkyardim
"'Z" ekipmani bulunmamasi

16 = Calisma ve Bakim proseduirlerinin ve makine sicil
i kartlarinin olmamasi

17 - Agrega istif alani

18 Yetkisiz is makinesi (forklift, ekskavator, dozer, is

kamyonu, is traktori vb.) kullanimi
19 Arag tamirlerini mesleki egitimi bulunmayan
calisanlarin yapmasi

20 Hareketli aksamlar igin koruyucu diizenekler

BAKIM
ATOLYES

TEHLIKENIN KAZAYA DONUSMESINDE OLASI DURUM

Glvensiz durum ve hareketler
Glivensiz durum
Glivensiz durum, hijyen, acil durumlarda engel teskil
etmesi, calisma alani daraltmasi, yangin.
Glivensiz durum
Glvensiz hareketler
Glivensiz durum ve hareketler

Glvensiz durum ve hareketler

Gulvensiz durum

Glvensiz durum
Guvensiz durum
Guvensiz durum
Glvensiz durum
Biriken egzoz gazi zehirleyici ve 6ldlrici niteliktedir.
Glivensiz durum (SGK istatistiklerine gore is kazalarinin %4'ii
tasit kazalarindan meydana gelmektedir.)
Glvensiz durum

Glvensiz hareket

Glvensiz durum
Glvensiz davranig

Glvensiz davranis

Malzeme firlamalarina, el-kol sikismasina, elbiselerinin
takilmasina ve cilt ile temas sonucunda yaralanmalara ve
hatta 6ltimlere neden olabilir.
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21
22
23
24

25
26

27
28
29
30

31
32
33
34
35
36
37

38
39

40

KALIPLAMA - GERDIRME

Zemin isaretlemeleri ve fiziki engeller
Torna tezgahi

Acil durdurma butonlari

Radyal Matkap

Metal isleme sivilari

Calisma ve Bakim proseddirlerinin ve makin
kartlarinin olmamasi

Teleskobik platform

Yanlis kisisel koruyucu donanim kullanimi
Gerdirme bandinda travers patlamasi riski

Zemin isaretlemesi yetersiz olmasi,dar alanda-
birbirinin ¢alisma alanina gegmis birgok is
yapilmasi

Celik kalip donderme vinci ve donderme aksesuari

ince isler icin yetersiz aydinlatma

Koruyucu donanim kullanmama

Tava alma ve kalip Usttine koyma ekipmani
Enkesiyon makinesi yikama iglemi

Betoniyer, kontrol panosu, platform ve platforma
¢ikan merdivenler

isyerindeki tiim tuvaletler, banyolar, soyunma
odalari, yemekhane

Beton travers gelik kalip ayirici yag

Calisma ve bakim proseddirleri ile makine sicil
kartlarinin olmayisi

Kalip monteden vibrasyon masalarina aktaran
monoray ving ve kalip tutma aksesuari

EK 1 (devami)

Malzeme firlamalari, yaralanma
Malzeme firlamalari, yaralanma
Guvensiz durum
Dikkatsizlik aninda ya da istem disi bir sekilde bu pargalarin
calistigi sirada temas edilmesi halinde uzuv kaybi veya 6lim
Cilt bozukluklari, solunumla ilgili rahatsizliklar, kanser
Glivensiz hareket

Meslek hastaliklari, yaralanma
Glivensiz durum, yaralanma, 6lim
Guvensiz durum ve davranislar, yaralanma, 6lim

Ving mekanizmasi tehlikeli, elektrikli aksam topraklanmali,
makine durdurulmadan tamir-bakim-temizlik yapilmamali
Glvensiz durum
Guivensiz hareket
Glivensiz durum
Glvensiz durum
Disme, uzuv kaptirma, elektrik carpmasi, yaralanma, 6lim

Bulasici hastalik

Meslek hastalig
Glvensiz durum ve davranislar

Glivensiz durum

41 Bunker, tasiyici bant ve silo alti klape vs. dizenek Guvensiz durum
42 Vibrasyon masalari, pano, kalip tasiyici bant ve Ust Glvensiz durum
baski aksami
43 Kir ¢adirlarinin tasinmasi Guvensiz durum
44 Atil veya isler durumdaki is ekipmanlarinin Gulvensiz durum, yangin
bulundugu odalarin dinlenme ve baska amaglar igin
kullaniimasi
45 Vingler Glvensiz durum
46 Taze beton kiir bacalarina tasimada kullanilan ving Guvensiz durum
aparati
47 Kalip tavalarinin tasinmasinda kullanilan araba Guvensiz durum
48 Kir bacasindaki sehpa demirlerinin montaj ve Meslek hastalig
demontaji
49 Kahp yagi basingli tanklar Glvensiz durum, yaralanma, 6lim
50 Yiksekte calisma Diisme, yaralanma, 6lim
51 . Demiryolu misellesi Guvensiz durum
52 5 Riizgarda ¢alisma Guvensiz durum
53 v Vagona travers yliklenmesi Guvensiz durum, demiryolu kazasi
54 © Ving kabini Glvensiz durum
55 Portal vingle yiikleme yapilmasi Guvensiz hareketler
56 Kacak akim roleleri ve topr. tesisatlarinin tim Guvensiz durum, elektrige ¢arpilma, yaralanma,
isyerinde olmayisi olim
57 Yanhs midahale Guvensiz davranis
58 Tevzi panolari Guvensiz durum
59 x IsiSantrali brilér koruma topraklamalari, Uygunusuz Elektrik kacagi halinde yaralanma, kalici hasar
E topraklama Olclimlerinin, izolasyon Trafosu
W Bulunmamasi
60 " Jeneratér Guvensiz durum
61 Sigortalar Guvensiz durum
62 Yiiksek gerilim hucresi Guvensiz durum
63 Transformator, kondansator Glvensiz durum
64 Isi Santrali Paratoner Topraklamasi Yaralanma, 6lim
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65

66
67

68
69
70
71
72

73
74

75

76
77
78
79

KAYNAK

Calisma ve bakim prosediirleri ile ekipman karti

bulunmamasi
Fis-priz sistemleri, kapasite asimi

Gorev Emri ve Calisma Musadesi formlarinin yetersiz

olmasi

Yetersiz koruyucu donanim/énlem kullanimi

Tim seyyar elektrik is aletleri
Ark atlamasi
Yetkisiz personel gérevlendirilmesi

Bakim-onarim prosediirlerinin ve makine kartlarinin

olmamasi
Elektrik

Yakici/yanici ve patlayici kaynak tuplerinin periyodik

muayenelerinin yapilmamasi

Gorev Emri ve Calisma Musadesi formlarinin yetersiz

olmasi

Yiksek sicaklik
Yetkisiz personel
Kaynak dumani
Kaynak isinlari

EK 1 (devami)

Glvensiz davranis

Givensiz durum
Guvensiz davranis

Glvensiz davranis
Guvensiz durum
Yaniklara neden olabilir.
Guvensiz davranis
Glvensiz hareket

Elektrik carpmasi, yaralanma, 6lim
Patlama, 6lum

Glvensiz hareket

Yangin, patlama
Yaralanma, 6lim
AKUT akciger 6demi gorilmesi
Gegici gorme bozukluklarina, kizarma, kanlanma,
bas agrisi, saydam tabakada (kornea) yaniklara,
deride yaniklar

80 Aydinlatma Guvensiz durum
81 Gurdlta Cok kisa araliklarda olusan bu pikler operatér tarafindan
algilanamaz ve kalici isitme kayiplarina dahi sebebiyet
verebilir.
82 Periyodik saglik muayenesi yapilmamasi Meslek hastalig
83 Ortam olgimi yapilmamis olmasi Guvensiz ortam
(guraltd, aydinlatma)
84 is glivenligi uyari levhalarinin Glvensiz davranislar
bulunmamasi
85 Elektrik panolari, tesisati, ekipmani Elektrik kacagl, ariza, yangin, patlama
86 Dogalgaz tesisatina yakin yanici madde Yangin, patlama
(fuel-oil tanklarr)
87 _ VYetersiz suizolasyonlu cati Elektrik kagagl, ariza, yangin, patlama
88 = Periyodik kontrolsiiz ekipman Yangin, patlama, elektrik kacagi
89 E Calisma ve bakim prosediirleri ile Guvensiz davranis
S ekipman sicil karti veya defterlerinin
% bulunmamasi
90 Ozelligini yitirmis yangin sénduriiciiler Yangina midahale edememe
91 ikinci acil ¢ikis olmamasi Cahsanlarin acil durumlarda icerde mahzur kalmasi
92 Mesleki egitim ve yeterliligi olmayan Glvensiz davranis
personel
93 Ahsap oda Patlama, yangin esnasinda korunaksiz odanin icerisindeki
calisanlara zarar vermesi
94 Yiiksekte ¢alisma Buhar kazani tizerinden, ¢atidaki havalandirma bacalarindan
diisme
95 Kullanma suyundaki paslilik Tetanoz vb. meslek hastaliklari
96 <§‘ Sodyum metabislfit Gozde ciddi hasar, deride iltihaplanma, solunumda akcigerde
= tahris, astim
97 X Sodyum hidroksit Ciltte ciddi yaniklar, gbzlerde geri donislimsiiz hasar, korlik,
= akcigerde tahrip edici ciddi yaniklar, yutulmasi halinde

olimcdal
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AGREGA

LOJMAN

Sodyum bislfit sollisyon

Bonderite c-ak 32 (firkete atclyesi)
Hidrofor

Taslyici konveyor bant ve Yiriyis
platformu

Laboratuar zincirli ving

Calisma ve bakim prosediirleri ile makine
sicil kartlarinin olmayisi

Damperli kamyonlar

Elektrik

Dogalgaz

Ahsap barakalar

Yiiksekten diisme

Cocuklar

Gozde kizariklk, iltihap, deride iltihaplanma, solunum
yolunda tahris, yutulmasi halinde élimcl
Ciddi yaniklar
Patlama
Diisme, yaralanma, 6lUim

Yaralanma
Givensiz durum ve davraniglar

Yaralanma, 6lim
Glvensiz durum
Glvensiz durum
Guvensiz durum
Gulvensiz davranig,Glvensiz durum
Gulvensiz davranis
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ABSTRACT

In this study, harmonic analysis is performed with the help of Cheetah Optimization Algorithm to determine the
estimation of the harmonic signal obtained from the shaking table used by civil and earthquake engineers to
simulate earthquake-induced ground motion signals. The amplitude and phase values estimated as a result of
harmonic analysis are compared and evaluated with the results of some algorithms in the literature. The error
performance of the results obtained with the Cheetah Optimization Algorithm in the proposed approach is more
successful than the results of the studies in the literature.
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oz

Bu galismada, ingaat ve deprem mihendislerinin deprem kaynakli yer hareket sinyallerini simule etmek igin
kullandiklari sarsma tablasindan elde edilmis harmonikli sinyalin kestirimi belirlemek icin Cita Optimizasyon
Algoritmasi yardimiyla harmonik analizi gergeklestirilmistir. Harmonik analizi sonucunda kestirilen genlik ve faz
degerleri literatiirdeki bazi algoritmalarin sonuglari ile karsilastiriimis ve degerlendirilmistir. Onerilen yaklasimda
Cita Optimizasyon Algoritmasi ile elde edilen sonuglarin hata performansi literatiirdeki ¢alismalarin sonuglarina
gore daha basarili gtkmistir.
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Giris

Depremler, dinyanin olusumundan bu yana sirekli
olarak meydana gelen ve milyonlarca insanin hayatini
etkileyen dogal felaketlerdir [1]. Gegmiste diinyada ve
Ulkemizde birgok yikici deprem meydana gelmistir. Bu
depremlerin analizleri gelecekteki riskleri anlamamiz
agisindan  blyuk o6neme sahiptir. Bu analizler
icinde sarsma tablasi, insaat mihendisleri ve deprem
mihendisleri i¢in cok gerekli bir ara¢ olmustur [2].

Sarsma tablasi, mekaniksel, elektriksel ve hidrolik
tasarimiyla depremde oldugu gibi yapilara ve zeminlere
laboratuvar ortaminda yer hareketlerini
uygulayabilmektedir [3]. Fakat sarsma tablasi bazi fiziksel
nedenlerden dolayl dogrusal olmayan bir sistem olarak
kabul edilmektedir. Bu dogrusal olmayan sistemden dolayi

sarsma  tablasinin  ¢ikis  sinyalinde  harmonikler
olusmaktadir ve bu harmonikler sinyal analiz
performansini  disirmektedir [4-5]. Bu harmonikleri

kestirmek, dalganin gozlemlenmesini ve analizini
kolaylastirmak icin bir¢ok arastirmaya konu olmustur.

Sarsma tablalarindaki ivme sinyallerinin
harmoniklerini kestirmek icin son yillarda ¢ok fazla tahmin
yaklasimi literatlire sunulmustur. Harmoniklerin kestirimi
icin kullanilan en yaygin yontem hizli Fourier déntsimi
(FFT) yontemidir [6]. Ancak, bu yontemle dalgalardaki
harmonikler tam olarak kestirilemez.

Kalman filtresi yapilarini temel alan yaklasimlar, ivme
harmoniklerinin kestirimi icin etkili coziimler sunmaktadir.
Genisletilmis Kalman filtresi, standart Kalman filtresi ve
kokusuz Kalman filtresini beraber kullanilarak basarili bir
sonug elde edilebilmektedir [7-9]. Ancak, bu yontemlerin
harmonik kestirimi, durum uzayi modeline dogrudan
baghdir, bu da farkli ivme modelleri igin tahmin
dogrulugunun degismesine neden olmaktadir.

Dogrusal olmayan harmonik kestirim problemlerinin
Ustesinden gelmek icin meta-sezgisel optimizasyon
algoritmalarina dayali yaklasimlar &nerilmistir. Bu
algoritmalar, dogrusal olmayan miihendislik
problemlerinin ¢6ziiminde basarili sonuglar sunmustur.
Literatirde, Parcacik Surlisi  Optimizasyonu (PSO)
algoritmasina dayal bir yaklasimin kestirim sonuglarinin,
sarsma tablasi icin daha 6nce hesaplanan ivme harmonigi
kestirim sonuglarindan daha iyi oldugu ve LMS tabanh
yaklasimlara gore daha basarili bulundugu gosterilmistir.
[10].

Harmonik kestirim problemlerinin ¢dziimiine yonelik
olarak 6nerilen Yarasa Algoritmasi (BA), Yapay Ari Kolonisi
(ABC) Algoritmasi ve Modifiye Edilmis Yapay Ari Kolonisi

(MABC) ile En Kiglik Kareler Yontemi (RLS)
algoritmalarinin  birlesimiyle elde edilen MABC-RLS
algoritmasi, harmonik kestirim problemlerinde

uygulanmis ve elde edilen sonuglar daha 6nce bildirilen
PSO algoritmasi ile karsilastirnilmistir. [11-13]. Kestirim
sonuclari literatiirde daha 6nceden sunulmus degerlerden
daha iyi sonug vermistir.
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Bu makalenin ana hedef ve amaglari su sekilde
ozetlenebilir;

e (Cita Optimizasyon Algoritmasinin givenilirligini ve
basarisini kanitlamak amaciyla, literatiirde onerilen
diger algoritmalarla karsilastirmalar yapilmistir.

e Arastirmacilar igin, ivmeodlger verilerinin harmonik
kestirimini gergeklestirmek amaciyla hizli ve dogru
sonug veren bir yazilim gelistirilmesi hedeflenmistir.
Bu makale, dért asamadan olugsmaktadir. Bolim 1’de,

problemin 6zelligi ve problem ¢o6ziimiinde kullanilan
literatiirdeki benzer ¢alismalar hakkinda bilgi verilmistir.
Bolim 2, makalenin temel odak noktasi olan Cita
Optimizasyon Algoritmasi hakkinda kapsamli bilgiler ve bu
algoritmanin matematiksel modellemesini igermektedir.
Bolim 3'te, literatlrdeki bir test sinyali Onerilen Cita
Optimizasyon Algoritmasi tabanli yaklasimla kestirilmis,
bu algoritmanin performansi daha 6nce literatiirde analiz
edilmis algoritmalarla karsilastirilarak basarisi
degerlendirilmistir. Son bolim sonug ve tartisma
kismindan olusmakta olup ¢alismanin bulgulari ve elde
edilen sonuglarini icermektedir.

Cita Optimizasyon Algoritmasi

Teknolojideki ilerlemeler, problemlerin ¢6zUmuni
daha karmasik hale getirmis ve bu nedenle literatiire ¢cok
saylda yeni optimizasyon algoritmasi eklenmistir. Bu
algoritmalar, belirli optimizasyon problemleri igin
baslangi¢c noktalari saglamakta ve glvenilir ¢oziimler
sunmaktadir. ideal ¢éziimler liretme potansiyeline sahip
bu yontemlerin  basarii  olabilmesi icin amag
fonksiyonunun ve kisitlarin konveks olmasi
gerekmektedir. Bu 6zellikler, algoritmalarin daha hizh ve
dogru optimal c¢ozimlere ulasmasini saglar. Ancak,
deterministik algoritmalarin yerel optimuma takilma
egilimi, bu yontemlerin gercek dinya problemlerini
¢6zmede karsilastiklari temel zorluklardan biridir. Problem
biyldikce bu kusur daha belirgin hale gelir ve bu durumu
asmak icin bircok rastlantisal yaklasim gelistirilmistir [14].

Optimizasyon algoritmalari genellikle dogadaki hayvan
davraniglar, avlanma yontemleri ve diger dogal
sistemlerden esinlenir. Bu makale, citalarin avlanma
stratejilerinden esinlenen Cita Optimizasyon Algoritmasi
tizerine odaklanmaktadir. Citalar, genellikle Afrika ve iran
bolgelerinde yasayan ve saatte 120 km/s hiza ulasabilen
dinyanin en hizh kara hayvanlandir [15]. Evrimsel
adaptasyonlari, citalarin bu inanilmaz hiz ve esneklige
sahip olmasini  saglamistir.  Uzun kuyruklari, hizh
manevralar yaparken dengelerini korumalarina yardimci
olurken, ince bacaklan gigli ve hizli kosmalarina olanak
saglar. Hafif ve esnek omurgalari, hizli hareketler sirasinda
viicutlarinin esnekligini artinr. Citalar, gizlilik ve hizlarini
birlestirerek avlarina yaklasir ve kisa slirede avlarini
yakalarlar.  Ancak, vyuksek hizlarini  uzun sire
koruyamamalarindan dolayi, avlanma sireci genellikle bir
dakikanin yarisindan fazla siirmez. Bu nedenle, citalarin
avlanma stratejileri hizli ve etkili saldirilar gerektirir [16].
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Citalar genellikle ceylanlar, antiloplar, tavsanlar ve
domuzlarn avlarlar. Avlarina yavasca yaklasarak en az
mesafeye ulasmaya calisir, ardindan gizlenip avin
yaklagmasini beklerler. Yeterince yaklastiklarinda hizla
ataga gecerler. Citalar, 6n penceleriyle avlarina hizh ve
glcll darbeler indirerek avlarinin dengesini bozar ve yere
diismelerini saglar [17]. Guglu pengeleriyle avlarini sikica
tutarak kagmalarini engeller ve avlarini etkisiz hale
getirirler. Bu strateji, citalarin basarili avlanmalarini ve
avlarini giivenli bir sekilde yakalamalarini saglar.

Citalarin avlanma asamalari sirasiyla asagidaki gibidir;
1. Arama: Citalar, genis alanlar dikkatle tarayarak ve
yuksek bolgelere gikarak avlarini ararlar. Bu strateji,
onlara genis bir gorls alan saglar ve potansiyel
avlarini daha iyi tespit etmelerine olanak saglar.

e 2. Oturup Bekleme: Citalar, avlarini tespit ettikten
sonra dikkatlice bekleme konumuna geger ve en ideal
bolgeyi secerler. Bu siirecte, avlarinin hareketlerini
analiz ederler ve fark edilmeden en yakin mesafeye
yaklasmayi hedeflerler.

e 3. Saldir: Citalar, inanilmaz bir hiz patlamasi ile
avlarina saldirarak hizlica vyaklasirlar. Yeterince
yaklastiklarinda, on penceleriyle gliglii bir darbe
indirerek avlarinin dengesini bozarlar.

e 4. AviBirakip Eve Geri Donme: Eger ¢italar avlanmada
basarisiz olurlarsa, avlarini birakip geri donerler. Bu
basarisizlik devam ettigi taktirde, citalar konum
degistirerek yeni bir av arayisina girerler.

Yukarida agiklanan gitalarin avlanma asamalari Resim 1'de

gosterilmistir.

Arama Stratejisi

X{+tiGitasinin (i = 1, 2, ..., n) j boyutundaki (j =
1, 2, ..., D) mevcut boyutunu gostersin. Buradaki n
popilasyonunun sayisini, D ise problemin boyutunu
gosterir.

Xt = X{; + it .aj (1)

Buradaki X{t* ve X{; sirasiyla t+1 ve t zamanindaki i
gitasinin j boyutundaki mevcut konumunu ifade eder. ¢t
mevcut avlanma siresini ve T avlanma siresinin
maksimum uzunlugunu ifade eder.

° r,-‘,jl : i gitasinin j diizenlemesindeki rastgelelestirme
parametresidir.

o a{j : t zamanindaki i gitasinin j diizenlemesindeki
adim uzunlugudur.

Citalar yavas ylrlyen avcilar olduklari igin al?‘j >0veO.
001 x t /T olarak diizenlenebilir. Citanin adim uzunluklari
tamamen rastlantisal oldugu ve bu modelin bunu dikkate
aldigi unutulmamalidir. Arama stratejisi Resim 2.2’ da
gosterilmistir.

Otur ve Bekle Stratejisi

Avlanma sirasinda arama kisminda ¢ita awvi fark
edebilir. Bu durumda gita ¢ok dikkatli olmalidir. Clinki
¢itanin her hareketini av fark edebilir ve kagmasina neden
olabilir. Bu duruma engel olabilmek icin ¢ita avini
yeterince yaklastigini diisiindiiglinde pusuya yatar ve avin
kendine yaklasmasini bekler. Citanin bu davranisi asagida
belirtilmistir;

Xift =X (2)

Bu strateji, Cita optimizasyon algoritmasinin avlanma
basarisi igin tim ¢italarin konumlarini ayni anda
degistirmemesini saglar. Bu olay Resim 2.b° de
gosterilmistir.

Resim 1. Citalarin avlanma asamalari
Figure 1. Hunting stages of cheetahs
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Saldir Stratejisi

Citalar avina saldirmaya karar verdiklerinde son hizla
avlarina dogru kosamaya bagslarlar ve avlari bir siire sonra
gitanin yapmis oldugu saldiriyr fark eder ve kagmaya
baslar. Cita Resim 2.c’ de gosterildigi gibi avini hizla takip
etmeye devam eder. Cita avina yaklastiginda, Resim 2.
d’de gosterildigi gibi, avin hayatta kalmasi igin aniden y6n
degistirmesi gerekmektedir. Bu durumda da gitanin
konumu avinin  son  konumuna vyakin  olmasi
gerekmektedir.

Citalar grup halinde avlanirken, her gita hem avin
konumuna gore hem de gruptaki baska bir ¢itanin
konumuna gore kendi pozisyonunu ayarlayabilir. Bu
stratejiyle birbirleri ile koordinasyon icinde avlarini daha
iyi bir sekilde yakalamalarini etkileyebilir. Citalarin saldiri
strateji modeli asagida gosterilmistir.

X{t = Xg; + 1 . B (3)

Buradaki Xf; avin j boyutundaki konumudur. 7;;
ve ﬁifj siraslyla cita ait yonlendirme faktori ve etkilesim
faktorudir. Yonlendirme faktori, citanin avin konumuna
gore hizini ayarlamasini saglar. Etkilesim faktori ise, cita
ve gevredeki diger citalar arasindaki etkilesimi yansitir. Bu
faktor, citalarin keskin dénuslerini ve avlanma kismindaki
hareketlerini yansitir.

Matematiksel Modelleme
Harmonik isaret y(t);
— Ve ;

y() = Yoo, Apsin@mnfyt + @) + Ag +n(t)  (4)

Buradaki f;: Temel frekans, 4,,: n. harmonigin genligi,
@n: n. harmonigin fazidir. y(t) istenilen T, érnekleme
periyoduyla érneklenip y (k) isaretine donismektedir.

y(k) = X2_, A, sin(w,kTy + @,) + Ay — Ag@okT, +
n(k) (5)

elde edilmektedir. Buradaki. A,: DC bileseni,
n(t):Girdltd, Q: Harmonik sayisidir. Onerilen model;

y(k) = x(k)w(k)
x(k) =

[sin (w kT;) cos(wkT;) ....sin (W, kT,) cos(w, kT,) 1 —
kT,]" 6

w = [A;cosd, A;sing, ... Aycosd, Ansing, AgAga ]
formuna evrilmektedir. Algoritmanin harmonikleri
kestirmek i¢in amag fonksiyonu

Amag = min (Z:zl ez(k)) = MSE (Ve —Yieostiriten) (7)

Analiz ve Sonuglar
Bu calismada, 6 harmonik iceren ve frekansi 5 Hz
olarak segilen literatlrdeki bir harmonik test isareti;
y(t) = 6sin(107t + 0.25) + 5sin(207t + 0.27
+4 sin(307t + 0.29) + 3sin(407t + 0.2) (8)
+2 sin(507t + 0.3) + 1sin(607rt + 0.4)
kullanilmaktadir [18].

Denklem 8’de verilen test sinyalinin genlik ve faz
degerlerinin kestirimi i¢in Cita Optimizasyon Algoritmasi
kullanilmistir. Cita Optimizasyon Algoritmasinin sergiledigi
kestirim performansini degerlendirirken yine daha 6nce
literatlirdeki Pargacik Stri Optimizasyonu (PSO), Yarasa
Algoritmasi (BA), Yapay Ari Kolonisi (ABC) algoritmasi ve
Modifiye Edilmis Yapay Arn Kolonisi (MABC-RLS)
algoritmasi ¢alismalariyla sonuglar karsilastiriimistir. Cita
optimizasyon algoritmasi kestirim probleminin ¢éziimde
30 kez bagimsiz olarak kosturulmus ve elde edilen
sonuglarin ortalama, standart sapma, en iyi ve koti
degerleri ise Cizelge 1’ de gosterilmistir. Cizelge 2’'de
gercek sinyalin genlik ve faz degerleri, literatlirde daha
once verilen galismalarin kestirim sonuglari ve hata
degerleri ile birlikte ©nerilen CO tabanli yaklasimin
sonuglari da gosterilmektedir.

Genlik  kisminda birinci  harmonik derecesinde
%0.0001, ikinci harmonik derecesinde %0.0001, Uglnci
harmonik derecesinde %0.0002, dordinci harmonik
derecesinde %0.0001, besinci harmonik derecesinde
%0.0001 ve altinci harmonik derecesinde %0.0004 hata
oranlari ile tim harmonik derecelerinde diger rakip
algoritmalara gore daha iyi sonug vermistir. Faz kisminda
ise Uglncl derece harmoniginde %0.0010 ile rakip
algoritmalara gore iyi sonug vermistir ve bdylece toplam
12 parametrenin 7 parametresi ile diger rakip algoritmalar
karsisinda basari saglamistir.

Resim 2. Cita optimizasyon algoritmasi modellemesi
Figure 2. Cheetah optimization algorithm modeling
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Resim 3'te harmonik bilesenlere sahip gergek sinyal
gosterilmistir. Bu sinyalin Glig Spektrumu-Frekans egrileri
ise Resim 4’de ve sinyalin daha belirgin gorilmesi adina
sinyalin yakinlastirilmis Gli¢ Spektrumu-Frekans egrileri
ise Resim 5’de sunulmustur. Bu sekillerde, gergek sinyalin
frekans domenindeki glici gosterilmistir. Gli¢ spektrumu,
bir sinyalin frekans bilesenlerinin giliciini dB cinsinden
ifade etmektedir. Resim 6'da (Cita Optimizasyon
Algoritmasi ile elde edilen gercek ve kestirilen sinyalin

genlik-6rnek sayisi egrisi gosterilmistir. ki isarete
bakildiginda, aralarindaki 6rtlisme ve uyumun oldukga
basarili oldugu gosterilmektedir. Resim 7’de gergek ve
kestirilen sinyalin Glg Spektrumu-Frekans egrileri ve
Resim 8'de ise gercek ve kestirilen sinyalin yakinlastiriimis
Glg Spektrumu-Frekans egrileri sunulmustur. Cita
Optimizasyon Algoritmasi ile elde edilen tahmini sinyalin
frekans bilesenlerinin, gercek sinyalle ne kadar uyumlu
oldugu bu sekillerde agik¢a gosterilmistir.
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Resim 3. Harmonikli gergek sinyal Resim 4. Gergek sinyalin gli¢c spektrumu-frekans egrisi
Figure 3. Real signal with harmonics Figure 4. Power spectrum-frequency curve of the real
signal
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Resim 5. Gergek sinyalin yakinlastirilmis glic
spektrumu-frekans egrisi
Figure 5. Zoomed power spectrum-frequency curve of
the real signal

Ornek Sayist

Resim 6. Gergek ve kestirilen sinyalin ivme genligi-
ornek sayisi grafigi
Figure 6. Acceleration amplitude vs sample number
plot of real and estimated signal
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Resim 7. Gergek ve kestirilen sinyalin Gli¢ Spektrumu-

frekans egrileri

Figure 7. Power spectrum-frequency curves of real and

estimated signal

Cizelge 1. CO algoritmasinin performans parametreleri
Table 1. Performance parameters of the CO algorithm
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-100 -

Gii¢ Spektrumu (dB)

-150

-200 -

Sinyallerin Spektrumu
Gergek Sinyal
Cita Optimizasyon Algoritmasi ile kestirilmis sinyal
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Resim 8. Gergek ve kestirilen sinyalin yakinlastiriimis
Gu¢ Spektrumu-Frekans egrileri
Figure 8. Zoomed Power Spectrum-Frequency curves of

real and estimated signal

Ortalama

Standart Sapma

En iyi En Koti

1.0032

3.2745

1.3669 16.9013

Cizelge 2. Karsilastirilan algoritmalar icin kestirilen genlik ve faz degerleri ile birlikte hata degerleri
Table 2. Estimated amplitude and phase values and error values for the compared algorithms
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Algoritmalar

Gergek

PSO
Algoritmasi

Yarasa (BA)
Algoritmasi

ABC
Algoritmasi

MABC-RLS
Algoritmasi

Cita
Algoritmasi

Harmonik Dereceler

Parametreler

Frekans
(Hz)
Genlik
(m/s?)
Faz(radyan)
Genlik
(m/s?)
Hata (%)
Faz(radyan)
Hata (%)
Genlik
(m/s?)
Hata (%)
Faz(radyan)
Hata (%)
Genlik
(m/s?)
Hata (%)
Faz(radyan)
Hata (%)
Genlik
(m/s?)
Hata (%)
Faz(radyan)
Hata (%)
Genlik
(m/s?)
Hata (%)
Faz(radyan)
Hata (%)

Birinci

5

0.25
6.0001

0.0017
0.2499
0.0282

6.0015

0.0090
0.2501
0.0064

6.0005

0.0084
0.2500
0.0011

6.0001

0.0012
0.2500
0.0034

6.0000

0.0001
0.2500
0.0039

ikinci

10

0.27
4.9986

0.0288
0.2701
0.0253

5.0006

0.0054
0.2700
0.0090

4.9999

0.0027
0.2700
0.0070

5.0001

0.0020
0.2700
0.0010

5.0000

0.0001
0.2700
0.0027

Ugiincii

15

4
0.29
BRO099

0.0027
0.2901
0.0430

4.0014

0.0038
0.2901
0.0032

4.0001

0.0020
0.2900
0.0050

4.0001

0.0015
0.2900
0.0013

4.0000

0.0002
0.2900
0.0007

Dérdiincii Besinci Altinci
20 25 30
3 2 1
0.2 0.3 0.4
3.0011 2.0007 0.9997
0.0357 0.0365 0.0257
0.1999 0.3000 0.4014
0.0320 0.0033 0.3385
3.0010 2.0006 1.0009
0.0109 0.0096 0.0218
0.1999 0.3000 0.4010
0.0056 0.0624 0.0244
3.0001 2.0004 1.0003
0.0030 0.0182 0.0255
0.2000 0.3000 0.4000
0.0001 0.0024 0.0000
2.9999 2.0000 1.0000
0.0025 0.0002 0.0036
0.2000 0.3000 0.4000
0.0072 0.0032 0.0074
3.0000 2.0000 1.0000
0.0001 0.0001 0.0004
0.2000 0.3000 0.4000
0.0047 0.0073 0.0122
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Sonug

Bu calismada literatiirde onerilen test sinyallerinin
harmoniklerinin Cita Optimizasyon Algoritmasi ile analiz
yapilmistir. Analiz sonucunda genlik kisminda birinci
harmonik derecesinde %0.0001, ikinci harmonik
derecesinde %0.0001, Uglncli harmonik derecesinde
%0.0002, dordinci harmonik derecesinde 9%0.0001,
besinci harmonik derecesinde %0.0001 ve altinc
harmonik derecesinde %0.0004 hata oranlari ile tim
harmonik derecelerinde diger rakip algoritmalara gore
daha iyi sonug vermistir. Faz kisminda ise Uglincli derece
harmoniginde %0.0010 ile rakip algoritmalara gore iyi
sonug¢ vermistir ve boylece toplam 12 parametrenin 7
parametresi ile diger rakip algoritmalar karsisinda basari
saglamistir. insaat miihendisligi ve deprem miihendisligi
gibi alanlarda deprem sarsintilarini incelemeye yonelik
alternatif ve basaril bir yaklasim sunmaktadir. Kullanilan
algoritmanin  bu alanlardaki harmoniklerin kestirim
¢ahsmalarinda kullanilabilecek etkili bir yontem oldugu
kanitlanmistir.
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Research Article ABSTRACT
This study investigates changes in some surface properties (color, glossiness, and whiteness index: WI*)
History following the application of vinegar (grape and hawthorn) and carbonate mixtures, which are chemicals used in
the food industry as color modifiers, on mulberry (Morus alba) wood. Following the preparation of the solutions,
Received: 24/04/2024 they were applied separately onto the wooden surfaces using a brush. The untreated and treated surfaces were
Accepted: 25/07/2024 compared with each other. Variance analyses revealed that the type of solution was found to be significant

across all tests. With both prepared solutions, an increase in the a* values was observed, while decreases were

detected in WI*, L*, b*, C*, and h°, as well as in the glossiness values measured at all degrees and directions.

The AE* values were determined to be 12.31 for grape vinegar + carbonate solution and 12.92 for hawthorn

vinegar + carbonate solution. With the application of both solutions, negative AL*, Ab*, and AC* values were

obtained, while Aa* values were found to be positive. It was observed that the prepared solutions had a color-
s modifying effect on the wooden material surfaces.

Copyright

This work is licensed under
Creative Commons Attribution 4.0
International License

Keywords: Mulberry, carbonate, color, glossiness, vinegar, whiteness index

Dut (Morus alba) Ahsabinda Renk Degistirici Olarak Sirke Ve Karbonat
Karisimlarindan Hazirlanan Cézeltilerin Kullanilmasi Uzerine Bir Arastirma

Siireg 0oz

) Bu galisma, dut (Morus alba) ahsabinda renk degistirici olarak gida sektoriinde kullanilan kimyasallardan olan
Gelis: 24/04/2024 sirke (Uzum ve alig) ve karbonat karigimlarinin kullanilmasi sonrasinda meydana gelen bazi yiizey 6zelliklerine
Kabul: 25/07/2024 (renk parametreleri, parlaklik degerleri ve beyazlik indeksi: WI*) ait degisimleri arastirlmistir. Cozeltiler

hazirlandiktan sonra ahsap malzeme yuzeylerine tek olarak firga ile uygulanmistir. Cozelti uygulanmamis ve
uygulanmis olan yizeyler birbirleri ile kiyaslanmistir. Varyans analizlerine bakildiginda bitiin testler Gzerinde
¢Ozelti tirini anlamli olarak tespit edildigi gortlmustir. Hazirlanmis olan her iki ¢ozeltiler ile a* degerleri
artarken, WI*, L*, b*, C*, h° ile bittin dereceler ve yonlerde yapilan parlaklik degerlinde azalislar tespit edilmistir.
AE* degerleri Uztim sirke + karbonat gozeltisi ile 12.31 ve alig sirkesi + karbonat gozeltisi ile 12.92 olarak elde
edilmistir. Her iki ¢ozelti uygulamalari ile AL*, Aa* ve AC* degerleri negatif olarak elde edilirken, Ab* degerleri
ise pozitif olarak bulunmustur. Hazirlanan ¢ozeltilerin ahsap malzeme ylizeylerinde renk degistirici etkide
bulundugu gorulmustar.
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Introduction

Given the low process energy requirements and the
consequent reduction in carbon emissions linked with wooden
constructions, the incorporation of wood and wood products in
building construction has emerged as a notable aspect of this
table [1].

Color plays a crucial role, particularly in the selection of
species for diverse engineering applications such as plywood,
furniture, and flooring material production. Nonetheless, it's
worth noting that the color of wood may undergo changes upon
exposure to light [2].

The color appearance of wood surfaces holds significant
importance, particularly in indoor settings where wood is
extensively utilized. This necessitates a precise method of
measurement to discern color disparities (AE*) across wooden
surfaces. One widely adopted approach for color assessment is
through the CIELAB system. Within this framework, each distinct
color is defined and can be represented as a vector within a
three-dimensional geometric space. The L* axis in the CIELAB
system signifies luminosity, with values ranging from 0 for black
to 100 for white, while the a* and b* coordinates denote
chromaticity (+a for red, -a for green, +b for yellow, -b for blue).
By employing a*, L*, and b* values, the comprehensive color
deviation AE can be determined. Consequently, the disparity in
color between two samples can be readily evaluated using the
DIN 6174 [3] equation [4].

Vinegar, wine, sorghum, grape, pear, molasses, fruit,
coconut, apple, honey, maple syrup, cantaloupe, beer, potato,
beet, malt, grains, and cottage cheese are examples of products
that can be derived from almost any carbohydrate source
capable of fermentation. Initially, yeasts transform natural
sugars found in food into alcohol. Following this, acetic acid
bacteria convert the alcohol into acetic acid [5].

Carbonate minerals include common types such as calcite
and aragonite (both CaCOs), metal ores (e.g., siderite: FeCOs,
malachite: Cu,COs3(OH),), industrial minerals (e.g., magnesite:
MgCQs, huntite: CaMgs(COs)s), and rare minerals (e.g.,
McGuinnessite: (Mg, Cu),(COs)(OH),) [6,7].

Wood has always been perceived as a versatile material with
multifunctional properties. Each of its versatile characteristics
makes it suitable for specific ultimate uses [8].

The hue of contemporary trees is dictated by the existence
of lignin and assorted organic substances. Nonetheless, during
the process of wood mineralization, despite the preservation of
cellular attributes, the innate color of the wood tends to
diminish. Should trees undergo mineralization involving iron
pyrite, iron oxide, or copper minerals, the tint of fossilized wood
is influenced by the hues of these minerals. Silica mineralization
is prevalent in wood [9].

To change the color of wood or replicate its texture,
chemical stains that interact with wood are often employed, a
technique referred to as wood staining. Nevertheless, these
stains can present several issues, including limited resistance to
light, inadequate color longevity, and chemical instability.
Moreover, some stains might contain toxic heavy metal
elements like lead and chromium. Furthermore, conventional
wood staining methods entail significant water usage, and the
rate of stain loss is notably higher when compared to textile
dyeing processes [10,11].

Morus alba L., a member of the Moraceae family, is one of
the most valuable plants in terms of natural ingredients [12-14].
59

Morus alba originates from India, Japan, and China, with
sporadic cultivation observed in certain parts of Europe, North
America, and Africa. Known widely as white mulberry, it is
cultivated globally in areas where silkworms are reared. The
primary nourishment for silkworms is sourced from the leaves
of the white mulberry tree [15]. The branches are collected
either at the end of spring or the beginning of summer, and
subsequently dried for future utilization. Roots, however, are
gathered during the winter season [16].

The leaves contain 10% tannins [17]. White mulberry, or its
species reported from the China-Japan Diversity Center, has
been reported to tolerate diseases, low pH, hydrogen fluoride,
drought, frost, shade, salt, slope, poor soil, and weeds [18].

Plants of many species grow white in color. However, they
later turn pale yellow with pink edges, and upon ripening, they
become red. When fully ripe, their colors turn from dark purple
to black [19]. Mulberry roots are fragile and should be handled
with care when planting. Any pruning should only be done
during the winter months when the plant is completely dormant
[16]. Plants are quite resistant to wind [20].

They tolerate annual average minimum temperatures
between -23.3 to -28.9°C. White mulberry grows well in a wide
variety of soils. It is drought-resistant when thoroughly
established but can be damaged by wind. It is grown up to 3300
m altitude in India but can also grow at sea level [21]. It provides
medium-grade firewood. Branches are used as binding material
and in basket making. The bark is fibrous and is used in
papermaking in China and Europe [22]. The leaves of the plant
have been used as medicine since ancient times [12-14].

In mulberry wood, the Janka hardness values were found to
be 73.24 N/mm? on the radial surface, 77.69 N/mm? on the
tangential surface, and 93.71 N/mm? on the transverse surface
[23], and the thermal conductivity coefficient was found to be
0.155 W/m.K [24].

This study investigates changes in some surface properties
(color, glossiness, and whiteness index) of mulberry (Morus
alba) wood after the use of vinegar and carbonate mixtures,
which are used as colorants in the food industry.

Materials and Methods

Dut (Morus alba) wood samples were prepared in
dimensions of 10 x 10 x 2 cm. Subsequently, conditioning
treatments were applied to these samples at 20+2°C and 65%
relative humidity [25].

Chemicals used in this study include carbonate and two
different types of vinegar [grape (with sodium metabisulfite
additive) and hawthorn (saturated sugar %0.17, carbohydrate
%1.00, fat %0.05, salt %0.07, saturated fat %0.02, and protein
%0.30)]. Solutions prepared in two different types [SO ml vinegar
+ 5 g carbonate] were applied to wooden surfaces as a single
layer using a brush.

The whiteness index (WI*) values were determined using
the Whiteness Meter BDY-1 device [26]. Glossiness tests were
conducted using the ETB-0833 model gloss meter device,
following the ISO 2813 [27] standard. Color changes were
measured using the CS-10 (CHN Spec, China) device [28]. The
results for total color differences were determined using the
following formulas.

h° =arctan [b*/a*] (1)
Ao* = [a*vinegar+carbonateapplied]_ [a*controll (2)
Ab* = [b*vinegar+carbonateapplied] - [b *control] (3)
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AL* = [L*vinegar+carbonate applied] - [L*controI]
AE* = [(AL*)? + (Ab*)? + (Aa*)] V2 (5
AC* = [C*vinegar+carbonate applied] - [C*oontrol]

C* = (@ + (b*F12

AH* = [(AE*)? - (AL*)? - (AC*)A2

In the literature, AC* is defined as chroma difference or
saturation difference and AH* as hue difference or shade
difference, and definitions for other parameters are presented

in Table 1.

Standard deviations, maximum and minimum values, mean
values, homogeneity groups, variance analyses, and percentage
(%) change rates were calculated using a statistical program.

Table 1. Definitions of Ab*, AL*, Aa*, and AC* values [29]

Findings and Discussion

The results for total color differences are given in Table 3.
AE* values are determined as 12.31 with grape vinegar +
carbonate solution and 12.92 with hawthorn vinegar +
carbonate solution. It is observed that these results are very
close to each other. AH* values are obtained as 4.47 with grape
vinegar + carbonate solution and 5.24 with hawthorn vinegar +
carbonate solution. While AL*, Ab*, and AC* values are negative
(darker than the reference, bluer than the reference, and duller
than the reference, respectively) with both solution applications,
Aa* values are obtained as positive (redder than the reference).
According to the color change criteria, both prepared solutions
give “very strong (> 12.0)” results as shown in Table 3.

Parameter Positive condition Negative condition
AL* Lighter than the reference Darker than the reference
Aa* Redder than the reference Greener than the reference
Ab* Yellower than the reference Bluer than the reference
AC* Clearer, brighter than the reference Dull, hazier than the reference

Table 2. Comparison criteria for AE* assessment [30]

AE* Visual color score difference AE* Visual color score difference
<0.20 Imperceptible 3.00 - 6.00 Very noticeable
0.20-0.50 Very slight 6.00 - 12.00 Strong
0.50-1.50 Slight >12.00 Very strong
1.50-3.00 Noticeable
Table 3. Results of total color differences
Solution Type AL*  Aa* Ab* AC* AH* AE* Color Change Criterion (DIN 5033, 1979)
Grape vinegar + carbonate  -10.73 2.72 -5.40 -4.07 4.47 1231 Very strong (> 12.0)
Hawthorn vinegar + carbonate -10.78 2.98 -6.47 -4.83 5.24 12.92 '

Table 4. The measurement results determined for color parameters, whiteness index (WI*) values, and glossiness values

. Change Homogeneity  Standard Mini  Maxi-  Coefficient
Test =l Mean (%) Group Deviation -mum  mum  of Variation
L*  Control 57.06 - A* 041 56.62  58.05 0.72
Grape vinegar + carbonate 4633 1880 B 0.37 4572  46.88 0.81
Hawthorn vinegar + carbonate ~ 46.28 ,18.89 B** 0.85 4498 47.76 1.83
a*  Control 9.30 - B** 0.42 822 9.84 4.50
Grape vinegar + carbonate 12.01 12914 A 0.35 1150 1251 291
Hawthorn vinegar + carbonate  12.27 °31.94 A* 0.65 11.07 13.09 5.29
b*  Control 29.43 - A* 0.77 2852 30.71 2.62
Grape vinegar + carbonate 2403 1835 B 0.49 23.18 2479 2.02
Hawthorn vinegar + carbonate 2296 ,21.98 C** 0.88 21.75 24.59 3.85
c*  Control 30.86 - A* 0.71 30.06 32.13 2.29
Grape vinegar + carbonate 2679 1319 B 0.46 2612 2751 1.73
Hawthorn vinegar + carbonate  26.04 |,15.62 C** 1.01 2474  27.75 3.88
h°  Control 72.45 - A* 0.96 7159 74381 1.33
Grape vinegar + carbonate 63.43 1245 B 0.49 62.59 64.08 0.78
Hawthorn vinegar + carbonate  61.87 (,14.60 C** 0.96 61.01 63.71 1.55
120° Control 0.28 - A* 0.04 0.20 0.30 15.06
Grape vinegar + carbonate 012 5714 B 0.04 0.10 0.20 35.14
Hawthorn vinegar + carbonate  0.10  {,64.29 B** 0.00 0.10 0.10 0.00
160° Control 2.62 - A* 0.39 1.90 2.90 14.71
Grape vinegar + carbonate 212 1908 B 0.26 1.80 2.50 12.34
Hawthorn vinegar + carbonate  1.52 (/4198 C** 0.12 1.30 1.60 8.09
185° Control 3.22 - A* 0.32 2.70 3.60 10.02
Grape vinegar + carbonate 210 3478 B 0.30 1.80 2.60 14.20
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oo
o
Jes
wr*

Wi

Hawthorn vinegar + carbonate
Control

Grape vinegar + carbonate
Hawthorn vinegar + carbonate
Control

Grape vinegar + carbonate
Hawthorn vinegar + carbonate
Control

Grape vinegar + carbonate
Hawthorn vinegar + carbonate
Control

Grape vinegar + carbonate
Hawthorn vinegar + carbonate
Control

Grape vinegar + carbonate
Hawthorn vinegar + carbonate

0.78
0.40
0.25
0.12
2.87
2.22
1.56
6.48
2.96
1.28
11.46
6.38
7.36
8.42
3.46
4.80

4.75.78
4:37.50
4,70.00

4.22.65
J.45.64

{5432
1.80.25

4433
4.35.78
5891
1-42.99

Cx*
A*
B
C**
A*
B
Cx*
A*
B
Cx*
A*
C**
B
A*
Cx*
B

0.10
0.00
0.05
0.04
0.14
0.13
0.05
0.54
0.21
0.17
0.20
0.08
0.32
051
0.27
0.11

0.60
0.40
0.20
0.10
2.70
2.10
1.50
5.90
2.70
1.10
11.10
6.30
6.90
7.50
3.00
4.70

Number of Measurements: 10, *: Highest result, **: Lowest result

0.90
0.40
0.30
0.20
3.00
2.40
1.60
7.30
3.20
1.50
11.60
6.50
7.70
8.90
3.70
4.90

13.24
0.00
21.08
35.14
494
593
331
8.38
6.98
13.18
171
1.24
4.40
6.02
7.85
2.20

Table 5. Analysis of variance results for color parameters, whiteness index (WI*) values, and glossiness values

Source Test Mean Square Sum of squares  Degrees of freedom F 0<0.05
L* 770.573 2 385.286 1129.469  0.000*
a* 54.374 2 27.187 113.443  0.000*
b* 240.711 2 120.355 223.674  0.000*
c* 134.889 2 67.445 116.559  0.000*
9 h° 653.038 2 326.519 469.413  0.000*
= 120° glossiness 0.195 2 0.097 82.125  0.000*
5 160° glossiness 6.067 2 3.033 39.224 0.000*
= 185° glossiness 29.835 2 14.917 219.852 0.000*
3 || 20° glossiness 0.393 2 0.196 129.293  0.000*
|| 60° glossiness 8.581 2 4.290 320.884  0.000*
|| 85°glossiness 140.843 2 70.421 576.874  0.000*
Wi* (1) 145.256 2 72.628 1459.045  0.000*
wr () 131.672 2 65.836 577.134  0.000*
L* 9.210 27 0.341
a* 6.471 27 0.240
b* 14.528 27 0.538
c* 15.623 27 0.579
h° 18.781 27 0.696
L 120° glossiness 0.032 27 0.001
g 160° glossiness 2.088 27 0.077
= 185° glossiness 1.832 27 0.068
|| 20° glossiness 0.041 27 0.002
|| 60° glossiness 0.361 27 0.013
|| 85° glossiness 3.296 27 0.122
Wi* (L) 1.344 27 0.050
wr () 3.080 27 0.114
L* 75458.128 30
a* 3820.014 30
b* 19715.338 30
c* 23498.349 30
h° 131025.983 30
_ 120° glossiness 1.060 30
2 160° glossiness 138.780 30
= 185° glossiness 155.700 30
|| 20° glossiness 2.410 30
|| 60° glossiness 156.350 30
|| 85°glossiness 527.200 30
Wi* (L) 2263.400 30
wr () 1062.160 30
ESol* 779.783 29
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ar 60.845 29
b* 255.239 29
c* 150.513 29
h° 671.819 29
120° glossiness 0.227 29
160° glossiness 8.155 29
185° glossiness 31.667 29
|| 20° glossiness 0.434 29
|| 60° glossiness 8.942 29
|| 85°glossiness 144.139 29
Wi* (1) 146.600 29
wr () 134.752 29
*: Significant

The measurement results determined for the color
parameters, whiteness index (W/*) values, and glossiness
values are presented in Table 4. The results of the variance
analysis are presented in Table 5.

According to these results, it is observed that the
factor of solution type applied for all tests is significantly
obtained (Table 5).

For the L* value, the highest result is found in the
control samples (57.06), while the lowest result is
determined by the application of the solution composed
of hawthorn vinegar + carbonate mixture to the
experimental samples (46.28). The highest decrease rate
in the L* parameter is achieved with hawthorn vinegar +
carbonate solution at 18.89%, while the lowest decrease
rate is found with grape vinegar + carbonate solution at
18.80% (Table 4).

In terms of the parameter a*, the control samples
exhibit the lowest value at 9.30, while the experimental
samples treated with a solution containing hawthorn
vinegar + carbonate mixture display the highest value at
12.27. Notably, the application of hawthorn vinegar +
carbonate solution shows the most significant increase in
the a* value, reaching 31.94%, whereas the lowest
increase is observed with grape vinegar + carbonate
solution, registering at 29.14% (Table 4).

Regarding the b* value, the control samples yield the
highest result at 29.43, whereas the lowest result is seen
following the application of the solution containing
hawthorn vinegar + carbonate mixture, which measures
22.96. Notably, the most significant decrease in the b*
parameter occurs with the application of hawthorn
vinegar + carbonate solution, showing a decrease rate of
21.98%, whereas the lowest decrease rate is associated
with grape vinegar + carbonate solution, standing at
18.35% (Table 4).

In terms of the C* value, the control samples exhibit
the highest result, measuring 30.86, while the lowest
value is found after applying the solution containing
hawthorn vinegar + carbonate mixture to the wood
samples, resulting in 26.04. Notably, the most substantial
decrease in the C* parameter is associated with hawthorn
vinegar + carbonate solution, showing a decrease rate of
15.62%, whereas the lowest decrease rate is observed
with grape vinegar + carbonate solution, registering at
13.19% (Table 4).

Regarding the h° parameter, the control samples
display the highest measurement, reaching 72.45,
whereas the lowest reading is obtained when applying the
solution comprising hawthorn vinegar + carbonate
mixture to the experimental samples, yielding 61.87.
Notably, the most pronounced decrease in the h°
parameter is observed with hawthorn vinegar + carbonate
solution, showing a reduction of 14.60%, while the
smallest decrease rate is attributed to grape vinegar +
carbonate solution, with a decrease of 12.45% (Table 4).

Looking at the glossiness tests, decreases are obtained
in all grades and directions. The highest glossiness results
are determined in the control experimental samples
(120°: 0.28, 160° 2.12, 185° 3.22, [|20°: 0.40, | 60°:
2.87, and || 85°: 6.48). The lowest glossiness results are
found on the samples treated with hawthorn vinegar +
carbonate solution (120° 0.10, 160°: 1.52, 185°: 0.78,
| 20°: 0.12, ||60°: 1.56, and || 85°: 1.28), and the highest
decrease rates are also obtained with this solution
application (Table 4).

After the application of solutions, decreases are noted
in both directions of WI* values. The highest WI* values
are observed in the control samples (L: 11.46 and ||
8.42), whereas the lowest values are recorded in samples
treated with grape vinegar + carbonate solution (L: 16.38
and ||: 3.46). The decrease rates for WI* values are
%44.33 to %35.78 in the L direction and %58.91 to %42.99
in the || direction for grape vinegar + carbonate and
hawthorn vinegar + carbonate solutions, respectively
(Table 4).

Studies in the literature have reported changes in color
parameters, glossiness values, and whiteness index of
wood surfaces when solutions prepared from vinegar and
carbonate chemicals are applied [31-33]. It can be inferred
that the solution interacts with the wood material’s
structure, causing alterations.

Conclusion

With the application of both prepared solutions, there
was an increase in the a* values, while reductions were
noted in W/* (in both directions), L*, b* C*, h°, and across
all degrees and directions of gloss values. The AE* values
were recorded as 12.31 for the grape vinegar + carbonate
solution and 12.92 for the hawthorn vinegar + carbonate
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solution. Prepared solutions have been observed to have
a color-changing effect on wooden surfaces. With the
application of both solutions, negative values were
obtained for AL*, Ab*, and AC*, while positive values were
observed for Aa*.
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ABSTRACT

Ransomware attacks, which aim to take ransom by encrypting the files they infect with unbreakable passwords,
have become an increasing threat in recent years. Decrypting encrypted files without data loss is nearly
impossible without the encryption key. This often obliges ransomware victims to pay the amount of the ransom
demanded. The purpose of our study is to present a systematic literature review of ransomware detection
research. The method we base on while performing a systematic literature review is the Evidence-Based
Software engineering approach. This approach is based on the Evidence-Based Medicine method, which has
been successfully applied in many fields. Six steps of Evidence-Based Software Engineering have been
implemented in sequence. For this purpose, 114 scientific articles, which fall within the scope of our research
questions, were researched from the studies conducted between 2017 and 2022 on ransomware detection.
According to our quality evaluation rules, 49 articles meeting our quality criteria were analyzed. The answers to

our research questions, which we determined through the analyzed articles, are presented in detail.
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Introduction

Evidence-based software engineering (EBSE) approach
is based on the evidence-based medicine (EBM) approach.
Evidence-based medicine is a method that aims to
increase the clinical experience and treatment processes
of physicians by presenting the best scientific evidence
[1]. The main purpose of the EBM system is to publish
valid and appropriately obtained evidence. In this way,
doctors will be able to use proven methods obtained with
EBM in the treatment process of the diseases they
encounter. However, the main problem here is that there
are many different researches and publications, and
doctors do not have the opportunity to research all of
these so-called primary sources for a particular disease. A
systematic literature review standard was provided by
scanning primary sources with the EBM system, which was
produced as a solution to this problem [2]. Kitchenham et

al. [3]Noting that this method, which is used in the field of
medicine, has been successfully applied in many different
fields, they announced Evidence-based software
engineering (EBSE) studies in the field of software
engineering.

With this study, a systematic review of the studies
conducted in the literature on the detection of
ransomware, which is one of the working areas of cyber
security, was carried out with the EBSE method. A ransom
is characterized as "cash paid with a specific end goal to
free someone who has been captured" and "something
demanded or paid to enable someone in captivity to be
released from captivity" [4].

Ransomware is expressed ransomware, which is a
combination of the words ransom (ransom) and software
(software) in English. In fact, it is one of the types of
malware. It is also referred to as blackmail software or
ransom virus in some sources. Recently, they have
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become one of the most common threats due to their
prevalence and ever-evolving nature. Its working principle
is based on trying to extort money from the user by
locking the target computer system or systems or by
encrypting some or all of the files, preventing the user
from accessing them [5].

Ransomware, which uses very advanced encryption
schemes, can be used for many different purposes in the
system they infiltrate by using software vulnerabilities,
system weaknesses, social engineering weaknesses and
user errors. Moreover, today's ransomware leaves almost
no possibility to recover encrypted files [6]. Ransomware
is defined as "a type of malicious software that restricts
users from accessing their systems by locking/encrypting
the system screen or users' files unless the ransom is
paid." Malicious professionals reach their goals by
developing a wide variety of methods and tactics and the
possibility of being exposed to this situation becames a
nightmare for users [7].

Technological advances create new opportunities for
hackers. Malware has become a commercial sector by
malicious people who are trying to gain financial gain by
taking advantage of these opportunities. Moreover, this
situation has turned into a challenge between software
developers who prepare updates and security patches for
security vulnerabilities and hackers who try to exploit
these vulnerabilities. This vicious circle reveals how
important the analysis is to ensure the working principles,
impact and discovery of malware. Malware analysis is the
process of revealing the potential effects of malicious
software such as viruses, trojan horses, backdoors,
rootkits, worms, determining their source and examining
their functions. [8]. Thanks to this analysis, how malware
works, its effects and harms can be understood. In
addition, as a result of these analyzes, damages can be
reduced or prevented. For this reason, the detection and
prevention of ransomware, which has recently become
one of the most effective and dangerous malware, has
become an important research topic. Basically, the goal is
to classify and isolate ransomware and benign software
from each other. The basic requirement for the analysis of
ransomware is to reveal the features of such software
accurately. This is essential for developing an effective
analysis algorithm [9].

What ransomware basically does is to render valuable
data unusable with unbreakable encryption algorithms
[10]. Considering the financial gain compared to other
malware, ransomware threatens both companies and users
[11]. The user who is exposed to a ransomware attack must
choose to pay a certain amount of ransom or lose their data
to decrypt their files. Hacker’s generaliy demand ransoms
in cryptocurrency. It is seen that the most demanded
ransom is preferred as bitcoin. Another behavioral feature
observed in ransomware is that it tries to communicate
with a command-and-control server (C2C) to receive
instructions. The purpose here is to download encryption
keys and required additional files [7].

Vulnerabilities that have not yet been detected and
fixed and are open to exploitation are called zero-day
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vulnerabilities.  Although the effects of these
vulnerabilities are more devastating, they are seen rarely.
Therefore, an effective update and patch policy is
important in preventing many cybersecurity threats.
Otherwise, a system's vulnerability is open to exploitation
until updates or patches are made. According to statistics,
it has been observed that zero-day deficits that appeared
once a week in 2015 occurred once a day on average in
2021 [12]. In parallel with this increase, exploit codes and
malware also increase in direct proportion.

Although the financial damages of ransomware cannot
be determined precisely, it is seen that the global cost of the
damage is expressed in billions of dollars. For instance,
according to published security reports, it is estimated that
attacks with WannaCry and NotPetya ransomware cost the
global economy $8 billion in 2017. Moreover, GrandCrab
ransomware infected tens of thousands of systems in 2018.
In recent years, ransomware has also targeted mobile
systems, and this has increased the danger more.
Furthermore, eventhough it is stated that the motivation for
the emergence of ransomware is basically to gain financial
gain, it has recently been seen that it is also used in cyber
terrorism-oriented attacks in areas such as finance,
infrastructure and production sectors [11].

Considering that internet connection can be delivered
to the most remote areas of the world via satellites,
malware infecting a system can pose a threat to systems
all over the world. For this reason, it is very important to
have information about malicious software, to examine its
behavior and to reveal its effects [13]. It is equally
important to share the information obtained from the
studies on such an important subject with the
stakeholders of the subject. However, it is a very difficult
and time-consuming task for any security expert or
software developer to analyze all primary sources one by
one. Within the scope of this study, the approach of
collecting and presenting the information in primary
sources, which has been used successfully in the field of
medicine for years and then used in the field of software
engineering along with different fields, in a secondary
source with an evidence-based method has been
adopted. For this purpose, a systematic literature review
is presented with the evidence-based software
engineering approach of studies on ransomware
detection.

This article can make a significant contribution to the
development of effective detection and defense methods
against ransomware. Ransomware poses a serious threat
to cybersecurity with its advanced encryption techniques
and complex attack methods. The victims targeted by
ransomware attacks include critical infrastructures such
as hospitals, financial institutions and government
institutions, and the risks posed by these attacks endanger
social security as well as major economic losses. Using the
Evidence-Based Software Engineering (EBSE) approach,
this study systematically analyzes current research in the
field of ransomware detection and reveals the most
effective detection methods in the field. The article
provides a comprehensive resource for security experts
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and researchers, shedding light on defense mechanisms
that can be developed against ransomware and new
research areas. In this context, the study provides a
comprehensive guide that aims not only to evaluate the
effectiveness of current security technologies but also to
be prepared against the future evolution of ransomware.

Other parts of the study are organized as follows. In
the second part, the literature that guided the study was
examined in detail. In the third chapter, the research
methodology used is explained in detail. The obtained
results are given in the fourth chapter in detail. In chapter
five, there was a discussion of the results, and in the last
chapter, the conclusions of the study were presented and
future work was expressed.

Literature Review

Analysis and discovery of ransomware are areas of
academic study that have received intense attention in
recent years. As a result, there are many published
studies.

Netto et al. [7] analyzed the techniques of
ransomware coders in their models using static and
dynamic analysis techniques. Their basic approach is to
examine the packets coming and going from the system
through trap files in the file systems with static analysis
tools. In addition, it is seen that they analyze the details of
the network packets meticulously with dynamic analysis
tools. Their main recommendation is to flag network
packets and add IP addresses to firewalls so that systems
can take minimal damage from ransomware.

Kara et al. [9] analyzed the characteristic behaviors of
the 3rd generation Cerber ransomware using static and
dynamic analysis tools. Their purpose is to detect the
source of the attacks. They examined the ransomware
attack on an official institution and showed that the whois
information of the IP addresses they found by analyzing
the network movements could be tracked.

Akbanov et al [14] explored the use of software-
defined networking (SDN) to detect and mitigate
advanced ransomware threats. To prove their research,
they examined the WannaCry ransomware. Based on the
results obtained, they designed an SDN detection and
mitigation framework and developed a solution based on
the OpenFlow communication protocol.

Davies [15] focused their research on the idea that
digital forensic analysis tools could be used to detect
encryption keys of malicious ransomware. As a result of
their research, they stated that digital forensic analysis
tools can be used in the detection of encryption keys. For
this purpose, they try to detect encryption keys by taking
memory dump from a system that has been exposed to
ransomware attack.

Kok et al [16] have proposed their methodology, which
they call the Pre-Encryption Detection Algorithm (PEDA).
The main purpose of their work is to detect a ransomware
without performing an encryption process. It is a two-step
algorithm. The first step is to compare known ransomware
signatures. For this, it uses the SHA-256 (Secure Hash

Algorithm) algorithm. The second phase is the use of
Learning Algorithm (LA) based on the application program
interface (API) of the ransomware.

Humayun et al. [17], in their study, examined the
effects of ransomware on IoT devices in detail. The main
purpose of their work is to prevent and mitigate the
effects of ransomware on loT systems. In a significant part
of their studies, they included the features and effects of
ransomware. They also provide up-to-date information
for ransomware analysis and detection.

Arabo et al.'s [18], in their study, analyzed a dataset
consisting of 7 different ransomware and 41 benign and
34 malicious software. Their focus is on creating a defense
mechanism against ransomware that mimics the human
immune system. To achieve their goal, they investigated
the correlation in the nature and behavior of ransomware.

Patel et al [19], propose a defense mechanism against
ransomware in their study using the honeypot technique.
They use a large file for the honeypot that takes time to
encrypt. They offer suggestions to prevent ransomware
and ensure the security of the system, during the time it
takes to encrypt the large fake file by the ransomware.
They proved their suggestions by getting useful results in
the virtual environment they tested.

When the studies above are examined, it is seen that
many academic studies on the detection and analysis of
ransomware have been carried out on different fields. The
fact that so many different methodologies and field-
specific studies have been conducted shows that a
systematic literature review is a necessity for experts in
the field. In this respect, our study fills an important gap.
Moreover, our study, which was carried out with an
evidence-based software engineering approach, reveals
an original result with this aspect.

Methodology

It aims to enable the experts in the field of evidence-
based software engineering to reach the most accurate
solution in the fastest way against the problems they will
encounter in their professional lives. For this, it is based
on the evidence-based medicine approach, which has
been successfully applied for years. According to this
approach, a doctor cannot solve the problems he has
faced throughout his career with the knowledge he has
graduated from. For this reason, it should be ensured that
it reaches successfully applied and proven methods for
similar problems. This is possible by scientific publication
of proven methods. However, it is not possible for an
expert to examine all publications specific to the problem
faced [20]. Therefore, it is necessary to effectively
summarize and systematically present the literature
specific to a particular field. Moreover, for such a
procedure, a standardized procedure is needed in all
studies. Evidence-Based Medicine (EBM) approach has
been proposed to find a solution to this problem [1].

The success of the Evidence-Based Medicine approach
has led experts to ask whether this method can be used in
different fields. As a result of this, it has been observed
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that the use of this method in different fields gives
successful results as in the field of Medicine [21].
Kitchenham et al. [3]stated that this approach should be
adopted and used by researchers working in the field of
software engineering. In their later work, they explained
how to use this method for practitioners [22].
Kitchenham et al.'s [3]methods prompted us to
conduct a Systematic Literature Review (SLR). As
emphasized in the related study, Evidence-Based
Medicine carries the point of view of a physician.
Kitchenham et al [22] deal with rhe issue again from a
software engineer's perspective. The main motivation is
to have sufficient evidence to choose the most effective
technology to be used while developing a project.
Generally, those with decision-making authority make bad
decisions in adopting new technologies. A technology with
sufficient evidence can reduce project relevance, cost and
inherent risks [23]. For example, in the years when Object
Oriented Programming became widespread, there was a
belief that hierarchical deep object models were useful,
but studies have proven that this situation poses a great
risk of error. However, developers tend to prefer mature
technologies and generally accepted methods. Evidence-
Based Software Engineering, on the other hand, aims to
provide a decision-making mechanism in this regard [22].
As can be seen in Figure 1, Evidence-Based Software
Engineering consists of six different steps [3]. The first step
is answerable question defining. At this step, the research
questions for which the evidence is to be found should be
determined. The second step is to find the results that
provide the best evidence. At this step, the search strategy

Implications for EBSE

Defining an answerable
question

should be determined to find the best results
corresponding to the research questions identified. The
third step is to evaluate the evidence critically. In this step,
the right selection criteria should be determined and
adopted. The next step is to integrate critical assessment
with software engineering expertise. At this point, quality
assessment rules should be determined. In the fifth step,
data extraction methods should be defined for the
evaluation of the process, and finally, how extracted data
are synthesized for evidence-based software engineering
[22]. In the continuation of this section, the application of
the steps of the Evidence-Based Software Engineering
approach is presented within the scope of our study.

Step 1. Defining Answerable Questions - Research
Questions

It has been expressed as “A well-defined question
should consist of three steps as its effect on the study
area, its effect on the context of the problem to be solved,
and the effect of its results”. [1]. The questions within the
scope of this study were determined by adhering to these
three principles. As our primary goal is to detect
ransomware attacks, the following research questions
have been developed.

RQ 1: What techniques are used to detect ransomware
attack?

RQ 2: What techniques are used in ransomware
analysis?

RQ 3: What are the datasets used to detect
ransomware attacks?

RQ 4: What will be the future status of ransomware?

Finding the best evidence

Evidence-Based
Software
Engineering

Evaluation of the process

Integrating the critical
appraisal with software
engineering expertise

Critically appraising the
evidence

Figure 1. Steps of Evidence-Based Software Engineering [3]
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Step 2. Finding the Best Evidence - Research Strategy

The second step of evidence-based software
engineering, finding the best evidence, is determining
research strategies. While creating our search strategy,
first of all, search terms were determined. In the second
step, reliable literature sources were selected to be used
to carry out the searches. Finally, it is completed with the
search process. All the steps are presented in full detail
below. It is recommended to [22]evaluate all possible
outcomes in order to make a rational decision while
determining the research terms. That’s why, the search
terms are pretty broad and it would be a better choice to
research on the main terms. Our search terms are based
on our research questions. In addition, searches were
performed with Boolean (AND-OR) operations with similar
search terms. The search words used in this study were
determined by referring to the concept of ransomware
detection. In the second step of this step, literature
sources were made through databases that were
generally accepted and recommended by all researchers
[22]. These are; IEEE Xplore (http://ieeexplore.ieee.org),
ACM Digital Library (www.acm.org/dl ), ISI Web of Science
( www.isinet.com/products/citation/wos ), Science Direct
( https: //www.sciencedirect.com/ ), Google Scholar
(http://scholar.google.com). In addition, all libraries were
scanned with the search words determined during the
search process and the results were evaluated with the
principles of inclusion and exclusion in the selection of the
study.

Step 3. Critically Appraising the Evidence - Study
Selection (Inclusion/Exclusion)

As a result of the research we conducted using our
search terms from the literature sources we determined,
114 scientific studies were found in the last 5 years (2017-
2002). A detailed analysis was made by the authors on the
articles found at this stage of our study. The purpose of
this review is to ensure that only relevant studies are
included in the analysis. First of all, review and survey
studies were eliminated by the authors. Identical studies
from different sources were identified and extracted. To
improve the quality of the study, inclusion and exclusion
criteria were applied to focus on the studies that best fit
our research questions before applying the quality
assessment rules. Our defined inclusion and exclusion
criteria were determined as whether the study offered
solutions to detect ransomware or included discussion on
ransomware analysis. In addition, whether or not it
contains ransomware detection techniques was another
criterion. Articles focusing on malware analysis and
detection in a broad sense were excluded from our study.
As a result, 49 articles meeting our criteria were included
in the study.

Step 4. Integrating the Critical Appraisal with
Software Engineering Expertise - Quality Assessment
Rules (QARs)

Quality assessment rules (QAR), one of the important
steps of evidence-based software engineering, were

determined at this stage. For our study, ten QARs were
decided by the authors. The extent to which an article
meets the QAR criteria is represented by a total score
ranging from 0 to 10. For each QAR, the articles were
scored as 0 not meeting expectations, 0.25 below
expectations, 0.5 average, 0.75 above expectations, and 1
fully meeting expectations. Articles with a total score of 5
and above in the QAR evaluation were included in the
study. In order to increase the quality of the articles
examined in the study, a score of 5 was chosen as the
limit, as we think that it meets our expectations at a
minimum level. Results of 49 articles included in the study
with a quality score of 5 and above are detailed in
Appendix A.

QAR1: Are the goals and boundaries of the study
clearly defined?

QAR2: Is the technical background of the ransomware
provided?

QAR3: Is the recommended Ransomware detection
methodology clearly defined?

QAR4: Have the suggested
implemented and tested?

QARS5: Is the contribution of the methodology to the
literature highlighted?

QARG6: Are limitations that threaten the validity of the
proposed methodology specified?

QAR?7: Is a detailed discussion of the findings included?

QARS: Is there a comparison with other methods in the
literature?

QAR9: Has sufficient information been given about the
data set used?

QAR10: Does it have an industrial contribution in
terms of results?

methods been

Step 5. Evaluation of the Process - Data extraction
strategy and data synthesis

In order to find the answers to our research questions,
the information extraction phase from the articles was
carried out in this step. The transaction was carried out
with an information form created. The titles of the
information form are the title of the article, publishers,
year of publication, type of publication (conference or
journal article), ransomware detection technique used,
and datasets. The purpose of this step of the study is to
try to gather the necessary information about whether all
the collected articles can contribute to the research
questions.

Step 6. Implications for Evidence-Based Software
Engineering

The final step of evidence-based software engineering
envisages making implications from the data obtained.
The answers to the research questions are tried to be
determined. All the analyzes and the findings obtained for
this purpose are presented in detail under the heading
Results in the next section.
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Results

The findings of the study are presented in this section.
Additionally, this section provides an overview of the
scientific articles and ransomware dedection studies selected
to address the research questions outlined above. The results
of each research question are analyzed in depth in the
following four sections. Finally, 49 research articles were
selected within the scope of the study. Intrusion detection
techniques are presented in Table 1, artificial intelligence
algorithms used in Table 2, ransomware analysis techniques
in Table 3, and datasets used in the literature are presented
in Table 4. The list of selected articles is given in Appendix A.
The analyzed research articles consist of articles published
between 2017 and 2022. In addition, a quality assessment
rule criteria was used as stated above and the scores of the
selected articles are listed in Appendix B.

What techniques are used to detect ransomware
attacks?

The question of what techniques are used to detect
ransomware attack, RQl is answered in this section.
Algorithms used in the detection of ransomware attacks and
suggested solution methods have been systematically
determined from the reviewed articles. Ransomware attacks
are long-lasting and take instructions from different
connections. For this reason, it is important to detect the
detection of attacks before the attack is completed, in order
to reduce the damage. In our study, the most used
algorithms and related studies in ransomware attack
detection are listed.

As shown in Table 1, we have identified several
techniques applied by researchers in the development of
ransomware detection solutions. The most commonly used
ransomware detection approaches in this review; Software
Defined Networks (SDN), Honeypot, Pre-encryption
detection algorithm (PEDA), Static Analysis, Dynamic
Analysis, DNAact-Ran, Graph Based Detection methods.

According to Table 2, it was seen that the researchers
used Random Forest, Naive Bayes and MLP artificial
intelligence algorithms to detect ransomware attacks.

Table 1. Ransomware Attack Detection Techniques

According to the articles we reviewed, the most frequently
used artificial intelligence algorithm is the Random Forest
algorithm.

What techniques are used in ransomware analysis?

In this section, we focus on answering AS 2 by introducing
the various detection methods used to detect ransomware.
Additionally, we provide details on ransomware detection
techniques that can identify beaconing during ransomware
attacks. We classify the data we obtain as a result of our
analyzes in four categories: Machine Learning, Deep
Learning, Network-Based and Signature-Based in
ransomware analysis.

Machine Learning based methods; Are methods based
on finding common features and correlating different
malware activities using different algorithms such as SVM,
Random Forest, Decision Tree, Naive Bayes etc.

Deep learning-based techniques based on artificial neural
networks such as Convolutional Neural Networks (CNN),
Artificial neural network (ANN), Long short-term memory
(LSTM) are used in the analysis of network traffic. The
features in the network traffic are determined by using the
ability to automatically extract the features in the data, which
is one of the main features of deep learning algorithms. In
this way, network traffic can be represented as a vector. In
this way, different characteristics and patterns of network
traffic can be extracted. As a result, suspicious situations and
anomalies in network traffic can be detected.

Network-based techniques based on direct thinning of
network traffic analyze network delays, spikes in network
traffic, and unusual connections. Basically, it is trying to
detect unusual situations and anomalies in the network
traffic. It is intended to distinguish between benign network
activities and malicious situations.

Signature-based methods are a technique based on
comparing the signatures of pre-determined and identified
ransomware with the signatures of the analyzed software. It
is generally based on the principle that existing ransomware
has been previously detected, analyzed and patterns
extracted. However, it has a disadvantage in detecting an
updated or new ransomware.

Detection Technique Reference Frequency
SDN [24][25][26][141[27][28][29] 7
Honey Cubes [30][31][32] 3
PEDA [33] 1
Static Analysis [34][71[35][36]1[37][38][39] 7
Dynamic Analysis [40][41][7][42][43][44][45][46][47][48][35][49][37][38][50][39][32] 17
DNAact-Ran [51] 1
Graph Based Detection [52][53]
Table 2. Artificial Intelligence Algorithms Used to Detect Ransomware Attacks
Artificial Intelligence Alg. Reference Frequency
Random Forest [25][43] [45][54][35][48][49][53][55] 9
Naive Bayes [43][54][28][36][50] 5
MLP [56][49] 2
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Table 3. Ransomware Detection Techniques

Sign Detection Technique

Reference Frequency

Machine Learning based detection

[56][57][58][41][42][43][26][27][59][60][45][46][28][61][35] 30

[51][48][18][62][49][49][361[371[63][50][641[53][39]1[55]1(32]

Deep Learning [40][65][66][52][62][67][68] 7
Network Based [24][25][14] 3
Signature Based Detection [47] 1

Table 4. Datasets Used to Detect Ramsomware Attacks

Reference

Dataset

[58][24][14][28][47][49]

[33] [41][60][33][62]
[571[41][34][431[571[44][60]1[33][35][471[49]1(71][36][37]
(50]

[51]

[59]

[41][42][54][48][52]

What are the datasets used to detect ransomware
attacks?

In this section, we lookink for answers to AS3. For this
purpose, we present a detailed analysis of the datasets and
data sources used in ransomware detection methods and
solutions proposed by researchers. The datasets used are
listed in Table-4.

WannaCry is specifically for Microsoft Windows operating
systems and therefore Windows users are at higher risk. Once
infected, WannaCry encrypts files using private keys and claims
that payment is the only way to access them. The fee that
WannaCry requests payment is usually stated in Bitcoin and
the user is threatened with permanent encryption of files if the
fee is not paid [69] .

theZoo is an open-source virus and malware collection.
This collection includes currently working and researched
viruses and malware and provides detailed information about
this software. The collection can be used as a reference
resource for researchers, security professionals and other
interested parties [70].

VirusTotal is a virus scanning and analysis service. To
determine if a file is potentially harmful, this service sends it to
many different virus scanning programs and collects the
results of these programs about the file. This way, you can get
a broader idea of how reliable a file is [72].

The UNSW-NB 15 dataset was created by the IXIA
PerfectStorm tool at the University of New South Wales
(UNSW), Canberra Cyber Range Laboratory. The network
packets contain 100GB of raw data containing real modern
normal activities and synthetic contemporary attack
behaviors. There are nine types of attacks in this dataset,
namely Fuzzers, Analysis, Backdoors, DoS, Exploits, Generic,
Reconnaissance, Shellcode, and Worms [73].

The PSJoshi dataset contains a total of 1524 records. Of
that data, it has 30970 features, of which 582 are ransomware
and 942 are good software applications. It contains real world
data. Therefore, it can be used to evaluate the accuracy in
detecting ransomware [74].

CICAndMal2017 dataset is an Android malware dataset
containing 4354 malware and 6500 benign software collected
by the Canadian Cybersecurity Institute via GooglePlay in 2015,

WannaCry[69]
theZoo[70]
VirusTotal[72]
UNSW-NB15([73]
PSJoshi[74]
CICAndMal2017[75]
virusshare[76]

2016, 2017. The dataset collects malicious software in four
groups: Adware, Ransomware, Scareware and SMS Malware.
There are 42 completely different malware families in the
dataset [75].

The VirusShare dataset is a repository of malware samples
available to researchers. For security reasons, an e-mail access
must be requested to access the dataset. Live malware can be
accessed through the dataset. All data is presented in
encrypted compressed files for security reasons [76].

What will be the future status of ransomware?

We respond to AS 4 in this section to inform about the
future status of ransomware attack types. Ransomware is a
type of malware known as malware, and it usually restricts
access to a computer's data and demands a payment from the
user. It is difficult to predict what the future status of such
software will be. Because with the development of
technology, new technologies that threaten systems are being
developed. It would not be wrong to say that the reason for
the prevalence of ransomware today is the ease of hackers in
obtaining financial gain and the situation of not being caught.
With technology advancing, there are always possibilities for
hackers to develop a more profitable and, in their own way,
safe malware. However, it would not be wrong to say that
ransomware will still be a big and developing threat today and
in the near future [77].

To get an idea of the future of ransomware, statistics
showing its near-term effects are helpful. In recent years, we
have seen an increase in ransomware attacks. Many important
companies and institutions were affected by these attacks.
Trends show that ransomware attacks continue to increase in
2022 and will continue to be a significant threat to all industries
[78]. What's more, ransomware damage is estimated to cost
the global economy more than $20 billion [79].

The ransomware called WannaCry has become a global
threat in 2017, affecting more than 200 thousand systems in
more than 150 countries. It affected the health system in
England and caused chaos. It also infiltrated railway companies
and telecom networks, causing disruption of services [80]. It is
known that WannaCry ransomware, which is effective in
developed countries such as America, Spain, Germany and
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France, has earned about 52 BTC [81]. Wannacry, NotPetya,
SimpleLocker, CryptoLocker, TB-Locker and WinLock are the
most well-known ransomware in the world. According to
security reports , there has been a great increase in
ransomware in recent years , both in number and in terms of
damage to the world economy [82].

Ransomware attacks, a threat that can be used against
end users without any technical knowledge, will continue to
increase in the future. In addition, the insecure behaviors
exhibited by end users in cyber environments and the fact
that many companies do not have the manpower to take the
necessary precautions and raise awareness for cyber security
measures increase the gravity of the situation [78]. New
emerging technologies bring with them many unexplored
security vulnerabilities. This provides new opportunities for
ransomware attackers. Especially IoT and 5G network
technologies will be exposed to the greatest threat in the
future. This situation requires security companies to pay
more attention to ransomware discovery analysis [83].

Discussion

The unstoppable increase of ransomware in recent years
and its consequences are obvious. The potential risks of
ransomware threaten not only large systems but also end-
user systems. When many end users are exposed to a
ransomware attack, they usually prefer to pay the small sums
required if they want to recover their data, and often do not
even report this to the authorities. This shows that the
financial damage of ransomware is much higher than known
or estimated. The magnitude of the threat reveals the
importance of studies in the field of ransomware discovery
and analysis. At this point, our study is a systematic literature
review based on the Evidence-Based Software Engineering
framework of studies in this field. With the research, the
articles published between 2017 and 2022 were examined.
After parsing according to our inclusion and exclusion
criteria, 160 articles remained. We continued to work with 49
articles in the scoring made according to our quality
evaluation rules on these articles.

Throughout our study, we tried to find answers to four
different research questions. As a result of our investigations,
Software Defined Networks (SDN), Honeypot, Pre-encryption
detection algorithm (PEDA), Static Analysis, Dynamic Analysis,
DNAact-Ran, Graph-Based Detection methods are the most
used techniques in attack detection. Among these methods, it
was seen that the dynamic analysis approach was preferred
the most. In addition, it is seen that Random Forest, Naive
Bayes and MLP artificial intelligence algorithms are used to
detect ransomware. According to the information obtained
from the studies reviewed, the basic techniques used in
ransomware beaconing detection are machine learning-based
techniques. In recent years, it is seen that the use of Deep
Learning-based techniques has increased. It is also used in
Network and Signature Based techniques.

When we look at the datasets used by recent studies, [69]it
is seen that datasets such as WannaCry , theZoo [70],
VirusTotal  [72], UNSW-NB15 [73], PSloshi [74],
CICAndMal2017 [75]and Virusshare [76] are used. It is seen
that VirusTotal is the most preferred among these datasets.
The analysis of the future of ransomware shows us that
ransomware will still remain a major threat in the near future.

71

Conclusion

Today, when people and institutions carry out many
transactions with the support of information systems,
malicious programs such as ransomware pose a great threat
in digital societies. According to the reports of security
companies, the total damage caused by cyber security
threats to the global economy is expressed in billions of
dollars, and material losses are increasing. In addition to its
financial effects, theft, disclosure or inaccessibility of
personal and corporate data, which is one of the most
valuable elements of today, creates irreparable results. A lot
of work is being done to prevent ransomware attacks or to
minimize their damage. However, it is not possible for
experts in the field to follow and examine all studies. In order
to find solutions to such problems, it has been suggested that
primary sources should be analyzed with evidence-based
studies that guarantee a certain quality and transformed into
a systematic literature review. Our study, which uses this
method, which is called the evidence-based software
engineering approach, will fill an important gap in the field.

In this study, techniques used in existing solutions to
detect ransomware attacks are analyzed and compared. In
addition, various artificial intelligence algorithms used in
beaconing techniques for the detection of ransomware
independently from the attack were examined. A list of
databases used in all analyzes has been made and explained
with references.

As a result, the studies examined reveal the importance of
the knowledge gained in detecting and analyzing ransomware.
Determining the most effective detection methods, especially in
the face of ransomware's complex structures and constantly
evolving attack techniques, is one of the main contributions of
the study. Reviewed studies show that machine learning and
deep learning algorithms offer high success in detecting
ransomware, and dynamic analysis methods play a critical role
in distinguishing malware in the initial stages of attacks.
Additionally, it appears that SDN-based security solutions and
defensive strategies such as Honeypot have the potential to
protect systems before they are attacked. This information
provides an effective guide to security experts fighting
ransomware threats and provides important knowledge to
strengthen existing security measures and develop new defense
strategies. In this context, the study not only provides a
comprehensive evaluation of current detection techniques, but
also contributes to the development of strategic solutions that
can be applied in the future against the ransomware threat.

In our study, the use of different techniques such as machine
learning and artificial neural networks for these problems is
presented. In addition, challenges in the field and some areas
that could inspire future work in this research area were
identified. Especially recently, all researchers recommend that
studies on deep learning should be carried out. In addition,
studies can be expanded by examining data in different
databases. In this way, the consistency of the data presented by
different databases and the importance of databases other than
generally accepted database providers can be revealed.
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Appendix A. Selected Research Papers

Title Medicine  Year Ref
An Integrated Approach for Detecting Ransomware Using Static and Dynamic Analysis Conference 2018 [7]
Ransomware detection by mining API call usage Conference 2018 [42]
A Multi-Classifier Network-Based Crypto Ransomware Detection System: A Case Study  Article 2018 [27]
of Locky Ransomware
Ransomware detection and mitigation using software-defined networking: The case of  Article 2019 [14]
WannaCry
Detecting Ransomware Using Process Behavior Analysis Article 2020 [18]
Software-define d networking-base d crypto ransomware detection using HTTP traffic Article 2018 [24]
characteristics
R-Sentry: Deception based ransomware detection using file Article 2022 [31]
access patterns
Evaluation metric for crypto-ransomware detection using machine learning Article 2020 [33]
Ransomware Detection using Random Forest Technique Article 2020 [35]
A Comparative Assessment of Obfuscated Ransomware Detection Methods Article 2019 [44]
Dynamic Ransomware Detection for Windows Platform Using Machine Learning Article 2022 [50]
Classifiers
Machine Learning-Based Detection of Ransomware Using SDN Article 2018 [25]
A Digital DNA Sequencing Engine for Ransomware Detection Using Machine Learning Article 2020 [51]
A Comprehensive API Call Analysis for Detecting Windows-Based Ransomware Article 2022 [39]
Analysis of Machine Learning Techniques for Ransomware Detection Conference 2019 [59]
Attention In Recurrent Neural Networks For Ransomware Detection Conference 2019 [65]
Evaluating Shallow and Deep Networks for Ransomware Detection and Classification Conference 2017 [56]
Machine Learning Algorithms and Framewaorks in Ransomware Detection Article 2022 [64]
Exploiting Ransomware Paranoia For Execution Prevention Conference 2020 [47]
A New Static-based Framework for Ransomware Detection Conference 2018 [34]
Two -Stage Ransomware Detection Using Dynamic Analysis and Machine Learning Article 2020 [48]
Techniques
A novel approach for ransomware detection based on PE header using graph Article 2022 [53]
embedding
Ransomware detection using deep learning based unsupervised feature extraction and  Article 2022 [68]
a cost sensitive Pareto Ensemble classifier
A framework for supporting ransomware detection and prevention based on hybrid Article 2021 [38]
analysis
Reducing False Negatives in Ransomware Detection: A Critical Evaluation of Machine Article 2022 [55]
Learning Algorithms
A Multi-Level Ransomware Detection Framework using Natural Language Processing Article 2019 [60]
and Machine Learning
Ransomware detection, prevention and protection in loT devices using ML techniques Article 2022 [32]
based on dynamic analysis approach
Convolutional Neural Network-Based Cryptography Ransomware Detection for Low- Article 2021 [67]
End Embedded Processors
Towards resilient machine learning for ransomware detection Article 2018 [43]
Machine Learning Based Ransomware Detection Using Storage Access Patterns Conference 2019 [45]
Obtained From Live-forensic Hypervisor
Ransomware detection using process mining and classification algorithms Conference 2019 [54]
Deep learning LSTM based ransomware detection Conference 2017 [40]
Feature-Selection-Based Ransomware Detection with Machine Learning of Data Analysis Conference 2018 [26]
Android ransomware detection using reduced opcode sequence and image similarity Conference 2017 [57]
Intrusion and ransomware detection system Conference 2018 [30]
Large Scale Ransomware Detection by Cognitive Security Conference 2017 [58]
Detecting Ransomware using GURLS Article 2018 [41]
A New Method for Ransomware Detection Based on PE Header Using Convolutional Conference 2020 [52]
Neural Networks
Leveraging Deep Learning Models for Ransomware Detection in the Industrial Internet ~ Conference 2019 [66]

of Things Environment
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An experimental study to evaluate the performance of machine learning alogrithms in Article 2020 [62]
ransomware detection
Industrial Internet of Things Based Ransomware Detection using Stacked Variational Article 2019 [46]
Neural Network
Intelligent and Dynamic Ransomware Spread Detection and Mitigation in Integrated Article 2019 [28]
Clinical Environments
Machine Learning Based File Entropy Analysis for Ransomware Detection in Backup Article 2019 [61]
Systems
Automated Analysis Approach for the Detection of High Survivable Ransomware Article 2020 [49]
Crypto-ransomware early detection model using novel incremental bagging with Article 2019 [71]
enhanced semi-random subspace selection
Android Ransomware Detection Based on Dynamic Obtained Features Article 2020 [36]
LooCipher Ransomware Detection Using Lightweight Packet Characteristics Article 2020 [29]
A Behavior based Ransomware Detection using Neural Network Models Article 2021 [63]
A Multi-Tier Streaming Analytics Model of 0-Day Ransomware Detection Using Article 2020 [37]
Machine Learning
Appendix B. QAR Scores
QAR QAR QAR QAR QAR QAR QAR QAR QAR QAR1 TOTA
Reference Year 1 ) 3 a 5 6 7 3 9 0 L

K. Cabaj et al. 201 one one 0.5 one one one one 6.5
[24] 8
M. Akbanovand 201 one one 0.5 one one one one 6.5
others [14] 9
S.Sheen and 202 one one 0.5 one one one one one 7.5
others[31] 2
SH Coke and 202 one one 0.5 one one one one one 7.5
others[33] 0
Ban Mohammed 202 one one 0.5 one one one one one one 8.5
Khammas [35] 0
F. KHAN et 202 one one 0.5 one one one one one one 8.5
al.[51] 0
AO 201 one one 0.5 one one one one one one 8.5
Almashhadani 9
and others[27]
M. Medhatand 201 one one 0.5 one one one one one one 8.5
others[34] 8
F. 201 one one 0.5 one one one one one 7.5
Noorbehbahani 9
and others[59]
R. Agrawal et 201 one one 0.5 one one one 6.5
al.[65] 9
Vinayakumar[56 202 one one 0.5 one one one one one one 8.5
] 2
D. Smith et 202 one one 0.5 one one one one one 7.5
al. [64] 2
F. Manavi and 202 one one 0.5 one one one one one one 8.5
others[53] 2
U. Zahoora and 202 one one 0.5 one one one one one 7.5
others [68] 2
G.Cusack[25] 201 one one 0.5 one one one one one 7.5

8
M. Izham and 202 one one 0.5 one one 0.5 one one one 8
others[50] 2
Sergiu SECHEL 201 one one 0.5 one one one one 6.5
[44] 9
A. AlSabeh et 202 one one one 0.5 one one one 6.5
al.[47] 0
J.Hwang[48] 202 one one 0.5 one 0.5 0.75 one one 6.75

0
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DF Netto and
others[7]
S.Sheen and
others[42]

PM Anand and
others[39]
Francesco
Mercaldo [38]

R. Bold et al. [55]

S. Poudyal and
others[60]

P. Sharma and
others[32]

H. Kim and
others[67]
L.Chen and
others [43]

M. Hirano et
al.[45]

A. Bahraniand
others[54]

S. Maniath et
al.[40]

Y.Wan et al.[26]

A. Karimi and
others[57]

A. El-Kosairy and
others[30]

J. Silva et al.[58]

NB Harikrishnan
and others[41]
F. Manavi et
al.[52]

M. Al-Hawawreh
etal. [66]

Y Dion and
others[62]

M AL-Hawawreh
et al.[46]

LF Maimo and
others[28]

K LEE and
others[61]

YA Ahmed and
others[49]

BAS Alrimy and
others[71]

Z. Abdullah and
others[36]

T. Liu and his
values[29]

E. Ketzaki et
al.[63]

H. Zuhair et
al.[37]

A. Arabo et
al.[18]

201
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ABSTRACT

Network noise is one of the main factors that cause difficulties in the processing and subsequent accurate
analysis of ECG signals. Therefore, effective filter design must be carried out to eliminate network noise on ECG
signals. In this study, it is proposed to obtain a clean ECG signal by suppressing and eliminating 50 Hz network
noise with a IIR notch filter design based on the modified artificial bee colony (MABC) algorithm. IIR notch filter
parameters were selected by optimizing with the modified artificial bee colony (MABC) algorithm and the IIR
notch filter was designed in this way. As a result of this study, it was understood that the noise on the ECG signal
was cleared very well by looking at the difference between the signals. In addition, it was clearly seen that the
IIR notch filter parameters were selected at the correct values by the modified artificial bee colony (MABC)
algorithm.
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EKG isareti Uzerindeki Sebeke Giiriiltiisiiniin Yok Edilmesi icin Modifiye Yapay Ari
Kolonisi (MABC) Algoritmasi Yardimiyla Centik Filtre Tasarimi
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0oz

Sebeke giirltust, EKG sinyallerinin islenmesinde ve ardindan dogru analizinde zorluk gikartan etkenlerin basinda
gelmektedir. Bu yuzden EKG sinyallerinin tUzerindeki sebeke gurlltisuniin giderilmesi igin etkili filtre tasarimi
gercgeklestirilmelidir. Bu ¢alismada, modifiye yapay ari kolonisi (MABC) algoritmasini temel alan IIR gentik filtre
tasarimiyla, 50 Hz sebeke giirtltistiint bastirip ortadan kaldirarak temiz bir EKG sinyali elde edilmesi 6nerilmistir.
IIR gentik filtre parametreleri, modifiye yapay ari kolonisi (MABC) algoritmasiyla optimize edilerek segilmis ve IIR
centik filtre bu sekilde tasarlanmistir. Bu galisma sonucunda, EKG sinyalinin tzerindeki gurultiinin ¢ok iyi bir
sekilde temizlendigi sinyaller arasindaki farka bakarak anlasiimistir. Ayrica IIR gentik filtre parametrelerinin,
modifiye yapay ari kolonisi (MABC) algoritmasi tarafindan dogru degerlerde segildigi de agik¢a gorulmustar.
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Giris

Modern tibbin gelismesiyle birlikte elektrokardiyografi
(EKG), elektroensefalografi (EEG) ve Elektromiyografi
(EMG) gibi biyomedikal sinyallerin dogru analizi hastalik
teshisi ve diger tum saghk ihtiyaglari ¢ergevesinde buyik
onem kazanmistir. Biyomedikal sinyallerin hastalik
teshisinde kullanilmak (zere dogru analizi icin bu
sinyallerin hassas sekilde filtrelenerek bozucu etkilerden
arindiriimasi gerekmektedir. Biyomedikal sinyallerin
filtrelenmesinde pek ¢ok c¢esitte filtre tasarimi
uygulanmakla birlikte, her filtrenin kullanim alani farkh
olabilmektedir. Bu kullanim alanlarina goére filtre tirQ
secimi, segilen filtrenin tasarimi ve yine bu segilen filtrenin
parametre optimizasyonu gerceklestiriimektedir.

Elektrokardiyografi (EKG), kalp liflerinin kasiimasina
ardindan da gevsemesine neden olan iyonik akim akisini
yansitan zamanla degisen bir sinyaldir. EKG’nin tek bir
normal doéngisi, her kalp atisinda meydana gelen ardisik
atriyal depolarizasyon/repolarizasyonu ve ventrikiler
depolarizasyon/repolarizasyonu temsil eder. Bunlar resim
1’de gosterildigi gibi P, Q, R, S ve T isaretli EKG dalga
formunun tepe ve dip noktalariyla yaklasik olarak
iliskilendirilebilir [1].

Genel olarak sinyal islemenin zengin bir gecmisi vardir
ve 6nemi biyomedikal mihendisligi, akustik, sonar, radar,
sismoloji, konusma iletisimi, veri iletisimi, ntkleer bilim ve
daha bircok farkli alanda agikga goriilmektedir. Birgok
uygulamada, o©rnegin; elektroensefalografi (EEG) ve
elektrokardiyografi (EKG) analizinde veya konusma
islemede, bazi karakteristik parametrelerin gikarilmasi igin
kullanilabilir [2].

Biyomedikal sinyallerin gurtltiden arindirilarak temiz
bir sinyal haline donistirilmesi icin yapilacak adimlarin
sirasi su sekildedir; verilerin 50 Hz sebeke giiriltisiinden
kurtarilmasi icin gentik filtreden gecirilmesi, 6érnek sayisi
dusirilerek gereksiz frekans bilesenlerinin  atilmasi,
verilerin uygun analiz yontemi icin 6n islemden gecirilerek

siniflandirilmasi,  sonuglarin ~ elde  edilmesi  ve
raporlanmasidir [3].

Elektrokardiyografi (EKG), kalp fonksiyonlarinin
incelenmesi sirasinda kullanilan oldukga Onemli bir
sinyaldir. Bir biyomedikal sinyal olan EKG sinyali
Gzerindeki  sebeke  giriltist, farkli  filtreleme

yontemleriyle giderilmektedir. Bu yontemler arasinda
alcak geciren filtre, yliksek gegiren filtre, bant gegiren filtre
ve bant durduran (gentik) filtre bulunmaktadir.

EKG sinyalinin az guriltili durumundaki filtre
tasariminda, kiiglk bir pencere iginde yerel maksimumlari
arayan basit bir algoritma filtre katsayilarinin
belirlenmesinde yeterlidir. Gurdltili ve artefakth EKG’ler
icin daha karmasik yontemlerin kullaniimasi gerekli olabilir
[4-5].

Centik filtreler, belirli frekans bilesenlerinin ortadan
kaldirilmasi gereken birgok uygulamada kullanighdir.
Ornegin; enstriimantasyon ve kayit sistemlerinde, 50
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Hz'lik garaltd bilesenlerinin yok edilmesi ve enerji
hatlarinda 60 Hz'lik harmoniklerin ortadan kaldirilmasini
gerektirir [6]. Centik filtre, bazi llkelerde 50 Hz bazi
Ulkelerde 60 Hz olan, gii¢ hatti frekansindan kaynaklanan
paraziti azaltmak icin tasarlanmaktadir.

Bir centik filtre sistemi, genlik yanitinda bir gentige
sahip olan sistemdir. Beklenebilecegi gibi boyle bir yanit,
birim ¢ember (zerine karmasik-eslenik bir sifir cifti
yerlestirilerek elde edilebilir. Boyle bir sistemin transfer

fonksiyonu,
_ z%2-2(cos P)z+1
HN(Z) T 22-2r(cos 8)z+r2
formunda gosterilmektedir [7].

(1)

Bir ¢entik filtrenin en dnemli parametreleri arasinda;
derinlik, frekans, bant genisligi, ekleme kaybi, segicilik,
reddetme, grup gecikmesi, mekanik degerlendirme [8]
sayilabilir.

Centik filtrenin temel ozellikleri arasinda merkez
frekans, bant genisligi ve derinlik bulunmaktadir. Merkez

Frekans (Center Frequency), filtrenin en yiiksek
zayiflamayl sagladigi frekanstir [9]. Bant Genisligi
(Bandwidth), centik filtresinin etkili oldugu frekans

arahgidir [6]. Derinlik (Depth), belirli bir frekanstaki
zayiflama derecesidir ve genellikle desibel (dB) cinsinden
ifade edilir [10].

Centik filtrenin gliriltd azaltma, telekomiinikasyon,
tibbi cihazlar, ses isleme, endustriyel uygulamalar gibi
kullanim alanlari bulunmaktadir. Her uygulama alaninda
en etkili centik filtrenin tasarlanmasi icin degerleri ayri ayri
optimize etmek gerekmektedir. Guriltl Azaltma, gli¢ hatti
glraltist gibi belirli frekanslarda olusan parazitleri
ortadan kaldirmak icin kullanilir. Ornegin, 50 Hz veya 60
Hz frekansindaki gl¢ hatti glrlltisinid bastirmak igin
centik filtreler kullanilabilir [9]. Telekomiinikasyonda,
belirli kanal veya frekanslarin parazitini dnlemek igin
centik filtreler kullanilabilir. Bu, iletisim sinyallerinin
temizlenmesine yardimci olur [6]. Elektrokardiyografi
(EKG) ve elektroensefalografi (EEG) gibi tibbi cihazlarda,
glic hatti girdltusuni (50/60 Hz) filtrelemek icin ¢entik
filtreler kullanilir [11]. Ses islemede, mikrofonlar veya
hoparlorlerde belirli frekanslardaki istenmeyen sesleri
(6rnegin, geri besleme) azaltmak igin g¢entik filtreler
kullanilabilir [10]. Endistriyel Uygulamalarda,
makinelerdeki veya motorlardaki belirli frekanslardaki
titresimleri ve gardltileri bastirmak icin kullanilir [10].

Bu c¢alismada, biyomedikal sinyallerin en sik
kullanilanlarindan biri olan EKG sinyalinin Gzerindeki 50
HZ'lik sebeke giriltisini gidermek icin c¢entik filtre
tasarimi  gerceklestirilmistir. Slizge¢ tasariminda filtre
katsayilarini optimize etmek amaci ile modifiye yapay ari
kolonisi (MABC) algoritmasi kullanilmistir. Elde edilen filtre
katsayilari  kullanilarak  bir g¢entik filtre tasarimi
gerceklestirilmistir. 50 Hz sebeke glirlltistyle kirletilmis
EKG sinyali centik filtreye uygulanarak, filtrenin cikisinda
sebeke giriltistiinden temizlenmis bir EKG sinyali elde
edilip filtre performansi incelenmistir.
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Resim 1. Normal bir insandan kaydedilen EKG’nin ortalama PQRST kompleksinin morfolojisi [1]
Figure 1. Morphology of the average PQRST complex of the ECG recorded from a normal person [1]

Modifiye ABC Algoritmasi

ABC algoritmasi, bal arilarinin yasam alanlarinda yeni
yiyecek arayislarini popilasyon tabanli olarak simile eden
bir akilli suirt algoritmasidir. Bu algoritmada bir ari kovani
lic cesit bal arisi ile modellenmistir; isci arilar, gézcii arilar
ve kasif arilar. Kisaca isci arilar yeni besin kaynaklarinin
bulundugu bolgeye gdnderilir. Besin kaynaklarinin nektar
miktari isci arilar tarafindan hesaplanir. Kovan gevrildikten
sonra besin kaynagi bilgileri kovanda bekleyen gozcii
arilarla paylasilir. Gézci arilar yeni besin kaynaklarini bu
bilgilere gére secgerler. isci ve gbzcii arilarin gorevleri
sonunda kasif arilar ortaya c¢ikar ve vyeni yiyecek
kaynaklarini rastgele secerler. Boylece besin
kaynaklarinda aricihk asamalarinin tamami ardi ardina
gerceklesir [12].

ABC  algoritmasinin  temel versiyonu, diger
metasezgisel algoritmalarla  karsilastirildiginda  ¢ok
boyutlu ve ¢cok modlu problemlerin ¢éziimiinde etkin ve
dogru bir performans gostermektedir. ABC algoritmasinin
literatiire sunulmasinin ardindan, Akay ve Karaboga
tarafindan kisith ve diger optimizasyon problemlerinde
zayIf yakinsama oraninin iyilestirilmesi icin modifiye ABC
(MABC) algoritmasi adi verilen yeni bir versiyon basariyla
onerilmistir [13-14].

MABC algoritmasina ait kod
gosterilmektedir.

1. Begin

2. Set control parameters and initialization solution
population

Evaluation solutions

cycle=1

repeat

Employed bees phase (With modified phase)
Calculate probabilities for onlookers
Onlooker bees phase

Scout bees phase

10. Memorize the best solution

11. cycle=cycle+1

12. until cycle = maximum cycle number

13. End

Temel ABC algoritmasinin pertiirbasyon sirecinde
yapilan bazi degisikliklerden sonra MABC algoritmasi, hem
temel hem de hibrit test fonksiyonlariicin en son 6nerilmis

asagidaki  gibi

WONOU AW

algoritmalarla  karsilastirildiginda  basarili  sonuglar
sunmaktadir. Temel ABC algoritmasindan farkli olarak
MABC algoritmasinin dort kontrol parametresi vardir;
koloni boyutu, limit, maksimum doéngi sayisi ve degisiklik
orani. Ozellikle temel ABC algoritmasindan farkl olarak,
degisiklik orani, isci ve gbzci ari asamalarinda yeni bir
yiyecek kaynaginin komsu kaynak konumunu kontrol
etmekte ve MABC algoritmasina iyi bir yakinsama orani
kazandirmaktadir [12].

MABC Algoritmasi Kullanilarak Onerilen Centik Filtre
Tasarim Yaklasimi

Centik filtre tasariminda parametre degerlerini
optimize eden modifiye yapay ari kolonisi (MABC)
algoritmasinin ¢alismasi sirasinda izlenen adimlar 6nem
arz etmektedir. Bu galisma sirasinda kullanilan MABC
algoritmasina ait algoritma blogu resim 2’de verilmistir.

Blok diyagramdaki, s(n) Uretilen orijinal EKG sinyalini,
x(n) 50 Hz sebeke glrultiusini, s(n) + x(n) 50 Hz sebeke
gurultusayle kirletilmis sentetik EKG sinyalini, y(n) MABC
algoritmasi ile parametreleri optimize edilen IIR Centik
Filtre tarafindan slzgecten gecirilmis ve 50 Hz sebeke
glurtltisinden arindirilmis EKG sinyalini, e(n) uretilen
orijinal EKG sinyalinden slizgegten gegirilmis EKG
sinyalinin c¢ikarilmasi sonucu elde edilen hata sinyalini
ifade etmektedir.

Bulgular

Bu calismada, sentetik EKG sinyali Uretilmesi
asamasinda faydalaniimak Gzere bir model kullanilmistir.
Kullanilan bu model, (x, y, z) koordinatlarina sahip Ug
boyutlu (3-B) durum uzayinda bir yoériinge olusturur.
EKG'nin yar periyodikligi, yoriingenin (x, y) dizlemindeki
birim yaricapin gekici bir sinir dongisu etrafindaki hareketi
ile yansitilir. Bu daire tizerindeki her devir bir RR araligina
veya kalp atigina karsihk gelir. EKG'deki vuruglar arasi
varyasyon, yoringenin z yonindeki hareketi kullanilarak
yeniden Uretilir. EKG'deki P, Q, R, S ve T gibi farkl noktalar,
z yoniinde negatif ve pozitif cekicilere/iticilere karsilik
gelen olaylarla tanimlanir. Bu olaylar Qp, Q@q, Qg, Qs ve
Q7 tarafindan verilen birim gember boyunca sabit agilarda
yerlestirilir [15]. Bu model resim 3’te gosterilmektedir.
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Optimize Edilen Katsayilar

y(n) = Filtrelenmis EKG sinyali

e(n) = Hata sinyali

Kasif Gozcii

Al b Aml v Ari

Isgi ms———

MABC Algoritmasi Asamalari

Resim 2. MABC Algoritma Blogu
Figure 2. MABC Algorithm Block

Resim 3. (x,y,z) koordinatlarina sahip 3 boyutlu durum uzayindaki EKG sinyali [15]
Figure 3. ECG signal in 3D state space with (x,y,z) coordinates [15]

Genlik (mV)

L
120

Zaman (s)

Resim 4. Orijinal EKG sinyali
Figure 4. Original ECG signal

Sentetik olarak Uretilen ve P dalgasi, QRS kompleksi, T
dalgasi ve ST segmentine sahip olan EKG sinyalinin yapisal
ozellikleri arasinda ortalamasi sifir, drnekleme frekansi 256 Hz,
ornek sayist 256, genligi -04 ile +1.2 mV degerleri
bulunmaktadir. Sentetik olarak dretilen sinyalin ve diger tim
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sinyallerin agik ve dogru bir sekilde incelenebilmesi igin,
yalnizca 115 ile 125 saniye araligindaki sinyallerin grafiksel
gosterimi kullanilmistir. Uretilen EKG sinyali, sekil 4’te
verilmistir.
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Elde edilen bu ham EKG sinyali Gzerine 50 Hz sebeke
glriltiist eklenerek girlltilli EKG sinyali elde edilir. 50 Hz
sebeke glirtltisuyle kirletilmis EKG sinyali resim 5’teki gibidir.

50 Hz sebeke giriltusiyle kirletiimis sinyali, MABC
algoritmasi ile parametreleri optimize edilen IIR Centik
Filtreden gecirdikten sonra elde edilen filtrelenmis temiz EKG

Genlik (mV)

sinyali resim 6’da gosterilmektedir.

08
06

W

06 L I I I I I I L L
115 116 17 118 119 120 121 122 123 124 125

Zaman (s)

Resim 5. Gurultult EKG sinyali (50 Hz sebeke gilirtltisi eklenmis EKG sinyali)
Figure 5. Noisy ECG signal (ECG signal with 50 Hz grid noise added)

Genlik (mV)

Genlik (mV)

I I I I I I I I I I
115 116 17 18 119 120 121 122 123 124 125

Zaman (s)

Resim 6. MABC algoritmasi ile filtrelenmis EKG sinyali
Figure 6. ECG signal filtered with MABC algorithm

I I I I I I I I I I I
115 116 17 18 119 120 121 122 123 124 125

Zaman (s)

Resim 7. Orijinal ve filtrelenmis EKG sinyali
Figure 7. Original and filtered ECG signal
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Genlik (mV)
8

05 I I I I I I I I I I
115 116 17 118 119 120 121 122 123 124 125

Zaman (s)

Resim 8. Hata sinyali
Figure 8. Error signal

Uretilen orijinal sentetik EKG sinyali ile filtrelenerek
sebeke glriltisinden arindirilan sinyal arasindaki farkin
ne kadar az oldugunu goérebilmemiz icin, Gretilen orijinal
sentetik EKG sinyali ile filtrelenmis EKG sinyali resim 7’de
Ust Uste cizdirilerek gosterilmistir.

Genlik (dB)
T

|

I I I I I I I I
0 0.1 02 03 04 05 06 07 08 09

Normalize Edilmis Frekans ( radyan / 6rnek)

X

Resim 9. Genlik cevabi (dB)
Figure 9. Magnitude response (dB)

Optimize edilen IIR Centik Filtreye ait katsayilar gizelge
1’de gosterilmektedir.

Tasarlanan [IR Centik Filtrenin katsayilarina bagh
olarak gizilmis birim gember resim 11’'de gosterilmektedir.

Elde edilen hata sinyalinin oldukga kiigtik olmasi MABC
algoritmasi tarafindan tasarlanan IIR Centik Filtre
performansinin iyi oldugunu gostermektedir. MABC
algoritmasiyla tasarlanan lIR Centik Filtresine ait genlik
cevabiresim 9'da, faz cevabi resim 10’da gosterilmektedir.

Faz (radyan)

I L I I I I I
0 01 02 03 04 05 0.6 07 08 09

Normalize Edilmis Frekans ( radyan / 5rmek)

X

Resim 10. Faz cevabi (dB)
Figure 10. Phase response (dB)

Resim 11 incelendiginde kutuplar ve sifirlar birim
¢emberin igerisinde oldugundan, tasarlanan IIR gentik
filtrenin kararliligi agikga goriilmektedir.

BO B1 B2 B3

AO Al A2 A3

-0.8271 0.0389 -0.5287 -0.4923

1.0000 0.2405 0.0605 0.5083
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Cizelge 1. Katsayi parametreleri (B, A)
Table 1. Coefficient parameters (B, A)
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Resim 11. Birim ¢ember (Kutup-Sifir)
Figure 11. Unit circle (Pole-Zero)

Birim c¢emberdeki kutup-sifirlarin, birim ¢emberin
icinde olmasi sistemin kararli oldugunu géstermektedir.

Sonug¢

Bu calismada, sentetik olarak Uretilen EKG sinyaline
daha onceki bolimlerde anlatildigl Gzere, dnce 50 Hz
sebeke giriltist eklenmistir. Ardindan bu sebeke
glrultisi modifiye yapay ari kolonisi (MABC) algoritmasi
tarafindan parametreleri optimize edilen IIR Centik Filtre
ile guraltiden arindinlmistir. Daha sonra orijinal EKG
sinyali ile filtrelenmis EKG sinyali arasindaki fark iki ayr
sekilde gosterilmistir. Calismada, 3. dereceden bir ¢entik
filtre kullanilarak 50 HZ'lik sebeke gurultiisi, EKG sinyali
lizerinden basariyla arindirilmis ve temizlenmis bir EKG
sinyali elde edilmistir. Sonraki calismalarda, EKG sinyali
Gzerindeki 50 Hz sebeke girultisiniin MABC algoritmasi
ile tasarlanan gentik filtre ile giderilmesinin yani sira, diger
girisim ve gurultilerin de giderilmesi adina bu ¢alismanin
kapsami genisletilecektir.

Tesekkiir

Calismamizi degerlendiren ve olumlu katkilariyla,
calismamizin daha iyi noktalara gelmesini saglayan
hakemlerimize tesekkir ederim.
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ABSTRACT

The rapid increase in the construction sector in recent years also has an impact on occupational accidents.
Therefore, the importance of Occupational Health and Safety (OHS) and risk assessment is gradually increasing.
With a good risk assessment, it is possible to minimize accidents and casualties.

Quality Function Deployment (QFD) method is an analysis system that determines the shaping of any product
or system from the design stage to customer requirements. The method relates the matrix system called the
“Quality House with the customer requirements and the technical specifications required to meet these
requirements. In this way, it is ensured that customer requests can be responded more effectively by
determining which technical feature is the priority.

In this study, risk analysis for a construction company was made by using L Type Matrix, Fine-Kinney and Fault
Modes and Effects Analysis (FMEA) methods and the results were compared with KFY technique. In this way,
the effect of the analysis method used for risk analysis on the risk hierarchy was investigated and at the same
time a new method was proposed by using the PFM method together with a risk analysis method and sorting
the measures to be taken according to their importance.

Keywords: Risk assessment; quality function deployment; FMEA; Fine-Kinney; L type matrix; occupational
health and safety

Kalite fonksiyon yayilimi yonteminin risk degerlendirme siireglerinde karar verme

amaciyla kullanimi

Stire¢

Gelis: 01/08/2024
Kabul: 04/09/2024

0z

insaat sektdriinde son yillardaki hizli artis is kazalarinda da etkisini géstermektedir. Bu nedenle is Saghg ve
Giivenligi (iSG) ve risk degerlendirmesinin énemi giderek artmaktadir. iyi bir risk degerlendirmesi ile yasanan
kazalarin ve buna bagli can kayiplarinin en aza indirilmesi mimkandr.

Kalite Fonksiyon Yayihmi (KFY) yontemi herhangi bir Grin ya da sitemin tasarim asamasindan baslanarak
musteri istekleri dogrultusunda sekillendirilmesini saglayan bir analiz sistemidir. Yontem “Kalite Evi” adi verilen
matris sistemi ile musteri istekleri ve bu istekleri karsilamak icin gerekli teknik 6zellikleri iliskilendirir. Bu sayede
hangi teknik 6zelligin 6ncelikli oldugu belirlenerek musteri isteklerine daha etkin bir sekilde cevap verilmesi
saglanir.

Bu galismada bir insaat firmasi igin risk analizi L Tipi Matris, Fine-Kinney ve Hata Turl ve Etkileri Analizi (HTEA)
metotlar ile yapilarak sonuglar KFY teknigi ile karsilastirlmistir. Bu sayede risk analizi igin kullanilan analiz
metodunun risk hiyerarsisine etkisi arastirilmis ve ayni zamanda KFY yontemi bir risk analiz yontemiyle birlikte
kullanilmigtir.

Anahtar Kelimeler: Risk Degerlendirme; kalite fonksiyon yayilimi; HTEA; Fine-Kinney; L tipi matris, is sagligi ve
guvenligi
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Giris

is Sagligi ve Giivenligi, Diinya Saglk Orgiiti (WHO) ve
Uluslar Arasi Galisma Orgiitii (ILO) tarafindan “Calisanlarin
bedensel, ruhsal ve sosyal yonden tam iyilik hallerinin
korunmasi ve gelistirilmesi olarak tanimlanmigtir. Turk
Standartlari  Enstitist  (TSE) tarafindan 2008 yilinda
yayinlanan TS18001 standardinda ise “Calisanlarin, gegici isci
ve yiklenici personelinin, ziyaretci ve calisma alanindaki
diger insanlarin saglik ve givenligini etkileyen veya
etkilemesi muhtemel sartlar” olarak tanimlanmistir [1].

Kisaca ISG isin yuritiilmesi sirasinda is yerindeki

tehlikelere bagli ortaya ¢ikan risklerin ortadan
kaldirilmasi veya kabul edilebilir seviyeye indirilmesi igin
yapilan  sistematik  calismalarin  timi  seklinde

tanimlanabilir. ISG’nin genel amaci calisana, calisan
yakinlarina ve isyerine gelebilecek fiziksel ve ruhsal
zararlarin azaltilmasi ve boéylece hem topluma hem de
ilke ekonomisine katki saglanmasidir [2,3].

Ulkemizde 2012 yilinda yirirlige giren 6331 sayil Is
Saghgl ve Givenligi Kanunu tim calisanlar kapsayan,
miistakil bir iISG kanunudur. Kanun is kazasi ve meslek
hastaliklarina karsi zarar ortaya ¢ikmadan 6nce Onlem
alan proaktif bir yaklasim benimsemeyerek sorunu degil
sorumluyu veya sebebi bulmayi amaglamaktadir. 6331

5. Adim
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3. Adim
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sayill iISG kanununda “calisma ortaminda bulunan
risklerin 6nlenmesi ve/veya dnlenemeyen riskleri asgari
seviyeye indirerek saghkli ve glvenli bir calisma
ortaminin  saglanmasi” wvurgusu yapilmaktadir. So6z
konusu  durum ancak risk  degerlendirmesiyle
gerceklestirilebileceginden tim isletmeler icin risk
degerlendirme galismasi zorunlu hale getirilmistir [4,5].
Risk degerlendirmesinin usul ve esaslari 19.12.2012
tarihinde yirirlige giren “is Saghgi ve Givenligi Risk
Degerlendirme Yonetmeligi” ile belirtilmistir [6].

is kazalarn ve meslek hastaliklarinin énlenmesinde risk
degerlendirmesi biyiik 6nem arz etmektedir. isin yapisina
uygun ve dogru metotlarin secildigi bir risk degerlendirmesi
tehlikeleri belirleyecek ve riskleri 6ngorebilecektir. Risk
degerlendirme sirecinde ilk olarak is yerindeki tehlikeler ve
tehlikelerden dogan riskler belirlenir ve risklerin biyakltkleri
nitel veya nicel olarak derecelendirilerek kabul edilebilir
dizeye indirmek icin gereken ilave kontrol onlemleri
belirlenir. Bu kontrol 6nlemlerinin riski istenilen seviyeye
indirip indirmedigi kontrol edilerek, risk kabul edilebilir
seviyeye gelene kadar bu isleme devam edilir. Risk
degerlendirmede bu asamalar, Deming’in (1993) [7],
Toplam kalite yénetimi icin belirttigi “PUKO Déngilisii” olarak
bilinen Planla, Uygula, Kontrol et ve Onlem al islemlerinin
iSG’ye uyarlamasidir (Sekil 1) [8,9].

1. Adim
Tehlikelerin
belirlenmesi
—
ll
4 A 2. Adim
= Tehlikelerin

degerlendiriimesi

s

> 4

Resim 1. Risk degerlendirme asamalari [7]
Figure 1. Risk assessment stages [7]
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Resim 2. Kalite evi [15]
Figure 2. House of quality [15]

Risk degerlendirme igin kullanilan birgok ydntem
bulunmaktadir. Bu yontemler kabaca nicel (kantitatif) ve
nitel (kalitatif) olarak iki ana gruba ayrilir. Nicel risk analiz
yontemlerinde, risk skoru hesaplanirken sayisal yontemlere
basvurulur. Riskin olma ihtimali, oldugunda meydana
gelecek hasarin siddeti gibi risk bilesenlerine sayisal degerler
verilir ve bu degerler matematiksel ve mantiksal metotlar ile
islem gorip risk degeri bulunur. Kalitatif risk analizi,
tanimlanan risklerin olasilik ve etkilerinin niteliksel analiz
metotlari kullanilarak degerlendirildigi bir siirectir. Genelde
risk seviyesinin belirlenmesinde kullanilir. Kalitatif risk
analizi, riski tanimlamak icin yapilan eleme calismasinda
veya kantitatif analizde ihtiya¢ duyulan miktarda sayisal veri
bulunmadiginda yapilir. L tipi matris yontemi, Fine-Kinney
yontemi, hata tirleri ve etkileri analizi, X tipi matris
yontemleri siklikla kullanilan nicel yontemler olarak
sayllabilir. On tehlike analizi, tehlike ve isletilebilirlik
yontemi, olursa ne olur yontemi, neden sonug analizi ve
hata agaci analizi ise literatiirde siklikla kullanilan nitel
yontemler arasinda sayilabilir [2,8,10-14].

Kalite Fonksiyon Yayilimi (KFY) ilk olarak 1970’li yillarin
baslarinda Japonya’da Mitsubishi'nin Kobe tersanesinde
gemilerin tasariminda kullaniimistir. Daha sonralari metot
Japonya’da otomotiv, elektronik, tarim makineleri gibi
bircok sektorde Ureticiler tarafindan kullanilmistir. Ayrica
aligveris merkezleri ve yeni apartmanlarin yerlesim
planlarinin  hazirflanmasi  gibi birgok alanda KFY’den
faydalanilmistir. Yontem 1980’lerin sonlarina dogru Amerika
Birlesik Devletleri (ABD)'de yogun olarak kullaniimaya
baslamistir. KFY mdsteri ihtiyag ve beklentilerini belirleyerek

bu ihtiyaglarin nasil karsilanacagini gosteren bir cizgisel
analiz teknigidir. KFY’'nin amaci trlin gelistirme asamasinda
msterinin talep ve beklentilerini belirleyip analiz etmek ve
bu talepleri en iyi sekilde karsilayarak bunun ilerisine
gecmektir. KFY asil olarak {iriin gelistirme, kalite yonetimi ve
mugteri istekleri analizi sireglerinde kullanilan bir yontem
olsa da daha sonralari yontem genisletilmis ve tasarim,
planlama, mihendislik, kara verme, yonetim, zamanlama ve
maliyet gibi amaglar icin de kullaniimaya baslanmustir.

KFY’nin temel dizayn araci kalite evidir (Sekil 2), kalite
evi, musteri beklentileri (NE’ler) ile bu beklentileri
karsilayacak teknik ozelliklerin (NASILlar)
iliskilendirilmesini saglayan bir matris sistemidir. Kalite
evi olusturulurken asagidaki sorulara cevap aranir [15-
17];

e  Mugsteri beklentileri nelerdir?

e Beklentilerin 6nem dereceleri ayni midir?

e Beklentileri kargilamak urtine bir katki saglar mi?

e Uriinde nasil degisiklik yapilabilir?

e Bir teknik ozelligin degisimi diger Ozellikleri nasil
etkiler?

Kalite evi olusturulurken ilk adim misteri beklentilerinin
(NE’ler) belirlenmesidir. Bunun igin yiz ylze gorisme,
anket, pazar arastirmalari gibi yontemlerle musterilerin
Grtinden beklentileri saglkl bir sekilde belirlenerek matrisin
NE'ler kismina yazilir (Sekil 2’de 1 numarali bolim). Kalite
evinin amaci musterilerin beklentilerini karsilayacak Grlini
tasarlamak ya da mevcut Urlini musterilerin istekleri
dogrultusunda gelistirmektir. Bunun igin misteri isteklerinin
teknik gereksinimlere (NASILUlar) (Sekil 2’de 3 numaral
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bolim) dénustirilmesi gerekmektedir. Bu tanimlar kalite
evinin ikinci katini olusturur [16]. iliskilendirme bélimiinde
(Sekil 2’de 4 numarali boliim), teknik gereksinimlerin, her bir
mugteri istegini nasil etkiledigi gosterilmektedir [18]. Bu
bolime yapilan galismalarin musteri isteklerini ne kadar
karsiladiginin sayisallastirmasi denilebilir [16]. NE’ler ve
NASILUlar arasindaki iliskinin derecesine bagl olarak iliski
katsayilari Amerikan sisteminde glicl(, orta ve zayif iliski igin
sirasiyla 9, 3 ve 1 olarak, Japon sisteminde ise 5, 3 ve 1
olarak kullanilmaktadir [19]. Kalite evinin c¢atisini olusturan
korelasyon matrisi teknik 6zelliklerin birbirlerine olan olumlu
veya olumsuz etkilerini géstermek icin kullanilir. Korleasyon
matrisinde gugll, orta ve zayif iligkiler igin sirasiyla 9,3 ve 1
katsayilari kullanilir [16]. Kalite evinin sag tarafinda yer alan
planlama matrisi ile firma kendisinin ve rakiplerinin misteri
isteklerini karsilama durumlarini degerlendirir [20]. Kalite evi
olusturulurken  sistemi  olusturan tim  bdlimlerin
kullanilmasi gerekmeyebilir. Hangi bolliimlerin
olusturulacagina harcanacak zaman ve para ile yapilacak
calismalar sonucu saglanacak faydalara gore karar verilir
[21].

Bu c¢alismada bir insaat is yerine ait risk
degerlendirme islemi KFY ydntemi ile yapilmistir. s
yerine ait riskler kalite evinde NE’ler, alinacak énlemler
ise NASIL'lar olarak tanimlanmigtir. Alinacak 6nlemlerin
siralamasinin belirlenmesi icin her bir 6nlemin 6nem

Cizelge 1. L Tipi matris yontemi kabul edilebilirlik degerleri
Table 1. L Type matrix method acceptability values

dereceleri belirlenmistir. Bu amagla geleneksel L tipi
matris, Fine-Kinney ve HTEA analizleri ile yapilarak elde
edilen risk skorlari KFY yénteminde situn agirligr olarak
kullaniimistir.

Materyal ve Yontem

Bu calisma kapsaminda alt yapi ve Ust yapi isleri
yapmakta olan orta olgekli bir insaat firmasinda HTEA,
Fine-Kinney ve L Tipi Matris metotlariyla risk
degerlendirme yapilmistir. Yontemlere ait olasilik, siddet,
frekans ve fark edilebilirlik parametrelerinin sayisal
degerlere dénistirilmesinde firmadaki ISG uzmaninin
deneyimlerinden faydalanilmistir. Her bir risk analizinde
elde edilen sonuglara gore riskler en yiiksek risk skoruna
sahip olandan baslayarak siralanmis ve risk gruplarina
ayrilmistir. L tipi matris, Fine-Kinney ve HTEA
yontemlerine ait risk skoru (RS) belirleme denklemleri ve
skora bagli kabul edilebilirlik degerleri sirasiyla Esitlik 1-
3’te ve Cizelge 1-3'te verilmistir [2,13,14,22-25].

RS = 0x$ (1)
RS = OxSxF (2)
RS = OxSxFE (3)

Esitliklerde O, riskin olusma olasilhigini, S, siddetini, F
frekansini ve FE, fark edilebilirligini temsil etmektedir.

Zararin Siddeti

Zararin Olasilig [1]Cok Hafif [2]Hafif [3]Orta [4]Ciddi [5]Cok Ciddi
[1]Cok Dusiik Onemsiz 1 Distik 2 Dislik 3 Disuk 4 Dislik 5
[2]Dlstik Disuk 2 Dustk 4 Dusik 6 Orta 8 Orta 10
[3]Orta Distk 3 Dislik 6 Orta 9 Orta 12 Yiiksek 15
[4]Ylksek Disuk 4 Orta 8 Orta 12 Yiksek 16 Yiiksek 20
[5]Cok Yuksek Dustk 5 Orta 10 Yiksek 15 Yiksek 20 Durdur 25
Cizelge 2. Fine Kinney yontemi kabul edilebilirlik degerleri
Table 2. Fine Kinney method acceptability values

Risk 6nem derecesi Risk skoru Eylem
Tolere Gosterilemez Risk (Durdur) 400<R Hemen gerekli tedbirler alinmali ve ¢alismaya ara verilmelidir.
Esash(Yuksek) 200<R<400 Kisa vadeli eylem plani alinmali ve iyilestirme yapilmalidir.
Onemli(Orta) 70<R<200  Dikkatli izlenmeli ve uzun siirede iyilestirme yapilmalidir.
Olasi(Dustk) 20<R<70 Eylem plani denetim ve gozetim altinda alinmahdir.
Onemsiz R< 20 Oncelikli tedbir gerekmeyebilir.

Cizelge 3. HTEA yontemi kabul edilebilirlik degerleri
Table 3. FMEEA method acceptability values

Risk onlef‘n Risk skoru Diizenleyici 6nleyici faaliyet
derecesi
Katlanilamaz ROS >400 Risk kabul edilebilir bir seviyeye diisiiriiliir. Devam eden bir is varsa durdurulur,

Riskler [durdur]

Onemli Riskler 100< ROS<
[yuksek] 400
Orta Dizeydeki 40<
Riskler [orta] ROS<100
Katlanilabilir 10<R0OS<
Riskler [disuk] 40
Onemsiz Riskler ROS< 10
[6nemsiz]
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Herhangi bir is baslatilmaz. Riskin dusurilmesi olasi degilse faaliyet engellenir.
Risk azaltilincaya kadar is baslatilmaz. Devam eden isler durdurulur. Risk i¢in
onlemler alinmali ve 6nlemler sonucu faaliyetin devamin karar verilmelidir.
Risk degerlerini diistirmek icin risk azaltma énlemleri alinir.

Mevcut kontroller stirdiiriilmeli ve kontrollerinde stirdirtldiigi denetlenmelidir. Ek
kontrol proseslerine ihtiyag duyulmayabilir.

Riskleri yok etmek amaciyla kontrol prosesleri planlamaya ve gergeklestirilecek
faaliyet kayitlarini biriktirmeye gerek yoktur.
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Toplamda belirlenen 94 riskten; HTEA metoduna 27, L
tipi matris metodunda 33 ve Fine-Kinney metodunda 27
adet risk “yiksek” ve “durdur” seviyelerinde tespit edilmis
ve kalite evi matrisinin NE'ler bolimiine bu skordaki riskler
yazilmistir. Alinmasi gereken dnlemler ise kalite evinin NASIL
bolimini olusturmustur.

Kalite evinin NASILlar bolimiinde yer alan her bir farkh
onlemin hiyerarsik olarak dizilebilmesi igin her bir siitunun
goreli 6nem derecesinin (GOD;), her bir satirdaki riskin skoru
(RS), Satir Onem Derecesi (OD,), Stitun Onem Derecesi (OD)

ve |liski Derecesi (ID) degerleri dikkate alinarak
hesaplanmasi gerekir (Esitlik 4-6).
OD, = RS;/ Y. RS;x 100 (4)
0D, = Y. ¥ OD,xiD; (5)
GOD; = 0D, Y OD.x 100 (6)
KFY  vyaklagiminda NE ve NASIUlar  matrise

yerlestirildikten sonra aralarindaki iliski dereceleri uzman
gorisii ve deneyime bagli olarak 1,3 veya 9 katsayilari ile
belirlenir. Aralarinda herhangi bir iliski bulunmayan tehlike
ve Onlemler igin herhangi bir iliskilendirme yapilmaz yani
matrisin bu boélimleri bos birakilir. Kalite evinin 1,3 ve 4.
bolimleri doldurulduktan sonra her bir satirdaki risk igin
yluzde oOnem dereceleri, ilgili satirdaki sttun agirliginin
toplam sutun agirlgina bolinmesi ile elde edilir. Herbir
sutundaki 6nlem igin 6nem derecesi, o siitundaki tiim iliski
derecesi degerlerinin karsiigindaki ylizde 6nem derecesi ile
carpilip toplanmasi sonucu elde edilir. Bitlin sttunlar igin
onem dereceleri elde edildikten sonra, situn Onem

Cizelge 4. L tipi matris yontemi risk skoru degerleri
Table 4. L type matrix method risk score values

derecesi, 6nem dereceleri toplamina bollinerek goreli 5nem
derecesi degerleri elde edilir. Goreli 6nem derecesi alinacak
tim onlemler arasinda ilgili sttundaki 6nlemin o6ncelik
degerini vermektedir. L tipi matris yontemi igin KFY
uygulamasi EK 1’de verilmistir.

Bulgular ve Tartisma

Calismada segcilen ingaat is yeri igin belirlenen 94 adet
riskten “yiiksek” ve “durdur” seviyelerinde belirlenen riskler
her bir risk degerlendirme yontemi icin ayri ayri olmak Gzere
Cizelge 4-6'da verilmistir. L tipi matris yonteminde 25
skoruna sahip 1 risk, 20 skoruna sahip 10 risk, 16 ve 15
skoruna sahip ise 1ler adet risk tespit edilmistir. Diger bir
deyisle 33 adet risk 4 farkh risk skoruna ayriimistir. Bu
durumda hangi risk i¢in hangi 6nlemin alinacagina dair net
bir bakis agisi s6z konusu degildir. Benzer sekilde Fine-
Kinney yonteminde riskler 540, 480, 450, 360, 300 ve 270
skorlarina sirasiyla 10, 2, 1, 9, 1 ve 4 adet olmak Uzere
dagilmistir. HTEA yonteminde 27 adet risk daha fazla sayida
skora dagilim gostermis (16 adet) ve risk hiyerarsisi daha net
bir sekilde ortaya ¢cikmistir.

Risk skorlarinin net bir sekilde birbirlerinden ayrilmamasi
sebebiyle alinacak onlemlerin énem derecesini belirlemek
Uzere KFY ybntemi L tipi matris, Fine-Kinney ve HTEA
yoéntemlerinden elde edilen risk listelerine uygulanmis (EK 1)
ve alinacak 6nlemlere ait GOD degerleri Cizelge 7’de
verilmistir.

Tehlike Risk O S RS

Risk Analizinin yapilmamasi ve calisanlara Risklerin tanimlanmamasi sonucu 5 5 25

anlatilmamasi 6liim,yaralanma

Gerekli is sagligi ve glvenligi egitimlerinin Bilgisizlik sebebiyle yasanacak kazalar 4 5 20

alinmamis olmasi

iscilere yapilan is ve kullanilan ekipmalarla ilgili Bilgisizlik sebebiyle yasanacak kazalar 4 5 20

bilgi verilmemesi

KKD kullanilmamasi veya uygun olmamasi Yaralanma, 6lim 5 4 20

Yiiksekten diisme Yaralanma, 6lim 5 4 20

S6kiim yapilan alanin gecislere kapatilmamasi Sokiilen parcalarin 4 5 20
calisanlarin tGzerine dismesi

Sokidmiin sistemsiz yapilmasi Kalibin hepsinin ¢dkmesi sonucu yaralanma 4 5 20

Baglantilarin uygun yapilmamasi iskelenin gékmesi 4 5 20

Sokidmin bilingsiz yapilmasi sonucu iskelenin iscilerin asagi diismesi, diger iscilerin lizerine

¢O6kmesi disme 4 5 20

Manhhollerin ¢ok dar olmasi, ergonomik iskelet ve kas sistemi rahatsizliklari

olmayan g¢alisma ortami 5 4 20

Ortamdaki dogal gaz,elektrik vb. tesisatlarin ek risk  Patlama, yangin, elektrik carpmasi 4 5 20

olusturmasi

Acil durum uyari ve ikaz isaretlerinin uygun veya Calisanlari riskleri gérememesi 4 4 16

yeterli olmayisi

El aletlerinin bakimsiz Elektrik carpmasi 4 4 16

veya yipranmis olmasi

El aletlerinin zorlanmasi Parca firlamalari 4 4 16

El aletlerinin galisir Diger calisanlarin 4 4 16

vaziyette birakilmasi

yaralanmasi
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Hareketli kisimlar Uzuv kesilmeleri 4 4 16
Manhole'lerin tzerinin agik birakilmasi Yiiksekten diisme 4 4 16
Manholelere giris Yiiksekten diisme 4 4 16
¢ikislarda merdiven kullanilmamasi
istifleme alaninin calisma alaniicerisinde secilmesi ~ Malzemelerin isgilerin Uzerine Diismesi 4 4 16
Kazi alanina uygun sev verilmemesi Kazi alaninda toprak kaymasi/¢cokmesi
4 4 16
Merdivenlerde uygun olmayan calisma Yiiksekten diisme 4 4 16
Kolon/kiris Uizerindeki is¢inin emniyet kemersiz iscinin dengesini kaybederek asagiya diismesi
olmasi 4 4 16
Ziyaretgcilerin KKD’leri kullanmadan isletme Oliim, yaralanma
icerisine girmeleri 3 5 15
Calisanlarin sahada tespit ettikleri tehlikeleri vb. Zamaninda miidahale edilememesi sonucu 6lim, 3 5 15
durumlari Gst yonetime iletecekleri kayitl bir yaralanma
sistemin olmamasi
Acil durum planinin hazirlanmamis olmasi Panik veya miidahalede gecikme, yaralanma, 3 5 15
olum
Acil durum ekiplerinin belirlenmemesi Panik veya midahalede gecikme, 3 5 15
yaralanma, 6lim
Yanginla miicadele ekipmanlarinin uygun ve Yanma, yaniklar, isyerinde maddi hasar 3 5 15
calisir vaziyette bulunmamasi
iskelenin fazla yiiklenmesi iskelenin gékmesi 3 5 15
Manholelerde biriken toz ve gazlar Solunum yetersizligi zehirlenme 3 5 15
Yanici maddelerin yakininda ¢alisma Yangin ve patlama 3 5 15
Tiplerin agikta depolanmasi Yangin ve Patlama 3 5 15
istiflenen malzemeyi tanimlayan bilgilerin Patlama ve yangin 3 5 15
olmamasi
Beton dokiimi sirasinda kalibin agilmasi Yiksekten diisme, digeriscilerin Gzerine disme, 3 5 15
malzemelerin diger iscilerin tzerine dismesi
Cizelge 5. Fine-Kinney yontemi risk skoru degerleri
Table 5. Fine-Kinney method risk score values
Tehlike Risk o S RS
Gerekliis sagligi ve glvenligi egitimlerinin Bilgisizlik sebebiyle yasanacak kazalar 6 15 540
alinmamis olmasi
iscilere yapilan is ve kullanilan ekipmalarla ilgili Bilgisizlik sebebiyle yasanacak kazalar 6 15 540
bilgi verilmemesi
Risk Analizinin yapilmamasi ve ¢alisanlara Risklerin tanimlanmamasi sonucu 6lim, 6 15 540
anlatilmamasi yaralanma
Acil durum uyari ve ikaz isaretlerinin uygun Calisanlari riskleri gérememesi 6 15 540
veya yeterli olmayisi
KKD kullanilmamasi veya uygun olmamasi Yaralanma, 6lim 6 15 540
Yiiksekten diisme Yaralanma, 6lim 6 15 540
Sokimiin sistemsiz yapilmasi Kalibin hepsinin ¢ékmesi sonucu 6 15 540
yaralanma
Manhole'lerin tizerinin acik birakilmasi Yiksekten disme 6 15 540
Manholelere giris cikislarda merdiven Yiksekten diisme 6 15 540
kullanilmamasi
Kolon/kiris Uzerindekiisginin emniyet iscinin dengesini kaybederek asagiya 6 15 540
kemersiz olmasi dismesi
Ortamdaki dogal gaz, elektrik vb. tesisatlarin Patlama, yangin, elektrik carpmasi 4 40 480
ek risk
olusturmasi
Baglantilarin uygun yapilmamasi iskelenin ¢ékmesi 6 40 480
Sokim yapilan alanin gegislere kapatilmamasi Sokilen pargalarin galisanlarin lizerine 10 15 450
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Calisanlarin sahada tespit ettikleri tehlikeleri Zamaninda midahale edilememesi sonucu 3 3 40 360
vb. durumlari st yonetime iletecekleri kayitli 6lim, yaralanma
bir sistemin
olmamasi
Acil durum planinin hazirlanmamis olmasi Panik veya mudahalede gecikme, 3 3 40 360
yaralanma, 6lim
Acil durum ekiplerinin belirlenmemesi Panik veya miidahalede gecikme, 3 3 40 360
yaralanma, 6lim
Sokidmiin bilingsiz yapilmasi sonucu iskelenin iscilerin asagi diismesi, diger iscilerin 3 3 40 360
¢O6kmesi Gzerine diisme
Manholelerde biriken toz ve gazlar Solunum yetersizligi zehirlenme 3 3 40 360
Yanici maddelerin yakininda ¢alisma Yangin ve patlama 3 3 40 360
Tiplerin agikta depolanmasi Yangin ve Patlama 3 3 40 360
Kazi alanina uygun sev verilmemesi Kazi alaninda toprak kaymasi/¢cokmesi 3 3 40 360
Beton dokiimi sirasinda kalibin agilmasi Yiiksekten diisme, digeriscilerin lizerine 3 3 40 360
disme, malzemelerin diger iscilerin
Uzerine dismesi
Manhhollerin cok dar olmasi, ergonomik iskelet ve kas sistemi rahatsizliklari 10 10 3 300
olmayan calisma ortami
El aletlerinin bakimsiz veya yipranmis olmasi Elektrik carpmasi 6 3 15 270
El aletlerinin zorlanmasi Parga firlamalari 6 3 15 270
El aletlerinin calisir vaziyette birakilmasi Diger calisanlarin yaralanmasi 6 3 15 270
istiffeme alaninin ¢alisma alani icerisinde Malzemelerin Iscilerin Uzerine Diismesi 6 3 15 270
secilmesi
Cizelge 6. HTEA yontemi risk skoru degerleri
Table 6. FMIEA method risk score values
Tehlike Risk O FE S RS
Ortamdaki dogal gaz, elektrik vb. tesisatlarin ek Patlama, yangin, elektrik carpmasi 7 8 10 560
risk
olusturmasi
Yiiksekten diisme Yaralanma, 6lim 10 7 7 490
Gerekliis sagligi ve glvenligi egitimlerinin Bilgisizlik sebebiyle yasanacak kazalar 10 6 8 480
alinmamis olmasi
Calisanlarin sahada tespit ettikleri tehlikeleri vb. Zamaninda midahale edilememesi 5 9 10 450
durumlari Gst yonetime iletecekleri kayith bir sonucu 6lim, yaralanma
sistemin olmamasi
Sokim yapilan alanin gegislere kapatilmamasi Sokilen pargalarin ¢alisanlarin tzerine 8 7 8 448
diismesi
iscilere yapilanisve kullanilan ekipmalarla ilgili Bilgisizlik sebebiyle yasanacak kazalar 10 5 8 400
bilgi verilmemesi
Risk Analizinin yapilmamasive calisanlara Risklerin tanimlanmamasi sonucu 8 5 10 400
anlatilmamasi 6lim, yaralanma
Sokimiin sistemsiz yapilmasi Kalibin hepsinin ¢ékmesi sonucu 7 7 8 392
yaralanma
Kalip malzemelerinin givilerini s6kilmemesi Calisanlarin uzuvlarina givi batmasi 10 8 4 320
Acele etme sonucu dikkatsiz davranmak Uzuv takilmasi/carpmasi ve/veya denge 10 4 7 280
kaybi sonucu yaralanma
El aletlerinin bakimsiz veya yipranmis olmasi Elektrik carpmasi 8 5 7 280
Beton dokiimi sirasinda kalibin agilmasi Yiiksekten diisme, diger iscilerin lizerine 4 7 10 280

diisme, malzemelerin diger isgilerin
Uzerine dismesi

91



Bostancioglu and Keren. / Journal of Engineering Faculty, 2(2): 85-94, 2024

Acil durum uyari ve ikaz isaretlerinin uygun veya Calisanlari riskleri gérememesi 4 8 8 256
yeterli olmayisi
Manholelerde biriken toz ve gazlar Solunum yetersizligi zehirlenme 7 4 9 252
Merdivenlerde uygunolmayan ¢alisma Yiiksekten diisme 9 4 7 252
S6kiimin bilingsiz yapilmasi sonucu iskelenin iscilerin asagi diismesi, diger iscilerin 5 5 10 250
¢okmesi Gzerine disme
Ortamin tozunun galisanlari etkilemesi Meslek hastaligi 8 5 6 240
Manhhollerin ¢ok dar olmasi, ergonomik iskelet ve kas sistemi rahatsizliklari 10 4 6 240
olmayan calisma ortami
Kolon/kiris tzerindekiiscinin emniyet kemersiz iscinin dengesini kaybederek asagiya 8 4 7 224
olmasi diismesi
Beton dokiimiinde pompa bomunun hareketi Bomun isciye carpmasi 8 4 7 224
Acil durum planinin hazirlanmamis olmasi Panik veya miidahalede gecikme, 3 8 9 216
yaralanma, 6lim
Acil durum ekiplerinin belirlenmemesi Panik veya miidahalede gecikme, 3 8 9 216
yaralanma, 6lim
Yanginla miicadele ekipmanlarinin uygun ve Yanma, yaniklar, isyerinde maddi hasar 3 8 9 216
cahsir vaziyette bulunmamasi
Kazi alanina uygun sev verilmemesi Kazi alaninda toprak kaymasi/¢cokmesi 6 4 9 216
Titresim yapan aletlerle calisma Meslek hastaligi 7 5 6 210
Manholelere giris cikislarda merdiven Yiksekten diisme 10 3 7 210
kullanilmamasi
Yanici membran Membran isitilirken alev almasi 5 6 7 210
Cizelge 7. Alinacak énlemler icin KFY ile elde edilen GOD degerleri
Table 7. GOD values obtained with QFD for the measures to be taken
HTEA Fine-Kinney L Tipi Matris
Alinacak Onlem GOD Alinacak Onlem GOD Alinacak Onlem GOD
Egitim ve bilgilendirme 13,06 Egitim ve bilgilendirme 10,10 Egitim ve bilgilendirme 12,26
Calisma talimati ve 10,61 Calisma talimati ve 9,53 Korkuluk, givelik agi vb. 12,23
sistematik ¢alisma sistematik calisma toplu koruma énlemleri
alinmal
Saha denetimi ve Ortam 8,81 Risk analizi yapilmasi 9,21 Calisma talimati ve 11,31
Olglimleri sistematik galisma
Risk analizi yapilmasi 8,14 Korkuluk, guivelik 9,06 Risk analizi yapilmasi 8,90
agivb. toplu koruma
onlemleri alinmal
Uyari ve ikaz isaretleri 7,37 KKD kullanilmasi 8,53 Uyari ve ikaz isaretleri 8,71
Calisma alaninin 7,13 Tehlikeli davranislardan 7,69 KKD kullaniimasi 8,34
sinirlanmasi ve istif alanlari kaginma
olusturma
Korkuluk, gtivelik ag 6,96 Saha denetimi ve Ortam 7,49 Calisma alaninin sinirlanmasi 7,36
vb. toplu koruma Olctimleri ve istif alanlari olusturma
onlemleri alinmal
KKD kullanilmasi 6,85 Uyari ve ikaz isaretleri 7,12 Saha denetimi ve ortam 6,85
Olctimleri
Acil durum plani 6,47 Calisma alaninin 5,97 Acil durum plani 6,54
hazirlanmasi ve Yangin sinirlanmasi ve istif hazirlanmasi ve Yangin
sondirici bulundurma alanlari olusturma sonddirici bulundurma
Periyodik kontrol ve Acil durum plani Periyodik kontrol ve
bakimlar 5,04 hazirlanmasi ve Yangin 5,20 bakimlar 4,21
sondiriict bulundurma
Merdiven veya Calisma Kazi yapilmadan 6nce Kazi yapilmadan once alt
platformu uygun kullanimi 4,57 altyapiileilgili bilgi 4,40 yapiile ilgili bilgi alinmasi 3,29
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sevli kazi yapilmasi

Tehlikeli davraniglardan 4,46 ise giris ve periyodik 3,77 Merdiven veya ¢alisma 2,93
kacinma saglk muayeneleri platformu kullanma

Kazi yapilmadan 6nce alt Merdiven veya Calisma ise baglamadan alet ve

yapi ile ilgili bilgi alinmasi 3,73 platformu uygun 3,77 ekipman kontroliu 1,95
ve sevli kazi yapiimasi kullanimi
Kayit sistemi olusturulmasi 2,80 Periyodik kontrol ve 2,46 Ergonomik ¢alisma ortami 1,83
bakimlar saglanmall
ise giris ve periyodik 1,50 ise baslamadan alet 2,25 Kayit sistemi olusturulmasi 1,37
saglk muayeneleri ve ekipman kontroli
ise baslamadan alet ve 1,35 Kayit sistemi 1,88 ise giris ve periyodik saghk 1,07
ekipman kontrolii olusturulmasi muayeneleri
Ergonomik ¢alisma ortami 1,15 Ergonomik ¢alisma 1,57 Tehlikeli davranislardan 0,85
saglanmali ortami saglanmali kaginma

Cizelge 7'de goralduga gibi KFY’'nin farkli yontemler
icin uygulanmasi sonucu ayni énlem farkli GOD skorlarina
sahip olmustur. Egitim ve Bilgilendirme o6nlemi tim
yontemler icin en yiiksek GOD degerine sahip iken diger
dnlemlerin GOD degerleri degismistir. Cizelge 7’nin daha
rahat takip edilebilmesi icin her yonteme ait 10 adet
onlem ayni renk ile gosterilmistir. Calisma talimati ve
sistematik calisma, risk analizi yapiimasi gibi 6nlemler her
ne kadar farkli GOD degerlerine sahip olsalar da 6nem
siralamalarinda ¢ok oOnemli degisiklikler olmamuistir.
Ancak periyodik kontrol ve bakimlar, tehlikeli
davranislardan kaginma gibi bazi 6nlemlerin farkh
yontemlerdeki siralamasinin  dikkate deger sekilde
degistigi gorilmektedir. Bu durum risk
degerlendirmesinde kullanilan ydntem segiminin ve
sutun agirliklarini olusturmasi sebebiyle RS degerine etki
eden parametrelere sayisal deger atamanin Gnemini
gostermektedir.

Sonuglar ve Oneriler

is kazalarinin en cok gériildiigii sektérlerden biri olan
insaat sektoriinde faaliyet gosteren orta 6lgekli bir ingaat
firmasi icin 3 farkli geleneksel risk degerlendirme
yontemi ile risk analizinin yapildigi ve alinacak 6nlemlerin

KFY yontemi ile siralandigl bu calismadan elde edilen

bulgulara gore asagidaki sonuglar ¢ikarilmistir;

e Literatirde siklikla kullanilan Fine-Kinney ve HTEA
gibi cok degiskenli metotlarda risk hiyerarsisi saglikh
bir sekilde belirlenebilirken L Tipi Matris metodunda
risk degerlendirme araligi dar oldugundan
uygulamasi daha kolay olmasina ragmen bu konuda
diger yontemlerin gerisinde kalmaktadir.

o insaat sektdérii gibi karmasik sektdrlerde bu
eksikliginden dolayi kullanilmasi tavsiye edilmeyen L
Tipi Matris yonteminin, KFY yontemi ile birlestirilerek
kullanilmasi durumunda alinacak énlemler arasinda
oncelik siralamasi daha etkili bir sekilde yapilarak
daha saglikli sonug alinabilecektir. Ayni seklide diger
yontemlerde KFY yontemiyle birlikte kullanilmasi
durumunda o6nlem alinirken risk skorunun yani sira
alinacak tedbirin 6nem derecesi de degerlendirilerek
onlemlerin 6ncelik siralari daha saglikh bir sekilde
belirlenebilmektedir.

e Dogru bir sekilde yapilan bir risk analizi, ydntem ne
olursa olsun KFY metoduna da iyi bir sekilde
aktarilirsa risk hiyerarsisi  saglikh  bir sekilde
belirlenmis olacak ve bu sayede 6nlemlerin hangi
sirayla alinacag belirlenebilecektir.

e KFY metodu risk degerlendirme metotlariyla birlikte
kullanilan  bitlnlesik  bir yontem olarak risk
degerlendirmede kullanilabilir. Yontem farkli risk
analiz teknikleriyle birlikte kullanilarak gelistirilebilir
ve farkli sektorlerde uygulanabilir.
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ABSTRACT

In geological terms, the usability of underground salt tectonic structures as storage areas began to be revealed with
studies conducted in the 1970s. In addition to the structural role of salt structures in the formation of hydrocarbons
known to cause climate change and damage to nature, such as oil and natural gas, their usability in geological storage,
one of the roles of countries in the current energy transition initiative, also reveals an irony in terms of salts and salt
tectonics. The energy transition and therefore the concept of storage, which also holds a very important place in terms
of the Sustainable Development Goals (SDGs), which the United Nations proposes to implement in all countries by 2030,
has once again revealed the importance of salt and salt tectonics. Considering that although a significant portion of the
salt tectonic structures in the world are generally observed under the sea, the salt tectonic structures, especially in the
central part of the Sivas Basin, contain the best structures observed on land, the basin in question has a high potential
for the safe storage of energy resources such as natural gas, hydrogen, carbon dioxide (CO2) in Turkey, as well as for the
storage of carbon and nuclear waste from an environmental perspective. When considered from this perspective, the
existence of an 89 m salt layer cut in a 3643 m drilling conducted by the MTA in the central part of the basin for oil
purposes in 1974 is an important data. Since it is located in the central inland part of Turkey, the geological conditions
in the Sivas Basin stand out as a strategic location suitable for military purposes as well as energy and waste storage
areas. In order to reveal the potential of oil, natural gas, mineral deposits and industrial raw materials, the basin has
been studied for a long time by foreign researchers and companies, MTA, university earth science departments and
state institutions such as State Hydraulic Works (DSI) and General Directorate of Highways (KGM). The approximately
13,000 km thick stratigraphic thickness, drilling data and seismic sections in the basin should be revealed and examined
in detail by earth scientists, especially geologists, geophysicists, environmental and mining engineers, from an integrated
perspective.

Keywords: energy transition, geological storage, Sivas Basin, sustainable development goals, salt tectonics
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Jeolojik anlamda yer altindaki tuz tektonigi (salt tectonics) yapilarinin depolama alanlari olarak kullanilabilirligi,
1970’li yillarda yapilan galismalarla ortaya konulmaya baslanmistir. Tuz yapilarinin petrol ve dogal gaz gibi iklim
degisimi ve dogaya verdigi zarari bilinen hidrokarbonlarin olusumundaki yapisal roliine ek olarak, tilkelerin glincel
enerji gecisi inisiyatifindeki rollerinden birisi olan jeolojik depolamada da kullanilabilirligi, tuzlar ve tuz tektonigi
acisindan bir ironiyi de ortaya ¢ikarmaktadir. Birlesmis Milletler'in 2030 yilina kadar tim Ulkelerde hayata
gecirilmesini 6nerdigi Stirdurilebilir Kalkinma Hedefleri (Sustainable Development Goals, SDG) agisindan da ¢ok
onemli bir yer tutan eneriji gegisi ve dolayisiyla depolama kavrami, tuz ve tuz tektoniginin dnemini bir kez daha
ortaya g¢ikarmistir. Diinya Uzerinde tuz tektonigi yapilarinin 6nemli bir bélimunin genelde deniz altinda
gozlenmesine ragmen Sivas Havzasi’nin 6zellikle orta kesimindeki tuz tektonigi yapilarinin karada gozlenen en iyi
yapilari barindirdigi dikkate alindiginda, s6z konusu havzanin Tlrkiye agisindan dogal gaz, hidrojen, karbon dioksit
(CO2) gibi enerji kaynaklarinin giivenli bir sekilde depolanmasina ek olarak cevresel agidan da karbon ve niikleer
atiklarin  depolanmasinda kullanilabilmesinde yuksek bir potansiyeli de bulunmaktadir. Bu agidan
disunildiginde, 1974 yilinda petrol amagl olarak havzanin orta kesiminde MTA tarafindan yapilan 3643 m’lik
bir sondajda kesilen 89 m’lik bir tuz katmaninin varligi nemli bir veridir. Turkiye’nin orta i¢ kesiminde bulunmasi
sebebiyle Sivas Havzasi’ndaki jeolojik kosullarin stratejik konum olarak askeri amaglar yaninda, enerji ve atik
depolama alanlari igin uygun bir konuma sahip olabilecegi 6n plana ¢ikmaktadir. Petrol, dogal gaz, maden
yataklari ve endistriyel hammadde potansiyelinin ortaya c¢ikarilmasi amaciyla ¢ok uzun siredir yabanci
arastirmacilar ve sirketler, MTA, liniversitelerin yer bilimleri béliimleri ve DSi ve Karayollari Denel Midiirliigii gibi
devlet kurumlarinca da incelenen havzadaki yaklasik 13.000 km’lik kalinliktaki stratigrafik kalinlik, sondaj verileri
ve sismik kesitlerin timUntin ortaya cikarilmasi ve bitiinlesik bir bakis agisiyla basta jeologlar, jeofizikgiler, cevre
ve maden muhendisleri olmak tzere yer bilimciler tarafindan ayrintili bir sekilde incelenmelidir.

Anahtar Kelimeler: enerji gegisi, jeolojik depolama, Sivas Havzasi, surdurilebilir kalkinma hedefleri, tuz tektonigi
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Giris

Gunimuzde enerji kullaniminin biiyk bir bdlimu fosil
yakitlarindan karsilanmakta olup s6z konusu yakitlarin
kullaniminin azaltilarak yenilenebilir enerji kaynaklarinin
kullaniminin artiriimasi enerji gegisi olarak
adlandinimaktadir. S6z konusu gecis yenilenebilir enerji
gecisi olarak da nitelendirilebilir. Bu gecis, mimkin
oldugunca disik karbonlu ve elektrik kullanilarak sera
gazi emisyonlarini hizli ve sirdirilebilir bir sekilde
azaltmayi amaglamaktadir.

Birlesmis Milletler (BM), gezegenimiz igin kiiresel bir eylem
¢agrisi olarak Surdurilebilir Kalkinma Hedefleri’ni (Sustainable
Development Goals-SDG) 2015 yilinda kabul etmistir. Bu
eylem c¢agnisi 2030 yilina kadar strddrdlebilir kalkinmayi
saglamak icin bir yol haritasi olarak kabul edilmekte olup 17
kiresel capli hedeften olusmaktadir (Resim 1). Bunlar;
yoksulluga son, acliga son, saglikli bireyler, nitelikli egitim,

SAGLIKLI
BIREYLER

e

1 YOKSULLUGA
SON

INSANA YAKISIR IS

VEEKONOMiK BOYOME VEALTYAPI

KARASAL

SUDAKI 1
YASAM

1 lEISI’Ii.I?MI 1 YASAM

toplumsal cinsiyet esitligi, temiz su ve sihhi kosullar, erisilebilir
ve temiz enerji, insana yakisir is ve ekonomik bliyiime, sanayi-
yenilikgilik ve altyapi, esitsizliklerin azaltilmasi, strdirilebilir
sehir ve yasam alanlari, sorumlu tiiketim ve Uretim, iklim
eylemi, sudaki yasam, karasal yasam, baris-adalet-gliclii
kurumlar ve hedefler icin ortakliklardir (Resim 1).

Jeoloji dahil jeofizik, gevre, maden, cografya, atmosfer,
deniz bilimleri dahil olmak tzere tum yer bilim dallarinin,
SDG igindeki yeri ve katkisi ayrintili bir sekilde Resim 2’'de
gorilmektedir. Resim 2 incelendiginde jeolojik
depolamanin da bunlar igerisinde yer aldigi acikga gorilir.
Timinln birbiriyle ve s6z konusu hedeflerle etkilesimine
bakildiginda, kiresel anlamda hedeflere ulasmak igin
yapilmasi gereken ¢ok is oldugu ve bunlarin timinin
yonetiminin BM basta olmak Uzere llkeler arasinda basli
basina bir es zamanlama ve c¢aba gerektirdigi
gorilmektedir.
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Resim 1. Strdurulebilir kalkinma hedefleri (https://turkiye.un.org/tr/sdgs)
Figure 1. Sustainable development goals (https://turkiye.un.orqg/tr/sdgs)
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Resim.2: Yerbilimlerinin stirduralebilir kalkinma hedefleri icerisindeki nemi
(https://www.geolsoc.org.uk/~/media/shared/documents/education%20and%20careers/Resources/Posters/Geosc

ience%20for%20the%20Future%20poster.pdf?la=en)

Figure 2. The importance of geosciences in sustainable development goals
(https.//www.geolsoc.org.uk/~/media/shared/documents/education%20and%20careers/Resources/Posters/Geosci

ence%20for%20the%20Future%20poster.pdf?la=en)

Depolama, tarih boyunca insanligin 6nemli ihtiyaglarindan
birisi olmustur. Gilinimizde ise bu ihtiya¢c toplumsal,
bilimsel ve teknolojik gelismelerle daha da artmaktadir.
Gida, enerji ve atiklar gibi bircok maddenin depolanmasi
icin uygun kosul ve alanlarin belirlenmesi gerekmektedir.
Bircok depolama yéntemi bulunmakta olup, 6zellikle enerji
gecisi slrecinde, jeolojik depolama da bu oOnemli
yontemlerden biridir. Jeolojik depolama alanlari, petrol-
dogal gaz, hidrojen, karbon dioksit (CO>), atik, mihimmat
vb. drinlerin  depolanmasini mimkin kilar. Jeolojik
depolamaya olan ilgi giderek artmakta olup fosil yakitlardan
baslayarak hidrojen gibi daha temiz yakitlara gegiste
depolama alanlarina olan ihtiyag¢ da giderek artacaktir. Bu
dogrultuda SDG “Sorumlu Tiiketim ve Uretim” hedefi, dogal
kaynaklarin kullaniminin diizenlenmesi ve etkin bir atik
yonetiminin olusturulmasi baglaminda 6nemlidir. Atik
Uretiminin azaltilmasi yoluyla dogaya verilen zarari
yonetmek bu hedef kapsamindadir. Jeolojik depolama
alanlarinda atik depolama da bu hedefle dogrudan ilgilidir.
Diger 6nemli konu baslig ise iklim eylemi hedefi olup,
kiiresel bir kriz olan iklim degisikligi ile mucadele igin
Tirkiye’nin de acilen harekete ge¢mesi gerekliligi ortaya
ctkmaktadir. Bu amagla, iklim degisikligi icin gerekli

onlemler alinarak dlkeler ulusal politika ve stratejilerini
diizenlemelidir.  iklim  odakli riskleri  ydnetebilme
kapasitesinin tiim Glkelerde gelistirilmesi, etkili bir iklim krizi
yonetimi icin gerekli gdrilmektedir. Ote yandan karbon
salinimi her gecen gin giderek artmaktadir. Jeolojik
depolama alanlarinda gergeklestirilebilecek olan karbon
dioksit depolanmasi ile karbon artisinin 6niine gegilebilecek
ve jeolojik depolama alanlari iklim eylemi hedefine de
dogrudan katki saglayacaktir. GlUnimizde savunma
sanayinin 6nemli unsurlarindan birisi de depolamadir.
Mihimmat, hammadde, gida gibi drinlerin uygun
kosullarda depolanmasi 6nemli unsurlardandir. Tuz
tektonigi icinde tanmimlanan bosluklarin  kesfi ile
gerceklestirilecek alanlar savunma anlaminda dogal
depolama alanlari olarak karsimiza g¢ikmaktadir. Bu
alanlarin kesfi ile ok daha uygun maliyetlerle depolama
alanlari elde edilebilecektir.

Sivas Havzasi ve Jeolojik Ozellikleri

Tirkiye anakarasi; jeolojik acgidan kabaca kuzeyde
Karadeniz Daglar’'na karsilik gelen ve Pontidler olarak
bilinen Avrasya’nin giliney parcasi ve glneyde ise Afrika
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kitasina ait Toridler adi verilen ve Toros Daglari olarak da
bilinen karbonat-kirectasi kaya kiitlelerinden olusur (Resim
3.A). Bolgesel jeolojik anlamda distndldiginde Anatolid-
Torid Blogu Turkiye'nin glineyinin buylk bir kismini
olusturur ve Pontid kitasal pargalarinin aksine, Arap
Platformuna ve dolayisiyla Gondwana'ya benzer bir
Paleozoyik stratigrafi gosterir. Ge¢ Kretase-Paleosen'deki
Uzerleme (obdikstiyon), dalma ve kitasal ¢arpisma olaylari

Resim.3.A Anadolu’nun tektonik taslak haritasi [2]'den degistirilmistir. Sivas Havzasi’nin konumu, Sivas Havzasi

Kuzey

sirasinda Anatolid-Torid Blogu taban konumundadir ve bu
nedenle Pontid zonunda goézlenenlerden ¢ok daha gigli
Alpid deformasyonuna ve bolgesel metamorfizmaya maruz
kalmistir. Senoniyen sirasinda, Anatolid-Torid Blogu lizerine
devasa bir ofiyolit kutlesi ve yigilma kompleksi yerlesmistir
[1,2]. Sivas Havzasi, Anatolid-Torid Blogunun i¢ Torid
Okyanusu ile olan sinirinda ve Kirsehir Masifi Gzerinde yer
alir (Resim 3.A).
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nin ana yapisal alanlari ve degistirilip tamamlanmis enine jeolojik kesiti [3]’den degistirilmistir [4]
Figure 3.A. Tectonic sketch map of the Anatolian domain (modified 3), and location of the Sivas Basin. 3.B. Cross-
section of the Sivas Basin which presents the main structural domains, modified and completed from [3], [4].

Degisik metamorfik, yapisal ve stratigrafik ozellikler
gosterse de tim bu zonlarda ortak olan ve Anatolid-Torid
Blogu'nu tek bir tektonik varlik olarak ayiran baz
stratigrafik unsurlar vardir. Bunlar, Prekambriyen kristalli
bir temel, silisli klastik kayalarin hakim oldugu
Kambriyen'den Devoniyen’e kadar slreksiz bir istif, ara
katkili kirectasi, seyl ve kuvarsitten olusan Permo-
Karbonifer dizisi ve kalin bir Ust Triyas-Ust Kretase
karbonat seviyesidir. Ote yandan Sakarya Zonu’nun
karakteristik 6zellikleri olan Hersiniyen deformasyon veya
metamorfizma ve Triyas dalma-batma-yigisma birimleri
Anatolid-Torid  Blogunda gériilmemektedir.  izotop
yaslarina gore baslica Kretase yash metamorfik ve granitik
kayaclardan olusan Kirsehir Masifi, tartismali i¢ Torid
Keneti [1] boyunca Anatolid-Torid ile dokanak halindedir.
Kirsehir Masifi'ndeki yuksek sicaklik-disuk basing ve
granitik magmatizma karakterli bolgesel
metamorfizmanin olasi nedeni Kretase ortalarinda i¢ Torid
Okyanusu’nun  Kirsehir Masifi altina kuzeye dogru
dalmasidir [2, 3].

Sivas il sinirlarinin 6nemli bir kismi genel olarak jeolojik
acidan yer kabugunda c¢okellerle doldurulmus cukurluk
alanlar da olarak bilinen “havza” kavrami icinde tanimlanir
[4,5]. Havza, doguda imranli ilcesinden baslayip,
glineybatida Gemerek ilgesine kadar olan bir bolgede
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yaklasik 200-250 km uzunluga ve 50 km genislige sahiptir
(Resim 3.A). Sivas Havzasl; gilineyde bir ofiyolitik temel
lizerinde Maestrihtiyen-Eosen tortullarini iceren kuzeye
egimli bir kivrim ve bindirme kusagi; onun kuzeyinde ise
“tuz tektonigi” tarafindan sekillendirilmis ve mini
havzalarin yer aldigi Oligo-Miyosen yash bir tuz ve
bindirme kusagi ve en son olarak da en kuzeyde Kirsehir
baskalasim kayalarinin Gzerinde gelismis yaklasik 2.5-5.3
milyon yil 6ncesi déneme ait Pliyosen yash bir cokel
alanindan olusan Kiziirmak o6n (lke (foreland)
havzasindan olusur. (Resim 3.B). Havza icinde, tortullar
yanal kalinlik degisimleri ve muhtesem acil uyumsuzluklar
gostermektedir.  Gozlenen bu  geometriler, tuz
tektoniginden fazla etkilenmis petrol havzalarindan
(Meksika Korfezi, Hazar oncesi havza, Angola kenari)
alinan sismik verilerle benzerlikler gostermektedir.
Havzaya ait stratigrafik kesit ve dolayisiyla tuz depolama
alanlarinin genel kaya birimi olarak nitelendirilebilecek
tuzlari da iceren ve genel olarak evaporitik kayaglari temsil
eden Ust Eosen-Oligosen yash Tuzhisar Formasyonu’nun
bulundugu seviyeler Resim 4’de goérilmektedir. Sivas
Havzasi Erken Tersiyer'de sekillenmeye baslayan bir
havzadir. Gliney ve kuzeyde yer alan temel kayaclari
birbirinden farkli litolojik ve yapisal 6zelliklere sahiptir.
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Resim.4. Sivas HavzasI’'nin orta kesiminin stratigrafik kesiti ve jeolojik depolamaya uygun olan ve tuzlari temsil
eden Ust Eosen-Oligosen yasli Tuzhisar Formasyonu’nun yeri [4]
Figure 4. Stratigraphic section of the central part of the Sivas Basin and the location of the Upper Eocene-Oligocene
Tuzhisar Formation, which is suitable for geological storage and represents salts [4].

Tuz ve Tuz Tektonigi

Tuzlarin da iginde yer aldig evaporitler; sedimanter
kayaclarin  kimyasallar grubu icerisinde karbonath
kayalardan sonra en yaygin olanlaridir. Genellikle deniz
veya gol suyunun buharlasmasiyla olusurlar ve kurak iklim
kusaklarinda yaygindirlar. Cogu zaman buharlagsma
(evaporasyon) kimyasal cokelimleri tetikleyen
mekanizmadir. Genellikle bu sekilde ¢okelen mineraller
yemek tuzu olarak da bilinen kaya tuzunun ana bileseni olan
tuz (halit, NaCl, sodyum klorid) ve kaya olarak sulu kalsiyum
sulfat olarak da bilinen jipstir (algitasi, CaS04.2H,0). Bazi
evaporit mineralleri denizel, bazilari karasal ve bazilari da
hem karasal hem de denizel ortamlarda olusurlar.
Evaporitik bir ortamda sicaklik artip buharlagsma baslangici
olan evaporasyonda baslica (i¢ ¢cokelim evresi vardir. Bunlar
sirastyla; 1) Karbonat ¢okelim fazi, 2) Silfat ¢okelim fazi ve
3) Klorir ¢okelim fazidir. Bu nedenle, evaporitik kayaglar
baslica silfat ve kloriir grubu olarak ikiye ayrilirlar.
Bunlardan siilfatlar (S04%*) grubuna érnek olarak; anhidrit
(CaS0y), jips (CaS04.2H,0), solestin (SrSO,) ve barit (BaSO4)
verilebilir. Kloriir (Cl)grubuna ise halit yani tuz (NaCl) ve
silvin (KCl) 6rnek verilebilir.

Tuzlarda yan kayaya gore disiik yogunlugundan dolayi
yikselme egilimi gdsteren ve plastik davranis gosterebilen
jips, anhidrit, halit gibi evaporitik mineraller so6z
konusudur. Tuz kiitleleri degisik miktarda evaporitik
malzemeyi de icerebilir (anhidrit ya da hidrat formundaki
jips). Bazi durumlarda evaporitik olmayan kayaglar da tuz
icerebilir [6].

Halk dilinde vuruldugunda g¢abuk pargalanan, yumusak
tas veya algitasi anlaminda kullanilan pur (jips, anhidrit)
terimi  havzadaki yaygin evaporitik kayaglar igin
kullanilmakta olup Sivas ilindeki tarim ve su potansiyelini
olumsuz yonde etkileyen bir ¢okel kayactir ve halokinetik
ozelligiyle tuzu niteler. Jips al¢ginin ana hammaddesi olup,
duvar kaplamasi ve siva igin insaat endistrisinde siklikla
kullantlir. Evaporitlerden olan ve o6zdirenci ylksek ve
mekanik direnci distk olan jipsler, icerdikleri stronsiyum
minerali yardimiyla bulunduklari ortam ve olustuklari
jeolojik zamanin bulunmasina da yardimci olur. S6z konusu
birimlerden elde edilen kaya tuzu, halen Sivas il merkezine
yakin Bingél koylyle, Zara, imranli ve Hafik civarindaki
ocaklardan c¢ikarilmaktadir. Sivas Havzasi'nin  genel
stratigrafik kesitine bakildiginda tuz iceren bu evaporitik
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seviyelerin Ust Eosen-Oligosen  yash  Tuzhisar
Formasyonu’nun icinde yer aldig1 gérilmektedir [4].

Tuzun yemeklerde ve besinlerin baharatlanmasinda
kullanildigi herkes tarafindan bilinir. Tuz genellikle dogada
tuz gollerinden, denizel tuzlalardan ve gomili kaya tuzu
magaralarindan edilir [7]. Ayrica, kaya tuzunun yollardaki
buzun ¢éziinmesinden hidroklorik asit elde etmeye kadar
¢ok sayida kullanim alani da vardir. Tuzlar genellikle
sedimanter havzalarin en yaygin bilesenlerinden birisidir.
Mekanik olarak zayif olan tuzun yogunlugu duasik ve
gecirgenligi azdir (2.160 g/cm?) ve yiksek isil iletkenlige
sahiptir. Neredeyse sikistirilamaz yapida ve gegirimsiz olup
akiskan yapidadir ve sivi gibi davranir. Genis alanlarda
deformasyona neden olur. Yapisal olarak da sivi kapanlari
olusturur. Tuzlarin yaslarinin iran Zagros Daglari’nda 500-
800 milyon yil Meksika Korfezi'nde ise 175 milyon yil oldugu
saptanmigtir. Tuz ¢ogunlukla rift havzalarinda, vyar
grabenlerde, dismis bloklarda ve pasif kita kenarlari
boyunca olusur. Akdeniz’de ge¢cmis jeolojik donemlerden
Messiniyen’de  oldugu  gibi  deniz  seviyesindeki
degisikliklerle ilgili olarak evaporasyonla da olusabilir.
Kendilerine 6zgl reoloji (akis 6zelligi) sunan tuzlar jeolojik
zaman olarak ornegin ay gibi kisa zaman o6lceginde bile
plastik olarak akar ve viskoz olarak da deforme olur. Basing
altinda su gibi davranan tuzlarda deformasyon tuzun

Tuz
semsiyesi Tuz. :
T 5 duvarn ™ uz
: “antiklinali __TuZ

makarasi

= = ; :

Tuz

yastiklar

kendisi tarafindan siirdirilemez. Tuz 6ncelikle pasif olarak
yer c¢ekimi gibi dis kuvvetlerden, sedimantasyon ve
erozyonla da dogrudan iliskili durumlardan etkilenir. Tuzun
yogunlugu derinlige bagli olarak basingla birlikte degisir.

Sivas Havzas’'nin orta kesiminde yer alan ve petrol
belirteci olabilecegi disuinllerek Celalli Antiklinali’'nde 1974
yilinda yapilan 3643 m’lik sondajda 2111-2200 m’ler
arasinda, 89 m’lik bir tuz tabakasi (Tuzhisar formasyonu)
kesilmistir (Resim 4) [7]. Sivas Havzasi’'ndaki tuz yapilari ise
Ust Eosen-Oligosen yash olup yaklasik olarak 35 milyon yash
oldugu 6ngoérulmektedir[5].

Tuz tektonigi kavrami; bolgede tuzun akisi etkisiyle
gelisen deformasyon ve buna bagh olarak gelisen yapilar
bitlnidir. Tuz tektonigi sonucu olusan yapilar Resim 5’te
gorulmektedir. Bolgede gelisen karmasik yapilarin tipi,
geometrileri, konumlari géz 6niinde bulundurularak ifade
edilir. Tuz tektonigi yapilari depolama alanlari olarak
oldukga verimli kullanilabilen depolama alanlandir. Tuz
tektonigi alanlari askeri techizat, dogal gaz, petrol, hidrojen,
karbon dioksit ve atikk depolama alanlar olarak
kullanilmaktadir. Tuz tektonigi petrol ve dogalgaz
endistrisinde onemli yere sahiptir ve ayrica bu yapilar
karbon dioksit, atik depolama alanlariicin de uygun kosullar
saglamaktadir.
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A = “Damia
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Resim.5. Genel tuz tektonigi yapilari [7]
Figure 5. General structures of salt tectonics [7]

Kendilerine has sekilleriyle tuz domlar (tuz iceren
kubbeler) son zamanlarda jeologlarin dikkatlerini lizerlerinde
toplamistir. Jeologlar, bu domlardaki yariklar ve ¢okiintilerin
dinyanin  cesitli  bolgelerinde ayni  tipte  olduklarini
kaydetmislerdir. Ote vyandan tuzlar radyoaktif atiklarin
depolanmasinda da kullanilabilir. Tuzlardaki kabarmanin
yarattigi distk basinca birlikte 6rti yiiki icerisinde tuz akisina
bagli olarak tuz antiklinalleri bu yolla olusur ve antiformal
kapanlar meydana getirerek istifin kivrimlanmasina da sebep
olur. Sivas Havzas'nda oldugu gibi tuz tabakasini lizerleyen
sedimanter seriler bolgesel bir sikismanin etkisiyle (tektonik ya
da gravitasyonel) ve tuzun etkisiyle kabarmaya baslar. Sivas
Havzasi’'na ek olarak tuz tektonigi ve sikistirmal tektonik
rejimdeki 6nemli bélgelere iran ve Meksika’dan La Popa
bolgesi 6rnek verilebilir.

Bolgesel sikismaya bagl olarak gelisen kabarma ve ters
faylanma, tuz diyapirlesmesinin  baslayabilmesinin  bir
yoluyken, sikistirmanin egemen oldugu bolgelerde bulunan
cogu bulyuk olcekteki diyapirlerin bir kismi agllma/uzama
rejimlerinin egemen oldugu bolgelerde de olusarak, sikismanin
etkisiyle glcli bir sekilde geliserek son halini alir. Bunun
100

sonucunda, Sivas Havzasi’'nin orta kesiminde farkli boyut ve
tiirde tuz tektonigi yapilari siklikla gorilmektedir. Bunlara
ornek olarak Resim 6.A ve 6.B 6rnek verilebilir [8]). Kinntililarla
evaporitik birimlerin dokanaginda goézlenen tuz duvarlari
Resim 6.A’ daki gibi Emirhan mini havzasinda tuz duvari (salt
wall), kanca (hook) ve percin (weld) olarak adlanan tuz
tektonigi yapilarini olusturur.

Sismik yansima kesitlerinden Sivas Havzas’nin orta
kesimindeki yeralti tuz yapilarinin ortaya ¢ikarilmasinda onemli
veriler saglanmistir (Resim 7). En Ustteki sismik yansima kesiti
yaklasik 25 km'lik bir uzakliga sahip ve kuzey-giiney yonlii olup,
arastirma derinligi ise yaklasik 40 km'’dir. Bu sismik yansima kesit
Transatlantik Petrol Sirketi tarafindan Sivas Havzas'nda petrol
amaglh olarak elde edilmistir (Kergaravat, 2016). Resim 7’de
aslinda havzanin orta kesiminden kuzey-giiney yoniinde alinmis
bir sismik kesitle ondan ¢ikarilan enine jeolojik kesit
gorilmektedir. Buna gore en alttaki jeolojik kesitte,
depolamanin  yapilabilecegi tuz formasyonlarinin  farkh
seviyelerde kendisiyle ve diger jeolojik birimlerle iliskisi ve
bolgedeki mini havzalarin konumu gorilmektedir. Ayrica bu tir
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kesitlerden tuz yapilarinin tirine dair sonuglar da ortaya
cikarilabilmektedir (Resim 7).

Benzer sekilde, depolama yeri belirleme igin
kullanilabilecek diger bir yontem ise jeolojik yontemlerde
ara¢ olarak kullanilan ve siklikla tercih edilen 6nemli
yontemlerden biri olan uydu gérintilerine uygulanan sayisal
gorintl  isleme yontemleridir. Bu yontemle uydu
goruntllerinden tuz ve evaporitik birimler orta
¢ikarilabilmektedir. Resim 8, gorlntl isleme ¢alismalari

sonucunda ASTER 631 (RGB) goriintli kombinasyonundan
elde edilmis olup kizilétesi ve gorlnir bantlarin birlikteligini
temsil etmektedir [9]. Bu analizde Sivas Havzas’'nin orta-
kuzey kesimlerindeki kaya tirlerini olusturan diger jeolojik
birimlerden depolamada etkin olarak kullanilabilen tuzlari ve
evaporitleri ifade eden birimler turkuaz mavi renkle ortaya
cikarilmistir (Resim 8).

Resim. 6.A.ve B: Sivas Havzasi icindeki Emirhan mini havzasinda tuz ve detritik birimlerin dokanaklarindaki tuz
duvari, kanca (a) ve pergin (weld) yapilari [8]
Figure. 6.A.and B: Salt wall, hook (a) and weld structures at the contacts of salt and detrital units in the Emirhan
mini basin within the Sivas Basin [8]
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Resim. 7. Sivas Havzasi’nin orta kesiminde jeolojik depolama yapilabilecek Ust Eosen-Oligosen yasli Tuzhisar formasyonunun
bulundugu seviyeler ve tuz tektonigi yapilariyla birincil, ikincil mini havzalarin genel gorinimd [8].
Figure 7. General view of the primary and secondary mini basins with salt tectonic structures and levels of the Upper
Eocene-Oligocene aged Tuzhisar formation, which can be used for geological storage in the central part of the Sivas
Basin [8]
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Resim. 8. ASTER 631 (RGB) kombinasyonu Sivas Havzasi’'nin orta kesiminde yiizeyleyen ve turkuvaz renginde gozlenen
evaporitik kayaclar ve tuzlarin gérinimi [8]
Figure 8. The appearance of evaporitic rocks and salts exposed in the central part of the Sivas Basin and observed in
turquoise color by the ASTER 631(RGB) combination [8]

JEOLOJIK DEPOLAMA UYGULAMALARI
1. Tiikenmig petrol ve gaz rezervleri
2. Geligtirilmig petrol ve gaz co2
3. Derin tuz formasyonlan a} knada b) agikta
4. Geligtirilmig komdr yataklari metan kurtaniminda C02
kullanimi

—— (llanlan pefrol veya gaz

02 enjeksiyoru

A C02 depolamas

Resim 9: Yer altinda jeolojik depolama olanaklari [10]
Figure 9: Underground geologic storage possibilities [10]

Jeolojik depolama

Karbon dioksit basta olmak Uzere jeolojik depolama,
sedimanter (tortul) havzalarda basta olmak Uzere jeolojik
ortamlar igerisinde yapilabilmektedir (Resim 9). Bu havzalar
icerisinde petrol sahalari, tikenmis gaz sahalari, derin komur
yataklari ve tuz formasyonlari 6nemli depolama alanlaridir.
Jeolojik depolama karada ve denizde uygulanabilir; enerji
depolama maksath olarak petrol, dogal gaz, hidrojen
depolanabilir. Cevre kirliligini azaltmak ve karbon salinimini
azaltma adina atik ve karbon dioksit depolama (Carbon
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Capture Usage and Storage, CCUS) gerceklestirilebilir.
Savunma sanayinde ise savas araglarinin ve patlayici
maddelerin giivenliginin saglanmasi énemli bir gerekliliktir.
Jeolojik  depolama  alanlann  askeri amagh  da
kullanilabilmektedir.

Jeolojik depolama alan ihtiyaci s6z konusu hedeflerden
“Sitrdarulebilir Kentler ve Yasam Alanlar”, “Sorumlu Tiketim
ve Uretim” ve “iklim Eylemi” ile oldukca ilgilidir. Bu
hedeflerden ilkiyle kentlerin daha surdirilebilir bir yapiya
sahip olmasi hedeflenmekte herkesin uygun fiyath konutlara
ve temel hizmetlere eristigi kapsayici ve glivenli sirdirilebilir
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kentlerin insa edilmesi amaclanmaktadir. Sehirlerdeki nifus
artisi enerji artisini da dogurmaktadir. Enerji talebindeki bu
artis enerjinin depolanmasi ihtiyacinda artisa neden
olmustur. Jeolojik depolama alanlari stirdiirtlebilir kentler ve
topluluklar hedefine katki saglayacaktir. Sdrddralebilir
kalkinma hedeflerinden erisilebilir temiz eneriji ile ilgili olarak
herkes icin uygun fiyath, gtivenilir, strdirdlebilir ve modern
enerjiye erisimin garanti altina alinmasi 6nemli bir faktérddr.

Yer kabugunda jeolojik depolama, karada ve denizde
uygulanabilir. Derin-deniz sedimanter havzalari, denizdeki
muhtemel depolama sahalaridir. Terk edilmis dogalgaz,
petrol ve maden sahalar, tuz formasyonlari baslica
depolama yapilabilecek alanlar olarak gorilmektedir
(Resim 9). Ulkemizde BOTAS (Boru Hatlari ile Petrol Tagima
Anonim Sirketi) tarafindan Tuz Géliintin altinda yaklasik 1500
m derinlikte dogal gaz depolama tesisi yapiimis olup halen
kullanilmaktadir.

Petrol, dogal gaz ve maden sahalarinin jeolojik yapisi
ve fiziksel ozellikleri, kapsamh bir sekilde calisiimis ve
tanimlanmistir. ilgili sahalarin alt yapilarinin tamamlanmis
olmasi ise depolama alani olusturmak icin gerekebilecek
maliyeti de disurecektir. Tuz yataklari gerek kullanilabilir
endistriyel hammaddelerin ve stratejik 6nem tasiyan
enerji hammaddelerinin, tehlikeli gaz ve atiklarin
depolanmasi igin en uygun yapiya sahiptir [10;11;12]. Tuz
yataklarinin gegirimsiz olmasi, depolanan maddelerle
reaksiyona girmemesi, yeterli kalinliga sahip olmalari ve
diusik maliyetlerle elde edilebilmesinden 6tiirii oldukca
verimli depolama alanlari olarak gdéziimiize carpmaktadir.

Genellikle savas endustrisinde ileri bir teknolojiye
sahip Ulkelerde savas araclarinin ve patlayici maddelerin
Uretimi icin gerekli ham maddenin saglanmasi ve bunun
glvenligi, diinyada bilinen maden yataklarinin da sinirliligi
nedeniyle bazi sorunlar yaratmaktadir. Gliniim{zde darhgi
duyulan bircok petro-kimyasal, metalirjik ve endistriyel
ham maddenin savas aninda saglanmasi ve vylksek
diizeyde islenmesinin bliylik zorluklar doguracagi agiktir.
Gerekli muihimmatin depolanmasi glivenliginin
saglanmasi blyik 6nem arz etmektedir. Tuz bosluklarinda
depolanan driunlerin  reaksiyona girmemesi, genis
depolama alanlari sunabilmesi ve maliyetin disiik olmasi
sebebiyle tuz bosluklarinda depolama imkanlarinin
gelistirilmesi askeri amach kullanimi artirabilecektir.

Diinyanin birgcok bdlgesinde gaz depolari dahil olmak
Uzere vyogun dogal gaz boru hatti sebekeleri
bulunmaktadir. Depolama hacimlerinin sirasina gore,
jeolojik yer alti olusumlarindaki bu gaz depolari neredeyse
tamamen tiikenmis gaz alanlarinda, akifer olusumlarinda
veya vyapay olarak insa edilmis tuz magaralarinda
bulunmaktadir. Cok nadir durumlarda ise kullaniimis
petrol sahalarinda, terkedilmis madenlerde veya kaya
magaralarinda da depolar insa edilmektedir. Kaya
magaralari, gaz depolari olusturma amaciyla madencilik
teknikleri kullanilarak kasten kazilan yer alti galismalari
olarak tanimlanmaktadir.

Madencilikten arta kalan veya 6zel olarak insa edilmis
tuz magaralar, ylksek enjeksiyon ve c¢ekme oranlari
saglayan depolama alanlari olarak kullanilir. Bu 6zel olarak
insa edilmis magaralar 100 ila 200 m genisliginde ve 600

ila 1.000 m vyuksekligindedir. Tuz magaralarinda hafif
hidrokarbonlar depolanabilir.

Tuz magaralari ayrica diaslik seviyeli hastane
atiklarindan nikleer reaktor yakiti ve kullaniimis yakit
gubuklarinin yeniden islenmesinden kaynaklanan yiksek
seviyeli atiklara kadar radyoaktif atiklarin jeolojik depolari
olarak kapsamli bir sekilde incelenmistir ve bunlarin yiz
binlerce yil boyunca da izole edilmesi gerekir. Ornegin
¢ogunlukla plitonyumla kirlenmis olan atiklar, New
Mexico'daki Chihuahua Céli'ndeki Atik izolasyon Pilot
Tesisi'nde yatakh tuzda depolanir. Almanya'daki Gorleben
ve Asse diyapirlerindeki diger pilot tesisler, disiik seviyeli
ve orta seviyeli nikleer atiklari gegici olarak depolarken,
yuksek seviyeli nikleer atiklari kalici olarak depolamak igin
tartismali durumlar da vardir. Tuz magaralari, ultra yliksek
enerjili nétrino sagilmasi ve karanlik madde etkilesimleri
(6rnegin, Saltdome Shower Array) gibi son derece nadir
nikleer reaksiyonlari incelemek amaciyla tuzun
istenmeyen parcaciklan filtreledigi gézlemevleri icin de
disuntlmistar [13].

Yer alti gaz depolamasi, Uretim ve aktarimda
aksamalar olmasi durumunda arz giivenligi sagladigindan
stratejik olarak 6nemli bir yere sahiptir. Dogal gaz satis
fiyatindaki degisimlere veya siyasi/teknik sebeplerden
otlrd yasanan kesintilere bagli olarak gaz temininde
aksakliklar yasanabilmektedir. Yer altinda gaz depolamasi,
tiketimdeki mevsimsel degisimleri dengelemek icin de
kritik bir Oneme sahiptir. Bunlara ek olarak gazin
kullanildigi yerde vyerel olarak depolanabilme imkani
saglayacagindan gazin nakliyesi ile ilgili yasanabilecek
olumsuzluklar ortadan kaldirilimis olacak ve (retimin
etkinligini arttiracaktir. Ug ana yer alti depolama yéntemi
var olup bunlar sirasiyla tikenmis petrol veya gaz
rezervuarlari, akiferler, tuz magaralaridir.

Turkiye dogal gaz arz talep dengesi dikkate alindiginda
yilhk gaz talebinin karsilanmasinda herhangi sorun
yasamamaktadir. Ancak, talebin yogun oldugu kis
aylarinda ve talebin en st noktaya c¢iktigi donemlerde
kaynak Ulkelerdeki veya giizergah Ulkelerdeki aksamalarin
neden olabilecegi donemsel arz talep dengesizliklerini
ortadan kaldirmak igin c¢alismalar devam etmektedir.
Kuzey Marmara ve Degirmenkdy Sahasi, Tuz Golu Dogal
Gaz Yer Alti Depolama Projesi, Yiizer LNG Depolama ve
yeniden Gazlastirma Tesisi (FSRU)lari Aliaga/izmir ve
Dértyol/Hatay’da isletmeye alinmistir. Uglincii Yiizer LNG
Depolama ve Gazlastirma Unitesi (FSRU)'ya Sistemine
yonelik calismalar ise devam etmektedir.

Endustriyel uygulamalarda, tagimacilikta ve gli¢ tiretim
sistemlerinde fosil yakit bazh enerji kaynaklarinin
kullanimi kiresel 1sinma ve hava kirliligine sebep olan
toksik gazlarin atmosfere salinimina sebep olmaktadir.
Ozellikle sehir ici tasimacilikta fosil yakit kullanimi ciddi
saghk problemlerine sebep olmakta ve gilinlik hayatta
yasamsal konforu olumsuz etkilemektedir. Riizgar ve
gunes gibi yenilenebilir kaynakli enerjilerin kimyasal
olarak depolanmasinda ve sifir-atik ile gii¢ Uretilmesinde
hidrojen teknolojisinden yararlanilabilir. En basit anlamda
glines panellerinden veya riizgar tlrbinlerinden elde
edilen elektrik enerjisi suyun elektrolizi yoluyla hidrojenin
elde edilmesinde kullanilabilir. Elde edilen hidrojen, uygun
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depolama teknikleri kullanilarak sivi veya gaz formunda
Uretildigi yerde saklanabilir veya farkh bir yerde
tiketilmek Uzere tasinabilir. Yakit pilleri hidrojenden
elektrik elde edilmesinde kullaniimaktadir. Yakit pilinde
hidrojen elektrige donusirken vyalnizca su agiga
ciktigindan ¢evreye ve insan sagligina olumsuz yan etkiler
icermemektedir. Hidrojen teknolojisi bu nedenle
Uretiminden tiketime kadar biitlinlyle ¢cevre dostu olarak
isletilebilmektedir. Hidrojenin yakit olarak ulagim, gilic
Uretim tesisleri veya endistriyel uygulamalarda
yayginlasmasi icin verimli, glivenli ve ekonomik depolama
sistemlerinin tasarimi ¢cok 6nemlidir [13].

Gunumuzde artan niifus ve tiketim sebebiyle atiklarin
bertaraf edilmesi 6nemli ¢gevre sorunlarindan birisi haline
gelmistir. Bu tur bir gevre sorununun giderilmesi igin tercih
edilen yontemlerden birisi de uygun ortamlarda atiklarin
depolama  alanlarinda  toplanmasidir.  Yeraltinda,
¢ogunlukla sivi ve gazlara karsi gegirimsiz olan yeterli
kalinhktaki evaporitik tuz yataklari (kaya tuzu, tuz domlari
vb.), potansiyel olarak aranilan jeolojik engel 6zelliklerine
sahip olabilmektedir. Bu depolama ortamlarinin genellikle
gecirimsiz killi birimler ile ¢evrilmis olmasi da uzun sireli
glvenlik agisindan oldukga olumlu etki yaratmaktadir. Bu
acidan, ozellikle suya karsi hassas olan tuz yataklar ve
dolayisiyla yeraltt tuz madenlerinde (kaya tuzu, vb.)
Uretim c¢alismalari sonucunda ortaya cikan acikliklar,
endustriyel atiklarin depolanabilmesi igin 6nemli bir
potansiyel teskil etmektedir.

Gunumuzde fosil yakitlarin (petrol ve tirevleri, komir
ve dogal gazin) sanayide kullanilmasi sonucu atmosfere
yogun miktarda karbon dioksit karismaktadir. Bu yolla
atmosfere karisan karbondioksit gazi, toplam karbon
dioksit emisyonlarinin % 80-85"ini olusturmaktadir.
Geriye kalani (% 15-20) canlilarin solunumundan ve
organik maddeleri ayristirmasindan kaynaklanmaktadir.
Fosil yakit kullaniminin hizla artmasi ve fotosentez igin
tonlarca karbon dioksiti harcayan ormanlarin ve bitkisel
alanlarin tahribi, atmosferdeki karbon dioksit miktarini
son yillarin en yiiksek seviyesine ulastirmistir.
GUnumuzde, karbon dioksiti depolayacak alanlar sinirlidir.
Agiga cikan karbon dioksitin blylk miktari sera etkisinin
azaltilabilmesi icin depolanmak zorundadir. Bu gaz,
tiketilmis petrol ve dogal gaz rezervuarlarinda, derin tuzlu
formasyonlari ve isletilemeyen tuz damarlar gibi jeolojik
miktarlarda

yapilarda sikistirilarak yuksek
depolanabilmektedir.

Gelismis olan lkelerde, vyeralti madenlerinde
endistriyel atik depolama secenegi atik yonetimi

sistemleri icerisinde yerini almaktadir. Gelecekte yer
Ustlinde depolama alanlarinda yasanacak azalmalara ve
glglesen izin sorunlarina paralel olarak, uygun yeralti tuz
bosluklarinda depolanan endustriyel atik miktarinda artig
olabilecektir.

Gelismekte olan Ulkelerde atik yonetimi sistemlerinde
yeraltinda atik depolama faaliyetlerin yer alabilmesi igin,
oncelikle  tuz bosluk  alanlarinin belirlenmesi
gerekmektedir. Depolama alanlarinin tespiti, acikliklari,
faydalanabilir bosluk hacimleri ve ozellikleri jeolojik ve
jeofiziksel yontemlerle belirlenip, uygulanabilecek
depolama yontemine gore siniflandiriimalidir. Tim bu
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bilgilerin 1s518iInda, hukuki ile teknolojik 6l¢itlerin
belirlenmis olmasi ve faaliyetin ekonomik olarak
gerceklestirilebilmesi kosuluna bagh olarak, yeraltinda
depolama olanaklari degerlendirilmelidir.

Tuz vyataklari gerek kullanilabilir  endistriyel
hammaddelerin ve stratejik ©6nem tasiyan enerji
hammaddelerinin, gerekse tehlikeli atiklarin depolanmasi
icin uygun bir yapiya sahiptir. Bu uygunlugun baslica
nedenleri asagida maddeler halinde siralanmistir:

e  Tuz yataklarinin yerylzi genelinde yaygin ve sik
olusumu,

e Tuz yataklarinin gegirimsizligi, su gecislerinin (akifer)
bulunmamasi,

. Kaya tuzunun 6zel jeomekanik ozellikleri, tuza 6zel
plastik 6zellik (tuzun plastisitesi),

. Kaya tuzunun depolanan maddelerin biylk bir
cogunlugu ile reaksiyona girmemesi,

e Tuz vyataklarinin ihtiyag duyulan depolama
hacimlerinin olusturulabilmesi icin yeterli kalinhga
sahip olabilmeleri,

. Daha disik maliyet.

GUnUmuizde bilyik degisiklikler gosteren (lkeler
arasindaki kuvvet dengesi savunmada gerekli bilimsel
onlemlerin  alinmasini  zorunlu kilabilmektedir. Yer
bilimlerinin askeri harekatlarda ©6nemli derecede rol
oynamasi ¢ok eski tarihlere dayanirsa da bilingli sekilde ilk
incelemeler 2. Diinya Savasli sirasinda gerceklesmistir.
Yakin tarihe goz atildiginda askeri btlinlGge karsi arazisini
ve bolgesinin dogal kosullarini iyi taniyan birliklerin
savastan zaferle ciktiklari gértlmistiir. Daha Onceleri
yeterince taninmayan ve dogal engel olarak kabul edilen
topografya ve morfoloji buglin uydu ve hava fotograflari
ile ayrintih olarak incelenmektedir. Bu nedenlerle yer
bilimlerinde yapilan arastirmalarin, yurt savunmasini
yuklenmis olan silahli kuvvetlerce, yer altina gizlenme ve
gerekli hammadde glvenligi gibi amaglarla kullaniimasi
bakimindan biyik 6nem tasimaktadir.

Genellikle savas endiistrisinde ileri bir teknolojiye
sahip Ulkelerde savas araglarinin ve patlayici maddelerin
Uretimi icin gerekli hammaddenin saglanmasi ve bunun
glvenligi, diinyada bilinen maden yataklarinin da sinirliligi
nedeniyle bazi sorunlar yaratabilmektedir. Savas
araglarinin yapimi sivil, askeri endistri ile siki bir iliski
icerisinde vyiritilmektedir. Glinimuzde sik sik darhg
duyulan bir ¢ok petro-kimyasal, metaliirjik ve endstriyel
hammaddenin savas aninda saglanmasi ve ylksek
dizeyde islenmesinin biylk zorluklar doguracagi
ongorulmektedir. Bu nedenle maden ve hammadde
sahalarinin ileri yéntemlerle ve daha ayrintili bir sekilde
jeolojik ve jeofizik etiitlerinin yapilmasi zorunludur. Ote
yandan gelisen teknoloji gerek atom ve nétron
bombalarinin yapiminda gerekse enerji kaynagi olarak
kullanilan radyoaktif minerallerine olan ihtiyacin oldukca
fazla oldugu buyik bir gercekliktir. Ulkemiz ise, jeolojik
yapisi gbdz oOnlne alindiginda uranyum ve toryum
bakimindan sansli oldugu gorilmektedir.
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Stok olarak bulunmasi gerekli petrol, petrolden
elde edilen Griinler, gesitli gazlar gibi hayati 6nem tasiyan
maddelerin yeraltinda ya da deniz tabaninda da
depolanarak saklanmasi 6nem tasimaktadir. Genellikle
yuzey sekillerinin 6zel bigimleri, yer altindaki magaralar ve
gozenekli tuz tabakalari, terk edilmis biyik maden
galerileri ve tuz magaralari (kavern) gibi yerler ayrintili
jeolojik bilgilere dayanilarak depo olarak kullanilabilir.
Sivas Havzasi’'nda ve Ozellikle Sivas kent merkezi civarinda
evaporitik kayaglar olan jips ve anhidritlerde bu yonde bir
depolama olabilecegine dair degerlendirme yapmak yanlis
olmaz.

Sonuglar

Tuz formasyonlarinda bulunan bosluklari kullanilarak
bircok alanlarda depolama faaliyeti
gerceklestirilebilmektedir. Sivas Havzasinda yapilan
arastirmalar neticesinde, o6zellikle havzanin orta kesimi
olan Emirhan vyoresinde tuz tektonigi yogun olarak
gozlenmektedir. Tuz tektonigi alanlari askeri techizat,
dogal gaz, petrol, hidrojen, karbon dioksit ve atik
depolama alanlari olarak kullanilabilmektedir. Sivas’ta
jeopolitik konumu itibariyle giivenli bolge icerinde yer
almasi sebebiyle askeri, enerji ve atik depolama alanlarina
ihtiyacin yogun olabilecegi bir konumdadir. Diinyada ve
Glkemizde depolama alanlarina rastlanmamasi Sivas’ta
tespit edilecek tuz alanlarinda askeri, enerji ve atik
depolama maksath alanlarin tespitine de oldukga ihtiyag
oldugu ortaya ¢ikmistir.

Depolamalar igin tuz magaralardan (cavern) ve tuz
bosluklarindan vyararlanilabilir. Fakat bunlarin teknik
bakimdan glivenceli olabilmesi icin asagidaki noktalarin iyi
arastirilmasi gerektirmektedir;

1. Kaya tuzu icindeki magaralarin ¢evresinin saglamliginin
saptanmasi gerekmektedir.

2. Kayag cevresinin sikilasma yeteneginin ve kaymaya karsi
direncinin saptanmasi gerekmektedir.

3.Sivi ve gaz halindeki malzemenin akmasina, veya
cevresine sizmasina karsi kayacin gegirgenligi, gozenekligi,
dokusu ve mineralojik 6zelliklerinin bilinmesi gereklidir.

4. Yer sarsintilarindan etkilenmemeleri icin gerekli jeolojik
ve jeofizik arastirmalar yapiimalidir.

5. Radyoaktif etkenlerden ve artiklardan etkilenmemesi
icin gerekli emniyet uygulamalari gbz ©nline alinarak
gerekli tedbirler alinmalidir.

6. Tuz ve jips gibi kayaclarin suyla ¢6zilerek, magara
olusturma yetenekleri incelenmelidir. Depolama sonrasi
ilerleyen zamanlarda depolama alanlarinda meydana
gelebilecek degisimler tespit edilmelidir.

7. Tuz tektonigi vyapilarinda  gergeklestirilecek
depolamalarda, depolanacak malzemelerin tuz ile
tepkimeye girebilecek malzeme olmamasina 06zen
gosterilmelidir.

Petrol icerebilecek bir sedimanter havza olmasi
dolayisiyla 1960 vyillardan itibaren MTA ve TPAO,
Universiteler ve yabanci petrol sirketleri tarafindan
ayrintili olarak incelenen Sivas Havzasi’nda yapilmis sismik
kesitler ve sondajlarlailgili tim veriler ortaya ¢ikarilmali ve
yer bilimciler tarafindan batinctul ve c¢ok disiplinli
yaklasimlarla  degerlendirilmelidir. ~ Ozellikle  Sivas
Havzas’nda MTA, TPAO ve yerli/yabanci petrol sirketleri
tarafindan yapilan jeolojik ¢alismalar, sondaj verileri ve
sismik kesitlerin timi ortaya ¢ikariimali ve butiinlesik bir
bakis acisiyla basta jeologlar, jeofizikgiler olmak tizere yer
bilimci arastirmacilar tarafindan ayrintih  bir sekilde
incelenmelidir.

Sonug olarak bu makalenin konusu olan ¢alismada kullanilan
jeofizik yontemlerden sismik yansima yontemi tuz domu
belirlemede ve derin arastirmalarda tercih edilen énemli bir
yontemdir. Sivas’in jeopolitik konumu ve jeolojik yapisi
genis tuz tektonigi yapilari sebebiyle savunma ve enerji
amagli depolama alanlarinin, ayrintisi yukarida verilen
Sivas Havzasi’'nda genis alanlarda bulunabilecegi
disuniulmektedir. Jeolojik, jeofizik yontemlere ek olarak
gorinti islem yontemleriyle tuz ve evaporitleri arazideki
yuzleklerde tespit etmek mimkindir. Jeolojik
depolamada ozellikle sismik kesitlerle basta tuz tektonigi
olmak lizere tuz domlari ve magaralarinin kisa siirelerde
ortaya ¢ikarilmasinin - mimkin oldugu sonucuna
varilmistir.
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ABSTRACT

In today's world, communication and energy technologies are constantly evolving and hold critical importance
in every aspect of our lives. While the widespread availability of both communication and energy infrastructure
in large cities facilitates our daily lives, the lack of these infrastructures in rural areas poses a significant challenge.
Particularly in small villages, the absence of communication infrastructure hinders access to information and
social interaction, and delays the ability to receive assistance in emergency situations. To address this issue, a
hybrid solar and wind powered Radio Link (RL) communication infrastructure has been established in Karayaprak
village. This innovative solution stems from the challenges of installing traditional fiber or copper cable
infrastructure due to high costs and the remoteness of energy infrastructure from the grid. To overcome the
communication problems arising from this infrastructure gap, the sustainable energy source provided by solar
and wind power has been combined with the long-distance communication capabilities of RL technology. The
hybrid solar and wind powered RL system ensures uninterrupted and affordable communication for the residents
of Karayaprak village. This system is more cost-effective compared to traditional infrastructure and is more
sustainable as it can operate independently from the grid. As a result, villagers can meet their basic needs such
as internet access, phone calls, and emergency communication, and can also easily access information in areas
such as education and healthcare. The hybrid energy-powered RL system implemented in Karayaprak village
goes beyond simply solving the communication problem of a single village and serves as an inspiring example for
the establishment and development of communication infrastructure in rural areas. This innovative solution
provides an applicable model for other villages and regions facing similar challenges.

Keywords: Hybrid, Radio Link Station, Wind Power Plant (WPP), Solar Power Plant (SPP).
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0oz

GlUnumuzde iletisim ve enerji teknolojileri stirekli gelismekte olan ve hayatimizin her alaninda kritik 6neme sahip
iki sektordir. Buylk sehirlerde hem iletisim hem de enerji altyapisinin yaygin olmasi hayatimizi kolaylastirirken,
kirsal bélgelerde bu altyapilarin eksikligi 6nemli bir sorun teskil etmektedir. Ozellikle kiigiik kdylerde iletisim
altyapisinin olmamasi, bilgiye erisim ve sosyallesmeyi zorlastirmakta, acil durumlarda yardim alabilmeyi
geciktirmektedir. Bu sorunun Ustesinden gelmek igin Karayaprak kdylinde glines ve riizgar enerjisi ile galisan bir
hibrit Radyo Link (RL) iletisim altyapisi kurulmustur. Bu inovatif ¢ozimn temelinde, geleneksel fiber veya bakir
kablo altyapisinin kurulmasinin maliyetli ve enerji altyapisinin da sebekeden uzak olmasi gibi engeller
yatmaktadir. Bu altyapi eksikliginin yol agtigi iletisim sorununu ¢ézmek igin, glines ve riizgar enerjisinin sundugu
surdurlebilir enerji kaynagi ve RL teknolojisinin uzun mesafelerde haberlesme yetenegi bir araya getirilmistir.
Hibrit glines ve riizgar enerjili RL sistemi, Karayaprak kdylinde yasayan insanlarin kesintisiz ve uygun fiyatl bir
sekilde iletisim kurmasini saglamaktadir. Bu sistem, geleneksel altyapiya kiyasla daha dusiik maliyetlidir ve
sebekeden bagimsiz g¢alisabildigi icin daha sirdurilebilirdir. Bu sayede kdy sakinleri, internet erisimi, telefon
gorismeleri ve acil durum iletisimi gibi temel ihtiyaglarini karsilayabilmekte, egitim ve saglik gibi alanlarda da
bilgiye kolayca ulasabilmektedir. Karayaprak kéyiinde uygulanan hibrit enerjili RL sistemi, sadece bir kdyln
iletisim sorununu ¢ézmenin 6tesinde, kirsal alanlarda iletisim altyapisinin kurulmasi ve gelistirilmesi igin ilham
verici bir 6rnek teskil etmektedir. Bu inovatif ¢6zim, benzer sorunlarla karsi karsiya kalan diger koyler ve bolgeler
icin de uygulanabilir bir model olusturmaktadir.

Anahtar Kelimeler: Hibrit, Radyo Link istasyonu, Riizgar Enerji Santrali (RES), Glines Enerjisi Santrali (GES)
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Giris

Modern diinyada iletisim, yasamin her kosesine isleyen bir
damar gibi hayati 6nem tasimaktadir. Bu damari besleyen ve
islevini stirdiiren eneriji ise sinir sistemi gibi kritik bir rol oynar.
Bu iki hayati alanin kesistigi noktada, sebekeden bagimsiz ve
yenilenebilir enerji kaynaklariyla gliclendirilmis haberlesme
santralleri, gelecege bagli ve strdirilebilir bir iletisim altyapisi
inga etmenin anahtari konumundadir.

Glines, riizgar, su ve jeotermal enerji gibi yenilenebilir
kaynaklar, haberlesme santrallerinin ihtiya¢ duydugu enerijiyi
saglayarak karbon ayak izini sifira indirir ve enerji glivenligini
artinir. Akilll sebekeler ve enerji yénetim sistemleri gibi BIT
¢ozimleri ile Uretilen enerji optimize edilir, depolanir ve
sebeke kesintilerinden etkilenmeden iletisimin kesintisiz
devam etmesi saglanir [1]. Bu vyenilik¢i yaklasim sadece
gevreye duyarl bir iletisim altyapisi insa etmekle kalmaz, ayni
zamanda uzak ve gelismekte olan bolgelere de internet erisimi
saglayarak dijital esitsizlikleri ortadan kaldirir. Yenilenebilir
enerijili haberlesme santralleri, bilgiye erisimin
demokratiklesmesine ve dijital kalkinmaya katkida bulunur.

Sonug olarak, yenilenebilir enerjili haberlesme santralleri
strdirilebilir bir gelecegin temelini olusturur. Bu santraller,
iletisimin  kesintisiz devam etmesini saglarken, enerji
guvenligini artinir, cevreyi korur ve dijital esitsizlikleri ortadan
kaldirir. Kamu ve 6zel sektorlerin is birligiyle bu vizyonu hayata
gecirmek, hepimizin yararina olacak bir gelecek insa etmemizi
saglayacaktir.

Sivas ili Hafik ilgesine bagli Karayaprak kdytinde iletisim igin
herhangi bir altyapi bulunmamaktaydi. iletisim altyapisinin
olmamasindan dolayr kdy halki, bilgiye erisim de ve
sosyallesme de zorluklar yasamakta, acil durumlarda ise geg
yardim alabilmekteydi. Bu sorunun ustesinden gelmek igin
Karayaprak koyiinde gilines ve rlizgar enerijisi ile ¢alisan bir
hibrit Radyo Link (RL) iletisim altyapisi kurulmustur. Bu inovatif
¢Ozimiln temelinde, geleneksel fiber veya bakir kablo
altyapisinin kurulmasinin maliyetli ve enerji altyapisinin da
sebekeden uzak olmasi gibi engeller yatmaktadir. Bu altyapi
eksikliginin yol actigi iletisim sorununu ¢ézmek igin, glines ve
rizgar enerijisinin sundugu surdirulebilir enerji kaynagi ve RL
teknolojisinin uzun mesafelerde haberlesme yetenegi bir araya
getirilmistir [2].

Hibrit glnes ve riizgar enerjili RL sistemi, Karayaprak
koylinde yasayan insanlarin kesintisiz ve uygun fiyath bir
sekilde iletisim kurmasini saglamaktadir. Bu sistem, geleneksel
altyaprya kiyasla daha dusik maliyetlidir ve sebekeden
bagimsiz calisabildigi icin daha strdurilebilirdir.

Bu hibrit enerjili RL sistemi, Karayaprak kdyliniin sadece
iletisim sorununu ¢ézmenin Gtesinde, kirsal alanlarda iletisim
altyapisinin kurulmasi ve gelistirilmesi igin ilham verici bir 6rnek
teskil etmektedir. Sistemin sagladig! internet erisimi, telefon
gorismeleri ve acil durum iletisimi gibi temel ihtiyaclar
karsilama imkani, kdy sakinlerinin yasam kalitesini énemli
Olgtide artirmistir. Egitim ve saglik gibi alanlarda bilgiye kolayca
ulasabilmeleri ise, bu alanlarda da gelismelerine katkida
bulunmaktadir. Bu inovatif ¢6ziim, benzer sorunlarla karsi
karstya kalan diger koyler ve bolgeler icin de uygulanabilir bir
model olusturmaktadir. Bu sayede, kirsal alanlarda yasayan
insanlarin da temel ihtiyaglarini karsilamalari ve bilgiye
erisimleri kolaylastirilabilir, bu da bolgesel kalkinmaya ve
refaha katkida bulunabilir.
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Sistemin sundugu avantajlar sadece bunlarla sinirl degildir.
Hibrit enerjili RL sistemi, glines ve riizgar enerjisi gibi
yenilenebilir enerji kaynaklarini kullanarak galismaktadir. Bu
sayede, hem gevre dostu bir ¢6zim sunmakta hem de enerji
maliyetlerini dusiirmektedir. Ayrica, sistemin modiiler yapisi,
farkl ihtiyaclara gore kolayca olgeklendirilebilmesini ve yeni
teknolojilere entegre edilebilmesini saglamaktadir.

Giines Enerijisi, Riizgar Enerjisi ve RL Haberlesme Sistemleri

Giines Enerjisi

Glines, Dinya'miza 150 milyon km uzaklikta muazzam bir
yildizdir. Yaklasik 5.800°C sicakligindaki ¢ekirdeginde hidrojen
atomlari helyuma déniserek enerji Uretir. Bu enerji, Diinya'ya
1sik ve 1si olarak ulasir ve yasamin kaynagini olusturur [3].

Gunes enerijisi, 1970'lerden beri gelisen teknolojilerle temiz
ve yenilenebilir bir enerji kaynagi olarak 6ne ¢ikmistir. Glines
panelleri, gines 1sigini elektrik enerjisine donistirerek
binalarda, arazilerde ve hatta vyizen platformlarda
kullanilabilir. Fosil yakitlara kiyasla daha az karbon salinimi ile
iklim degisikligine karsi miicadelede 6nemli rol oynar. Gilines
enerjisi, silikon gibi bol bulunan malzemelerle Uretilebilir ve
farkli intiyaglara gore uyarlanabilir [4].

Fotovoltaik Hiicre Cesitleri

Glnes isinlarini dogrudan elektrik enerjisine donustiiren
yari iletken sistemler olan fotovoltaik hlcreler, modern enerji
teknolojisinin temel taslarindan biridir. Gilines pilleri veya
glines hiicreleri olarak da adlandirilan bu sistemler, cogunlukla
silisyumdan (retilir. Fakat saflastirma isleminin maliyetli
olmasi, giines pillerinin yiiksek fiyatinin temel sebeplerinden
biridir.

Farkl teknolojilere gore siniflandirilan fotovoltaik hiicreler,
U¢ ana gruba ayrilir: Kristalin silikon (c-Si) hiicreler yiksek
verimlilik ve uzun 6miirleriyle 6ne ¢ikarken, ince film hicreler
daha az malzeme kullanimi ve dusiik Gretim maliyeti sunar.
Organik fotovoltaik (OPV) hiicreler ise esneklik ve disik
maliyet gibi avantajlar sunarlar, ancak ticari olarak yayginlasma
asamasindadir ve verimleri diger teknolojilere gore diistktar.

Son yillarda yapilan calismalar ile Uretim maliyetleri
disurilmekte ve verimlilikleri artinlmaktadir. Bu gelismeler
Igiginda, glines enerjisinin  6niimuzdeki yillarda ¢ok daha
yayginlasmasi ve onemli bir enerji kaynagl haline gelmesi
beklenmektedir [5].

Fotovoltaik Pilin Calisma Prensibi

Gunes pili, glnes 1sigindan elektrik enerjisi lreten bir
cihazdir. Bu islem, fotovoltaik adi verilen bir sireg ile
gerceklesir. Gunes pilinin temel calisma prensibi, yari iletken
bir malzemenin iki farkh tipte (N ve P tipi) kakalanmasiyla
olusturulan PN eklemine dayanir. Glnes 15181 bu ekleme
garptiginda, fotonlar adindaki enerji paketleri elektronlari
serbest birakir. Bu serbest kalan elektronlar, N tipi bélgeden P
tipi bolgeye dogru hareket ederek bir elektrik akimi olusturur.
Olusan elektrik akiminin gicd, glines 1s18inin yogunluguna ve
glines pilinin verimliligine baghdir. Gunes pillerinin verimliligi,
genellikle %15-20 civarindadir. Tek bir glines pili, nispeten
diistik miktarda elektrik Gretebilir. Bu nedenle, daha fazla gic
elde etmek icin, glines hiicreleri seri veya paralel olarak
baglanarak glines panelleri olusturulur. Bir giines paneli,
onlarca veya ytzlerce giines hlicresinden olusabilir [6].
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Glines Enerji Santrallerinin Faydalari

e Sera gazl emisyonu ve hava Kkirliligi yaratmaz, bu
sayede cevreye duyarli bir enerji kaynagidir.

e  Gines 15181 tikenmez bir kaynak oldugundan, uzun
vadede surdurlebilir bir ¢6zim sunar.

e Gilnes panelleri nispeten kolay kurulabilir ve
tasinabilirdir. Bu sayede farkh alanlarda ve kosullarda
kullanima uygundur.

e Modiler bir yapiya sahip olan giines enerjisi
sistemleri, ihtiyac duyulan enerji miktarina gore
kolayca uyarlanabilir.

e  Kurulumdan sonra giines 15181 disinda herhangi bir
yakita ihtiyag duymaz. Bu sayede, yakit fiyatlarindaki
dalgalanmalardan etkilenmez ve isletme maliyetleri
diser.

e Glnes panelleri, hareketli par¢a icermediklerinden
mekanik asinmaya maruz kalmazlar. Bu sayede uzun
yillar sorunsuz bir sekilde calisabilirler.

e Elektrik sebekesine bagh olmadan calisabilir. Bu
sayede sebeke erisimi olmayan bdlgelerde de
kullanilabilir.

e  Enerjinin Uretildigi yerde tiketilmesi iletim ve tasima
sirasinda olusabilecek enerji kayiplarini énler.

e Uzun vadede 6nemli bir tasarruf saglar.

e  Ulkelerin enerji ithalatina olan bagimhligini azaltarak
enerji glivenligini artirir.

e Farkh alanlarda kullanilabilir, sessiz ve titresimsiz
cahsir, diisik bakim gerektirir, estetik agidan da hos
bir gériiniime sahiptir [7].

Riizgar Enerjisi

Gilnesin  havaylr isitmasi, atmosferde termal
farkhhklarin olusmasina ve bu farkhliklarin neden oldugu
hava hareketlerine sebep olmaktadir. Bu atmosferik
hareketler, rizgarlarin olusmasini saglar. Riizgarin temel
olusumunu etkileyen ve dinya atmosferindeki hava
kitlelerinin hareketini saglayan belli bash kuvvetler;
basing gradyan kuvveti, coriolis kuvveti, merkezkag
kuvveti ve slirtinme kuvveti olarak tanimlanmaktadir [8].

Riizgdr Tiirbini

Rizgar tiirbini, riizgarin kinetik enerjisini dnce mekanik
enerjiye daha sonra da elektrik enerjisine donistiren
sistem olarak tanimlanmaktadir. Riizgar tirbinleri ile
rizgarin kinetik enerjisi rotorda mekanik enerjiye
cevrilmekte ve donis hizi disli kutusu kullanan sistemlerde
bu komponent vasitasiyla artirilarak tirbinin goévde
boliminde yer alan jeneratorlere aktarilarak elektrik
enerjisi Uretilmektedir [9].

Riizgar Tiirbinlerinin Siniflandiriimasi

Rlzgar tirbinleri donme eksenlerine, devirlerine,
glclerine, kanat sayilarina, rizgar etkisine, disli
ozelliklerine ve kurulum konumlarina gore
siniflandirilabilirler [10].

En yaygin tir, yatay eksene bagli kanatlara sahip yatay
eksenli turbinlerdir. Bu tirbinler, yiksek gl Uretimi ile
One cikar. Daha az yer kaplayan ve dusuk riizgarlarda da
calisabilen dikey eksenli tiirbinler ise daha az gui¢ Uretir.

Hem yatay hem de dikey eksenli tirbinlerin avantajlarini
sunan egik eksenli tiirbinler de mevcuttur [11].
Kanat sayisina gore tek, cift, li¢c ve ¢ok kanath tlrbinler
siniflandirilirken, rizgari alis yoniine gore riizgari énden
veya arkadan alan tiurbinler ayrilir [12].
Gug kapasitesine gore ise ev ve isletmeler icin uygun
kicuk gucla, kiiclk riizgar santralleri icin orta gliclt, blyuk
rizgar santrallerinin temelini olusturan bulylk gucli ve
blylk olcekli rizgar enerijisi projelerinde kullanilan gok
biylk glicli tlrbinler tanimlanir [12].
Digli kutusu kullanimi da tirbinleri ikiye ayirir: Disli
kutulu turbinlerde pervanelerin donusi disli  kutusu
araciigiyla  jeneratore  aktariirken, disli  kutusu
kullanmadan c¢alisan tlrbinlerde bu aktarim direkt
gerceklesir [10].
Son olarak, kurulum yerine gore karadaki acik alanlara
kurulumu vyapilan kara Usti ve denizin sig sularina
kurulumu yapilan deniz Gsti tirbinler siniflandirilir [12].
Riizgar Enerjisi Santralleri Enerji Uretimi
Rlzgar tirbinleri, dev pervaneleri ile rizgarin kinetik
enerjisini yakalar ve bunu bir jeneratér yardimiyla elektrik
enerjisine donustdrdr. Turbin kanatlari, rizgarin hizini ve
yonini en iyi sekilde kullanacak sekilde tasarlanmistir.
Jenerator, rotorun donls hareketini elektrik akimina
cevirir. Uretilen elektrik, yiiksek gerilim hatlari ile
sebekeye tasinir ve evlere ve isyerlerine dagitilir. Riizgar
enerjisi, temiz ve surdirulebilir bir enerji kaynagi olmasi
ile 6ne c¢ikarak, sera gazi emisyonu ve hava kirliligini
engellemeye yardimci olur.
Riizgar Enerjisi Santralleri Avantajlari
e Riizgar santrallerinin Uretim hayati boyunca yakit
maliyeti yoktur ve isletme maliyetleri oldukca
diisuktir. Bu da onlari uzun vadede ekonomik bir
enerji kaynagi haline getirir.

e  Rizgar enerjisi, yerli bir enerji kaynagidir. Bu nedenle,

Ulkelerin enerjide disa bagimhhgini azaltmaya
yardimci olur.
e Riizgar tirbinleri modilerdir ve herhangi bir

biyuklikte imal edilebilirler. Bu sayede tek basina
veya gruplar halinde kullanilabilirler.

e Rizgar enerjisi, kirlilik yaratmayan ve cevreye yok
denecek kadar az zarar veren bir kaynaktir. Bu da onu
slirdirulebilir bir enerji kaynagi haline getirir.

e  Riizgar tarlalarinin genis alan istemesi bir sorun olarak
gorilebilir. Fakat, rlizgar santralinde tiirbinlerin
kapladigi gercek alan santral toplam alaninin %1-1,2'si
kadardir. Tarbinlerin aralarinda tarim ve hayvancihk
yapilabildiginden arazi kaybi olmamaktadir ve ciftgilik
faaliyetlerine engel olmamaktadir.

e Rizgar enerjisinde tretimde kullanilan dogaya higbir
zarari olmayan riizgar tlrbinleri hem fazla alan
kaplamamakta hem de kurulduklari alanda yasayan
insanlar igin is alani olusturmaktadir.

e Riizgar ciftlikleri kolayca sokilebilmekte ve
bulunduklari arazi kolayca eski haline
getirilebilmektedir. Bu da rlzgar enerjisini

surdirdlebilir bir enerji kaynagi haline getirir [13].
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Radyo Link Haberlesme Sistemleri

Birbirinden bagimsiz iki nokta arasinda elektromanyetik
dalgalar araciligiyla iletisimi saglayan mekanizmalara radyo
baglantilari denir. Radyolink ile iletisim yalnizca iki nokta
arasinda kurulabilmektedir. Radyolink cihazlar radyo veya TV
vericisi olarak calismaz ve genis kapsama alani saglamaz. Bu
iletim yalnizca dar bir koridorda gergeklesir ve o koridorun
disinda gozlemlenemez. Radyo baglantisi ekipmaninin
uygulamalari genellikle telefon santralleri veya televizyon
stidyolari ve vericileri arasindadir [14-15].

Radyolink tarafindan olusturulan iletisim kanallari
genellikle uzak mesafe aramalari igin kullanilir. Burada, bir
santral gorevi géren nokta, "¢ogullama" adi verilen bir islemle
radyo baglantisi iletisimini saglamak icin kanallari temel
tasiyicilar halinde birlestirir. Cogullama isleminde 10 - 60 - 180
- 960 - 1800 veya daha fazla kanal bir alici veya verici gorevi
gorecek sekilde birlestirilebilir.

Radyolink sistemlerinde kullanilan frekanslarin kalitesi,
ilettikleri veri miktarina gore degismektedir. Radyo link
sistemlerinde kullanilan veri iletim frekansi genellikle 10 GHz
veya daha yuksektir. Bu frekanslar almak igin parabolik
antenler kullanilir. Ancak bazi radyo baglanti istasyonlari UHF
bandini tercih etmekte ve iletimi yakalamak icin YAGI
antenlerini kullanmaktadir.

Birbirine yakin iki nokta arasinda radyo baglantisi
iletildiginde genellikle bir alici istasyon ve bir verici istasyon
yeterlidir. Ancak uzak mesafelere gelindiginde radyo link
istasyonlari arasina baska ara istasyonlar (tekrarlayicilar)
eklenir. Bu tir sistemlere zincirleme radyo link istasyonlari adi
verilmektedir ve her istasyon bir dnceki istasyondan aldig
verileri iletisim frekansini degistirerek bir sonraki istasyona
iletmektedir. Bu frekans kaymalar ¢ok diistik ara frekanslarda
da meydana gelebilir [16].

Radyolink sisteminin kurulumu icin ©ncelikle iki

istasyon arasinda optik goris hattinin  kurulmasi
gerekmektedir.
Optik Gértis Saglanmasi

Goris hatti, alici ve verici, iletimi antenlerin birbirini
dogrudan gorebildigi ve elektromanyetik dalgalarin
engellerden etkilenmeden iletildigi bir iletisim yéntemidir.
30 MHz'den vyiiksek frekanslarda, yer ve gok dalgasi
yayilminin - mimkiin  olmamasi ve iyonosferden
yansimanin istenmeyen sapmalara ve gecikmelere yol
acmasi nedeniyle, uydu iletisiminlerinde yer istasyonu ve
uydu arasinda goris hatti iletimi tercih edilir [17].

Fresnel Bélgesi

Fresnel Bolgesi, iki anten arasindaki bolgede radyo
dalgalarinin yayihmini etkileyen ve engellerden arinmis
olmasi gereken hayati bir alandir. Bu bdlge, temiz ve
engelsiz bir goris hatti saglayarak radyo sinyallerinin
verimli bir sekilde iletilmesini saglar. Fresnel Bolgesi'nin
boyutu, kullanilan frekansa ve antenler arasindaki
mesafeye bagli olarak degisir [18].

Radyolink Sistemlerinin Avantajlari
e Kablo dégsemenin zor veya imkansiz oldugu alanlarda

veri iletisimi kurmak icin idealdir.

e Mobil cihazlar ve araclar ile iletisim kurmak icin
kullanilabilir.

e  Kurulum ve bakim maliyeti kablolu sistemlere gore
daha dislktar.

o Kablo doseme ihtiyacini ortadan kaldirdigi igin
kurulumu daha kolay ve hizlidir.
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e Kablolu sistemlere gore daha az bakim gerektirir.

e Kablo kopmasi veya hasari gibi kablolu sistemlerde
sikhikla gorilen sorunlardan etkilenmez.

e Kablolu sistemlere gore daha genis bir kapsama
alanina sahiptir.

e Kablolu sistemlere kiyasla daha yiiksek veri aktarim
hizlari saglayabilir.

e Veri sifreleme ve kimlik dogrulama gibi gelismis
glivenlik 6zelliklerine sahiptir.

o ihtiya¢ duydukca kolayca genisletilebilir.

e Kablo doseme ihtiyacini ortadan kaldirdigi igin
cevreye daha az zarar verir.

e Glriltiye ve parazitlere karsi dayaniklilk, lisans
gerektirmeme ve farkli frekans bantlarinda c¢alisma
gibi ek avantajlar da sunar.

Tepe Radyo istasyonu i¢in Giines Ve Riizgar Eneriji
Sistemlerinin Hibrit Kullanimi

Sivas Karayaprak Kéyii Hakkinda

Sivas'in Hafik ilgesine bagl Karayaprak koyd, Kizilirmak
havzasinda, 1654 metre rakima sahip bir koéydir. Sivas il
merkezine 63 km, Hafik ilge merkezine ise 35 km uzakliktadir.
2020 yih nifus sayimina gére 152 kisilik bir nifusa sahip olan
koy, geleneksel tarim ve hayvancilik ekonomisi ile gecimini
surdirmektedir. Karayaprak koyl glines ve riizgar enerijisi
potansiyeli bakimindan da oldukga zengindir.

Koéyln willik ortalama glineslenme siresi 2.700 saat
civarindadir ve giines isinlari yogunlugu yillik ortalama olarak
1.500 kWh/m? civarindadir. Bu da glines enerjisi santrallerinin
yuksek verimlilikle calismasini saglar. Ortalama riizgar ise 6-8
m/s civarindadir. Bu hiz, riizgar enerijisi santrallerinin verimli bir
sekilde calismasini saglar.

Bu degerler koyin gilines ve riizgar enerjisi yatinmlari igin
olduk¢a uygun oldugunu gosteriyor. Kdyde gilines ve riizgar
enerijisi yatinmlari igin uygun alanlar mevcuttur [19-24].

Kirsal alanlarda, eneriji altyapisi eksikligi veya yetersizligi,
iletisim altyapisinin kurulmasini ve islevini 6nemli Glclide
zorlastirmaktadir. Bu durum, birgok koy ve kiigiik yerlesim
yerinde oldugu gibi, Sivas'in Hafik ilgesine bagl Karayaprak
kdylinde de yasanmaktadir. Karayaprak koyilinde eneriji
altyapisi mevcut olmasina ragmen, internet, sabit telefon ve
GSM  gibi  iletisim  hizmetlerine  erisim  imkani
bulunmamaktadir. Bunun temel sebebi, fiber veya bakir kablo
ddsemenin ylksek maliyetidir. Bu maliyet, uzun mesafeler ve
engebeli araziler gibi faktorler gbz 6niine alindiginda daha da
artmaktadir. Turk Telekom A.S. bu tiir sorunlar i¢in Radyo Link
(RL) Santrallerini alternatif bir altyapi ¢6zUm( olarak
kullanmaktadir. RL santralleri, uzun kablo metrajlarina ihtiyag
duymadan radyo frekanslar araciliglyla haberlesme imkani
sunar. Bu sistemin iki istasyonda da enerjiye ihtiyag duymasi ve
DC akimla galismasi, eneriji altyapisi eksikligi olan bolgelerde
onemli bir avantaj saglamaktadir. Karayaprak kdylinde, sebeke
enerjisine erisimin zorlugu, RL istasyonunun kurulum ve
isletme maliyetlerini artirmaktadir. Bu sorunun ¢ozimii igin,
yiksek maliyetli ¢dziimler yerine, RL istasyonunun Giines
Enerji Santrali (GES) ve Ruizgar Enerji Santrali (RES) kullanilarak
hibrit bir sekilde calistirlmasi hedeflenmistir. Bu sayede,
sebekeden bagimsiz ve surdirilebilir bir enerji kaynagi
olusturulmustur. Ayrica, akii depolama sistemi sayesinde
enerji kesintilerine karsi da 6nlem alinmustir.
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Karayaprak koyu sakinleri, bu ¢6zim sayesinde
internet ve sabit telefon gibi iletisim hizmetlerine
erisebilmektedir. Bu durum, koy sakinlerinin yasam
kalitesini ve kalkinma imkanlarini  6nemli 6lglide
artirmaktadir. Kirsal alanlarda iletisim altyapisi kurma ve
isletme sorununa hibrit enerji ¢6zimi, 6nemli bir katki
saglayabilir. Bu ¢odziim, diger kdylere de 6rnek teskil
ederek, dijital ugurumu kapatmaya ve kirsal kalkinmaya
katkida bulunabilir.

Karayaprak Kéyii Tepe RL istasyonunda Kullanilan
Malzemeler

Glines Paneli

Glnes paneli, glines 1s1ginin  fotonlarini elektrik
enerjisine donustiiren, yenilenebilir ve temiz bir enerji
kaynagidir. Fotovoltaik hicreler adi verilen 6zel
malzemeden olusan bu paneller, giines 1sigindaki enerjiyi
dogrudan elektrige cevirerek evlerde, isletmelerde ve

elektrik  sebekesine  bagli  olmayan sistemlerde
kullanilabilir.
Calismamizda, 28 gilines paneli  kullanilarak

haberlesme sistemlerine gli¢ verecek bir sistem tasarladik.
Paneller, 7'ser paralel baglanti halinde 4 seri grup olacak
sekilde kuruldu. Bu sayede her panelden ortalama 20 Volt
gerilim ve 7.5 Amper akim elde ederek toplamda 80 Volt
gerilim ve 52.5 Amper akim Gretmeyi basardik. Elde edilen
elektrik enerjisi, bir regllator yardimiyla istenilen gerilim
araligina dusurilerek baraya aktariliyor. Baraya bagh

Sekil 1. Karayaprak tepe kullanilan glines panelleri
Figure 1. Solar panels used in Karayaprak hill

radyo cihazlari maksimum 2.5 Amper akim ¢ekerken, tam
desarj olan 300 Amper saat kapasiteli jel akiler ise 1:10
sarj mantigi ile yaklasik 30 Amper akim ¢ekmektedir. Bu
bilgiler 1s18inda, toplam strekli akim ihtiyacimiz 32.5
Amper olarak hesaplandi. Sistemimiz, bu ihtiyaci
karsilamak icin fazlasiyla yeterli kapasiteye sahiptir.

Riizgar Tiirbini

Riizgar tirbini, rizgardaki kinetik enerjiyi elektrik
enerjisine donustiren bir cihazdir. Riizgar tlrbinleri, kanat
adi verilen pervanelerden ve bu pervaneleri déndiiren bir
milten olusur. Riizgar, kanatlara ¢arparak onlari dondurir
ve mil de bir jeneratére baghdir. Jenerator, donen milin
mekanik enerjisini elektrik enerjisine déntsturir.

Projemiz kapsaminda, 1200 Watt giciinde bir rizgar
turbini kullanilarak 48-110 Volt araliginda DC eneriji
Uretilmistir. Riizgar hiziyla orantili olarak 12 kW'a kadar
maksimum ¢ikis glicl saglayabilen tirbin, 250 Ampere
kadar akim UGretebilmektedir. Santralin enerji ihtiyacini
karsilayan ve gelecege yonelik yatirrm olarak
degerlendirilen bu sistem, yiiksek verimliligi ile 6ne
cikmaktadir.

Reglilatér

Regiilator, bir sistemdeki voltaj, akim, basing veya
sicaklik gibi degerleri istenen seviyede tutmak igin galisan
bir cihazdir. Geri bildirim dongisiyle, sistemin gikisini
oOlger ve istenen degerle karsilastirir. Fark varsa, regiilator
girdiyi ayarlayarak degeri istenen seviyeye getirir.

Sekil 2. Karayaprak tepe kullanilan riizgar tlrbini
Figure 2. Wind turbine used in Karayaprak hill

Sekil 3. Karayaprak tepe kullanilan regtlator
Figure 3. Regulator used in Karayaprak hill

Sekil 4. Karayaprak tepe kullanilan jel akiler
Figure 4. Gel batteries used in Karayaprak hill
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Calismamizda, glines panelleri ve rizgar
turbinlerinden gelen enerjiyi hibrit bir Regilator ile
istenilen DC c¢ikis degerine donustirerek haberlesme
sistemlerine gli¢ veriliyor. 42-60 Volt araliginda ¢alisan
telekomiinikasyon cihazlari icin regiilator cikis gerilimi
53,5 Volt olarak ayarlanarak olasi gerilim diismelerine ve
yukselmelerine karsi 6nlem alinmigtir.

Jel Akii

Elektrolitin jel kivamina getirildigi ve kuru tip akilerde
kullanilan cam elyaf matrislere emdirildigi bir tir sarj
edilebilir bataryalardir. Bu sayede jel akiler sizdirma riski
dusiktir, tasinabilirlik kolaylasir ve kuru tip akillere gore
daha iyi derin desarj dayanimina sahiptir. Jel akiler ayrica
daha az gaz emisyonu Uretir.

Calismamizda, 48 adet 300 Ah kapasiteli jel aki
kullanarak haberlesme sistemlerine yedekleme gli¢ verme
sistemi tasarladik. 24 aki seri baglantiile 52.8 V ortalama
cikis gerilimi, 2 paralel grup halinde ise 600 Ah ortalama
cikis akimi elde ettik. Her 24'li akii grubunun besledigi
sistemlerin ortalama 2.5 A akim cgektigi g6z 6nilnde
bulundurularak 240 saat kesintisiz calismasi planlaniyor.
Verimlilik 0.8 olarak goz online alindiginda, yaklasik 190
saatlik bir kesintisiz ¢calisma sliresi miimkin olacak.

Kablo

Kablo, elektrik akimi veya diger sinyalleri iletmek igin
kullanilan, genellikle metalden yapilmis iletkenlerden
olusan bir yapidir. Bu iletkenler, yalitkan bir malzemeyle
kaplanir ve dis kilif ile korunur. Kablolar, elektrik

sebekeleri, elektronik cihazlar, telekomiinikasyon ve daha
birgok alanda kullanihr.
Glines panelleri ve riizgar turbinleri ile Gretilen enerji,

akilerin  bara baglantisi ve radyo sistemlerinin
enerjilendirilmesi icin 25 mm? kesitli NYAF kablo
kullaniimaktadir. Bakir iletkenleri sayesinde yiiksek

iletkenlige sahip olan NYAF kablolar, enerji kayiplarini
minimize eder ve uzun O6muirli kullanim saglar.
Termoplastik yalitkan ise kablolari nem, kimyasal
maddeler ve asinmaya karsi korur.

Anten

Dis Unite, radyolink cihazinin temelini olusturarak
kablosuz iletisimi mimkin kilar. Sinyalleri diger cihazlara
gonderip alarak iletisimin omurgasini olusturur. Dis linite,
ic Uniteden gelen islenmis veriyi RF sinyallerine
donistirerek uzaya yayar ve bu sinyalleri alarak i¢ Giniteye
iletir. Bu sayede veri alisverisi saglanir. Yonlendirme
ozelligi sayesinde anten, sinyalleri belirli bir yone
odaklayarak menzil, glic ve parazit direncini artirir.

i¢ Unite

Radyolink cihazlarinin i¢ Unitesi, karmasik elektronik
devreler ve yazilimlar araciligiyla kablosuz baglantinin
beyni gibi islev gorir. Dis initeden gelen RF sinyallerini
alir, isler ve diger cihazlara aktarir. Bu siireg, istenmeyen
sinyalleri ve paraziti filtreleyerek, sinyal glclini
yukselterek ve veriyi RF sinyallerinden ayirarak
gerceklesir. islenmis sinyaller, Ethernet kablosu veya
kablosuz baglanti Gizerinden bilgisayarlar, yonlendiriciler
veya modemler gibi diger cihazlara aktarilr.

Sekil 5. Karayaprak tepe kullanilan antenler
Figure 5. Antennas used in Karayaprak hill
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Sekil 6. Karayaprak tepe kullanilan radyo i¢ Unite
Figure 6. Radio indoor unit used in Karayaprak hill
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Sonuglar ve Tartismalar

Hibrit Sistemin ve Sebekeli Sistemin Enerji Analizi

Sebekeden Bagimsiz Riizgar ve Glines Enerjisinin Hibrit
Kullanimiyla Calistirilan Santral

Bu ¢alismada, sebekeden bagimsiz bir hibrit enerji
santrali kurularak rizgar ve glnes enerjisinin birlikte
kullanimi arastirilmistir. Glines enerijisi santrali (GES) ve
rlizgar enerjisi santrali (RES) olmak tzere iki farkli eneriji
kaynagini iceren santralin performansi ve her bir enerji
kaynaginin tiiketim profili, uzaktan izleme sistemi ile
detayli bir sekilde analiz edilmistir.

GES ve RES'ten gelen elektrik akimi, 53,5 V'a
sabitlenerek regiilatorden gegirilmistir. Bu sayede, her iki
enerji kaynaginin da regiilatére 53,5 V'dan yiksek bir
gerilim gdondermesi durumunda ¢ikis geriliminin 53,5 V
olarak korunmasi saglanmistir. Radyo link cihazlarinin
calisma arahg 42-60 volt olmasi nedeniyle, RES veya
GES'in direkt c¢ikis gerilimlerinin okunamamasi sorunu ile
karsilagilmistir. Bu durum, olasi fazla gerilim gelmesinde
cihazlarin zarar gérmesine yol acgabileceginden, regilator
kullanimi gerekli hale gelmistir. Uzaktan izleme sistemi (g

asamada gergeklestirilmistir: 2 hafta boyunca hibrit
sistem, 1 hafta boyunca sadece GES ve 1 hafta boyunca
sadece RES devreye alinarak her bir enerji kaynaginin ayri
ayri tiketim profili incelenmistir.

Elde edilen bulgular, hibrit enerji santrallerinin
sebekeden bagimsiz enerji sistemleri igin 6nemli bir
alternatif oldugunu gostermektedir. Uzaktan izleme
sistemi kullanilarak hibrit enerji santrallerinin performansi
ve tuketim profili detayl bir sekilde analiz edilebilir ve bu
sayede sistem daha verimli ve optimize bir sekilde
isletilebilir.

Sekil 7, hibrit sisteme uzaktan erisim saglayarak anhk
tiketim degerlerini gostermektedir. Sistem 2,2 A akim
cekerek yik altindayken ne kadar giic tikettigini gosterir.
Akiler tam sarjlidir ve tim enerji ihtiyaci regilator
tarafindan karsilanmaktadir. Regiilatér gikisi DC olmasi
dogrultucuya olan ihtiyaci ortadan kaldirir ve sistemi
basitlestirir. Akl sicakligi 23°C olup ideal seviyededir.
Gorsel, hibrit sistemin su anda sorunsuz bir sekilde
calistigini  ve tim enerji ihtiyacini regulatérden
karsiladigini gbstermektedir.

% 53.00 V

# 1y D [ st S e
0 @D [ ot S e
BA ok - - § ot D
Sekil 7. Hibrit santralin anlik enerji tiiketim
Figure 7. Instant energy consumption of hybrid power plant
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Sekil 8. RL santralini 7 glin boyunca sadece GES ile besledigimizde elde edilen ortalama tiiketimler
Figure 8. Average consumptions obtained when we fed the RL power plant only with solar energy for 7 days
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Haftalik RES Tuketim Analizi

140
119,392 117,7 118,235 118,548 118,77 122,82 117,7
120
100
80
53,3 53,5 53,5 53,4 53,5 53,4 53,5
60
C < < C < C O
40
20 2,24 2,2 2,21 2,22 2,22 2,3 2,2
0 C C < < O——""—0
22.04.2024 23.04.2024 24.04.2024 25.04.2024 26.04.2024 27.04.2024 28.04.2024

@ Ortalama Gerilim (V) @ Ortalama Akim (A) Ortalama Tiiketim (V)

Sekil 9. RL santralini 7 glin boyunca sadece RES ile besledigimizde elde edilen ortalama tiiketimler
Figure 9. Average consumptions obtained when we fed the RL power plant only with wind energy for 7 days
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Sekil 10. RL santralin aylik ortalama akim degerleri
Figure 10. Monthly average current values of RL power plant
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Sekil 11. RL santralin aylik ortalama tiiketim degerleri
Figure 11. Monthly average consumption values of RL power plant
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Santral sadece GES ile calistirildiginda (Sekil 8), geceleri glines
1581 olmadigindan akiden beslenme nedeniyle gerilim
diismekte ve sabah sarj sirasinda akim artmaktadir. Aku
geriliminin regiilator ¢ikis geriliminin altinda olmasi sorunu,
diistik ortalama gerilim degerlerine yol agmaktadir.

Santralin sadece RES ile ¢alistirlmasi durumunda ortalama
tlketim degerleri Sekil 9'da gosterilmektedir. Goruldigi Gzere
santral, strekli riizgar alan bir bolgede yer aldigindan dolayi
kesintisiz sebeke elektrigi ile galistirliyormus gibi bir tiketim
profili sergilemektedir. Bu durum, santralin kesintisiz ve verimli
bir sekilde calistigini gostermektedir.

Aylik bazda ortalama tiketim degerleri Sekil 11'de
sunulmustur. Grafikte goriildiigl tizere, santralin tiiketim profili
GES ve RES'in hibrit olarak kullanildigi ve ayn ayr calistirildig
durumlara gore farklilik gbstermektedir.

e  Hibrit Kullanim (01.04.2024-14.04.2024): Bu dénemde GES
ve RES birlikte calistirldigindan, ortalama tiiketim degeri
121,1 kWh/giin olarak belirlenmistir. Bu durum, hibrit
sistemin her iki enerji kaynaginin da potansiyelini etkin bir
sekilde  kullanarak tlketimde denge sagladigini
gostermektedir.

e Sadece GES Kullanimi (15.04.2024-21.04.2024): Bu
dénemde GES'in tek basina galistirilmasi, ortalama tiiketim
degerini 170,6 kWh/glin'e ylkseltmistir. Bu artis, glines
enerjisi Uretiminin mevsimsel dalgalanmalara ve giin 1518
saatlerine bagl oldugunu gostermektedir.

e Sadece RES Kullanimi (22.04.2023-28.04.2024): Bu
donemde RES'in tek bagina galistirlimasi sonucunda
ortalama tiuketim degeri 119 kWh/glin olarak
belirlenmistir. Bu durum, riizgar enerjisinin de mevsimsel
dalgalanmalara ve riizgar hizina bagl olarak degiskenlik
gosterdigini gostermektedir.

Sadece Sebeke Elektrik Enerjisi fle Calistirilan Santral

Santral sadece sebeke elektrik enerjisi ile calismaktadir. Bu
santralde kullanilan cihazlarin akim degerleri, projemizde
tasarladi@imiz hibrit riizgar ve glines enerjisi santralindeki
cihazlarin akim degerlerine yakin seviyededir. Sebeke elektrik
enerjisi ile calisan santralin hibrit santralden en énemli farki, "DC
Cati" olarak adlandirilan cihazlarin varligidir.

DC cati, sebekeden alinan AC gerilimini DC'ye donuUstirerek
santraldeki cihazlara DC enerjiyi saglayan redrdserlere denir. DC
¢ati cihazinin bir diger 6nemli avantaiji ise paralel olarak aki ve

glines panellerinin de baglanabilmesidir. Bu sayede santral,

sebeke elektriginin olmadigl durumlar da gilines enerjisi ve

depolanmis enerjiden de faydalanabilir. Bu da santralin
esnekligini ve siirdirtlebilirligini artirr.

Sekil 12'de sistemin anlik tiiketim degerleri gosterilmektedir.
Analizden elde edilen bilgilere gore, DC ¢ati Gizerinde bulunan 3
dogrultucu %16,4 kapasiteyle calismakta, sistemlerin anhk
tlketimi 2,1 A olup, salon sicakhigi ise 12°C'dir.

Sistemin 1 aylk ortalama akim degerleri Sekil 13'de
gosterilmektedir. Akim degerlerindeki artisin olasi iki sebebi
sunlardir:

e  Elektrik kesintileri: Kesintiler sirasinda akdlerin sistemi
beslemesi ve sebeke elektrigi geldikten sonra sarj olmasi
icin daha fazla akim cekmesi.

e  Sicaklik artisi: Artan sicakliklar redresoér tizerindeki fanlarin
daha fazla galismasina neden olarak akim degerlerinde
artisa yol agabilir.

2023 yilina ait santral enerji tiketim verileri sekil 14'de
sunulmaktadir. Santralin toplam yillik enerji tiiketimi yaklasik
2000 kW olarak belirlenmis olup, yaz aylarinda artan tiiketimin
sebebi redroserleri sogutmak igin galisan fanlarin elektrik
tlketimidir.

Kurulum Maliyet Analizi

Sebekeli Sistem Maliyet Analizi

Karayaprak koyine kurulacak radyolink santrali, diger
radyolink santrali ile haberlesmeyi saglayabilmesi icin koyiin
disina dogru tepelik ve ylksek bir lokasyona konumlandiriimistir.
Bu konumlandirma, santralin daha genis bir kapsama alanina
sahip olmasini ve daha stabil bir baglanti saglamasini
saglayacaktir. Radyolink santrali, kdy icinde bulunan elektrik
sebekesinden yaklasik 850 metre uzakliktadir.

Projenin maliyet hesabi ise TEDAS'In 2024 yili 3. Bolge icin
vayinladig iscilik ve malzeme maliyetleri baz alinarak
hesaplanmistir [25]. Sivas ili bu bolge sinirlan icerisinde yer
almaktadir. Hesaplama vyapilirken, santralin  kurulumunda
kullanilacak tim malzemelerin glincel fiyatlari ve iscilik Gcretleri
g0z 6niinde bulundurulmustur. Ayrica, projenin tamamlanmasi
icin gerekli olan makine ve ekipmanlarin kiralama bedelleri de
hesaba katilmistir. Sebekeli sistem icin toplam maliyetimiz
cizelge 1'de detayl sekilde hesaplanmis olup toplam maliyet
1.311.320 TL'dir.
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Sekil 12. Sadece sebeke elektrik enerjisi ile calistirilan santralin anlik tiketimleri
Figure 12. Instant consumption of the power plant operated only with mains electrical energy
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Sekil 14. Sadece sebeke elektrik enerjisi ile ¢alistirilan santralin 2023 yili enerji tiketimi
Figure 14. 2023 energy consumption of the power plant operated only with mains electrical energy

Cizelge 1. Algak gerilim sebeke kurulum maliyeti
Table 1. Low voltage network installation cost

. . . - Malzeme Fiyat: 3. Bolge Montaj | Toplam Maliyeti
Malzeme Miktar Birim (TL) Fiyat: (TL) (TL)
3"50“64?707’“:‘]2 L . . 837 Metre 126,11 67.8 162.303
Aski Telli Demet Bigimli Aliiminyum Iletken
G-101 o i . o Adet 11.426,03 34.338.,70 411.883
Par¢a Kaynakli Galvanizli Demir Direk
G-10U 4 Adet 13.284.81 39.924.90 212.839
Parca Kaynakli Galvanizli Demir Direk
G-kl N . . 3 Adet 17.822,42 53.561,80 214.153
Par¢ca Kaynakli Galvanizli Demir Direk
G- L . . 2 Adet 27.553,68 82.807.,20 220.722
Parca Kaynakli Galvanizli Demir Direk
S0'lik NYY Kablo ve Gomiilmesi 30 Metre 237.96 111.,3 10.478
Isletme Toprakalama Kablosu
2 mt Uzunlugunda Galvanizli 65 x 65 x 7 'lik K&sebent ve
5 Mt. Galvanizli Orgiilii Celik Tel ve Gomiilmesi 18 Adet 993.83 1.825.,10 50.741
Koruma Topraklamasi
2 mt Uzunlugunda Galvanizli 65 x 65 x 7 ' lik Toprak
Elektrot ve Gémilmesi 1 Adet 688.33 772,71 1.461
Topraklama Kazi g1
70 W Sodyum Buharli (Ampul Dahil) 1 Adet 963.39 1.427.90 5301
Armatir ve Ampul
©6.5U-60 o ) 13 Adet 218,68 657,04 11.384
Parca Kaynakli Galvanizli Demir Travers ve Konsollar
6.5U-80 - . 5 Adet 328,02 985,56 6.568
Parca Kaynakli Galvanizli Demir Travers ve Konsollar
Tehllke Le_vhasl (Aliiminyum) 18 Adet 24.89 62.5 1.573
Olum Tehlike Levhast
TI-MIES 18 Adet 92,98 1.674
Makara Izalator
[k-OD 85 18 Adet 36,04 649
Ozengi Demiri
[K-HS 300 18 Adet 139.06 2.503
Halkali1 Saplama
TOPLAM MALIYET 1.311.320
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Hibrit Sistem Maliyet Analizi

Projenin maliyet hesaplamasi ise 2024 vyili giincel
eskalasyonlar baz alinarak ve titiz bir arastirma sonucunda
farkl firmalardan teklifler alinarak yapilmistir. Maliyet
hesaplarken, kullanilan tim malzemelerin giincel fiyatlari ve
iscilik Gcretleri gbz 6nlinde bulundurulmustur. Ayrica, projenin
tamamlanmasi icin gerekli olan makine ve ekipmanlarin
kiralama bedelleri de hesaba katilmigtir. Hibrit sistem igin
toplam maliyetimiz cizelge 2’'de detayl sekilde hesaplanmis
olup toplam maliyet 181.194 TL'dir.

ilk Kurulum Maliyeti Degerlendirmesi

Karayaprak Tepe Radyolink Istasyonu'nun kurulumu,
bolgenin iletisim altyapisini gelistirmek ve kesintisiz hizmet
sunmak icin kritk 6nem tasimaktadir. Bu calismada,
istasyonun sebeke baglantisi icin geleneksel sebeke ve hibrit
enerji sistemleri kullanilarak yapilan yatirm ve sire
optimizasyonunu inceliyoruz.

Geleneksel sebeke baglantisi icin toplam yatirim maliyeti
cizelge 2'de gorlldugli Uzere 1.311.320 TL olarak
hesaplanmistir. Ancak, il'deki elektrik dagitim sirketi ile yapilan
goriismede, yatirimin planlama ve kurulum asamalarinin 1
yildan fazla siirecegi ve bu sire boyunca istasyona hizmet
veremeyecegi bilgisi alinmistir. Bu durum karsisinda, projemiz
kapsaminda radyolink istasyonu icin glines eneriji santrali (GES)
ve riizgar enerji santrali (RES) hibrit kullanimi planlanmistir.
Hibrit eneriji sisteminin toplam maliyeti cizelge 2’de goruldigu
lzere 2024 giincel eskalasyonuna gore 181.194 TL olarak
hesaplanmis ve kurulumu da geleneksel sebeke baglantisina
kiyasla cok daha hizli tamamlanmistir.

Hibrit enerji sistemi kullanimi ile geleneksel sebeke
baglantisina kiyasla ©6nemli maliyet ve sire tasarrufu
saglanmistir. Maliyet %624 oraninda diiserken, kurulum siiresi
1 yildan 1 aya inmistir. Hibrit sistemin bir diger avantaji da
yenilenebilir  enerji  kaynaklarini  kullanarak  projenin
strdurilebilirligini ve cevresel etkisini azaltmasidir. Ayrica, bu
sistem ileride yenilenebilir enerji teknolojilerindeki gelismelere
de uyum saglayabilecek sekilde tasarlanmistir. Bu ¢alisma,
hibrit enerji sistemlerinin  uzak bolgelerde kurulacak
telekomiinikasyon altyapilan igin  uygun bir ¢6zim
olabilecegini godstermektedir. Hibrit sistemler, geleneksel

Cizelge 2. Hibrit sistem kurulum maliyeti
Table 2. Hybrid system installation cost

sebeke baglantisina kiyasla daha disiik maliyet, daha kisa
kurulum suresi ve daha yiiksek strdurilebilirlik sunmaktadir.

2014 yilindan bu yana Karayaprak Tepe Radyolink
istasyonu, geleneksel enerji kaynaklarina bagl kalmadan
glines enerijisi sistemi (GES) ve rlzgar enerjisi sistemi (RES)
hibrit kullanimiyla izole olmadan galismaktadir. Turk Telekom
A.S.'de calistigim pozisyon itibariyle sorumlulugum altinda olan
bu istasyonda, periyodik bakimlarin diizenli ve zamaninda
yapilmasiyla istasyonun kesintisiz isleyisi saglanmis ve herhangi
bir problemle karsilagilmamistir. Bagarili hibrit enerji sistemi
uygulamasiyla Karayaprak Tepe Radyolink istasyonu, izole
bolgelere telekomiinikasyon altyapisi kurma ve isletme
konusunda referans alinacak bir 6rnek teskil etmektedir.

Isletme Maliyet Degerlendirmesi

Calismamizin en onemli avantajlarindan biri, farkli
sekillerde calistirilan santrallerle kolaylikla
karsilastirabilmesidir. Bu sayede, radyolink santralinin sadece
sebeke Uizerinden galisan santrallere kiyasla ne kadar avantajh
oldugu net bir sekilde ortaya konmaktadir.

Daha 6nce bahsettigimiz gibi, sadece sebeke lzerinden
¢ahisan bir santralin yillik enerji tiiketimi baz alinarak radyolink
santralinin ne kadar sirede kendini amorti edecegi
hesaplanmistir. Sekil 14'de gorildiigii gibi, 2023 yilinda sadece
sebeke elektrik enerijisi ile calisan bir santralin yillik enerji
tiiketimi yaklasik 2000 kWh'dir. Radyolink santralinde ise eneriji
tiiketimi sabit oldugundan, bu tiiketim 2024 yili igin de ayni
kalacaktir.

Enerji Piyasalari Diizenleme Kurumu’nun 2024 yili
ticarethane haneleri icin ortalama birim elektrik fiyati 3,70
TL/kWh olarak kabul edilmektedir [26]. Bu bilgilere gore, ilgili
santralin toplam yillik enerji tiiketim maliyeti 7.400 TL'dir (2000
kWh * 3,70 TL/kWh). Santralimizin ilk kurulum maliyeti ise
cizelge 2'de gorildigu gibi 181.194 TL'dir. Santral kurulum
maliyetini senelik enerji tiiketim maliyetine oranladigimizda,
radyolink santralinin ortalama kendini amorti etme siresi
24,50 yildir (181.194 TL / 7.400 TL/yil).

Bu hesaplama sadece 2024 yili icin gegerli olup, elektrik
birim fiyatlar her sene degisiklik géstermektedir. Bu nedenle,
radyolink santralinin amorti siresi de yillara gore degigkenlik
gosterebilir.

Malzeme Miktar Birim Birim Fiyat1 (TL) | Toplam Fiyat (TL)
CHN 150_36.M 4200 Watt 19,12 80.304
Giines Paneli
MfAX_IZ,(_)O W 1200 Watt 30,28 36.340
Riizgar Tiirbini
STE?A._ 1 Adet 4.750,00 4.750
Regiilator

2
25 mm® NYAF 80 Metre 130,00 10.400
DC Kablo
Sarf Malzeme . 1 Adet 3.900,00 3.900
(Pabug¢ ve Klemens Dahil)
Galvaniz ve Aliiminyum Montaj Sistemi 1 Adet 35.000,00 35.000
Toplam Ts¢ilik 1 Adet 10.500,00 10.500
Toplam Maliyet 181.194
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ABSTRACT

The speedy progress of the global system for mobile communication services and the ensuing increased
electromagnetic field (EMF) exposure to the human body have generated debate on the potential hazard with
attentiveness to human health. The aim of this study is to provide a homogeneous distribution of
electromagnetic field sources on our university campus and determine possible risk zones via the
electromagnetic intensity maps drawn using the data to be obtained from the measurement results. It was
determined how much electromagnetic intensity of the campus was under 4 different high frequencies (900,
1800, 2400, and 2600 MHz), which were determined using the geographic information system. Electromagnetic
field measurements were performed at points where the topographic structure of the land allowed. These
measurements were taken at intervals of about 50 meters in the parts with building density, while at intervals
ranging between 100 and 120 meters in the open areas where there were no buildings. The geographic location
information about the points where these measurements were made was specified with an accuracy of cm level.
As a result, our measurement values are also below the limit values of the limit electromagnetic values
determined by ICNIRP.

Keywords: Electromagnetic field intensity; Geostatistical interpolations; Radio frequency.
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Main text

The widespread wuse of rapidly developing
technological devices is unavoidable, and many
institutions and researchers are working in this area to
reveal whether this technological development is harmful
to human health or to determine which limits will provide
a sheltered area for human health. In many countries,
there are electromagnetic field (EMF) intensity limits
declared by the World Health Organization (WHO) [1].

The limit values valid in Turkey were designated with
the “Regulation on Determination of Limit Values of
Electromagnetic Field Intensity Arising from Fixed
Telecommunication Devices Operating in the 10 kHz-60
GHz Frequency Band, Measurement Methods, and
Inspection” published by the Telecommunications
Authority in the Official Gazette on 07/12/2001 [2].

Moreover, the General Directorate of Primary Health
Care of the Ministry of Health issued a circular dated
05/29/2000 and numbered 2000/56 under the name of
Non-lonizing Radiation-Electromagnetic Pollution. In this
circular, it is emphasized that necessary measures should
be taken in the selection, establishment, operation, and
use of appropriate sites regarding the effects on and risks
for human and environmental health, and the measures
should be controlled.

The International Commission on Non-lonizing Radiation
Protection (ICNIRP) examined the frequency band separately
as low frequency (0-100 kHz) and high frequency (100 kHz-300
GHz) bands to review the biological and potential health
effects of electric, magnetic, and electromagnetic fields and
published it as different guides. These values are accepted by
many countries in various parts of the world. The
electromagnetic field is also considered non-ionizing radiation.
Thus, it can influence all conductive systems depending on the
exposure time and intensity. The main purpose of this study is
to provide a homogeneous distribution of electric field
intensity and electric field sources on our university campus
and determine possible risk zones via the electromagnetic
intensity maps drawn using the data to be obtained from the
measurement results. In Table 1, the limit values determined
by the ICNIRP are demonstrated in the table as electric field
(V/m) values created at three different frequencies [3]. The
values indicating the countries that determine these limits at
different frequencies are given in Table 2 [4], and the reference
levels for average occupational exposures of >6 minutes to
electromagnetic fields from 100 kHz to 300 GHz are stated in
Figure 1 [3].

There is a strong relationship between the use of wireless
communication technologies and the magnitude of EMF [5],
and this is more obvious in certain living areas [6].
Consequently, it does not seem possible to avoid the effects of
EMF. While mobile phones and radiofrequency waves
particularly affect the head area, waves emitted from base
stations affect the whole body. This study will enable learning
about how to determine the emissions of base stations and
coordinates of the widespread use of mobile phones and
electronic devices, to determine the geographical coordinates
with the highest EMF intensity, and to refrain from establishing
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new base stations outside the regions with high EMF intensity
or the construction of new buildings in a residential area. The
distribution of electromagnetic waves emitted by base
stations in an environment depends on many parameters. For
example, communication traffic changes in different parts of
the city at different times of the day, and temperature and
humidity values of the environment that influence the
propagation of the electromagnetic wave in the environment
can be included in such parameters. Furthermore, depending
on the physical characteristics and health status of some living
beings, low-level, high-frequency electromagnetic waves may
also lead to severe illnesses [7]. The use of Geographic

Information Systems in solving environmental problems is one

of the strongest and most successful application areas. As a

result of the technological developments in the world, the

tendency toward Geographic Information Technologies in

Turkey is constantly increasing. Especially the need for the

rapid analysis of spatial information with different contents in

the same geography is now deemed important as an effective
decision-support instrument for individuals as well as public
institutions and organizations. Making location-based
decisions on the data stored in the Geographical Information

System is possible with the query, viewing, and analysis of

geographical data. In spatial analysis procedures, new

information sets are produced by making use of existing
inputs.

To determine electromagnetic pollution, the
Geographical Information System includes the functions
of storing, processing, and presenting spatial and non-
spatial information in the database and performing
various inquiries and analyses. Thus, it becomes useful for
the relevant institutions, which take measures and make
decisions, in monitoring pollution.

e  Electromagnetic pollution levels can be identified.

e A risk assessment can be made according to the
results of the identification and measurement.
Measures for decreasing the level of electromagnetic
pollution can be implemented.

e The necessary measures can be taken in places
exceeding the limit values by checking whether the
results to be obtained exceed the limit values.

e |t can be identified whether there are any issues
about the installation of base stations in communal
living and usage areas such as school gardens,
kindergartens, hospitals, and parks, and risk maps can
be created.

e The maps that will be created can be used as a base
for future studies in the region.

e |t can be ensured that different warning signs are
placed in areas where base stations are installed, as
per the electromagnetic field intensity they create,
and arrangements such as limiting the environment
of stations in open areas with warning signs can be
provided.

As a result, it is assumed that electromagnetic
pollution maps can be created with GIS. Hence, this will
provide great convenience to us in risk assessment [7].
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Table 1. Limit values determined by the ICNIRP.

Mobile phone base station frequency
900 MHz 1800 MHz 2100 MHz
Electric field 41.25V/m 58.34V/m 56 V/m
Table 2. Electric field intensity limits.
Electric field intensity (V/m)
Country 900 MHz 1800 MHz
Italy 6
Lithuania 6.1
Poland 7
France (only in Paris) 5 7
Turkey 41.25 58.34
Occupational
10000 ¢ - 5 10000
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T E
) o
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Figure 1. Reference levels for average occupational exposures of 26 minutes to electromagnetic fields from 100
kHz to 300 GHz.

Materials and Methods

Sivas Cumbhuriyet University is a very crowded and
11000-acre campus with 50205 students, together with
academic staff including 1973 members and
administrative staff including 3,355 members. There are
two base stations on the campus. In this study,
electromagnetic field measurements were performed at
points where the topographic structure of the land
allowed, at intervals of about 50 meters in the parts with
building density inside the campus, and at intervals
ranging between 100 and 120 meters in the open areas
where there were no buildings, and geographical location
information about the points where these measurements
were made was specified with an accuracy of cm level.
Electromagnetic measurements were performed in four
different frequency ranges, i.e., 900 MHz, 1800 MHz, 2400
MHz, and 2600 MHz, which had previously been planned
inside the campus. At each point, values were read six
times at an altitude of 120 cm (average human height) for
each frequency, and these values were then averaged. In
the study, a Spectran HF-6085 portable RF spectrum
analyzer (Aaronia, Spectran, HF, Germany) was used for
measurements. The geographical locations of the
measurement points were obtained with the help of the

Global Navigation Satellite System (GNSS) receiver with an
accuracy of cm level through the Continuously Operating
Reference Stations (CORS-TR) satellite-based positioning
technology. It is extremely important to determine the
position of the electromagnetic measurement point with
high accuracy in such studies, as electromagnetic waves
change inversely with the square of the distance between
the points. Field measurements were consistently
conducted between 10:00 and 15:00 daily at 473 points.
Considering these criteria, the measurements took
approximately  four months. Afterward, the
electromagnetic measurement obtained in the field and
the geographical location data of these measurement
points were integrated with ArcGIS 10.5 software in the
Geographical Information System.

Results

The map of Sivas Cumhuriyet University campus and
the direction of the measurement points are
demonstrated in Figure 2. These data were interpolated
with the Inverse Distance Weighting (IDW) method, and
electromagnetic field intensity maps and energy density
maps of each frequency were produced (Figures 3-5).
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Figure 2. Map of Sivas Cumhuriyet University campus and measurement points.
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Figure 3. Electromagnetic field intensity map of Sivas Cumhuriyet University campus.
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Figure 4. Energy density map of Sivas Cumhuriyet University campus.

point 1425 point 1604
12 12
1 1
0s 08
£ £
o5 206
04 04
02 02
NK: i 1 a i [ |
SO0 1000 1200 1400 1600 1500 2000 2200 2400 2600 250 $00 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
fMHz fMHz]
point 1838
1
1
g oesf
=
8 st
B4t
il | |
]

S30 1000 1200 100 1600 1300 2000 1200 2400 2600 2300

FIMHz]

Figure 5. Graphs of the Electric field (mV/m) values in the 800-2800 MHz frequency band were obtained from 1425,
1604, and 1838 grid areas.
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Discussion and Conclusion

Upon examining the maps showing the distribution of
EMF intensity, we revealed that all values were < 5,5 V/m
(maximum 1,4 mV/m) in Sivas Cumhuriyet University
campus area. In other words, they were below the limits
set by the ICNIRP and accepted by Turkey. In some
countries, the limit values of universities are accepted as
higher than the limit values in the residential areas of
people since there can be electromagnetic induction
devices used in various studies. For example, this value is
6 V/min ltaly.

In Sivas Cumhuriyet University campus, power
densities with some frequencies were measured higher at
some points. For example, it has been detected that
electromagnetic waves with a frequency of 2600 MHz at
1838 points, 900 MHz at 1604 points, and 2400 MHz at
1425 points create a higher field (mV/m). These results are
parallel with the distribution of results obtained by [4].
While our findings were based on a more detailed analysis
at four different frequencies, at 900, 1800, 2400, and 2600
MHz, in [4], EMF measurements were carried out only at
900 MHz and 1800 MHz on ITU campus. Compared to the
nine base stations in this campus, there are two base
stations in the campus addressed in our study and a Wi-Fi
center to enable staff and students to connect online
inside the campus. In the study in [8], only the
electromagnetic pollution at 1800 MHz was mapped. In
this study, electromagnetic pollution maps were obtained
by measuring electromagnetic radiation at 185 points in
Konya. As a result of the measurements, it was
determined that there were no base stations exceeding
the specified limits. However, it was determined that
some base stations had relatively higher radiation values
than others. In the measurement performed by Nillifer As
et al. on RTE University campus, the electric field was
measured higher in certain frequency bands at crowded
spots, and they reported that they found the results below
the limit values [9]. Our measurement values are also
below the limit values. In this study, by obtaining these
base values, it will be identified how much these
measurement values can increase with new base stations
or other Wi-Fi centers to be added to the campus in the
future.

In conclusion, we have established the first stage of
our original data bank with this electromagnetic field scan
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made on Sivas Cumhuriyet University campus. Since our
subject area was not the analysis of the effects of
electromagnetic fields on human health, the details of
where they can affect human health were not discussed.
It is aimed at conducting research in this area in future
studies. We believe that electromagnetic signal intensities
should be determined in every field where people work
collectively. Because humans have a conductive structure
and electromagnetic field intensities affect this
conductive structure for a long time.
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Introduction

A wide range of research has been undertaken worldwide
to understand and address road traffic collisions at
unsignalized intersections. In the United Kingdom, priority-
controlled intersections account for 49% of urban accidents,
with T or staggered intersections accounting for 59% of these
[1]. Many people were killed in these collisions, of which 66%
were drivers, cyclists, or motorbike riders, 19% were
passengers, and 15% were pedestrians [1].

Collision prediction models (CPMs) serve a variety of
purposes, including estimating the anticipated number of
collisions based on traffic volume and identifying factors
related to the occurrence of collisions, such as geometric,
environmental, and operational variables. To accurately
determine the frequency and severity of collisions and reduce
their likelihood, it is essential to comprehend the causal
mechanisms that connect road conditions, environmental
factors, drivers, vehicles, temporal variables, and operations to
collisions [2-5]. By proactively utilizing CPMs, potential
collision risks can be assessed, and collision-prone locations
can be identified [6,7].

CPMs have evolved over decades from an early approach
with multivariate linear regression analyses of traffic collisions
to the most used method; generalised linear regression
modeling (GLM) and most recently, machine learning. The
logic behind this evolution lies in the nature of traffic collisions
that are rare and non-normally distributed count responses.
GLM seems convenient; however, it cannot overcome
complex hierarchical interplay between explanatory variables,
such as in the case of collisions. To represent such complexity,
the conventional structural equation model using multivariate
linear regression can be used using AMOS SPSS or other
analytical software. However, the model treats the count
response as a continuous variable that will cause unreliable
results due to the nature of collisions [8]. On the other hand,
the machine learning approach can handle complex problems,
but interpreting results are problematic, due to their “black
box” nature. Therefore, there is a need to have a new
analytical regression method that can combine the structural
equation model for representing complex and hierarchical
interplay and GLM that accounts for non-normally distributed
collisions.

Studies on Road Traffic Collisions at
Priority Intersections

This paper developed a piecewise Structural Equation
Model (pSEM) to road safety as a new analytical method,
overcoming drawbacks of previous techniques. The new pSEM
model is compared with the conventional SEM by analysing
traffic collisions at 120 priority intersections in the city of
Portsmouth, UK.

The remainder of this paper begins by summarising the
current literature's findings regarding collision prediction
models at unsignalized intersections. Commonly used
regression models relevant to this paper are described, along
with their advantages and disadvantages. Then, the
mathematical background of path analysis as a family of
structural equation modeling is explained. In the method
section, after briefly describing the data for this paper,
piecewise Structural Equation Modeling is formulated, and a
causal diagram of the model is illustrated compared to a
standard SEM. The results are discussed and concluded.

Literature Review

Studies on unsignalized intersections

Road traffic collisions (RTC) at unsignalized intersections
are a major concern around the world, and several approaches
have been used to better understand their causes.

The approaches on modeling traffic collision of priority
three-armed intersections can be broadly categorized into
three main categories: observational research, experimental
research and microsimulation studies as illustrated in Figure 1.

The first category is observational research, which can be
further divided into three sub-groups. The first group aims to
determine the frequency or number of collisions. For example,
Kitto [9] conducted a study in Wellington, New Zealand to
examine the effect of physical and site characteristics on
collisions. Similarly, Bonneson [10] examined unsignalized
intersections in the USA (Utah, Minnesota, lllinois, etc.) to
develop a model relating intersection traffic demand to
collision frequency. As collisions are rare events and non-
negative count data, the most commonly used approach to
modeling RTCs was Generalized Linear Modeling (GLM). Other
studies have developed collision prediction models based on
traffic flow to assess safety at unsignalized intersections, such
as Salifu [6], who studied two cities in Ghana, and Kulmala [11],
who developed separate models for different types of
collisions in Finland.

Observational
Research

Frequency of
collisions

Severity of
collisions

Hot-spot
identification

1

Pl Microsimulation
Research

Figure 1. Categorization of studies on priority three-armed intersections.
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The second approach to understanding RTCs is to
determine the severity of collisions rather than the frequency.
For instance, Chen et al. [12] applied logistic regression to
examine the contribution of various factors to collision severity
in Victoria, Australia, while Haleem and Abdel-Aty [13]
examined the severity of injury collisions at unsignalized
intersections in the USA. Both studies found that several
variables, such as traffic volumes, the number of lanes, and
driver age, were significant in determining collision severity.

Statistical models are useful for drawing conclusions and
establishing relationships, but they generally have poor
predictive performance due to assumptions about the collision
data [14]. Researchers have used artificial neural networks
(ANNs) to classify collision severity, such as Akin and Akbas
[15], who predicted intersection collisions in Michigan State,
USA.

The third approach to traffic safety at junctions is hot-spot
identification. Sayed and Rodriguez [7] attempted to develop
collision prediction models to identify collision-prone locations
of urban unsignalized intersections on Vancouver Island,
British Columbia, using the Empirical Bayesian (EB) method.

Category two includes experimental research, such as
Polus [16] who implemented a before-and-after study to
investigate whether stop signs differ from yield signs in terms
of their effect on traffic collisions at unsignalized intersections.

Category three includes microsimulation studies based on
traffic conflict techniques developed by General Motor
Laboratory. Traffic conflicts refer to observed situations where
two or more road users approach a collision course, which
could result in a collision if no one acts to avoid it. Traffic
conflict indicators, such as time to collision (TTC) and post-
encroachment time (PET), can be used to assess traffic safety.
Microsimulation software, such as VISSIM and AIMSUN, can
be used with the Surrogate Safety Assessment Model (SSAM)
to classify whether PET and TTC have critical conflict values.

Caliendo et al. [17] attempted to predict the number of
collisions by using the number of critical traffic conflicts
predicted. Pawar, Gore, and Arkatkar [18] investigated the use
of accepted gaps to estimate the likelihood of a collision at
unsignalized T-intersections. The best-fitting distribution was
the generalised extreme value (GEV), which was used to
estimate the likelihood of a collision using accepted gap and
PET datasets. Accepted gap data was used for risk
characterisation. Goyani [19] looked at the safety effect of
mixed traffic conditions on different types of vehicles. The
percentage of critical crossing conflicts (PCCC) was higher in
the traffic stream with motorised two-wheelers and three-
wheelers, followed by cars, buses, LCVs, and trucks. Paul [20]
figured out how motorised two and three-wheelers conflicts
affect crossing conflicts at unsignalized T-intersections in India.
They applied Truncated Negative Binomial regression to create
models of crossing conflicts. The results showed that the
number of critical and non-critical conflicts is greatly affected
by the proportion of two and three-wheelers in the conflicting
and offending stream, the presence of a central traffic island,
and the total number of conflicts.

Studies using microsimulation have also examined the
effect of changes in speed limits on traffic safety at
unsignalized intersections, such as Pirdavani [21], who used S-
Paramics to analyse whether changes in speed limits under
different traffic volumes affect traffic safety. Srinivasula,
Chepuri, and Joshi [22] investigated the critical speed of

conflicting vehicles and the effect of speed bumps on PET and
traffic collision frequencies. They concluded that while safety
has improved, other appropriate measures should be
implemented to improve safety levels further.

Surrogate safety measures traditionally applied to single
collision types. Gastaldi, Orsini, Gecchele, and Rossi [23]
applied two bivariate extreme value theory (EVT) approaches
in order to simultaneously evaluate multiple collision types at
a three-leg unsignalized intersection.

Commonly used regression models in traffic safety studies

Linear regression models

In the literature, early attempts at collision prediction
studies were modelled by multiple linear regression that can
be formulated as follows.

E = BO + Z}lzl ijj (1)

Where E is the number or frequency of collisions, B, is an
intercept, x; represents explanatory variables such as road
width and traffic flow, n is the number of explanatory
variables, and b; are the estimated coefficients.

Kitto [9] examined the effect of various physical and site
characteristics on collisions by using multiple regression
techniques. Arndt and Troutbeck [24] described the
relationship between the geometry of priority intersections
and collision rate using multiple linear regression. However,
there are many debates and controversial points regarding this
modeling technique. Nambuusi [25] highlighted that multiple
linear regression is not robust as the response variable is non-
negative count data. The linear regression model, while
appealing and simple, has stringent assumptions that are
frequently violated when applied to data on road safety [26].

Generalized linear regression models (GLMs)

To overcome the limitations of conventional linear
regression, GLM was used. These models allow the analysis of
non-normally distributed data [27].

Poisson regression

Different generalized linear models have been established
in the literature. Poison GLM regression is one of the
commonly used models since collisions are unavoidably
discrete and rare random events [25]. Rahman [28] indicated
that another advantage of Poisson regression is that it is
suitable for categorical data.

The commonly used form of Poisson regression with a log
link function can be written as follows.

E = t;eXbiXJ (2)

Where E is the expected event, bj are the estimated
coefficients, t; is the interval as an offset variable (i.e. time,
length), Xj represents an explanatory variable, and e is the
natural number.

This function above specified traffic collisions by adding
traffic flow as the main exposure variable. The following
structure is a general form used in the literature [7,11,29].

E = t;07"Q3? 3)

Where Q; and Q, annual average daily traffic flows per
1000 vehicles b;, and b, are the estimated parameters, and t;
is the offset variable (year).

What Q; and Q, depend on what kind of flow model was
used. For example, in the major/minor inflow model, they are
the sum of major and minor traffic flow at an intersection.
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The following form was added to the model to include
additional factors such as categorical and geometric variables
[10,30,31].

E = Q{JlQé)ZeijXj+lnti (4)

The Quasi-Poisson and negative binomial regression

Poisson models also have some drawbacks. Turner [32]
observed that the Poisson model sometimes produces
inaccurate results. The limitation is that the mean must be
equal to the variance [33]. When this equality is not evident,
under-dispersion or over-dispersion problems occur. The pure
Poisson model can be modified to deal with the over-
dispersion problems through a Quasi-Poisson approach. The
estimated parameters that result from the Quasi-Poisson (QP)
model are the same as those from the pure Poisson model.
The difference is just in their standard errors that are inflated
by a factor of 'k' [30]

Another way to model an over-dispersed response
variable is to use the negative binomial (NB) regression (30)The
assumption of the NB model is reported to be a more realistic
approach than the Poisson regression [34]. Several researchers
have attempted to use NB regression to deal with dispersion
problems [i.e., 6,7,11,35].

Theoretically, the variance (Var(n)) in the negative
binomial distribution is not equal to the mean (A) as follows:

Var(n) = 1+ %AZ (5)
The term% = 6@, which refers to the inverse of the over-

dispersion parameter (r). In the mathematical limit situation
where ' r 'is close to infinity, the variance will equal the mean
due to the standard Poisson model assumption as follows.

Var(n) = 1+—1* =1 (6)

Conventionally, Poisson regression is a particular instance
of the negative binomial model where the 6 parameter is zero
[36]. The overall form of negative binomial regression is
derived from the Poisson model by adding an independently
distributed error term [37].

Ai — eijXj+b0+ Ei+int; (7)

Where exp (€;) is the gamma distributed error with mean
1 and variance 1/r=6.

ree+y)[ o 197 4 1V

P(Y = yil4,6) = TE20 [ 2] (®)

Wherey; = 0,1,2, ...,n is the number of collisions, 8 is
the inverse dispersion parameter (1/r), and I (...) is the gamma
distribution function.

Poch and Mannering [37] concluded that the elements
related to collision frequency in an intersection approach could

logically identify significant traffic and geometric phenomena
by using negative binomial regression modeling.

The over-dispersion parameter as an extra variation in
traffic collisions can be caused by some factors, such as
misspecification in the model and an excessive number of zero
collisions. In this regard, the zero-inflated Poisson or the zero-
inflated negative binomial models can be used [38, 39].

Structural equation model (SEM): A path analysis

In the 1920s, path analysis was developed by Sewall Wright,
a geneticist. He attempted to measure the direct influence of
one variable on another along with path diagrams by taking
correlations into account. The path analysis method, therefore,
depends on the degree of correlations in a system [40].

Wright [41] obtained the basic formulation of path
coefficients by explaining the representative path diagram
illustrated in Figure 2. Variables are connected as a function of
dependent relationships through the one-way arrows. Vi is a
total residual determination, and the double arrows represent
residual correlations between variables. Wright assumed that
all relationships are linear.

Each variable from the unidirectional perspective can be
formalised as follows:

Vo= Vo) =101(Vy = Vi) + 12 (Vo = V) + -+ +
Ton (Vi — ]/T{) (8)

Where V;' is the mean, (V; — V') represents deviations
from means, and r,,; is a coefficient.

x, = &0 o)

L

Where X; is a standard z score of a variable, and §; is the
standard deviation.

Py = rol-;—; (10)

Py; is a standardised path coefficient reflecting a
correlation.

Equation 9 and Equation 10; X;8; = (V; — V), Py; (8o/
8;) =r1y; canbe rearranged respectively. Then, they can be
combined with Equation 11 as follows:

[ 8
X050 =P016_:X151+ POZ(S_Z X262+"'+
S
POnﬁ Xn5n (11)

So, if the unnecessary parameters in the equation above
are eliminated, the final form of the equations will be as
follows:

Xo = Po1 X1 + Py Xo + -+ Pop X (12)

Figure 2. Path Analysis Diagram, (Wright, 1934)
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According to Wright [41], the fraction of the standard
deviation of the dependent variable in the above equation
is measured by each path coefficient. The factor identified
will be directly responsible for a change in the fraction of
the dependent variable even if all other factors, including
residuals are constant [41].

SEM is a multivariate technique that combines
regression, factor analysis and analysis of variance in
order to simultaneously estimate interrelated
dependence relationships [42]. Even though conventional
SEM methodology is well-known and widely applied in
many different fields of research, nowadays, there are no
robust, practical applications for collision prediction.

SEM used multivariate linear regression that does not
account for the nature of collision data, which are rare,
non-negative counts and may not be normally distributed
with respect to explanatory variables. The linear
regression of a count response variable may not present
meaningful results. As explained above, generalised linear
modeling (GLM) approaches taking account of discrete
responses would be more logical. Regarding traffic
collisions at unsignalized intersections, such approaches
have been applied in the UK [30,43] and overseas [i.e., 7,
10, 11, 29, 31, 34, 37] However, GLM may not be able to
represent the complex inter-relationships between
explanatory variables such as speeds, visibilities, speed
limits and collisions. Therefore, in this paper, a piecewise
structural equation model (pSEM) adapting GLM into a
structural equation model will be introduced and
compared with conventional SEM by analysing collisions
at 120 priority intersections in the city of Portsmouth, UK.

Method and Data

Data collection in Portsmouth, UK

Portsmouth is a city located in Southeast of the UK. It is
about 19 miles south of Southampton and 70 miles south of
London. The city has the highest population density in the
United Kingdom, with 5,100 people per square kilometres,
significantly above the national average [44]. In 2007,
Portsmouth was the first city in the UK to introduce a city-wide
20mph speed limit [45].

The locations where data collection was conducted shown
in Figure 3 were collected from 120 locations in Portsmouth
and Gosport. Locations were reviewed between Sep 2020 and
Aug 2021.

The data collection process summarized in Figure 4. Speed
data from approaching vehicles at 360 junction arms were
measured by using an SL700 spot speed camera. Classified 15-
minute traffic counts were undertaken in the am, pm or both.
These were converted to Average Annual Daily Traffic (AADT)
using the standard conversion factors suggested by the
Chartered Institution of Highways and Transportation [46].

As input variables, geometric factors (such as visibility, road
width, and turning radii) are measured. To measure the
geometric factors, the DIGIMAP service in the United Kingdom
provides AutoCAD-compatible ".dwg" files. However, actual
conditions, such as parking situations, could not be visualized
in the AutoCAD drawing. As a result, visibility measurements
were drawn in 3D using Google Earth. All junctions were visited
to see if there were any discrepancies between Google Earth
views and current junctions.
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Figure 3. Locations for the data collection [47]
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As output variables, collision scenarios collected from
STATS19 data provided by Department of Transport. In
the UK, each accident has specific index number linking
vehicle and collision information. These two massive
datasets combined by R Studio, STATS19 package. Then it
was put into ArcGIS online to see the collisions in the
target locations (Figure 3).

Piecewise Structural Equation Modeling (pSEM)

pSEM was developed by Shipley's studies in the 2000s
[48]. The relationships between variables in the
conventional SEM are simultaneously estimated in a
single variance-covariance matrix [49]. However, in pSEM,
each set of relationships are estimated locally (or, in other
words, independently) [48]. The conventional SEM uses
chi-square tests to compare observed and predicted
covariance matrix, while the goodness-of-fit of a pSEM is
measured as a “test of directed separation” [50]. Shipley
[48] highlighted that this test does not depend on
asymptotic methods, so it can be used with smaller

Input Variables

sample sizes. Secondly, many problems involving non-
normality and non-linearity can be overcome. Another
aspect of the “test of directed separation” is that it does
not conflict with some problems of covariance matrices
involving a maximized loss function. Finally, it allows each
piece of the local causal model to determine how much it
contributes to the lack of fit [51]. Therefore, pSEM
appears to be a robust technique for estimating collisions.
R Studio was selected as the analytical package, as it can
run with the “piecewiseSEM” package.

The d-separation test of pSEM

Shipley’s method of testing the path model is based on
graph theory notation called directed separation (d-
separation) and its relation to conditional independence
claims in the probability distribution developed by Pearl
and Verma [52]. They explained the logic and mechanics
of the d-separation test. Shipley [48] generalised and
adapted this to deal with data with a hierarchical
structure.

Output Variables

Geometric
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Figure 4. Data collection and analysis process
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Figure 5. An illustration of a causal path model (directed acyclic graph).

Table 1. d-separation for independence claims

Claim No d-separation claim
1 X1 LX3 | {X2}
2 X11X4|{X2}
3 X1 LX5|{X3,X4}
4 X2 L X5 { X1,X2, X4}
5 X3 L X4 | {X2}
The mathematical background of the d-separationtestwas 5. Xi1X1Q means that Xi and Xj variables are a

introduced in Shipley [51] and detailed in Shipley [48,53]The

process can be summarised in 6 steps as follows.

1. First, the causal hypothesis should be formed in the
directed acyclic graph showing the variables involved in the
hypothesis and directed causal links between each other as
arrows. It can be seen in Figure 5 as an example where
Shipley [48] indicates the functional form of the equations
(“fi”) that link variables between iand j.

2. Identify each pair of variables (X, Y) in the graph for
variables that do not have an arrow from one direction to
another, such as X1 X3 or X3€X1.

3. Find the causal parents that are mediating the links. For
instance, the causal parent of the relationship between X1
and X3 is X2. Because there is no direct arrow between X1
and X3, this set of variables (X1 >X2 €X3) is called the
conditioning set.

4. Create an independence claim by converting each unique
pair and conditioning set. The independent claims of the
directed acyclic graph in Table 1 are listed below as an
example.

probabilistically independent conditional set of variables in
Q.

6. Calculating the null probability (pi) for each predicted
independence claim.

7. In the final step, a global test of the model requires
simultaneous testing of these independence relationships
given by Fisher [54]. Fisher’s C test can be written as follows.

C=-2%5,In(p) (12)

The test follows the chi-square distribution with 2k degrees
of freedom. Where k is the number of independent claims. This
statistic also can be used to compute an AIC score for
comparisons in the model selection process [53].

AlIC, =C + 2K (13)

Where Cis Fisher’s C statistics, K is the likelihood degrees of
freedom.

The pSEM model in Figure 6 was specially designed in line
with the literature. Arrows from any variable into the response
variables (4 types of crashes) were modelled by the GLM
approach of Poisson regression with log link functions. In
contrast, multiple linear regression under the pSEM model
simultaneously modelled other connections with normal
distributions [55,56)].
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Figure 7. Comparing R-squared values of response variables for piecewise SEM and conventional SEM.

The associations between speed variables (mean and
standard deviation) and other factors were modelled with
PSEM through multiple linear regression, as speeds are
dependent variables. Kolmogorov-Smirnov and Shapiro-Wilk
tests were used to check the normal distribution
assumptions.

Results and Discussion

The results of this study indicate that the pSEM model
showed better performance, especially for predicting
collision frequencies. Overall, the collision frequencies of
pSEM explained 57% more variance compared to those in
the conventional SEM, as the differences were summarised
in Figure 7.

Differences in explained variance vary through the
responses. Much greater differences have been observed
where the responses are count variables (collisions)
compared to the response variables that are continuous. This
demonstrates the limited capability of linear regression to
model traffic collisions. Even where the responses (mean
speed) were suitable (continuous) for multivariate linear
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regression through SEM and pSEM models, the piecewise

structural equation model generally shows better

performances with 18.18% and 20.59% differences. All of
these differences seem to depend on how estimations are
done, and other factors as listed below:

e pSEM estimates locally while
simultaneously [48].

e  Whether it is an asymptotic method or not; pSEM does
not depend on asymptotic method and gives better
estimation performance with smaller sample sizes [48].

e The distribution of response variables

Table 2 shows the Akaike Information Criterion (AIC) and

the Bayesian Information Criterion (BIC) values. The BIC and
AIC are used to assess model performance. Model
performance is measured by taking complexity into account.
They include a term that assesses how well the model fits the
data with a term that penalises the model based on how well
it fits the data, dependent on the number of parameters in
the model [57]. The same model structure in Figure 6 was
used to compare the model fit. The SEM model performed
better in terms of the AIC and BIC values than SEM.

SEM estimates
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Table 2. Comparison of model fit values

Model AIC BIC
pSEM 176.291 254.341
SEM 267.642 387.505
Table 3. The results of the directed separation test
Mean of Right Turn . Mean of Left Turn Mean of
Minor frIZ)er:[ g—/lljl:\r:)r from ffégr:tl\-/ll-iunrgr Major from Major
Road Veh- Bicycle  Minor Veh-Bicvcle  Road Left Minor  Road Right
Speed oll v Veh- Veh CoIIy to Right Veh- Veh to Left
PREDICTORS (MRMS) ’ Coll. : Speed Coll. Speed
Traffic Flow 0.287 0.234 - - - - -
Speed Limit - 0.286 0.323 0.942 - - -
Minor Rd. Width - 0.751 0.883 0.316 0.513 0.973 -
SD of Minor Rd. - 0.917 0.743 0.523 0.504 - 0.727
Speed
Vis. Right 2.4 0.234 0.348 - 0.882 0.090 0.086 0.109
Vis. Left 2.4 0.454 0.511 - - - 0.353 -
Vis. Right 9 0.705 0.141 0.765 - 0.093 0.850 0.070
Vis. Left 9 0.591 0.539 0.931 - 0.011 0.792 0.044
Mean of Major 0.253 0.136 0.349 0.946 - 0.497 -
Road Right to
Left Speed
Mean of Major 0.068 0.319 - 0.599 - 0.85 -
Road Left to
Right Speed
MRMS - - 0.017 - - 0.752 -
Left Turn from - 0.595 0.463 0.253 - - -
Minor Veh-Veh
Collisions
Right Turn from - 0.45 - 0.857 0.101 - -
Minor Veh-Veh
Coll.
Left Turn from - - 0.469 - - - -
Minor Veh-
Bicycle Coll.

In terms of global goodness of fit, the SEM uses chi-
square tests to compare observed and predicted
covariance matrices. The null hypothesis of the chi-square
test is that the covariance matrix of observation (J) is
equal to the predicted covariance matrix (3(8)). The P-
value was less than 0.001 with a chi-square value of
181.642 and 48 degrees of freedom. Predicted-observed
covariance matrices significantly differ from each other.
Thus, the alternative hypothesis (3 # >(8)) is accepted. In
contrast, in the piecewise SEM, the goodness-of-fit is
tested using a test of directed separation. Fisher's C
statistic is 120.3 with P-value = 0.279 and on 112 degrees
of freedom. The model indicates that there is no
significant need to improve model fit.

Lack of fit values of the directed separation test are
shown in Table 3. The analysis revealed a few associations
with high probability where p values are less than 0.05.
For example, the relationship between the Mean of major
road speed and left-hand visibility at 9 metres back (Vis.
Left 9) is significant with a p-value = 0.012. However, one
cannot reasonably infer a causal relationship between
them. Minor road visibilities may be correlated to major
road visibilities, which may moderate the mean speed on

major roads. This connection and others were not added
to the model because two reasons. Firstly, incorporating
these relationships into the model is completely
unnecessary. Secondly, Fisher's C statistic demonstrated
that the model is adequate without the inclusion of new
relationships.

The connections between non-significant predictors
and response variable in the initial tested model (Figure 6)
were step by step removed using the backward
elimination method. Then, the results of the final pSEM
and SEM models (remining connections) were presented
in Table 4 including the estimated coefficients, standard
errors and corresponding p-values of the models. “NA”
represents that connections between predictor and
response variables were removed due to the backward
elimination. However, the latest model forms for pSEM
and SEM do not match each other. Some variables were
kept in one of the models, while these variables were
removed from the other. On the other hand, some
variables were removed entirely from both models. For
the “right turn from minor motorised vehicle-bicycle
collision” scenario in Table 4, SEM lost many response
variables while pSEM kept them.
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Table 4. Comparison of pSEM and SEM

pSEM SEM

Response Predictor Estimate S.E. P. Estimate S.E. P.
Value Value

Mean of Major Road Right to Traffic Flow 0.0005 0.0001 0.00001 0.0010 0.0001  0.0001
Left Speed
Mean of Major Road Right to Speed Limit 3.9902 0.6910 0.00001 3.8610 0.6940  0.0001
Left Speed
Mean of Major Road Left to Traffic Flow 0.0005 0.0001 0.00001 0.0100 0.0001  0.0001
Right Speed
Mean of Major Road Left to Speed Limit 3.1690 0.6077 0.0001  3.0340 0.6060  0.0001
Right Speed
Mean of Minor Road Speed Speed Limit 2.2128 0.5160 0.00001 2.2130 0.5120 0.0001
(MMRS)
Mean of Minor Road Speed Minor Rd. Width 0.6378 0.2111 0.0031 0.6380 0.2090 0.0020
(MMRS) (MRW)
Left Turn from Minor Veh- MMRS 0.2116 0.0569 0.0002 0.0440 0.00001 0.0130
Bicycle Collisions
Left Turn from Minor Veh-Veh ~ MMRS NA NA NA 0.0440 0.0130 0.0001
Collisions
Left Turn from Minor Veh-Veh  SD of minor Rd. -0.9104 0.3819 0.0171 NA NA NA
Collisions Speed
Left Turn from Minor Veh-Veh  Vis. Right 2.4 NA NA NA 0.0010 0.0010 0.0250
Collisions
Left Turn from Minor Veh-Veh  Traffic Flow 0.0002 0.0001 0.00001 0.0001 0.0001  0.0001
Collisions
Left Turn from Minor Veh-Veh  Vis. Right 9 NA NA NA -0.0020 0.0010 0.0310
Collisions
Right Turn from Minor Veh- Traffic Flow 0.0002 0.0001 0.00001 0.0001 0.0001  0.0001
Veh Collisions
Right Turn from Minor Veh- MRW x Left 0.0113 0.0031 0.0003 NA NA NA
Veh Collisions Radius
Right Turn from Minor Veh- Vis. Left 2.4 -0.0035 0.0016 0.0293 -0.0010 0.0001 0.0160
Veh Collisions
Right Turn from Minor Veh- Vis. Right 2.4 0.0026 0.0013 0.0364 0.0020 0.0010 0.0180
Veh Collisions
Right Turn from Minor Veh- Traffic Flow 0.0002 0.0001 0.0685 NA NA NA
Bicycle Collisions
Right Turn from Minor Veh- Vis. Right 9 0.0174 0.0058 0.0024 0.0050 0.0010  0.0001
Bicycle Collisions
Right Turn from Minor Veh- Vis. Left 2.4 -0.0183  0.0061 0.0027 NA NA NA
Bicycle Collisions
Right Turn from Minor Veh- Vis. Left 9 0.0174 0.0058 0.0024 NA NA NA
Bicycle Collisions
Right Turn from Minor Veh- MMRS 0.1222 0.0558 0.0285 NA NA NA

Bicycle Collisions

Summary and Conclusion

The present study was designed to propose piecewise
Structural Equation Modeling and compare it with the
conventional SEM for understanding the causality behind
road traffic collisions. Two analytical models were run for the
same model structure. The global model fit value of
conventional SEM could not pass the chi-square test leading
to improper results, while the goodness of fit for pSEM did
with Fisher’s C statistic. Test of directed separation of pSEM
also informed about other lack of fit for paths not included in
the model. The pSEM model performed better, particularly
in forecasting collision frequencies. Values for the
Akaike
134

Information Criterion (AIC) and the Bayesian Information
Criterion (BIC) used to evaluate model performance. When
the same model structure was employed to examine model
fit, the pSEM model outperformed the SEM model in terms
of AIC and BIC values.

SEM employed multivariate linear regression, which
ignores the nature of collision data, which are infrequent,
non-negative counts that may not be normally distributed in
relation to explanatory factors. So, the results of SEM show
that it seems not to be a proper approach to model traffic
collisions. As previously stated, GLM techniques that take the
discrete nature of responses into account would be a more
reasonable approach. GLM, on the other hand, seems to be



Ekmekgi et al. / Journal of Engineering Faculty, 2(2): 125-136, 2024

incapable of representing the complicated interrelationships
between explanatory factors such as speeds, visibility, speed
limits, and collisions. Application of pSEM extends the
generalised linear modeling approach one step further by
allowing it a hierarchical model structure including
intermediation and provides a new inferential test called the
test of directed separation to measure model fits. This paper
proposes that pSEM is a more robust approach for modeling
collisions than conventional SEM.

The collision frequencies of pSEM explained an average
of 57% more variation when compared to those of the
conventional SEM. Differences in explained variance differ
between responses. Where the responses are count
variables, much greater variation has been seen (collisions).
This reveals linear regression's poor capacity to model traffic
collisions. However, even when the response variable (in this
case mean speed) is suitable for multivariate linear
regression, due to it being a non-count variable, the
piecewise structural equation model consistently
outperforms SEM with 18.18% and 20.59% differences.

The scope of this research is confined to a model
structure developed to comprehend certain types of road
traffic collisions at 120 priority three-arm intersections. More
studies could be done to assess the efficiency of the
piecewise Structural Equation Model at various types of
intersection and collisions.
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ABSTRACT

This study aims to analyze the factors affecting students' academic success and develop prediction models based
on these factors. Many features such as "Studying Hours," "Absence," and "Family Income" that affect students'
performance during the education process were evaluated. In the study, student success predictions were made
using machine learning models such as Random Forest, Ridge, and Deep Neural Networks and the performance
of these models were compared. The importance levels of the features were calculated with the Random Forest
algorithm and the most important features were determined. As a result of the analysis, the effect of removing
low-importance features from the model to increase prediction performance was also examined. The findings of
the study contribute to educators making data-driven decisions and developing strategies that can increase
students' success.
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Bu galisma, 6grencilerin akademik basarisini etkileyen faktorleri analiz etmeyi ve bu faktorlere dayali tahmin
modelleri gelistirmeyi amaglamaktadir. Ogrencilerin egitim siirecindeki performansini etkileyen "Calisma
Saatleri", "Devamsizlik" ve "Aile Geliri" gibi birgok 6zellik degerlendirilmistir. Calismada, Rastgele Orman, Ridge
ve Derin Sinir Aglari gibi makine 6grenimi modelleri kullanilarak 6grenci basarisi tahminleri yapiimis ve bu
modellerin performansi karsilastirilmistir. Ozniteliklerin énem dizeyleri Rastgele Orman algoritmasi ile
hesaplanmis ve en 6nemli 6zellikler belirlenmistir. Analiz sonucunda, disik 6neme sahip 6zelliklerin modelden
¢ikarilmasinin tahmin performansini artirma etkisi de incelenmistir. Galismanin bulgulari, egitimcilerin veri odakh
kararlar almasina ve 6grencilerin basarisini artirabilecek stratejiler gelistirmesine katkida bulunmaktadir.
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Giris

Bir Glkenin en degerli kaynagi olan insan gliclinii, topluma
katki sunacak bireylere dontstiirmek igin egitim biylik 5nem
tasir. Elestirel diistinebilen, yaratici ve sorun ¢ézme becerisi
olan bireyler yetistirmek adina egitim sistemlerinde koklu
degisiklikler yapilmaldir. Basari, belirli bir hedefe ulasma ve
istenilen sonuca varma olarak tanimlanir [1]. Egitimde basari
ise, programin hedefledigi davranislari  sergileyen
ogrencilerle iliskilidir ve genellikle derslerde gosterilen
performans, notlar ya da test puanlar ile degerlendirilir.
"Akademik bagari" terimi, 6grencilerin bilgi ve beceri
kazanimlarini ifade eder. Bu basari, 6grencilerin mesleki ve
toplumsal yasama donanimli olarak hazirlanmasina katki
sagladigi icin aileler ve cevre agisindan da biyiik 6nem tasir
[2]. Arastirmalar, 6grencilerin akademik basarilarini etkileyen
cesitli faktorler oldugunu gostermektedir. Bu faktorler
genellikle 6grencinin igsel dzellikleri (zeka, saglik durumu, ilgi
dizeyi, kaygi) ve gevresel kosullarla iliskilidir [3]. Bu kosullar
ders ¢alisma saatleri, kaynaklara erisim, ders disi etkinlikler,
uyku saatleri, onceki sinav notlari, motivasyon duzeyi,
internet erisim, 6zel ders, aile geliri, 6gretmen kalitesi, okul
tird, akran etkisi, fiziksel etkinlik, 6grenme engelleri,
ebeveyn egitim seviyesi, evden uzaklik ve cinsiyet gibi
parametreler ile belirlenmektedir [4]. Boyd, bu
parametrelerden motivasyon, bir bireyin belirli bir hedefe
ulasmak veya bir gorevi basarmak icin harekete gegmesini
saglayan igsel veya dissal bir itici glictiir. insanlari belirli
davraniglara yonelten, istek ve ¢aba gosterme surecidir.
Motivasyon, kisisel ilgi ve ihtiyaglar, hedefler, beklentiler veya
odlller gibi cesitli faktorlerle sekillenebilir ve yogunlugu
kisinin amaca ulasmadaki kararliligini etkileyebilir. Yuksek
motivasyon bireyin akademik basarisinda etkili oldugu
yapilan akademik ¢alismalar ile ortaya konmustur [4]. Ayrica
anne baba egitim dizeyi ve ekonomik durum gibi ailesel
faktorlerin de basari tizerinde etkisi olan ve yapilan akademik
arastirmalar ile kanitlanmis bir parametredir [3].Linda ve
arkadaglarinin  yaptiklari galisma internet kullaniminin
akademik basariyi etkileyen bir parametre oldugu ortaya
konmustur. [5]. Askerc ve Gasparic, yaptiklari calisma ile 6zel
derse yonelik bircok elestiriye ragmen, kesinlikle bazi olumlu
etkileri oldugunu, 6rnegin bireye daha fazla odaklanma ve
onlarin 6zel 6grenme ozellikleri ve ihtiyaglarinin dikkate
alinmasi, daha ilgi cekici 6gretim, daha hizl geri bildirim, daha
iyi Ogrenci ilerlemesi gibi avantajlar sagladigini tespit
etmiglerdir [6]. Akademik performansla iliskili ¢
mekanizmalarin analizinde, fiziksel aktivite eksikliginin veya
hareketsizligin su anda en biyik halk sagligl sorunlarindan
biri haline geldigi bilinmektedir [7]. Bu anlamda, fiziksel
aktivite bilissel streg iyilestirmesiyle iliskilendirilmistir, cinki
dopamin veya serotonin gibi ndrotransmitterler spor pratigi
sirasinda salgilanir ve bunlar konsantrasyonu ve motivasyonu
iyilestirir [8]. Pedagojik model veya 6gretmenin talepleri gibi
egitim slrecindeki bir takim parametreler de 6grencilerin
akademik basarisinda etkin olan faktorler arasindadir [9].

Makine Ogrenmesi, verilerden 06grenme ve tahmin
yapma yetenegi sunan bir yapay zeka alanidir. Regresyon
algoritmalari, bu alanda sik¢a kullanilan tekniklerdir ve
138

ozellikle surekli degerlerin tahmin edilmesi amaciyla
gelistirilmistir. Regresyon, bagimli ve bagimsiz degiskenler
arasindaki iliskiyi modelleyerek, bir bagimli degiskenin
(tahmin edilmek istenen deger) bir veya daha fazla bagimsiz
degisken (6znitelik) tarafindan nasil etkilendigini anlamaya
calisir [10]. Basit regresyon, en temel regresyon tlrl olup
yalnizca bir bagimsiz degisken ile bir bagimh degisken
arasindaki iliskiyi inceler. Bu modelde veriler bir dogru ile
temsil edilir ve en kiiglik kareler yontemi kullanilarak dogru
en iyi sekilde uydurulur. Coklu regresyon ise birden fazla
bagimsiz degiskenin etkisini incelemek amaciyla kullanilir; bu
tlir regresyon, karmagsik iliskileri modellemek igin daha fazla
esneklik saglar ve daha dogru tahminler yapilmasina olanak
tanir. Lojistik regresyon, gercek degerler yerine kategorik
sonuglarin tahmini igin kullanilir ve bir olayin olasiligini
tahmin etmek amaciyla sigmoid fonksiyonunu kullanarak
sonuglari 0 ve 1 arasinda bir degerle temsil eder. Ridge ve
Lasso regresyon ise ¢oklu regresyon modelinin asiri uyum
(overfitting) sorununu ¢ozmek icin kullanilan diizenlilestirme
yontemleridir. Ridge regresyon, modelin karmasikligini
azaltmak i¢in L2 normunu kullanirken, Lasso regresyonu L1
normunu kullanarak bazi katsayilar sifira indirir, bu da
degisken secimini kolaylastirir. Karar agaglari, regresyon
islemlerinde strekli bir bagimh degiskenin tahmini igin
kullanilan popiiler bir yontemdir. Bu yontem, verileri dallara
ayirarak ve her dalda belirli bir karar kilarak ¢alisir. Her yaprak
digimu, tahmin edilen degeri temsil ederken, i¢ digimler
ise verinin Ozelliklerine dayali olarak bolinme kriterlerini
belirler. Karar agaclari, basit yapilari ve yorumlanabilirlikleri
nedeniyle regresyon problemlerinde etkili bir segenek sunar,
ancak asiri uyum riskine karsi dikkatli olunmalidir.

Bu calismanin amaci, 6grenci performansini etkileyen
faktorleri kullanarak 6grenci notlarini tahmin etmek icin
yapay zeka tekniklerine dayali bir yontem gelistirmektir. Bu
yontem sayesinde egitimciler 6grencilerin basarisini tahmin
edebilecek ve basari tahmini disik cikan 6grenci profili
Gzerinde basariyi artiracak  yonde yaklasimlar
gosterebilecektir. Ayrica bu g¢alisma ile egitimciler,
ogrencilerin okullarda daha iyi performans saglamalari igin
Ogrenci Gzerinde hangi faktérlere odaklanmalar gerektigine
karar verebilecektir.

Literatiir

Hussain ve Khan [10], 6grencilerin notlarini tahmin etmek
amaciyla makine 6grenimini kullanan bir sistem gelistirmistir.
Bu calismada, Pakistan egitim kurulundan elde edilen veriler
kullanilmistir. Yontem; veri 6n isleme, 6znitelik secimi, not
tahmini icin bir regresyon modelinin egitilmesi ve not
siniflandirmasi igin bir karar agaci siniflandiricisi adimlarini
icermektedir. Oznitelik secimi icin Genetik Algoritma
kullanilsa da bu yoéntem, buylk veri kiimelerinde yiksek
hesaplama karmasikligina neden olmaktadir. Kullandiklari
farkll Karar Agaci (Decision-Tree -DT) 8.23, K-En Yakin
Komsular (K-Nearest Neighbors- K-NN 27.66, Genetik
Algoritma (GA) + Karar Agaci 5.34 GA + K-NN 24.31 Kok
Ortalama Kare Hatasi (Root Mean Square Error -RMSE)
degerleri elde etmislerdir. Jayaprakash ve arkadaslar [11],
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Ogrenci performans tahmini icin gelistirilmis gelismis bir
Rastgele Orman siniflandiricisi  6nermislerdir. Yazarlarin
onerdikleri model gii¢lii bir dogruluga sahip olmustur, ancak
en iyi performansi elde etmek igin Oznitelik seg¢imi ve
hiperparametre ayarlamasi ¢ok o©nemlidir. Kumar ve
arkadaslar [12], Naive Bayes, Rastgele Orman ve Lojistik
Regresyon algoritmalarini birlestirerek ¢ok seviyeli bir
topluluk 6grenme algoritmasi (NB-RF-LR-SEMod) gelistirmis
ve bir veri kiimesinde %88,3 dogruluga ulasmistir. Topluluk
teknikleri, tek basina kullanilan modellerden daha yiksek
hassasiyet saglayabilmektedir; ancak bu yontemler oldukga
karmasiktir ve Ogrenicilerin 6zenle segilmesini gerektirir.
Ofori ve arkadaglari [13], Ogrencilerin performans
tahmininde makine 6greniminin kullanimini inceleyen bir
literatlir calismasi yapmistir. Calismada, erken tahminin
O6grenme siirecini gelistirmede kritik bir rol oynadigi ve en iyi
modeli segmenin zorluklar vurgulanmigtir.  Bulgulari,
sosyoekonomik faktorlerin tahmin dogrulugunun dustk
olmasinin nedeni olabilecegini géstermektedir. Asselman ve
arkadaslan [14], 6grencilerin performansini tahmin etmek
icin bir topluluk 6grenme yontemi olan XGBoost
algoritmasinin  etkinligini  incelemistir.  Beckham ve
arkadaslar yaptiklari calisma ile 6grenci performansina etki
eden faktorleri ¢esitli makine 6grenme teknikleri kullanarak
incelemislerdir. 12 néronlu ¢ok katmanli algilayici ag ile 4.32
RMSE degeri elde etmislerdir [4].

Materyal ve Metot

Bu calismada Kaggle sitesinden elde edilen veri seti
kullanilmistir. Bu veri seti, sinavlarda 6grenci performansini
etkileyen cesitli faktorlere iliskin kapsaml bir genel bakis
sunar. Calisma aliskanliklari, katihm, ebeveyn katihmi ve

Cizelge 1. Ogrenci basarisini etkileyen éznitelikler
Table 1. Features affecting student success

akademik basariyi etkileyen diger yonler hakkinda bilgi igerir.
Bu calismada basariyi etkileyen faktorler oznitelik olarak
nitelendirilmistir. Kullanilan veri setine ait 6znitelik isimleri ve
aciklamalari asagidaki Cizelge 1 ile verilmistir. Veri seti 6607
ornek ve 17 oznitelik ve sinav notu degerlerini icermektedir.
Bu c¢alismada onerilen yontem Visual Studio 2022
Community IDE (izerinde Python programlama dili
kullanilarak gelistirilmistir. Ayrica bu calismada bagimsiz
degiskenler olan Ozniteliklerin bagimli degisken sinav notu
Uzerindeki etki dereceleri de arastinlmistir. Bu arastirma
sonucunda Oznitelik segme islemi gergeklestirilmistir.
Rastgele orman (Random Forest, RF), gereksiz ve alakasiz
oznitelikleri ortadan kaldirma ve makine &grenimi
siniflandiricilarinin performansini etkili bir sekilde iyilestirmek
icin en uygun Oznitelikleri belirleme avantajina sahip en
yaygin kullanilan algoritmalardan biridir [16]. Oznitelik segme
asamasinda Rastgele Orman yontemi kullanilmistir.
Calismada ilk 6nce yapay zeka sistemleri izerinde Oznitelik
segmeden tahmin uygulamasi yapilmistir. Daha sonra
oznitelik segme islemi uygulanarak sistemler (izerinde tahmin
islemi tekrarlanmis ve sonuglar karsilastiriimistir.

Calismada performans kriterini 6lgmek i¢in K6k Ortalama
Kare Hatasi (Root Mean Square Error - RMSE) metrigi
kullanilmistir. Bu metrik, bir modelin tahmin ettigi degerler ile
gercek degerler arasindaki hata miktarini 6lgmek icin
kullanilan yaygin bir performans degerlendirme metrigidir.
Ozellikle regresyon problemlerinde, tahminlerin
dogrulugunu degerlendirmek amaciyla kullanilir. RMSE
degeri, hatanin blyUklGgint (6lgekli hata) gosterir ve
genellikle "Ortalama Karesel Hata"nin (MSE) karekoku
alinarak elde edilir. RMSE’nin diisiik olmasi, modelin daha
dogru tahminler yaptigini gosterir.

Oznitelik Agiklama

Calisma_Saati
Devamsizhk
Veli_Katilim

Katililan derslerin ylizdesi.

Kaynak_Erisimi
Dis_Activity
Uyku_Saati
Onceki_Puanlar
Motivasyon_Dilizeyi
internet_Erisimi

Ozel_Ders_Sayisi Ayda katililan 6zel ders sayisi.

Haftada harcanan ¢alisma saati sayisi.

Velilerin 6grencinin egitimine katihm dizeyi (Dusuk, Orta, Yiksek).
Egitim kaynaklarinin erisilebilirligi (Duslik, Orta, Yiksek).

Kisa sureli aktivitelerdeki katihm (Evet, Hayir).

Gece basina ortalama uyku saati sayisi.

Onceki sinavlardan alinan puanlar.

Ogrencinin motivasyon diizeyi (Diisiik, Orta, Yiiksek).

internet erisiminin varligi (Evet, Hayir).

Aile_Geliri Aile gelir seviyesi (DUsuk, Orta, Yiksek).
Ogretmen_Kalitesi Ogretmenlerin kalitesi (Diisiik, Orta, Yiiksek).
Okul_Turd Ogrenim goriilen okulun tiirii (Devlet, Ozel).
Akran_Etkisi

Fiziksel_Aktivite
Ogrenme_Giiglugi
Cinsiyet

Sinav_Puani Final sinav puani.

Akranlarin akademik basari tizerindeki etkisi (Olumlu, Notr, Olumsuz).
Haftada ortalama fiziksel aktivite saati sayisi.
Ogrenme giicliigii varligi (Evet, Hayir).

Ogrencinin cinsiyeti (Erkek, Kadin).
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Bir veri setindeki n sayida 6rnegin gercek degerleri y;
ve model tarafindan tahmin edilen degerleri y"; olmak
lizere RMSE asagidaki Esitlik 1 ile hesaplanir.

RMSE =

&
_Zyi -V
nio (1)

Ayrica bu calismada, derin sinir aglari (DNN) kullanarak
bir regresyon modeli olusturulmus ve egitilmistir. Bu
samada oOncelikle veri seti yilklenir, varsa eksik veriler
temizlenir ve 6znitelikler (X) ile etiketler (y) ayrilir. Model,
veri setindeki bagimli degiskeni (bu calismada, 6grenci
notlari) sdrekli bir deger olarak tahmin etmeyi
amaglamaktadir. Veriler, egitim ve test setlerine
ayrildiktan sonra olgeklendirilir. DNN modeli, iki gizli
katmanda "RelLU" aktivasyonu kullanarak 6grenir; son

Cizelge 2. Tahmin yéntemlerinin basarim sonuglari
Table 2. Performance results of prediction methods

katmanda ise sirekli tahminler icin dogrusal (linear)
aktivasyon kullaniir. Model "Adam" optimizasyon
algoritmasiyla derlenir ve 50 epok boyunca egitimden
gecer. Modelin performansi, Ortalama Kare Hatasi (MSE),
Kok Ortalama Kare Hatasi (RMSE), Ortalama Mutlak Hata
(MAE) ve R-kare (R?) ile degerlendirilir.

Sonug

ilk asamada tahmin sisteminde kullanilan yéntemlerde
veri seti (zerinde 6znitelik segme islemi uygulanmamistir.
Elde edilen sonuglar Cizelge 2 ile verilmistir.

Cizelge 2 gbz oniinde bulunduruldugunda Rastgele
Orman regresyon teknigi en disik RMSE degerine
sahiptir. Bu sonuca gore en yilksek tahmin basarimi
Rastgele Orman teknigi ile elde edilmistir.

Yontemlere ait grafiksel sonuglar asagida verilmistir.

Yontem

RMSE

Rastgele Orman
Ridge

Lasso

Karar Agaci
Derin Sinir Agl

Gercek ve Tahmin Edilen Degerler (Ilk 10 Ornek)

2.0880059652073077
1.9078711855834931
1.9551066974885811
3.3723759900783428
2.4868690299085996

Hata Dagilimi

= Gercek Degerler
Tahminler

Degerler

Ornek Numarasi

Frekans

5 10 15 25

Hata (Gercek - Tahmin)

-10

Resim 1. Rastgele Orman yontemine ait grafiksel sonuglar
Figure 1. Graphical results of the Random Forest method

Gercek ve Tahmin Edilen Degerler (llk 10 Ornek)

Hata Dagilimi

mm Gercek Degerler
Tahminler

ad >
& &

& 20 g A &

-~ kd © [

omek Numarasi

Frekans

5 10 15 20 25
Hata (Gercek - Tahmin)

Resim 2. Ridge yontemine ait grafiksel sonuglar
Figure 2. Graphical results of the Ridge method
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Gercek ve Tahmin Edilen Degerler (llk 10 Ornek)

Hata Dagilimi (Lasso Modeli)
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Resim 3. Lasso yontemine ait grafiksel sonuglar
Figure 3. Graphical results of the Lasso method
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Resim 4. Karar Agaci yontemine ait grafiksel sonuglar
Figure 4. Graphical results of the Decision Tree method
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Resim 5. Derin Sinir Aglari yontemine ait grafiksel sonuglar
Figure 5. Graphical results of the Deep Neural Networks method

Hata dagilimi grafigi, modelin tahminlerindeki
dogrulugunu incelemek igin dGnemlidir. Histogram seklinde
dagilan hata degerleri, modelin ger¢ek ve tahmin edilen
degerler arasindaki farklarin (hatalarin) dagilimini
gosterir. Normal dagilim gosteren, sifira yakin bir hata
dagihmi modelin iyi bir performans sergiledigini, hatalarin
cogunun kiguk oldugunu ve tahminlerin genellikle dogru
oldugunu gosterir[16].

Bu galismada 6zniteliklerin 6nem derecesi, Rastgele
Orman algoritmasi tarafindan hesaplanan 0znitelik

onemleri kullanilarak belirlenmistir. Rastgele Orman
modelindeki  Oznitelik 6nem  derecesi (feature
importance), modelin her bir 6zniteligin hedef degisken
Uzerindeki goreceli etkisini anlamak igin kullanihr.
Oznitelik 6nem derecesi, genellikle Gini impurity veya
mean decrease in impurity (MDI) gibi kriterlere dayanir
[15].

Ozniteliklerin tahmin basarisina etkisi grafiksel olarak
Sekil 6 ile verilmistir.
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Ozellik Onem Duzeyleri

Devamsizlik
Calisma_saati
Onceki_not
Veli_katilim
Kaynal_erisim
Ozel_ders
Fiziksel_aktivite
Uyku_saati
Aile_gelir
fotivasyon_sviye
Akran_etki
Ogretmen_kalite
grenme_guclugu
Ekstra_aktivite
Okul_tip
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Internet_erisim
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0.25

Onem Duzeyi

Resim 6. Ozniteliklerin tahmin basarimina etkisi
Figure 6. Effect of features on prediction performance

Cizelge 3. Ozniteliklerin 6nem dereceleri
Table 3. Importance levels of features

Oznitelik Onem Derecesi Oznitelik Onem Derecesi
Devamsizlik 0.3939 Motivasyon_seviye 0.0158
Calisma_saati 0.2505 Akran_etki 0.0155
Onceki_not: 0.0843 Ogretmen_kalite 0.0151
Veli_katilim 0.0394 Ogrenme_guclugu 0.0099
Kaynak_erisim 0.0374 Ekstra_aktivite 0.0086
Ozel_ders 0.0362 Okul_tip 0.0084
Fiziksel_aktivite 0.0274 Cinsiyet 0.0072
Uyku_saati 0.0250 Internet_erisim 0.0058
Aile_gelir 0.0196

Cizelge 4. Tahmin yéntemlerinin basarim sonuglari

Table 4. Performance results of prediction methods
Yontem RMSE
Rastgele Orman 2.083993406275049
Ridge 1,903771185583493
Lasso 1,951006697488581
Karar Agaci 3,368275990078342
Derin Sinir Agacl 2,482769029908599

Cizelge 5. Literattlir karsilastirmasi

Table 5. Literature comparison
Referans Yontem RMSE
[10] Karar Agaci 8,23
[4] Yapay Sinir Agl 4,32
Bu Calisma Rigde-Rastgele Orman 1,90

Ozniteliklerin Rastgele Orman ydntemi ile elde edilen
o6nem dereceleri Cizelge 3 ile verilmistir.

Cizelge 3’e gore en disilk etki gosteren oOznitelikler
cinsiyet ve internet erisimi olarak tespit edilmistir. Bu iki
Oznitelik veri boyutunu azaltmak igin veri setinden
¢ikarilarak ayni yapay zeka teknikleri ile 6grenci basarimi
tahmin edilmistir. Elde edilen sonuglar Cizelge 4 ile
verilmistir.
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Cizelge 4 ile verilen sonuclar goz onine alindiginda
oznitelik secme islemi ile tahmin isleminde kullanilan
yapay zeka tekniklerinin basarimi az da olsa artis
gostermistir.

Bu c¢alismada Ridge ve Rasgele Orman teknikleri
kullanilarak olusturulan model en basaril model olarak
ortaya konmustur. Onerilen yéntemin  basarimi
literatirdeki benzer calismalar ile karsilastiriimis ve
sonuglar Cizelge 5 ile verilmistir.
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Tartisma

Calisma sonuclarina goére, Ridge ve Rastgele Orman
modellerinin  tahmin dogrulugunun diger yontemlere
kiyasla daha yiiksek oldugu gézlemlenmistir. Ozellikle
Rastgele Orman algoritmasi, 6zniteliklerin  6nem
derecelerini belirlemede etkili olmus ve modelin
performansini artirmak amaciyla 6znitelik se¢imini basarili

bir sekilde saglamistir. Strobl ve arkadaslarinin
calismasinda (2007), Rastgele Orman algoritmasinin
Oznitelik 6nem siralamasinda  yanhliklari  6nleyici

ozelliklerinin alti ¢izilmis ve bu algoritmanin Oznitelik
secimi icin uygun bir yontem oldugu belirtilmistir.
Calismada, en o©nemli Oznitelik olarak "Devamsizlik"
belirlenmis ve bu 6zniteligin 6grenci basarisi tGzerindeki
yuksek etkisi literatirdeki bircok c¢alismayla tutarlilik
gostermistir. Bu durum, okul devam oraninin akademik
basariyla dogrudan iliskili oldugunu savunan Quigley ve
MacKay-Lyons’un (2020) arastirmalariyla da
desteklenmektedir. Ayrica, disik etkili 6znitelikler olarak
belirlenen  "Cinsiyet" ve ‘'internet Erisimi" gibi
degiskenlerin g¢ikarilmasiyla yapilan tekrar tahminlerde,
model performansinda hafif bir artis gozlenmistir. Bu
sonug, dusik etkili 6zniteliklerin modelden ¢ikariimasinin
gereksiz veri karmasikligini azaltarak tahmin dogrulugunu
artirabilecegini ortaya koymaktadir.

Sonug¢ olarak, bu calisma, egitim ortaminda karar
verme sireclerine rehberlik edebilecek 6ngorict
modeller gelistirmek icin makine 6grenimi yontemlerinin
onemli bir ara¢ oldugunu gostermektedir. Elde edilen
bulgular, egitimcilerin 6grencilerin basarisini etkileyen
faktorlere odaklanarak bireysel destek stratejileri
gelistirmeleri icin veri odakli yaklasimlar kullanmalarini
onermektedir. Bu c¢alisma, 0Ogrenci basari tahmin
modellerinin daha genis egitim politikalari ve bireysel
rehberlik planlarina entegre edilmesi igin glicli bir temel
saglamaktadir.
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ABSTRACT

In light of new policies emerging as a result of the climate and energy crises, the demand for renewable energy
resources is increasing day by day in the world. Although our country is dependent on foreign energy sources, it
has an important potential in terms of renewable energy resources. Biogas, which has an important place among
renewable energy sources such as solar, wind, geothermal, and biomass resources, is a sustainable and
environmentally friendly energy source. Animal waste, which is an organic waste type used in biogas production,
is an important resource and should be evaluated due to its energy production potential and the fact that it can
be easily and in large quantities because we are an agricultural country. Within the scope of the study, Manisa
Province, which is located in the Aegean Region, where barn husbandry is especially widespread in our country
and where ovine husbandry is widespread, was preferred as a pilot province in the region.

In this study, the biogas production potential from animal manure in Manisa Province and Districts was
investigated. According to the study results, the biogas production potential from animal manure in Manisa
Province is 153,347,039.2 m?/year. The electrical energy equivalent of the biogas produced is 720,73 GWh/year.
With the electrical energy that can be obtained, it has been determined that the domestic electricity
consumption needs of 29.73% of the provincial population can be met from biogas production from animal
manure and 316,401 tonnes of CO-equivalent greenhouse gas emissions can be prevented. It is thought that
the research results will guide the sectors and politicians interested in this business.

Keywords: Manisa, animal manure, biogas production, clean energy production

Manisa ili Ciftlik Hayvani Potansiyelinin Enerji Uretimi Amaciyla Kullanilabilirliginin

Arastiriimasi
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Terimler ve Kisaltmalar

0oz

Yasanan iklim ve enerji krizleri sonucunda ortaya gikan yeni politikalar 1siginda yenilenebilir enerji kaynaklarina
olan talep diinyada her gecen giin artmaktadir. Ulkemiz de enerji kaynagi konusunda disa bagimli olmakla birlikte
yenilenebilir enerji kaynaklari agisindan 6nemli bir potansiyele sahiptir. Glines, riizgar, jeotermal, biyokutle
kaynaklari gibi yenilenebilir enerji kaynaklari arasinda 6nemli bir yeri olan biyogaz strdirulebilir ve ¢evre dostu
bir enerji kaynagidir. Biyogaz tretiminde kullanilan organik bir atik turt olan hayvansal atiklar, enerji tGretim
potansiyeli ve tarim tilkesi olmamizdan dolayi kolay ve ¢ok miktarda temin edilebilecek olmasindan 6turi 6nemli
bir kaynaktir ve degerlendirilmesi gerekir. Calisma kapsaminda Ulkemizde &zellikle ahir hayvanciliginin yaygin
oldugu Ege Bolgesi’nde yer alan ve kiigiikbas hayvanciligin yaygin olarak yapildigi bir yer olan Manisa ili Bélgede
pilot il olarak tercih edilmistir.

Calismada Manisa il ve ilgelerinde hayvan giibresi kaynakl (Uretilebilecek biyogaz iretim potansiyeli
arastirilmistir. Arastirma sonucuna gére Manisa ilinde hayvan giibresi kaynakli biyogaz tiretim potansiyeli yillik
153.347.039,2 m¥diir. Uretilen biyogazin elektrik enerjisi esdegeri ise 720,73 GWh/yil'dir. Elde edilebilecek
elektrik enerjisi ile il nifusunun %29,73’linlin evsel elektrik tiketim ihtiyacinin hayvansal giibre kaynakli biyogaz
tretiminden karsilanabilecegi ayrica 316.401 ton COz-esd. sera gazi emisyonu saliniminin 6ntine gegilebilecegi
belirlenmistir. Arastirma sonuglarinin bu isle ilgilenen sektorler ve politikacilar icin yol gosterici olacag
distnilmektedir.

Anahtar Kelimeler: Manisa, hayvansal glibre, biyogaz Uretimi, temiz enerji Gretimi

TEP: Ton Esdeger Petrol MW: Megawatt MWe: Megawatt enerji GJ: Gigajoule
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Giris

Giderek artan diinya nifusu nedeniyle tikenen enerji
kaynaklari  olumsuz yonde etkilenmekte bu da
beraberinde yenilenebilir temiz enerji kaynaklari iretimi
konusundaki ¢calismalari artirmaktadir. Yenilenebilir eneriji
kaynaklari surdurdlebilirlik hedeflerine ulasmada da
olduk¢a 6nemlidir. Buna ragmen yenilenebilir enerjinin
Glkemizdeki payi, diger Ulkelere gore oldukga dusuktir.
Ulkemizde, yenilenebilir enerjinin birincil kullanimdaki
orani % 6,5, elektrik Uretimindeki payl ise % 24’tir.
Elektrik Gretiminde yenilenebilir enerjinin payinin 2023
yilina kadar % 30’a ¢ikarilmasi hedeflenmektedir [1].

Kontrolsuz bir sekilde yakilan fosil yakitlardan kaynakli
sera gazlari gevre kirliligi yaratmaktadir. Bu nedenle sera
gazi emisyonlarinin azaltilmasi igin 2005 yilinda yurirlige
giren Kyoto protokollii dahilinde bazi zorunlu hedefler
belirlenmistir. Bu protokoli imzalayan (lkeler, sera
etkisine neden olan diger bes gazin ve CO’in salinimini
azaltmaya veya bunu yapamiyorlarsa karbon ticareti
yoluyla haklarini arttirmaya séz vermislerdir. imzalanan
protokole gore, (lkelerin atmosfere saldiklari karbon
miktarini - 1990  yilindaki  degerlere  distirmeleri
gerekmektedir. 2016 Paris iklim Antlasmasi ve 2019

Avrupa Yesil Mutabakati (Karbon Ayakizi) ile temiz
yenilenebilir enerji sistemine gecis icin c¢alismalar
yapilmasi hedeflenmistir. Yenilenebilir enerji

kaynaklarinin kullanimi belirlenen hedeflere ulasmak igin
onemlidir. Farkh yenilenebilir enerji kaynaklari arasinda
dusik sera gazi emisyonlari ve enerjide strdirilebilirlik
acisindan biyokiitle enerjisi son vyillarda fazlaca ilgi
gormektedir. Diinyada buyik nifuslu dolayisiyla eneriji
tiketiminin fazla oldugu Hindistan ve Cin gibi Ulkeler de
biyogaz tesisleri aracihg ile elektrik Uretimine
yonelmislerdir [2].

Tiirkiye, tarim ve hayvan yetistiriciligi uygulamalarinin
hem ekonomik hem sosyal baglamda agirlikta oldugu
gelismekte olan bir Ulke olmasi sebebiyle hayvansal
atiklardan dretilen biyogaz enerjisi, gelecegin en 6nemli
yenilenebilir enerji kaynaklarindan biri olarak kabul
edilmektedir [3]. Ornegin; tavuk giibresinden cok verimli
biyogaz Uretimi saglanabilmektedir. Tavuk glibresi
kullanimi tarim arazileri icin de 6nemlidir ancak direkt
olarak uygulandiginda toprakta tuzluluga neden
olmaktadir. Fakat biyogaz Uretiminde fermente olmus
tavuk gilibresi, cok daha verimli hale gelerek strdirilebilir
hayata katki saglamaktadir [1]. Biyogazin bir Grlini{ olan
glbre, tarim alaninda toprak verimliligini olumlu yonde
etkilemekte ve anaerobik c¢liriime sonrasinda hayvan
glbresindeki rahatsiz edici koku biylik oranda
azalmaktadir [4].

Bliylikbas hayvanlarin giinlik yas gibre Gretimi diger
hayvanlara gore daha yiksek oldugundan biyogaz tretim
tesislerinde daha ¢ok kullanilmaktadir. Bu durum tim
dinyada aynidir. Blyikbas hayvanlar arasinda st
sigirlarinin giibrelerindeki su ve lif igeriklerinin yiksek
olmasi ve liflerin yiiksek dlzeyde c¢lirimeye direngli
olmasindan dolayl daha disiik oranda metan gazi elde
edilir ve fakat et sigirlari bu anlamda daha avantajlidir [5].
Klavon ve arkadaslarinin [6] ABD’de vyaptiklari bir
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¢alismanin sonucuna gore ekonomik agidan uygun bir
biyogaz Uretim tesisinin en az 250 inege sahip olmasi
gerektigi one surilmugtdr.

Ulkemiz tarim ve hayvancilik agisindan zengin bir
konumdadir. Dolayisiyla ciftlik hayvan atiklari potansiyeli
de oldukca yuksektir. Ancak organik kokenli bu atiklar
¢ogu kez degerlendiriimemekte ya yakilmakta vya
kontrolsiiz bir sekilde c¢evreye atilmakta ya da acik
alanlarda depolanan hayvansal atiklar tarim alanlarinda
glibre olarak kullaniimaktadir. Ancak bu atiklar yiksek
miktarda azot ve fosfor, mikroorganizmalar,
antibiyotikler, agir metaller ve bliylime hormonu gibi bazi
zararh maddelerin kalintilarini da icerdiginden uygun
sekilde yoOnetilmediginde c¢evrenin kirlenmesine ve
hastaliklarin ortaya ¢cikmasina neden olmasi kaginilmaz bir
durumdur. Bu nedenle, hayvan giibresi ve atiklarinin
biyogaza dénustirulip enerji kaynagi olarak strdirilebilir
kullanimi ortaya ¢ikacak bu sorunlari bertaraf etmede
onemli bir adim olacaktir. Ayrica fermantasyon isleminden
sonra kaliteli giibre uretimi saglanirken koku ve mikrobiyal
patojenlerin azaltilmasi da saglanmis olacaktir [7].

2020 yih verilerine goére Tiirkiye’de toplam hayvansal
atik miktari 193.878.079 ton/yil, bu hayvansal atiklarin
enerji esdegeri ise 4.385.371 ton esdeger petrol/yil’dir [8].
Fakat Ulkemizde biyogaz iiretim ve kullanim miktari,
biyogaz potansiyeli bakimindan énemli bir kaynaga sahip
olmamiza ragmen, heniliz istenilen seviyede degildir.
Ulkemizdeki biyokiitle ve atik 1si enerjisine dayali kurulu
glic Haziran 2022 sonu itibariyle 2172 MW, bunun toplam
kurulu glice orani ise % 2,14'diir [9]. Turkiye'de 187 adet
biyogaz, biyokitle, atik isi ve pirolitik yag enerji santrali
bulunmaktadir ve bu santrallerin toplam kurulu giicti 2414
MW’dir. Santrallerin yillik elektrik Gretimi yaklasik 6912
GWh ve Uretimin tiiketime orani ise % 2,3’dir [10].
Turkiye’nin biyogaz esasl enerji kaynaklarinin potansiyeli
degerlendirildiginde belediye atiklarindan (4,85 TWh/yil),
tarimsal atiklardan (165,29 TWh/yil) ve hayvansal
atiklardan (16,19 TWh/yil) biyogaz enerjisi Uretebilme
potansiyelinin oldugu raporlanmistir [11,12].

Hacisalihoglu [13] mevcut biyikbas, kiglkbas ve
kiimes hayvani sayilarini esas alarak Bursa’nin Karacabey
ilcesinde 2019-2021 vyillari arasinda olusan hayvansal
kaynakli glibre ve bu glibrelerden elde edilecek teorik
biyogaz miktarini hesaplamistir. Ug yilin sonunda yas
guibre olusma potansiyeli 126.942.000,12 ton/yil ve yas
gubrenin biyogaz Uretim potansiyeli ise 166.707.000,10
m3/yil olarak hesaplanmistir. Ortaya c¢ikacak biyogazin
enerji potansiyeli ise 3.917.616,83 GJ/yil'dir. Calisma
sonucunda biyogazdan Uretilecek elektrik enerjisinin
ilcenin enerji ihtiyacini énemli oranda karsilayabilecegi
belirlenmistir.

Topal Canbaz & Polat Bulut [14] i¢ Anadolu
Bolgesindeki illerin (Ankara, Konya, Kayseri, Eskisehir,
Sivas, Corum, Yozgat, Aksaray, Nigde, Nevsehir, Kirikkale,
Karaman, Kirsehir ve Cankiri) blylkbas, kiglkbas ve
kiimes hayvani sayilarini 2015-2019 yillari igin belirleyerek
bolgeye ait biyogaz (lretim potansiyeli ve enerji
miktarlarini hesaplamistir. Calisma sonucunda hayvan
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glbresinden uretilecek 2015 yili toplam enerji miktari
3410 GWh iken bu miktar 2019 yil icin 4275 GWh olarak
tahmin edilmistir.

Bu ¢alismada hayvansal atiklarin  ekonomiye
kazandirilma potansiyelinin tespiti amaciyla hayvanciligin
yogun oldugu Manisa ili segilmistir. Manisa ilindeki hayvan
sayllarina gore olusacak hayvansal giibre miktari dikkate
alinarak Manisa il sinirlari icerisinde ilce ilge olusacak yas
glbre miktarlari, olusan yas gibreden iretilebilecek
teorik biyogaz miktari ve olusan biyogazin eneriji
potansiyeli yapilan kabuller dogrultusunda
hesaplanmistir. Hesaplama sonucunda elde edilecek
enerjinin sehrin elektrik tiketim ihtiyacini kargilama orani
belirlenmis ve elektrigin biyogazdan elde edilmesi
durumunda sera gazi saliniminin ne kadar azaltilabilecegi
ortaya konulmustur.

Materyal — Metot

2023 TUIK verilerine gore 1.475.716 kisilik nifusuyla
Tirkiye'nin en kalabalik on dordiinci ili olan Manisa, Ege
Bolgesi'nin ortasinda, Anadolu Yarimadasi'nin batisinda
yer alan ve Bati Anadolu’nun denize kiyisi bulunmayan
ancak kiylya en yakin ilidir. 38 04' ve 39 58' kuzey enlemleri
ile 27 08' ve 29 05' dogu boylamlari arasinda yer alr.
Yiizélgimi 13.810 km? olan il toplam 17 ilceden
olusmaktadir (Sekil 1). 2018 yilinda Manisa Valiligi il Gida
Tarim ve Hayvancilik Midurligi tarafindan yayinlanan
rapora gore Manisa etlik ve hindi varliginda 1., yumurta
tavugu varliginda 3. siradadir. Genis bitkisel ve hayvansal
Grln yelpazesi ile Tirkiye tariminda ¢ok énemli bir yere
sahip olan Manisa, ayni zamanda bir sanayi sehridir [15].

Calisma kapsaminda hayvansal kaynakl retilecek
biyokitle enerjisi miktarlarinin hesaplanabilmesi igin;
TUIK Veri Portali web sayfasindan 2023 yili hayvan
sayilarina ulasilmistir (https://biruni.tuik.gov.tr/medas/
?locale=tr). Hayvansal atik potansiyeline bagh olarak
Manisa ili ve ilgeleri icin hayvansal kaynakli potansiyel
biyogaz ve elektrik enerjisi miktarlari hesaplanmigtir.
Hesaplamalarda biiytkbas hayvan (BBH) olarak sigir ve
manda, kiglkbas hayvan olarak (KBH) koyun ve kegi,
kanath kiimes hayvani (KKH) olarak et tavugu (broiler),
yumurta tavugu, kaz, ordek ve hindi sayilarn dikkate
alinmistir.

Manisa iline ait biyogaz potansiyelini belirlemek igin
2023 yili TUIK verileri ve Bilir [16] tarafindan raporlanmis
asagida verilen bazi kabuller kullaniimustir.

1. Biyukbas hayvandan, kiiglikbas hayvandan ve kanath
hayvandan yaklasik olarak sirasiyla 3,6 ton/yil, 0,7
ton/yil ve 0,022 ton/yil yas gibre elde edildigi kabul
edilir.

2. 1 ton biyilkbas, kigikbas ve kanath hayvan
glibresinden sirasiyla 33 m3, 58 m3 ve 78 m? biyogaz
elde edilir.

3. 1 m? biyogazdan elde edilecek elektrik enerijisi
¢alisilan tim hayvan tirleri igin aynidir ve 4.7 kWh’dir
[1].

Bu kabuller ile birlikte Manisa ilindeki ¢iftlik hayvani
cesitliligine bagl olarak olusacak yas gubre miktari,
biyogaz miktari ve biyogazdan iretilecek elektrik enerijisi
potansiyeli hesaplanmistir.
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Figure 1. Manisa Province Map
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Bulgular ve Tartisma

Manisa ili BBH, KBH ve KKH sayilari TUIK veri erisim
portalindan alinarak 2023 yili toplam hayvan sayisi
52.180.148 adet olarak hesaplanmistir (Tablo 1). Tiim
ornekleme noktalari arasinda en fazla hayvan sayisina
Salihli  llgesinin  (9.433.763 adet) sahip oldugu
gorilmektedir. Tum ilgelere ait hayvan sayilarina gore
biyogaz Uretim potansiyeli ve biyogazdan elde edilecek
enerji miktarlari hesaplanarak Tablo 2’de verilmistir.

Tablo 2’ye gore Manisa il ve ilgelerinde buyikbas,
kiicikbas ve kiimes hayvani atiklarindan elde edilecek
teorik yas glbre miktari, teorik biyogaz potansiyeli,
biyogaz yanmasi sonucu Uretilen enerji miktar ve
potansiyel enerji santrali kapasitesi sirasiyla 2.621.545
ton/yil, 153.000.000 m3/yil, 720.731.084 kWh/yil ve
82,275 MW enerjidir. ildeki hayvanlardan kaynakl yas
glbre miktarinin ve (retilen enerjinin oransal dagilimi
Sekil 2’de goriilmektedir. En fazla hayvan sayisina sahip
olan Salihli ilgesinin Manisa il haritasi icerisinde biyogaz

Tablo 1. Manisa ili 2023 yilina ait hayvan sayilari
Table 1. Number of animals in Manisa Province in 2023

Uretimine en ¢ok katkisi olan ilge oldugu hem Tablo 2 hem
de Sekil 3'deki gorselden goriilmektedir.

Enerji Atlasi 2023 yili verilerine gbére Manisa'nin
elektrik santrali kurulu glici 3.280 MWe'dir. Manisa'daki
62 elektrik santrali ile yilda yaklasik 12.663 GWh elektrik
Uretimi yapiimaktadir. Bu dretim miktari, Manisa'nin
elektrik tuketiminin 2,06 katidir. Kula (Kula Yenilenebilir
Enerji Uretim Tesisi, 31 MW), Salihli (Salihli Biyokditle
Enerji Santrali, 10 MW) ve Turgutlu (Manisa Biyogaz Eneriji
Santrali, 3 MW) ilcelerinde Biyokiitle enerji santralleri hali
hazirda isletmededir. Tablo 2’de vermis oldugumuz
hesaplama sonuglarindan da goraldigi Gzere Saruhanh
(9,5 MWe) ve Akhisar (11,4 MWe) ilcelerine de sahip
olduklari potansiyel nedeniyle biyogaz Uretim tesisi
kurulabilir.

Tablo 3’de ise genel durumun daha iyi gorulebilmesi
icin TUIK 2023 yili verilerine gére Uretilen enerji miktarinin
genelden &zele (Tirkiye-Ege Bolgesi-Manisa-Salihli ilcesi)
karsilastirmasi verilmistir.

Hayvan Sayilari, adet

iLCELER BBH KBH KKH Toplam sayi, 3
Ahmetli 4925 3439 1269710 1278074
Akhisar 12795 76586 9692930 9782311
Alasehir 13751 72692 1953180 2039623
Demirci 12007 79230 892160 983397
GoOlmarmara 2956 19588 521457 544001
Gordes 15151 64283 1701194 1780628
Kula 44543 160831 2408831 2614205
Kopribasi 5384 53646 3500911 3559941
Kirkagag 5875 33635 1160770 1200280
Salihli 36231 135162 9262370 9433763
Saruhanh 4638 52449 8742366 8799453
Sarigol 8391 22136 601426 631953
Selendi 11097 67066 1062578 1140741
Soma 8862 19858 2238894 2267614
Turgutlu 28307 13700 4563628 4605635
Yunusemre 11174 38131 722870 772175
Sehzadeler 8888 20962 716504 746354
Toplam Hayvan Sayisi 234975 933394 51011779 52180148
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Tablo 2. Manisa ili hayvansal kaynakli eneriji iretimi

Table 2. Manisa Province animal-based energy production

Teorik yas giibre potansiyeli, ton/yil Teorik biyogaz potansiyeli, m*/yil Uretilen enerji miktan, kWh/yil
iLCELER BHS KHS KKH 3 BHS KHS KKH 3 BHS KHS KKH >
Ahmeti 177300 24073 279336 480709 5850900 1396234 21788224 29035358 27499230 6562300 10240465,1 136466181 16
Akhisar 46062,0 536102 2132445 3129167 15200460 31093916 16633067,9 212625055 71442162 146141405 781754190 999337758 114
Alasehir 495036 508844 429700 1433580 16336188 29512952 33516569 7936570,9 76780084 138710874 157527873 373018831 43
Denirci 432252 554610 19627,5 1183137 14264316 32167380 15309466 61741162 67042285 151186686 71954488 200183460 33
Golmarmara 106416 137116 114721 358253 3511728 7952728 8948202 20412658 16505122 37377822 42056550 95939493 11
Gérdes 545436 443981 374263 136980 17999388 26098898 29192489 73290775 84597124 12266482,1 137204698 304066643 39
Kula 1603548 112581,7 529943 3259308 52917084 65297386 41335540 159550010 248710295 306897714 194277038 749885047 86
Kopriibasi 193824 375522 770200 1339546 6396192 21780276 60075633 8825210,1 30062102 10236729,7 282355474 414784874 47
Kirkagag 211500 235445 255369 702314 6979500 1365581,0 19918813 40554123 32803650 6418230,7 93618422 190604379 22
Salifli 1304316 96134 2037721 488171 43042428 5487577,2 158942269 256860469 202299412 257916128 74702866,5 1207244205 138
Saruhanli 16696,8 367143 1923321 257432 550994,4 21294294 15001900,1 176823239 2589673,7 100083182 705089303 831069221 95
Sangd| 302076 154952 132314 58934, 996850,8 8987216 10320470 29276194 46851988 42239915 4850621,0 137598113 16
Selendi 399492 46946,2 233767 102721 13183236 27228796 18233838 5864587,0 61961209 12797534,1 8569904,1 275635591 31
Soma 319032 139006 49255,7 950595 1052805,6 806234,8 3841942,1 57009825 49481863 37893036 18057127,9 267946178 31
Turgutlu 1019052 9590,0 1003998 2118950 33628716 5562200 78311856 117502772 158054965 2614234,0 36806572,5 552263031 63
Yunusermre 402264 26691,7 159031 828212 13274712 15481186 12404449 4116034,7 6239114,6 72761574 58300911 193453632 22
Sehzadeler 31998 146734 15763,1 624333 10558944 85105722 12295209 31364725 49627037 39999688 5778748,1 147414206 17
Toplam 8459100 6533758 11222591 26215449 27915030 378957964 875362128 1533470392 1312006410 1781102431 4114202000 7207310841 823

*Potansiyel enerji santrali kapasitesi (MWe)

Tablo 3. TUIK 2023 yili verilerine gore iiretilen enerji miktarinin genelden 6zele karsilastirmasi

3: Toplam deger

Table 3. General to specific comparison of the amount of energy produced according to TurkStat 2023 data

BOLGE

TURKIYE

EGE BOLGESI

MANISA

SALIHLI ILCESI

Hayvan Sayilan, adet Teorik Biyogaz Potansiyeli, m*/yil Uretilen Enerji Miktan, kWh/yil
KHS KKH > BHS KHS KKH > BHS KHS KKH >
33166010 52363410  3,74E+08 459281320  3,94E+09 2,13E+09 6,41E+08 6,71E+09 1,85E+10  9,99E+09  3,01E+09  3,15E+10
2737093 5021387 1,09E+08 116551514  3,25E+08 2,04E+08 1,87E+08 7,16E+08 1,53E+09  9,58E+08  8,77E+08  3,36E+09
234975 933394 51011779 52180148 27915030 37895796 87536213 1,53E+08 1,31E+08 1,78E+08 4,11E+08  7,21E+08
36231 135162 9262370 9433763 4304243 5487577 15894227 25686047 20229941 25791613 74702867  1,21E+08

Avcioglu & Tirker [12] tarafindan yayinlanan ¢alismada
2009 verilerine gore Manisa ili BHS+KHS+KKH sayilari

dikkate

alindiginda

2.352.431

ton/yil

W BHS mKHS mKKH

yas

gibre

1.498.086 Gl/yil

kalorifik deger

B BHS mKHS mKKH

b

potansiyeli, 65.995.000 m3/yil biyogaz potansiyeli ve
raporlanmistir. Bu
¢alismadan elde edilen sonuglar ise Tablo 2’de verilmistir.

Sekil 2. 2023 yili verilerine gére Manisa ilinde (a) bir yilda tiretilen yas giibre miktarinin (ton/yil) hayvan tiirlerine
gore % dagihmi (b) Hayvan tlrlerine gore uretilen enerjinin (kWh/yil) % dagilimi

Figure 2. According to 2023 data, in Manisa Province (a) % distribution of the amount of wet manure produced
in a year (tonnes/year) according to animal species (b) % distribution of energy produced (kWh/year) according to
animal species
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Sekil 3. ilcelerdeki hayvan sayilarina bagli olarak elde edilecek teorik biyogaz miktari
Figure 3. The theoretical amount of biogas to be obtained depending on the number of animals in the districts

Manisa ili icin meskenlerde kisi basina toplam elektrik
tliketimi 2019, 2020 ve 2021 yillart igin sirasiyla 683, 717 ve 723
kWh'dir. Gorildigu tzere bu deger her gegen yil artmaktadir.
TUIK Merkezi Dagitim Sistemi (MEDAS) enerji istatistiklerinden
en son 2021 yili verisine ulasilmistir. 2023 yili Manisa il niifusu
TUIK verilerine gore 1.475.716 kisidir. 2023 wili igin
meskenlerde kisi basina toplam elektrik tiiketiminin 750 kWh
oldugu kabulii ile (TUIK 2023 yili verisi olmadigi icin tam say!
veremiyoruz) meskenlerdeki toplam elektrik tiiketiminin
biyogazdan uretilen enerji miktarina (720731084 kWh/yil)
orani 1,53'dir.

Gunliik hayatta ihtiyag duydugumuz (konut, sanayi, metro
ulasimi, resmi daire, ¢evre aydinlatmasi gibi) kisi basi tiim
elektrik enerijisi ihtiyaci TUIK 2007-2021 yili verilerinden temin
edilerek Sekil 4’deki grafik gizilmistir. En son 2021 yili verilerine
baktigimizda Tiirkiye geneli, Ege Bolgesi ve Manisa li icin bu
deger sirasiyla 3386, 4164 ve 3878 kWh olarak degismektedir.
Buradan Manisa ili icin kisi basina toplam elektrik tiiketiminin
Tirkiye genelinden yiiksek oldugu anlasiimaktadir.

4 kisilik normal bir ailenin evindeki guinliik elektrik tiiketimi,
evdeki cihazlarin sayisi ve tiirline, aydinlatma kaynaklarina ve
uyguladiklari enerji tasarrufu yodntemlerine bagh olarak
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degisebilmekle birlikte genel olarak, evin gunlik elektrik
tiiketimi, 15-20 kWh arasindadir. Bu degeri ortalama 18 kWh
alirsak bir evin yillik elektrik tiketimi 6570 kWh olacaktir.
Manisa ili icin hayvansal kaynakli biyogazdan elde edilebilecek
yillik enerji miktar 720.731.084 kWh’dir. Bu durumda 109700
hanenin (hanelerin 4 kisiden olustugu kabul edildiginde
438.800 kisinin), 2023 yili Manisa il nifusuna gore ise il
nifusunun %29,73’tinlin evsel elektrik tiketim ihtiyacinin
hayvansal glibre kaynakl biyogaz Uretiminden
karsilanabilecegi  gorilmektedir.  Tirkiye'deki  mevcut
potansiyel degerlendirildigi takdirde biyoenerji, hem tarim ve
orman (rinlerinin yonetiminde hem atik kaynakl cevre
sorunlarini 6nlemede hem de CO, emisyonlarini azaltmada
yardimci olacaktir. Bu nedenle sirf maliyet odakli distintilerek
biyogaz tesislerinin kurulum ve isletiimesinden vazgecmek
dogru bir yaklasim degildir.

Biyogaz tesislerini basarili sekilde isleten Ulkeler sistemin
kendi kendini kisa stirede amorti ettigini béylece hem dogaya
hem de (ilke kalkinmasina katkida bulunuldugunu géstermistir
[18]. Bu nedenle illerin enerji ve kalkinma planlari hazirlanirken
mutlaka degerlendirilmesi ve eger uygunsa lretime gegilmesi
gereken bir yatinmdir.

¥ Manisa

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Yillar

Sekil 4. TUIK verilerine gore kisi basina toplam elektrik tiiketimi
Figure 4. Total electricity consumption per capita according to TurkStat data
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Dursun [19] tarafindan 2023 yili verileriyle yapilan ¢alismada
Ege Bolgesi’'nin hayvan sinifina gore hayvansal atik miktari
belirlenerek, biyogaz Uretim potansiyelinin  belirlenmesi
amaglanmistir. Yapilan calismada TUIK 2023 verilerine goére
bolgede biyikbas (2051641), kiiglkbas (3867541) ve kiimes
hayvani (38346914) olmak lizere toplam 44266096 adet hayvan
oldugu agiklanmistir. Hayvan sayilari hesabinda 12 ay ve Uzeri
yas grubu biyiikbas hayvan (saf kiltur sigirlari, st sigirlari, melez
sigirlar, yerli sigirlar, manda) ve kiglikbas hayvan (kegi, koyun)
sayilari, kimes hayvanlarinda ise, yumurta tavugu, kaz, hindi,
ordek ve beg tavugu sayilari degerlendirmeye alinmistir. Hayvan
siniflarina gore elde edilebilecek biyogazin yillik TEP cinsinden
enerji esdegeri Ege Bolgesi icin toplam 552699,4 TEP/yil, Manisa
ili icin 86184,4 TEP/yil olarak agiklanmistir. Bolge enerjisinin
%15,6'sinin Manisa ilinden karsilanabilecegi gériilmektedir. Ege
Bolgesi kapsaminda, hayvansal atik kaynakh biyogaz
potansiyelinin il bazinda belirlenmesine yonelik yapilan
arastirmalar, biyogaz potansiyelinin enerji eldesine 6nemli
miktarda katkisi olacagini gostermektedir. Bu potansiyel katki
g6z onlinde bulundurularak, bolgede biyogaz tesisi sayisinin
gelecek yillarda artirlmasi Dursun [19] tarafindan elde edilen
sonuglar neticesinde 6nerilmektedir.

2015 ve 2016 yili verileri esas alinarak Sivas ili icin yapilan bir
¢alismada olusacak biyogazdan elde edilecek elektrik enerjisi
miktari 2015 yili igin 229,7 GWh, 2016 yili icin ise 246,2 GWh
olarak hesaplanmistir. Sivas iline ait yillik 3764 GWh elektrik
tlketim ihtiyacinin % 6,5’inin hayvansal kaynakli biyogazdan
karsilanabilecegi calismada rapor edilmistir [7]. Bingdl ili icin
2020 yilinda Demir ve Gulun [20] tarafindan yapilan ¢alismada
ilde kurulacak enerji santralinin potansiyel kapasitesinin 25,6
MW olacagi raporlanmistir. Bizim yapmis oldugumuz bu ¢alisma
icin ise 2023 vyili verileri degerlendirildiginde Manisa ilinde
kurulacak enerji santralinin potansiyel kapasitesinin 82,275 MW
oldugu anlasiimaktadir.

2018 yili verileri esas alinarak Adana ili icin yapilan baska bir
calismada 3.062.992 adet hayvandan yilda toplam 88.367,42 m?
metan (Uretilebilecegi bunun enerji esdegerinin ise 3.181,23
Gl/yll oldugu raporlanmistir. Calismada ayrica metan gazi
ortalama elektrik verimi %35 olan bir kojenerasyon motorunda
yakildiginda yilda 309,29 MWh elektrik Gretiminin mimkiin
olacagi raporlanmistir [5].

Hesaplamalara gore, Tiirkiye genelinde 1 MWh (birim) briit
elektrik Gretimi basina ortalama 0,439 ton CO,-esd. sera gazl
emisyonu salinmaktadir [21]. Bu calismadan elde edilen
sonuglara gore Tiirkiye, Ege Bolgesi, Manisa ili ve Manisa ili Salihli
ilcesindeki hayvanlardan elde edilecek hayvansal giibre kaynakli
biyogazdan sirasiyla 31.524.943, 3.363.902, 720.731 ve 120.724
MWh/yil elektrik Gretim potansiyelinin oldugu gorilmektedir.
Bu potansiyel degerlendirildiginde her bdlge icin sirasiyla
13.839.450, 1.476.753, 316.401, 52.998 ton CO,-esd. sera gaz
emisyonu saliniminin 6niine gegilebilecektir. Yenilenebilir eneriji
kaynaklarindan elde edilen elektrik enerijisi sayesinde dogaya
salinan CO, miktarinda diisiim saglanabilmektedir [22].

Hindistan'in Haryana kirsalinda hayvan gibresinden elde
edilen biyokitle kaynaklari potansiyelini tahmin etmek ve sera
gazl emisyonlarini azaltmak igin [23] tarafindan bir arastirma
yapilmistir. Yapilan arastirmaya gore Eyalet, yilda 5464,11
milyon m? biyogaz ve 9835,4 GWh elektrik enerijisi Ureten 52,29
milyon ton hayvan giibresi potansiyeline sahiptir. Hayvan
glibresinin kisi basina elektrik potansiyelinin 387,96 kWh/kisi
olacagi ongorilmektedir. Biyokitle enerji Gretimi, enerji icin
dizel yerine yerel hayvancilik biyokiitlesine gegisle, 2560,32

milyon kg/yil CO, esdeger emisyonu baz alinarak, 1707,08 ila
3583,73 milyon kg/yll arasinda tahmini bir tasarruf
saglamaktadir.

Ciftlik hayvani atiklarindan biyoenerji potansiyelini tahmin
etmek icin Banglades, Chattogram'da ¢ok amagli bir giftlik ve bir
stt ciftliginde yiritilen bir aylik calisma sonuclari cok amagh
ciftlik ve siit ciftliginin yillik 209.660,2 ve 1.205.035,5 m? biyogaz
Uretim potansiyeline sahip oldugunu ve sirasiyla 3,77E+05 ve
2,17E+06 kWh/yil biyoelektrik Urettigini gostermektedir. Cok
amacli ciftlik ve stt ciftligi yillik 982,03 ve 16092,49 ton biyolojik
glbre Uretebilir ve yillik 64,36 ve 2090,91 ton biyogiibre
potansiyeline sahiptir [24]. Hem ¢evresel hem de ekonomik
analizler, her iki ciftligin de iyi bir sera gaz1 azaltma potansiyeline
sahip oldugunu ve piyasada elektrik ve biyogtibre satarak 6nemli
gelir elde edebilecegini gbostermektedir.

Tdm bu arastirmalar yapilirken unutulmamasi gereken
nokta; saha calismalari, dogru atik tespitleri, belirli araliklarla
yapilacak atik analizleri, atiklarin tesise ulastirimasi icin gerekli
olan ulasim ve altyapi maliyetleri, lretimde uygulanacak
teknoloji, bu teknoloji icin gerekli yatirnm maliyeti ve bu maliyetin
amortisman  slresi gibi bilgilerin en dogru sekilde
hesaplanabilmesi icin detayll ve dogru bir fizibilite ve
optimizasyon c¢alismasi kesinlikle gereklidir [4]. Bunun yaninda
hesaplamalar yapilirken mutlaka en dogru teorik kabuller ve
literatur verileri kullanilmalidir.

Sonuglar

Tarimsal ve hayvansal faaliyetler sonrasinda atik olarak
ortaya cikan biyokitleyi enerji Uretiminde yenilenebilir
enerji kaynagi olarak degerlendirmek Ulkelerin karbon
ayak izini azaltmada ve kendi 6z kaynaklari ile disa bagimh
olmadan yenilenebilir enerji kaynaklarini Giretmede etkili
olacaktir. Bu tarz enerjin toplam enerji ihtiyacimizi
karsilamaya yetmese bile katki sunacagi ve CO, salinim
miktarini azaltacagi yapilan hesaplardan anlagiimaktadir.

2023 TUIK verilerine gére Manisa ilinde beslenen
hayvan atiklarinin toplam kullanilabilir giibre potansiyeli,
bu gilbreden elde edilecek biyogaz potansiyeli ve
biyogazdan (retilen enerji miktarinin belirlenmesi
amaciyla yapmis oldugumuz c¢alismadan elde edilen
sonuglar asagida 6zetlenmistir:

e Toplam ciftlik hayvani sayisl
(Buyukbas+Kiigiikbas+Kanath) 52.180.148 adet, bu
hayvanlardan olusacak yas glibre miktar 2.621.545
ton/yil, glibrenin biyogaz potansiyeli 153.347.039,2
m3/yil ve biyogazdan iretilecek enerji miktar ise
720,73 GWh/yil olarak belirlenmistir.

e  Maksimum elektrik enerjisi Gretim potansiyeli Salihli
ilcesinde (120,72 GWh/yil), en diisiik enerji Gretim
potansiyeli ise Golmarmara ilcesinde (9,6 GWh/yil)
belirlenmistir.

e Uretilen enerjinin kaynagini %57 oraninda kiimes
hayvanlari olustururken, %25’ini kiigiikbas hayvanlar,
%18'ini ise buylkbas hayvanlar olusturmaktadir.
Biyogaz tesisinin kurulmasiyla hem hayvansal

glbrelerin cevreye zarar vermeksizin bertaraf edilmesi,

hem temiz enerji elde edilmesi hem de anaerobik
fermantasyon sonucu olusan materyalin tarimda organik
giibre olarak kullanilmasi mimkin olacaktir. Ayrica fosil
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yakitlardan kaynakh sera gazi salinimi azalirken karbon
ayak izine olan katki engellenecektir. Bolge igin yapilacak
farkh arastirmalarda hayvansal atiktan elde edilecek
biyogaz potansiyelini artirmak amach farkl biyokutle
karisimlari bir arada degerlendirilebilir.
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ABSTRACT

Like the rest of the entire world, Turkey's finite resources cannot keep up with the country's rapid population
growth and industrialization-driven energy demand; as a result, the gap between energy production and
consumption is widening, and the country's reliance on imported energy is growing. The most effective and
efficient use of renewable energy sources is required to meet the rapidly rising demand for energy. The purpose
of this study is to lower electricity consumption costs by using electricity produced from renewable sources to
power street and road lighting in the Sivas Cumhuriyet University campus region. Data including lighting supply
points, total power in lighting regions, and the number and diversity of lighting fixtures were gathered by
inventorying the campus lighting electrical design. A model of a solar power plant and a lighting system
appropriate for a sustainable smart campus model were developed based on the data collected.

Keywords: Smart campus, Sustainable lighting, Renewable energy.
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Tum diinyada oldugu gibi Tlrkiye’de de hizla artan niifus ve sanayilesmeden kaynaklanan enerji talebindeki artis,
tlkemizin kisith kaynaklari ile karsilanamamakta, enerji Gretimi ve tiuketimi arasindaki agik hizla biyimekte ve
enerjide disa bagimlilik orani artmaktadir. Enerji talebindeki hizli artisin karsilanmasinda yenilenebilir enerji
kaynaklarindan en etkin ve verimli bigcimde yararlanilmasi gerekmektedir. Bu galismada Sivas Cumhuriyet
Universitesi kampiis alani icerisinde bulunan cadde ve sokak aydinlatmalarinin yenilenebilir enerjiden iiretilen
elektrik enerijisi ile ¢alismasi ve elektrik tiiketim faturalarinin dugirilmesi amaglanmigtir. Kampus aydinlatma
elektrik planinin envanteri gikarilarak, aydinlatma besleme noktalari, aydinlatma mahallerindeki toplam gig,
aydinlatma armatur gesitliligi ve miktari gibi veriler toplanmis, elde edilen sonuglara uygun bir giines enerjisi
santrali modeli olusturularak stirdirtlebilir akilll kampiis modeline uygun bir aydinlatma sistemi tasarlanmistir.

Anahtar Kelimeler: Akilli kampus, Strdurdlebilir aydinlatma, Yenilenebilir enerji
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Giris

Ulkemizde yenilenebilir enerji alaninda 2015 yilindan bu
yana birgok biyik adimlar atilmis, gesitli finansmanlar ile
Ureticinin her kademesinde ve her sektorde yenilenebilir
enerjiye gegcis icin destekler saglanmistir. Tiirkiye riizgar ve
giines enerijisi yoniinden oldukca verimli olmasina ragmen
hala yenilenebilir enerjinin toplam uretilen enerji icindeki
yuzdesi istenilen seviyede degildir. Enerji maliyetlerinin
disurilebilmesi ve enerji talebinin yerli kaynaklardan
saglanabilmesi icin cografi olarak oldukg¢a vyiiksek bir
potansiyele sahip oldugumuz yenilenebilir enerji
potansiyelini en verimli ve etkin sekilde kullanmak
zorundayiz. Bunu yaparken cevreye saygil, yesil ekonomi
modeline uygun, sirdirilebilir politikalar Gretmek hem
kamu hem de 6zel sektériin gorevidir.

Yenilenebilir enerjiye gegisin kamu yatirmlari ile hiz
kazanmasi 0Ozel sektore de oncllik edecektir. Kamu
binalarinin kendi enerjisini Gretmesi konusunda yeni insa
edilecek binalarin yesil bina modeline uygun tasarlanmasi,
iklim o©zelliklerinden faydalanilmasi, glines ve rilizgar
enerjisinden faydalanilmasi, gri su kullanimi ¢éziimlerin
binalarin  mimari  planlari  hazirlanirken  dasindlip
tasarlanmasi binalarin ilk yapim maliyetlerini artirsa da
kullanim siiresi boyunca ekonomik olarak biiyiik avantajlar
saglayacaktir. Blyilk gilines enerjisi santralleri kurmak
kadar, Universitelerin de dahil oldugu kamu binalarinin,
fabrikalarin, sanayi bolgelerinin, aydinlatma, sicak su,
giinlik eneriji tiketimi gibi ihtiyaglarinin glines ya da rizgar
enerjisi ile karsilanmasi da yenilenebilir enerjiye gegiste
biyik rol oynayacak ve strdurilebilirlige uygun, ekonomik
olarak daha verimli ¢oziimler (Gretilmesine katki
saglayacaktir. Bu amagla bu g¢alismada ilk olarak Tirkiye’de
ve diger llkelerde Universite yerleskeleri 6zelinde yapilan
calismalar incelenmistir.

Sutopo, W. ve arkadaslar yaptiklar ¢alismada sokak
aydinlatmasinin  gilines enerjisi  tabanl sistemleri ile
degistirilmesi durumunda ekonomik ve teknik olarak
verimli olup olmayacagini arastirmis, yaptiklari finansal ve
teknik analizler sonucu, giines enerjisi tabanl aydinlatma
sistemleri ile sokak aydinlatmasinin daha iyi performans ve
givenilirlikte ¢alisacagli sonucuna varmislardir.[1]

Nugraha A., M. Ve Nugurah Desnanjaya G., M., Kupang
Denizcilik ve Balikgilik Politeknik Okulu kampus alani igin
giines enerjili sokak aydinlatmasi sistemi tasarimi
gerceklestirmislerdir. Bu tasarimi yapabilmek igin bdlgenin
1 yilhk meteorolojik verilerini incelemis, solar radyasyon,
sicaklik, nem, riizgar gibi parametrelerin tasarima etkilerini
analiz etmislerdir. Bu meteorolojik verileri referans alarak,
tasarlanan glines enerijili sokak aydinlatmasi sisteminin
Uretim degerlerini hesaplamislardir. Teknik, ekonomik ve
sosyal acidan yaptiklari analiz sonuglarina gére, kampis
alani igin yapilan giines enerjili sokak aydinlatmasinin
performansinin %85 oldugu, tasarlanan sistem ile kampus
alaninda yilda 15,99 Mwh enerji tasarrufu yapilabilecegi
sonucuna varmislardir.[2]

Geyik, N.E. yaptig1 calismada enerji performansinin
arttirlmasina yonelik binalarda uygulanan pasif bina
tasarim sistemlerinin sirdirilebilir mimari ilkeleri ile
bltlncil degerlendiriimesi baglaminda, Abu Dhabi’'de
bulunan Masdar Sehri ve kentin icinde yer alan Masdar
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Bilim ve Teknoloji Enstitlisi KampUsu arastirma alani olarak
incelemistir. Arastirmada Masdar sehri ve Masdar Bilim ve
Teknoloji Kampisi mimari, ekolojik, atik yénetimi, isitma ve
sogutma sistemleri, elektrik tiiketimi ve yenilenebilir enerji
sistemleri, yalitim sistemi, su sistemleri, tasimacilik ve
ulasim gibi pek ¢ok alanda surdirdlebilirlik bakimindan
incelenmis, mimari plana uygun %5 lik ag ile
konumlandiriimis ¢ati tipi fotovoltaik sistemler ile yenilebilir
elektrik enerjisi kullaniminin %95’e ¢ikarilarak elektrik
tiketiminin azaltildig1 gérilmistir. Temiz enerji kullanimi
ile yiksek standartlarda bir sehir planlamasinin mimkiin
oldugu ve Masdar sehrinin de buna iyi bir 6rnek oldugu
sonucuna varmistir. [3]

Prakash, O. ve arkadaslari NIT Jalandhar kentindeki solar
sokak aydinlatmalarinin  enerji  tiiketimine  etkisini
arastirmiglardir. NIT Jalandhar glines panelleri igin yapilan
analiz, sebekeden bagimsiz off-grid tip giines panellerinin
sebekeye baglanmasi ve gli¢ saglanmasi durumunda, ¢ok
buyik miktarda elektrik faturasi tasarrufu saglayabilecegi
sonucuna varilmistir. [4]

Noel, N. ve digerleri yaptiklari c¢alismada Burundi
Cumbhuriyeti'ndeki Gitega sehrinde sokak aydinlatma
sistemleri icin glnes enerjisinin kullanilma olasiligini
tartismiglardir. Sehrin hava ve iklim kosullarinin analizi
yapilmis ve gines enerjili mini glice dayal etkili bir sokak
aydinlatma sistemi gelistirilmistir. Isik akisinin kademeli
degisimine sahip akilli bir lamba ile ¢alisan akilli kontroll
ekonomik bir aydinlatma sistemi tasarlanmistir. Ekonomik
verimlilikler yapilmis ve gelistirilen sistemin ¢alisma prensibi
aciklanmistir. Kontrol sinyallerini iletme ydntemlerinin ve
farkli lamba tiirlerinin performanslarinin karsilastirilmasinin
yani sira batarya desarj sirecinin bir degerlendirmesi
vapilmistir. PV paneller ve batarya sistemleri ile beslenen
sokak aydinlatmasinin Gitega sehri icin hem ekonomik hem
de enriji verimliligi agisindan uygulanabilir oldugu sonucuna
varmiglardir.[5]

Ates, A. M. ve digerleri galismalarinda, Manisa Celal
Bayar Universitesi biinyesinde hizmet veren Kopriibasi
Meslek Yiksekokul binasini inceleyerek enerji tasarruf
performansini arastinlmiglardir.  Yil boyunca &lgiimler
yaparak binanin mevcut durumunun davranigini ve enerji
kullanim diizeyi belirlenmistir. Daha sonra oOnerilen
iyilestirmeler sonucunda nasil bir enerji tasarrufu
saglayacagini belirlemek amaciyla, bilgisayar tabanl eneriji
modellemesi yapilmislardir. Similasyon sonucunda elde
edilen verilerden yola c¢ikarak, binanin enerji tasarruf
potansiyeli ve iyilestirme sonucunda nasil bir davranis
gosterecegi hesaplanmistir. Hem 6l¢lim verilerinden hem
de modellemeden elde edilen veriler dogrultusunda,
mevcut bina vyillik bazda, 90,40 kWh/m2yil enerji
tiketirken, oOnerilen iyilestirmeler sonucunda 55,54
kWh/m2yil enerji tiketir hale gelmistir. Yani, yaklasik %40
oraninda enerji tasarrufu saglama potansiyeli oldugu
belirlenmistir. Binanin  mevcut durumdaki kullanim
dizeyine gore sera gazi emisyonu 74,90 kgCO2/m2yil
degerinde iken, onerilen iyilestirmeler ve bina ¢atisinda
halihazirda mevcut olan FV-GES'in destegiyle bu deger
12,61 kgCO2/m?yIl degerine kadar disecegi
hesaplanmistir.[6]
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Khan, |I. ve digerleri Banglades'te universite
kampdslerinde vyenilenebilir enerji kullaniminin eneriji
verimliligine katkisini incedikleri arastirmalarinda, gunliik
ortalama glines radyasyonu 4-6,5 kWh/m2 civarinda olan
Bangladeg’in, solar enerji potansiyelinin oldukga iyi
olmasina ragmen, gines enerjisi uygulamalari sadece
geleneksel kullanimlarla sinirli kaldigini tespit etmislerdir.
Bu arastirma, Banglades'teki (niversite kampdsleri icin
gelecekteki enerji tedarik stratejilerini ortaya koymustur.
Calismada, sadece stk ve klima igin elektrik saglamak
Gizere 140 batarya (24V, 100 AH) ile birlikte her biri 75 W
kapasiteye sahip 142 fotovoltaik modilden olusan
entegre bir glines enerjisi sistemi onerilmistir. Yapilan
finansal analiz ile, entegre bir vyenilenebilir eneriji
¢6ziminin Banglades'te elektrik enerjisini  verimli
kullanan Universite kampislerine ulasiimasinda 6nemli bir
rol oynayabilecegini gostermistir. [7]

Oyepo, S. ve digerleri Covenant Universitesi eneriji
tiketimlerini incelemis ve Gniversite kampusi icerisinde
enerji tuketimlerini azaltmak icin dneriler sunmuslaridir.
Kampls icerisinde segilen binalardaki enerji tiiketiminden
sorumlu elektrikli aletleri belirlemis, 18 binada enerji
etudi  gergeklestirmislerdir.  Olusturulan ~ modeller
Gzerinde parametrik similasyonlar calistirmak icin
simulasyon araci (eQuest) kullanarak binalarin her biri igin
bina enerji modelleri olusturmuslardir. Covenant
Universitesi’nin 5 yillik (2014-18) elektrik faturalari, enerji
tiketiminin mevsimsel degisimi agisindan incelenmistir.
Calisma, Universitede enerjinin israf edildigi cesitli yollar
oldugunu ortaya koymustur. Buna ek olarak, tesislerdeki
enerji tlketimini azaltmak i¢in olasi enerji tasarrufu
¢oziimleri dnerilmistir. Onerilerin odaklandigi alanlar
arasinda binalarin c¢atilarinda fotovoltaik panellerin
kullanilmasi, kamplste enerji bilincini artirmak icin
Hebron Enerji KulGbi'niin kurulmasi, verimsiz floresan
tuplerin 1sik yayan diyot ampullerle degistirilmesi ve enerji
israfini azaltmak i¢in koridor 1siklarinda otomatik kontrol
sistemlerinin kullaniimasi yer almaktadir. iki &nerinin
niteliksel analizi, 6 yildan daha kisa bir geri 6deme
siiresiyle  yilda  81.000 S  lzerinde tasarruf
saglanabilecegini gostermistir. Ayrica, bu Onerilerin
uygulanmasi halinde yilda yaklasik 500 ton CO2 emisyonu
ortadan kaldirilabilecektir.[8] Passago, S. ve digerleri
yaptiklari ¢alismada sokak aydinlatmasi igin blylk
miktarda enerji tiiketmeyen yeni bir sistem tasarimi
konusunda c¢alismiglardir. Bu tasarimda dislik enerji
tiketimi ile yiksek 1sik yogunluklu sokak aydinlatmasi
yapmak hedeflenmistir. Rajabbat Maha Sarakham
Universitesi kampiis aydinlatmasi igin tasarlanan bu
projede oncelikle halojen aydinlatma armatdrleri led
armatdrler ile degistirilmis, daha sonra sistem sebekeden
ayrilarak PV paneller ile beslenmeye baslanmistir. 12 V 45
Ah akiler ve 80 Watt'lik glines pillleri ile tasarladiklari
sistemde ortalama parlakligin 186 - 340 lux oldugu
durumda giines pili enerji depolama miktarlarinin enerji
tiketiminden daha yiksek oldugunu ve gece boyunca led
aydinlatma igin igin yeterli enerji depolandigl sonucuna
varmislardir Calisma sonucunda, sokak aydinlatmalarinda
karbon emisyonlari azaltmak, tiketim maliyetlerini

disurmek, enerji verimliligi saglamak icin oncelikle yiksek
1sik verimine sahip led aydinlatma Grinlerinin kullanilmasi
onerilmistir. Orta derece glines radyasyonuna sahip bir
bolgede sokak aydinlatmasinin PV paneller ve akiler
yardimiyla sebekeden ayrilarak tamamen yenilenebilir
enerji ile beslenmesinin hem sk verimliligi hem de
ekonomik kazang anlaminda olumlu sonuglar verdigi
gorialmustar.[9]

Oraz, E. ve digerleri ofisler ve laboratuvarlardan olusan
karmasik ve yiksek enerji tiketen c¢ok islevli bir binada
olasi enerji tasarrufu stratejilerini inceleyerek ve ardindan

enerji verimliligi stratejilerini arastirmiglardir.  Bina
yonelimi, bina yalitimi, cam ozellikleri, aydinlatma
ekipmanlari, HVAC sistemleri ve bina sakinlerinin

davranislar gibi cesitli temel aktif ve pasif iyilestirme
stratejilerinin bireysel ve birlesik etkilerini degerlendirmek
icin kapsamli bir enerji modeli gelistirmislerdir. Calismada
ornek calisma alano olarak ITU Fen Edebiyat Fakdltesi
secilmistir. Yerinde gii¢ Gretmek i¢in ¢ati Gistl PV panelleri
uygulanarak binanin elektrik tiiketiminin azaltilmasi
amaglanmanmistir. Cati katinin %70'ini kaplayan %20,4
verimlilige sahip monokristal tip fotovoltaik paneller
simile edilmistir. Fotovoltaik panellerin entegrasyonu
enerji verimliligini dnemli olctide artirmistir. Simile edilen
PV panel konfigiirasyonu toplam elektrik tiiketiminin
%26,09'una  kadarini  karsilayabilecegi  sonucuna
varilmistir.[10]

Literatlr calismasi sonucunda, Universite kampisleri
icerisinde aydinlatma amacgh gilines enerjisi sistemi
kullanimi ile ilgili yapilan benzer calismalarda kampus
enerji  besleme  hatlarinin  gines  enerjisi ile
desteklenmesine uygun olup olmadigi, besleme hatlarinin
sebeke baglantili (on-grid), sebekeden bagimsiz (off-grid)
ya da batarya destekli glines enerjisi sistemlerinden
hangisine daha uygun oldugu konusunda detayl
arastirmalar yapilmadigi tespit edilmistir. Literatirdeki
benzer galismalarda giines enerjisi ile besleme yapilirken
sadece bir yontem secilmis ve diger yontemlerin verimliligi

analiz edilmeden segilen bu yéntem ile tasarim
tamamlanmistir.  Bu ¢alismada Sivas Cumhuriyet
Universitesi Kampiisii icerisinde bulunan aydinlatma

elemanlari detayli sekilde incelenmis, envanteri ¢ikariimis
ve toplam gilgleri hesaplanarak fizibilite raporu
hazirlanmistir. Aydinlatma besleme hatlarinin on-grid, off-
grid ve bataryali glines enerjisi sistemleri ile beslenmesi
halinde alinacak sonuglar ayri ayri incelenerek simiilasyon
ve hesaplama sonuglari ile kiyaslanmistir. Alinan sonuglar
ile en verimli glnes enerjisi temelli sirdarilebilir
aydinlatma sistemi tasarimi yapilmis ve performans
sonuglari elde edilerek bu alanda yapilacak calismalara bir
rehber niteligine olmasi hedeflenmistir.  Sistemin
surdirilebilir ve akilli kampis hedeflerine yaptigi katkilar
sonug bolimiinde ayrintili olarak izah edilmistir.

Sivas ili Cografi ve iklim Ozellikleri

Sivas ili, genis ve agik bir arazi yapisina sahip olmasi,
marjinal tarim sahasi sayisinin ¢oklugu, orman ve mera
vasfi tasiyan arazilerin nispeten az olusu sebebiyle glines
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ve rizgar enerjisi santralleri kurmak oldukga uygun cografi
kosullara sahiptir. 2023 yili itibariye Sivas’ta 100 MW (zeri
kurulu glicte GES tesisi bulunmaktadir. Ancak bu gii¢ Sivas
glines enerjisi potansiyelinin kiguk bir kismidir. 2020 yili
itibariyle Sivas’ta kamu yatirimlari ile faaliyete gegirilen
glines enerjisi santralleri sayisi hizla artmis ve vyeni
yatinmlar da devam etmektedir. i¢ Anadolu Bélgesinde
yer almakta olup siddetli karasal iklim etkisi altinda olan
ilde yerytzi sekillerini agirlikh olarak agirlikli olarak
platolar olusturmakladir. Cografi dagihmin % 47,6'si
platolar, % 46,2'si daglar, %6,2'si ise ovalar olusturur.
Sivas'in en blylk platosu Uzunyayla'dir. Tlrkiye glines
potansiyeli atlasina bakildiginda Sivas ilinin ¢ogunlukla
1600-1650KWh/m2-giin glines radyasyonu degerine sahip
oldugu, boylece glines enerjisi santrali kurmak icin uygun
bir cografi kusakta bulundugu soylenebilir.[11]

Sivas bolgesi cografi koordinatlari 39,748° enlem,
37,016° boylam ve yiksekligi 1.287 metredir. Sivas
bolgesinin 3 kilometre ¢capindaki topografyada maksimum
137 metrelik yikseklik  farklari  bulunur. Deniz
seviyesinden ortalama yiliksekligi ise 1296 metredir. 16
kilometre ¢apinda yiikseklikteki degisimler 530 metreye
kadar gikabilmektedir. 80 kilometre ¢apinda ise yukseklik
degisimleri oldukca biylk varyasyonlar gostererek 2450
metrelere ¢ikabilmektedir.[12]

Sivas ilinin 3 kilometre c¢api yakinindaki alanlarin
%62’si yapay ylizeyler ve %35’i ekili arazi ile kapliyken, 16

ve caylr arazisi %21 oranindadir. 80 kilometre c¢api
yakinindaki alanlarin  ise  %38’i ekili arazi ve
%24’U agaclar ile kaphdir [12]. Sivas ili glinlik kisa dalga
glnes enerjisi yil boyu farkhhk gosterir. Genis bir alan
Gzerinde ylzeye ulasan toplam gunlik kisa dalga giines
enerjisini ele alacak olursak ve gliniin uzunlugu, Giinesin
ufuk cizgisi Gstiindeki yuksekligi, bulut ve diger atmosferik
bilesenler tarafindan emilim tzerinde mevsimsel etkileri
gibi faktorleri goz 6ninde bulundurmamiz gerekecektir.
Kisa dalga radyasyonu goriinir 1sin ve ultraviyole
radyasyon icerir. Ortalama giinlik kisa dalga glines enerjisi
yil boyunca asiri mevsimsel degisiklikler gosterir.[12]

Yiin daha ginesli donemi olan 27 Mayis - 26
Agustos tarihleri arasindaki 3 aylik slirecte metrekare
basina 7,1 kWh dizeyinin Gstinde giinlik ortalama kisa
dalga enerjisi ulasir. Temmuz ayinda ise ve bu deger
ortalama 8,2 kWh olmaktadir. Yilin daha karanlik olan
doénemi 30 Ekim — 16 Subat tarihleri arasinda metrekare
basina 3,3 kWh duzeyinin altinda glinlik ortalama kisa
dalga enerijisiyle olusur ve bu silire¢ 3,6 ay slrer. Sivas
ilinde en karanlik ay Aralik ayidir ve bu donemde glinlik
ortalama kisa dalga  enerjisi  ortalama 2,1
kWh olmaktadir.[12]

Sivas gin uzunlugu yil boyunca onemli olglde
degisiklik gosterir. Yilin en kisa glinti 22 Aralik tarihinde 9
saat 21 dakika giin 1s181yla gergeklesirken en uzun gini
ise 21 Haziran tarihinde 14 saat 59 dakika giin isiglyla

kilometre c¢api yakinindaki alanda ekili arazi %48 gerceklesir.
karanlk guinesli karanhk
10 kWh 10 kWh
6 Tem
9 kWh 8.4 KWh 9 kWh
8 kWh /’f"‘“’%\% 26 Agu 8 kWh
p” 731 kWh
7 kWh — 7 kWh
=
6 kWh 1 3 6 kWh
5 kWh - \\\ 5 kWh
16 Sub // .30 Eki
KW 3.3 kWH 33 KWh K0
3 kWh 24 Ara 3 kWh
2,1 kWh
2 kWh = 2kWh
1 kWh 1 kWh
0 kWh . i 0 kWh
Oca Sub Mar Nis May Haz Tem Agdu Eyl Eki Kas Ara

Resim 1. Sivas bolgesinde glinliik ortalama kisa dalga giines enerjisi. [12]
Figure 1. Daily average shortwave solar energy in Sivas region. [12]
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Resim 2. Sivas bolgesi seher ve tan saatleri. [12] (WeatherSpark.com, 2023) (Giinesin gériiniir oldugu
saatlerin sayisi (siyah cizgi). En asagidan (en sari) en yukari kadar (en gri) renk bantlari sunlari ifade etmektedir: tam
glin 15181, tan (sivil, denizci ve astronomik) ve tam gece.

Figure 2. Sunrise and sunrise times in Sivas region. [12] (WeatherSpark.com, 2023) (Number of hours when the
sun is visible (black line). The colour bands from the lowest (yellowest) to the highest (greyest) indicate full daylight,
full tan (civil, nautical and astronomical) and full night.

Cizelge 1. Sivas ili aylara gore giin 15181 streleri.[12]
Table 1. Daylight hours according to months in Sivas province.[12]
Saatleri Oca Sub Mar Nis May Haz Tem Agu Eyl Eki Kas Ara

Gun IsiIgl 9,7s 10,7s 12,0s 13,3s 14,4s 14,9s 14,7s 13,7s 12,4s 11,1s 10,0s 9,4s

Solar
Gece
Yarisi

GUnbatimi

14- [ ' [ [ ' gun [ ' ' I T ‘Glnes
‘ I | T T T ] T ' : ! - - Tepe
12 Noktasi

10+ |

Gundogumu

Solar
Gece
Oca Sub Mar Nis May Haz Tem Agu Eyl Eki Kas Ara Yarisi

Resim 3. Sivas ili Tan, Giin Dogumu ve Giin Batimi (2023 yili boyunca giines giinii. Yukaridan asagiya siyah izgiler
onceki solar gece yarisini, giin dogumunu, glines tepe noktasini, glin batimini ve bir sonraki solar gece yarisini
gostermektedir. Giin, tan (sivil, denizci ve astronomik) ve gece saridan griye renk bantlariyla gosterilmektedir).[12]
Figure 3. Sivas Province Tan, Sunrise and Sunset (Solar day during the year 2023. From top to bottom, black lines
indicate the previous solar midnight, sunrise, solar zenith, sunset, and the next solar midnight. Day, tan (civil,
nautical and astronomical) and night are shown with yellow to grey colour bands).[12]
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Cizelge.2 Sivas ili iklim verileri. [13]
Table 2. Sivas province climate data. [13]

SIVAS Ortalama  Ortalama En  Ortalama En Ortalama Ortalama Aylik Toplam Yagis
(1930- Sicakhk Yiksek Diisuik Gilineslenme Yagish Giin Miktari
2022) (°C) Sicaklik (°C) Sicaklik (°C) Siiresi (saat) Sayisi Ortalamasi (mm)
Ocak -34 0.9 -7.3 2.5 13.01 43.4
Subat -2.1 2.6 -6.2 3.5 12.16 21833
Mart 2.6 8 -2.1 4.8 13.3 45.4
Nisan 9 15.3 3.1 6.3 13.29 56.1
Mayis 13.5 20.1 6.9 8.1 13.86 60.4
Haziran 17 24.1 9.6 10.5 8.71 35
Temmuz 20 27.8 11.7 11.9 2.4 9.3
Agustos 20.2 28.6 11.7 11.4 2.05 6.8
Eylul 16.2 24.6 8.1 9.4 4.24 17.8
Ekim 10.9 18.6 4.2 6.5 7.72 33
Kasim 4.7 10.8 -0.3 4.2 9.3 40.2
Aralik -0.7 3.7 -4.3 2.5 12.2 44.2
Yilhk 9 15.4 2.9 6.8 112.2 430

Resim 4. Sivas ili glines enerjisi potansiyeli atlasi
Figure 4. Sivas province solar energy potential atlas
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Resim 5. Sivas ili global radyasyon degeri ve glinliik glineslenme siireleri
Figure 5. Global radiation value and daily sunshine hours in Sivas province

En erken giin dogumu 14
Haziran tarihinde 05:03 saatindedir ve en ge¢ gin
dogumu ise 5 Ocak tarihinde 2 saat 50

dakika sonra 07:53 saatindedir. En erken giin batimi 8
Aralik tarihinde 17:07 saatinde ve en gec¢ giin batimi 28
Haziran tarihinde 2 saat 57 dakika sonra 20:04 saatindedir.

Sivas glines enerjisi potansiyeli atlasina bakildiginda
ilin kuzeyinden glneye dogru inildikce radyasyon
degerinin arttigl ve gliney bolgelerde daha verimli glines
enerjisi santrallerinin  kurulmasinin  mimkin oldugu
gorlilmektedir. Yaz aylarinda 10 saatin (izerinde
glineslenme siiresine sahip olan ilde agik giin sayisi da
oldukga fazladir.

Sivas Cumhuriyet Universitesi Kampiisii Giines Enerjisi
Temelli Aydinlatma Sistemi Tasarimi ve Uygulamasi

KampUs alani igerisinde bulunan mevcut cadde ve
sokak aydinlatmalarinin glines panellerinden elde
edilecek elektrik enerjisi ile ¢alistirilabilmesi igin tg farkl

yontem arastirilacaktir. Bunlardan birincisi her bir
aydinlatma diregi (lizerine vyeterli glcte PV panel
konularak, her bir aydinlatma diregi icin uygun gigte jel
batarya ile enerjisinin kesintisiz olarak elde edilmesi
saglanacaktir. Bu yontem ile kampus aydinlatma
direklerini besleyen enerji hatti iptal edilmis olacaktir.

ikinci yontemde, aydinlatma direklerini besleyen
enerji hatti korunarak, bu hattin besleme cikislari, tek bir
merkezde toplanan off-grid bir mini glines enerjisi
santralinden beslenecek, boylece her bir aydinlatma diregi
icin panel, sarj regilatori ve batarya montaj
yapmaktansa tiim sistem tek merkezde toplanacaktir.

Uglincli yéntem ise, on-grid mini bir giines enerijisi
santrali kurarak sistemden akileri g¢ikarmak, sistemi
sebekeye baglayarak cift yonli sayag ile ilgili elektrik
dagitim sirketi ile mahsuplasma yoluna gitmektir.

Sivas Cumbhuriyet Universitesi Kampisi icerisinde
bulunan aydinlatma direkleri envanteri Cizelge 3’ de
verildigi gibidir.

Cizelge 3. Sivas Cumhuriyet Universitesi Kampsi icerisinde bulunan tek konsollu aydinlatma direkleri envanteri.
Table 3. Inventory of single console lighting poles in Sivas Cumhuriyet University Campus.

70 W 6 60 W4 GOMVX 4 8'I(')e\liv 100W5  70/70 W 100 W 1|2_2¢;\|N
Mahal Adi Mt. Tek  Mt. Tek . Mt. Led 6 Mt. Cift Tek
Konsol Konsol Rl Gl Dairesel Konsol Konsol UES
Led Led Konsol
Lojmanlar-Nizamiye Ana Kavsak 24 20 1 23
Mihmandar Otel Yolu 5
Genglik Merkezi 15 40 18
Tip Fak. iktisat Fak.- Miihendislik 7
Dek.
Rektorlik Cevre Aydinlatma 16 34
Yiizme Havuzu Spor Sahasi 27
Ana Yol 69 13 13 10
Eczacilik Fak. 10 26
Hasbahge 16 82
Toplam Aydinlatma Elemani Sayisi 24 89 31 73 40 1 146 65
Gugler Toplami (Watt) 1.680,0 5.340,0 1.860,0 5.840,0 4.000,0 140 14.600, 8.125
0 0 0 0 00 ,00

Cizelge 4. Sivas Cumhuriyet Universitesi Kampsii icerisinde bulunan ¢ift konsollu aydinlatma direkleri envanteri.
Table 4. Inventory of double console lighting poles in Sivas Cumhuriyet University Campus.

100/50 W . 125/125W  70/70 W 6
Mahal Adi R LIOT SUEONEE o Mt. Cift
Cift Konsol  Konsollu Led
Konsol Konsol Konsol

Lojmanlar-Nizamiye Ana Kavsak 132 1
Mihmandar Otel Yolu 20
Tip Fak. iktisat Fak.- Miihendislik Dek. 13 11
Rektorlik Cevre Aydinlatma 5
Yiizme Havuzu Spor Sahasi 15
Ana Yol 185 7
Eczacilik Fak. 7
Toplam Aydinlatma Elemani Sayisi 350 25 5 15 1
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Gugler Toplami (Watt)

52.500,00

5.000,00

3.750,00

140,00

Cizelge 5. Sivas Cumhuriyet Universitesi Kampisii icerisinde bulunan projektdr aydinlatma direkleri envanteri.
Table 5. Inventory of projector lighting poles in Sivas Cumhuriyet University Campus.

Mahal Adi 100 W Led 150 W Led 250 W Led 200 W Led
Projektor Projektor Projektor Projektor
Lojmanlar-Nizamiye Ana Kavsak 52 18
Mihmandar Otel Yolu 4
Saglk Hizmetleri Otopark 6
Tip Fak. iktisat Fak.- Miihendislik Dek. 10
iktisat Onii-Ciisem Arkasi 12
Guzel Sanatlar Fak. 6
Cumhuriyet Parki 6
Miihendislik Fak. Onii 6
Marangoz Atélyesi 6
Amfi Arkasi 6
Yiizme Havuzu Spor Sahasi
Ana Yol 6 24
Eczacilik Fak. 6
Hasbahce 4
Toplam Aydinlatma Elemani Sayisi 6 6 52 108
Gugler Toplami (Watt) 600,00 900,00 13.000,00 21.600,00
Cizelge 6. Solar Led Armatir maliyetleri
Table 6. Solar Led Luminaire costs
ARMATUR WATT DEGERI ARMATUR ADETI BiRiM FiYATI (TL) TUTARI (TL)
100 W SOLAR LED 546 562.00 306,852.00
80 W SOLAR LED 83 941.00 78,103.00
125 W SOLAR LED 95 826.00 78,470.00
70 W SOLAR LED 26 941.00 24,466.00
40 W SOLAR LED 116 666.40 77,302.40
60 W SOLAR LED 120 850.00 102,000.00
100 W SOLAR LED PROJEKTOR 6 1,535.33 9,211.98
150 W SOLAR LED PROJEKTOR 6 1,209.50 7,257.00
250 W SOLAR LED PROJEKTOR 52 1,499.00 77,948.00
200 W SOLAR LED PROJEKTOR 108 1,209.50 130,626.00

Cizelge 3, Cizelge 4 ve Cizelge 5’teki aydinlatma glgleri
toplami 144.38 kWh'tir. Burada aydinlatma armatdrlerinin
¢alisma siiresi 12 saat alinmistir. Bu durumda harcanan
toplam enerji;

Gug x glnlik calisma saati

144,38 kWh x 12 h =1732,56 kWh

GUnluk 1732,56 KWh olacaktir.  Sivas ili glnlik
gilineslenme siresi yaklasik 7 saat alinarak hesaplanan
giinlik glines enerjisi ihtiyaci ise;

Guc x guinlik ¢alisma stiresi / gtinlik giineslenme siresi

144,38 kWh x 12 h / 7 h = 247,50 Kwp olarak
hesaplanmistir. Bu deger glines panellerinin standart
sicaklik ve giin 1siginda optimal kosullarda Uretebildigi
maximum gugtar.

Gergek kosullarda optimum sartlara ulasmak mimkin
degildir. Panel kirliligi, olumsuz hava kosullar, modill
sicakligi, invertor ve kablolamadan dogan enerji kayiplari
gibi bircok faktor gbz online alinarak glines enerjisi sistemi
tasarimi yapilmahdir. PVsyst programi ile yapilan bir
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simiilasyon c¢alismasinda Sivas Cumhuriyet Universitesi
kampis aydinlatmasi icin gerekli olan yillik 632.384,4 kWh
enerji Uretimine 380 kWp glicte bir glines enerijisi santrali
kurarak ulagmanin mimkin oldugu gorilmustir. Kayiplar
ideal kabul edilmistir.

Yéntem 1. Solar Led Aydinlatma Uygulamasi

Sivas Cumbhuriyet Universitesi kampiis alani iginde
bulunan led aydinlatma direklerinin enerji ihtiyacinin solar
paneller ile karsilanabilmesi icin dislindlen ilk yontem her
bir konsol lzerine yeterli glicte bir solar panel ve batarya
sarj regllatori yerlestirmektir. Kampiis aydinlatma sistemi
mevcut konsollar Gzerine solar led aydinlatma montaji
yapilarak revize edilmesi olarak agiklanabilecek bu
yontemde aydinlatma direklerini besleyen kuvvet hattini
islevsiz hale gelecektir. Bu yontemin en bliylik dezavantajl
maliyetinin ylksek olmasidir. Cizelge 4’'de gorildugu lizere
kampils alani iginde 1065 adet aydinlatma elamani
bulunmaktadir. Her birinin demontaji yapilip yerine solar
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panel ve batarya sistemi montaji yapilmasi oldukca maliyetli
bir yéntemdir. Ayrica bu yontemin omri on-grid bir GES
sistemi kadar uzun olmadigindan fayda-maliyet agisindan
uygun olmayacaktir.

Cizelge 6’ya gore toplam aydinlatma elemani malzeme
tutar 2023 yili fiyatlari ile 892.296,38 TL'dir. 300.000,00 TL
iscilik giderleri olarak hesaplandiginda toplam degisim
maliyeti 1.192.236,38 TL'dir. Kullanilan solar armatiiriin45r
kalitesine gore sistemin en az 5-8 yilda bir degismesi
gerekebilir. Yaz ve kis aylarinda glineslenme miktari ve
suresine gore aydinlatma verimi degiskenlik gosterir. Dabhili
batarya tam dolmadig siirece gece aydinlatma kesintisiz
saglanamaz. Bu durumda armatdirlerin tamaminin solar led
aydinlatma armatdrleri ile degismesi uygun bir yontem
olmayacaktir.

Yéntem 2. Off- Grid Mini GES Uygulamasi

Sebeken bagimsiz (off grid) solar sistemler; ada tipi
calisan bagimsiz sistemlerdir. Tiketilen elektrik sadece
gilines panelleri tarafindan dretilir. Kampiis aydinlatma
sisteminin off-grid (sebekeden bagimsiz) bir glines ener;ji
santrali ile saglanmasi icin tiketim fazlasi bataryalar
tarafindan depolanir. Bu tlr glines / solar sistemler
sebekeden uzak kullanimlar igin daha uygundur. Gines
panelleri tarafindan uretilen DC elektrik dogrudan kullanilir
ve kullanim fazlasi bataryalar araciliglyla depolanir. Bir off-
grid sistemi olusturan temel bilesenler sirasiyla; giines
paneli, batarya, sarj regilatord, invertorlerdir.

Gunes paneli (PV): Fotovoltaik moddiller, giines pillerinin
paralel veya seri olarak baglanmasi ile elde edilirler. iki
glines pili paralel baglandiginda, voltaj sabit kalirken akim
iki katina ¢ikar, seri baglandiginda ise, akim sabit kalirken,
voltaj iki katina c¢ikar. Bu sekilde, gerilimi 14-16 volta
cikarmak mimkiinddr. Fotovoltaik modiiller, sert dis ortam
sartlari icin tasarlanmaktadir. Glines pillerinin ve elektriksel
baglantilarin dis ortamdan korunmasi igin modiiller
kapsiillenirler. Fotovoltaik paneller, fotovoltaik modiillerin,
paralel veya seri olarak baglanmasi ile elde edilirler. Bu
sekilde 12-600 V arasinda gerilim elde etmek mimkiin
olabilmektedir.

Batarya: Glines panelinin Urettigi kullanim fazlasi DC
elektrigi kimyasal enerji olarak depolayan elektro kimyasal
bir ekipmandir. Sebekeden bagimsiz (Off Grid) sistemlerde
dikkat edilmesi gereken en 6nemli nokta glines enerjisi
sistem tasarimi ve ihtiyaca gobre belirlenecek olan
depolamadir. Off-grid sistemlerde emerji depolamak igin
solar jel veya lityum bataryalar kullanilir. Solar jel ile lityum
bataryalar arasindaki temel fark, lityum bataryalarin solar
jel bataryalara kiyasla daha uzun 6miirli olusudur. Solar jel
bataryalar doldur-bosalt déngi sayisinda belirli bir 6mre
sahiptir. Bu kullanima bagh olarak yaklagsik 5-6 il
civarindadir. Bu slire sonrasinda batarya omria ve
verimlerinde azalma olacagl icin bataryalarin sistem
icerisinde yenilenmesi gerekir. Solar jel bataryalar lityum
bataryalara gore daha disik kapasiteye sahip
olabilmektedir. Lityum bataryalar ise solar jel bataryalara
kiyasla cok daha uzun é6murladur.

Sarj reglilatort: Solar panellerinden gelen akimi ve
gerilimi  (voltaji)  “reglile” ederek (dengeleyerek)
bataryalarin asin derecede sarj edilmesini engelleyen
cihazdir.

invertdr: Invertérler, dogru akimi alternatif akima
ceviren elektronik cihazlardir. Kapasitelerine gore belirli DC
voltaj araliklarina goére calismaktadirlar. Bu voltaj
degerlerine gore de batarya baglantisi ve bu bataryalari sarj
etmek icin de panel kablo baglantilari ayarlanir. Off-
grid solar invertorler 1000VA-5000VA  arasinda
olabilmektedir. invertorler ayrica birbirleriyle
paralellenerek giicleri arttirilabilir.

Asagida bir off-grid solar sistemin basit bir semasi
verilmistir. Solar panellerden elde edilen DC giig sarj kontrol
Unitesi vasitasiyla bataryalarda depolanir, enerjiye ihtiyag
duyulan durumlarda akilerden DC giic cikisi alinir, AC gli¢
icin ise invertorler vasitasiyla glic cikisi verilir.

Off-grid bir solar sistem kurmak i¢in herhangi bir elektrik
iletim dagitim kurumuna basvuru yapilmasi, proje onayi
alinmasi ya da kurulumu yapilan tesisin kabul islemlerinin
gerceklestiriimesi gerekmez. Yeterli finansman ve sistemi
kurmak icin proje mevcut ise kurulumu hizli bir sekilde
gerceklestirerek sistem devreye alinabilir. Off-grid bir
sistemin is akis semasi asagidaki gorilmektedir.

PV dizisi

Sarj Denetleyicisi

——  DAYaki |

-

k.

Depolama

inverter

|

L AAYIkE

Resim 6. Bagimsiz PV Sistemlerinin Sematik Cizimi
Figure 6. Schematic Drawing of Standalone PV Systems
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Resim 7. Off-Grid Sistem Blok Diyagrami
Figure 7. Off-Grid System Block Diagram

Sebekeden Bagimsiz (Off Grid) Solar Sistemlerin

Avantajlari, Dezavantajlari ve Kulanim Yerleri:

e Elektrik iletim hattindan uzak veya olmadig
durumlarda iletim hattina baglanmaya kiyasla daha
ekonomik bir uygulamadir.

e  Elektrik hattinin bulundugu alanlarda akili bir sistem
kurulmasi ekonomik degildir. Bu nedenle off grid
sistemlerin kuruldugu vyerler elektrik hattin uzak
yerlerdir.

e Yakit veya iletim/dagitim maliyeti yoktur.

e Enerjinin DC olarak tasinmasi esnasinda, mesafe
arttikca kaybedilen enerji miktari olduk¢a 6nemli
miktarlara ulasabilmektedir. Bu nedenle kullanilacak
cihazlarin (glines paneli-batarya-inverter)
aralarindaki mesafe minimum olmaldir. Buna ek
olarak uygun kesitte kablo kullaniimalidir.

o  Kurulumigin ilgili kurumlara basvuru, baglanti gorisd,
proje onayl, tesis kabul islemi gibi siireglere ihtiyag
duymaz, sistem kullanici tarafindan projelendirilip
tesis kurularak kullanima alinabilir.

o Uretilen fazla enerji bataryalarda depolanir,
panellerden daha az enerji Uretilmesi durumunda
bataryada depolanan ener;ji kullantlir.

e  Kamplis aydinlatma sistemi 6zelinde;

e Her bir aydinlatma konsolu Uzerinde tek tek
calismaktansa, sistem tek merkezde toplanarak daha
az iscilikle tesis kurulabilir.

e Daha bliyiik glicte daha az sayida batarya kullanilarak
sistem bilesen sayisi azaltilmis olur. Boylece daha az
karmasik bir sistem semasi olusturulur.

e Sistemde ariza olmasi durumunda daha cok alan
etkilenir.

Off-Grid sistemi ¢ok fazla bakim gerektirmez. Eneriji
Uretiminin saghkli stirdirilebilmesi adina kisin kar glines
panellerinden mumkin oldugunca uzak tutulmahdir.
Bataryalar ayda bir kontrol edilmelidir (en sik bozulan tip
olan normal derin déngili sulu kursun asitli akiler igin).
Bataryalarin kontrol edilmesi, gerekirse sivi seviyesinin
damitilmis suyla doldurulmasi, glines paneli disindaki
cihazlarin mimkiin oldugunca kapali ve havalandirilabilen
ortamlarda muhafazali olarak bulundurulmasi ve
temizliklerine dikkat edilmesi ve en 6nemlisi kullandiginiz
cihazlarin uzun O6mdirli  olabilmesi i¢in  kullanma
kilavuzlarinin  dikkatlice okunarak belirtilen kurallara
uyulmasi énemlidir.

Cumbhuriyet Universitesi kampUsl aydinlatma kuvvet
plani incelendiginde, aydinlatma armatirlerinin 42 ayri
noktadan beslendigi gorilmektedir.

Off-grid GES tasarimi yapabilmek icin kuvvet planinda
revize yapilmasi, birgok mahallin birlestirilerek tek bir
besleme hattina baglanmasi ya da ana besleme hatti
sayisinin minimize edilmesi gerekmektedir. S6z konusu bu
imalatlar zaman, maliyet ve iscilik agisindan uygun
olmayacagindan Sivas Cumhuriyet Universitesi kampiis
aydinlatmsi off-grid GES tasarimi fizibilite analizine gore
uygun degildir sonucuna varilmistir.

Cizelge 7: Cumhuriyet Universitesi kampiis aydinlatma plani besleme noktalari
Table 7. Cumhuriyet University campus lighting plan supply points

MAHAL ADI

BESLEME HATTI SAYISI (Pano Besleme Noktasi)

Genglik Merkezi Cevresi
Lojmanlar-Nizamiye
Bankalar- Miih. Fakiltesi Yolu
Mihmandar Otel Yolu
Anayol Aydinlatma

Eczaclik Fak.-Saglik Bil. Fak.
Hasbahce

Yiizme Havuzu-iletisim Fak.
Rektorluk

Amfi Arkasi

Glzel Sanatlar Fak.

Cisem

Saglk Hizmetleri Otopark
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Yéntem 3. On-Grid Sistem:

Sebekeyle baglantili (on grid) solar sistemler; solar
paneller tarafindan tutulan elektrigi depolamadan
Uretildigi yerde satilmasi veya tiliketilmesi prensibine
dayali olarak galismaktadir. Bu tir solar sistemler evsel
kullanim veya vyuksek gilicte santral sistemlerinde
kullanihir.

Giunes panelleri tarafindan retilen DC elektrik,
merkezi sehir sistemine bagl yiksek ¢evrim gici olan
invertorler ile dogrudan sebekeye iletilir. Bir On-grid GES
sisteminin bilesenleri su sekildedir:

Glines Paneli

On grid Solar sistemlerde giines panelleri elektrigi
Urettigi ve sebekeye ilettigi icin panellerin voltaj degerleri
dnemlidir. inverterlerin calisabilecegi voltaj bandina gére
paneller baglanmalidir. Panellerin gii¢ degerine gore voltaj
ve akimin degistigi unutulmamalidir.

inverter

inverter, sebekeye bagl sistemlerin ana parcasidir.
Gunes panellerinden alinan DC elektrigi AC elektrik
enerjisine ddnistirir. inverterlere data logger baglanarak
Urettigi elektrik gliclini cep telefonundan takip
edebilmektedir.

/

Solar Panel —p

Cift Yonlii Elektrik Sayaci

Cift yonli elektrik sayaglari, tek yonli elektrik sayaclar
gibi sebekeden gelen elektrigi konuta iletir. Tek yonli
sayacgtan farki ise harici bir yerden Uretilen elektrigi de
elektrik sebekesine iletmesidir.

Sebekeye Bagli (On Grid) Sistemlerin Avantajlari ve
Kullanim Yerleri

Sistemde depolama birimleri kullanilmayacagi icin
depolama icin ayrica ek bir maliyet olmaz. Uretilen ener;ji
sebekeye bagh oldugu icin ayni zamanda (retilen enerji
yetmediginde sebeke devreye girecek ve enerji eksiksiz
olarak yuki besleyecektir. Sistem tasarimi yapilirken,
yukin tamamini karsilanmasi gibi bir zorunluluk olmadigi
icin esnek kurulum maliyetine ve tasarimla sahiptir.
Elektrik faturasini disirmek, ek gelir elde etmek isteyen
sehir hatlarina yakin evsel kullanicilar igin tavsiye edilir.

Kampiis Aydinlatmasi On-Grid GES Uygulamasi

Hesaplama sonuglarina gére, 1859 m? modiil olani
olan 380 kWp giiclinde bir giines enerjisi santrali icin
kampds sinirlari iginde birisi 9626,27 m2, digeri 11.275,74
m2 biyklikte iki alan segilmistir. Sistem her iki alana da
golgeleme olmaksizin kurulabilir.

Sebeke

(e

Cift Yonlii
Sayac¢

i .
PV) nvertor

Son
Kullanici

n i
' E

Resim 7. On-grid GES Sistem semasi
Figure 7. On-grid SPP System schematic
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PV Array
PV Array
PV Array
PV Array
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Resim 8. Simiilasyon ile olusturulmus sistem diyagrami
Figure 8. System diagram generated by simulation

Cizelge 8. PVsyst Similasyon sonuglari
Table 8. PVsyst Simulation results

Temel Sonuglar

Ocak
Subat

Mart
Nisan
Mayis
Haziran
Temmuz
Agustos
Eylil
Ekim
Kasim
Aralik

Yillik
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Yatay
Kiresel
Isinim
kWh/m2

62,70
85,30

124,80
159,80
196,20
219,30
219,90
207,90
165,50
115,20
75,50
60,80

1.693,00

Yatay Ortam Dizine Kolektor Dizi Sebekeye
Difiiz Isis1 2C  isabet Uzerindeki Cikisinda Aktarilan
Isinim Eden Kuresel Efektif Enerji
kWh/m?2 Isinim Isinlama Enerji kWh
kWh/m2  kWh/m? kWh
29,78 - 99,60 97,70 36.866,00 35.526,00
3,81
34,80 - 122,00 119,90 44.075,00 42.462,00
2,13
49,64 3,42 156,30 153,20 54.365,00 52.377,00
61,45 8,42 173,30 169,40 58.515,00 56.381,00
71,65 13,04 193,60 188,50 64.323,00 62.015,00
65,31 16,77 206,50 200,90 67.361,00 64.919,00
61,55 20,52 210,80 205,20 67.431,00 65.002,00
56,69 21,10 219,30 214,30 70.337,00 67.830,00
43,23 16,34 198,90 195,00 64.346,00 62.035,00
42,57 10,84 158,60 155,70 54.043,00 52.117,00
29,02 4,40 120,90 118,90 42.964,00 41.426,00
25,80 - 106,20 104,10 39.037,00 37.635,00
1,30

571,50 9,03 1.965,90 1.922,60 663.663,00 639.724,00
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Resim 9. Simulasyon sonucu gunliik enerji giris/cikis diyagrami
Figure 9. Daily energy input/output diagram as a result of simulation
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Resim 10. Simulasyon sonucu sistem ¢ikisi glic dagilimi
Figure 10. System output power distribution as a result of simulation

1923 KWh/m* * 1859 m* coll.

1693 kWh/m?*
+16.1%

-2.20%

efficiency at STC = 20.47%

731643 kWh
0.57%

-5.62%

+0.75%

-2.10%

-1.10%
669767 kWh

-3.55%

N -0.95%
N 0.00%
N 0.00%
M 0.00%
N 0.00%
N -0.02%
639724 KWh
639724 KWh

Kayip Diyagrami

Kiiresel Yatay Isimim

Dizine Aktarnlan Yatay lsinim
Kiiresel 1AM faktori

Kollekttrlerdeki efektif iginim

PV déniisimi

Nominal Dizin Enerjisi (STC'de)
Isinim seviyesine bagh PV kayiplan

Sicakliga baglh PV kayiplan

Meodl kalitesine bagh kayiplar

Modil-dizin uyumsuzlugu kayiplan

Omik kablo kayiplar
MPP"de Goriiniir Dizin Enerjisi
Galisma esnasindainvertor kayiplan
Nominal invertdr glicl Uzerindeki invertdr kayiplar
Maksimum giris akimina bagh invertdr kayiplan
Nominal invertdr voltail Gzerindeki invertdr kaviplan
Gli¢ esigine bagh invertsr kayiplar
Voltaj esigine bagh invertor kayiplan
Gece titketimi
invertér Cilagindaki Kullanilabilir Eneriji

$Ebekeyé Verilen Enerji

Resim 11. Simiilasyon sonucu sistem kayip diyagrami
Figure 11. System loss diagram as a result of simulation
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Sonug:

Bu calismada, (g farkli yéntemin kiyaslamasi ile yapilan
calismalardan elde edilen sonuglar dogrultusunda, Sivas
Cumhuriyet Universitesi stirdiirilebilir kampiis
aydinlatmasinin  giines enerjisi  temelli bir sistem ile
beslenmesinin en verimli sonucunun, kampis besleme
noktalarina yakin bir lokasyona 380 kWp gliciinde sebeke
baglantili (on-grid) bir gilines enerjisi santrali kurulmasi
oldugu gorilmistir. Aydinlatma elemanlarina herhangi bir
fatura bedeli 6denmemesini saglayacak olan bu sistem
sayesinde kampusin surdirilebilirligine katkida bulunulmis
olacaktir. Birlesmis Milletler Surdirilebilirlik amaglarindan
Erisilebilir ve Temiz Enerji, Surdirilebilir sehirler ve
Topluluklar, Sorumlu Uretim ve Tiiketim basliklarinda Sivas
Cumhuriyet Universitesi'ne katki saglayacak olan bu yapi
sayesinde karbon emisyonu da azaltilmis olacagindan iklim
Eylemi basligina da katkida bulunulmus olacaktir. Depolama
sistemleri bulunan diger yontemler sebekeden bagimsiz
calistig icin sistem guvenilirligini ve sdrekliligini saglama
konusunda on-grid bir sistem kadar iyi olmayacaktir. Kampiis
alani 24 saat boyunca kesintisiz olarak aydinlatiimasi gereken
bir mahal oldugundan sistemin kesintisiz ve giivenilir olarak
surdirulebilmesi dnemlidir.

Kampis alani icinde golgeleme olmaksizin yeterli
buyuklikte bir tesisin kurulabilecegi alanlar mevcuttur.
PVsyst similasyonu sonuclarinda da goriilecegi gibi
uygulanacak gilines enerjisi santralinin performans degerleri
oldukga ylksek olup, uygulanabilir sonuglar elde edilmistir.
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ABSTRACT

This study was carried out in the Oligocene siliciclastic-carbonated lacustrine sequence that crops out
approximately 25 km southeast of Gemerek in the western part of the Sivas Basin and aimed to reveal the
depositional processes of the sequence. In the study carried out with the facies analysis method, 12 facies were
distinguished. These are: Massive-disorganized conglomerate (F1); graded-matrix-supported conglomerate (F2);
cross bedded- grain supported conglomerate (F3); large scale cross bedded- pebbly sandstone (F4); tabular cross-
bedded sandstone (F5); parallel bedded sandstone (F6); well sorted-bedded sandstone (F7); massive-pebbly
mudstone (F8); laminated claystones-marl (F9); bedded limestone (F10); brecciated limestone (F11) and
limestone clasts (F12) facies.

The association of these distinguished facies reflects the existence of three closely related sub-environments: (1)
alluvial fan and fluvial (2) coastal lacustrine and (3) lacustrine environments.

This lithological and environmental diversity is provided by the coastal line movements controlled by climate and
tectonism and the biochemical changes in the lake water. Reflecting a semi-arid climate and shallow water
conditions, the lake was dominated by alluvial fans, fan deltas and delta processes that carried clastic material
into the lake during periods when the water level dropped and intense weathering and erosion took place in
terrestrial areas. In the reverse process, as a result of the rise in the lake level, the material that filled the lake
was reprocessed and formed sand bars. During periods when there was no land-based debris input into the lake,
carbonate sedimentation was effective and carbonate banks were able to develop.

Keywords: fluvio-lacustrine facies; siliciclastic-carbonate; Sivas Basin.

Sivas Havzasi, Oligosen Yasli Silisiklastik-Karbonath Gol istifindeki Fasiyeslerin
Dagilimi ve Cokelim Siiregleri
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0z

Bu galisma, Sivas Havzasi’'nin bati kesiminde, Gemerek’in yaklasik 25 km. glineydogusunda ytizeyleyen Oligosen
yash kirintih-karbonath golsel istifte yapilmis ve istifin ¢okelim stireglerini ortaya konmasi amaglanmistir. Fasiyes
analizi yontemiyle yuritilen ¢alismada, 12 fasiyes ayirtlanmistir. Bunlar: Masif, organize olmamis gakiltasi (F1);
dereceli, matriks destekli ¢akiltasi (F2); capraz tabakali, tane destekli gakiltasi (F3); buyuk 6lgekli gapraz tabakal
cakilll kumtasi (F4); diizlemsel gapraz tabakali kumtasi (F5); paralel tabakali kumtasi (F6); iyi boylanmis, tabakali
kumtasi (F7); masif,¢akilli gamurtasi (F8); laminali kiltagi-marn (F9); tabakali kiregtasi (F10); breslesmis kiregtas!
(F11) ve kiregtasi kirintilari (F12) fasiyesleridir.

Bu fasiyeslerden, kokensel olarak benzerlik sunanlarla olusturulan fasiyes topluluklari, birbirleri ile yakin iligkili
¢ alt ortamin varligini yansitmaktadir. Bunlar (1) aliivyal yelpaze ve akarsu (2) gol kiyisi ortamlari ve (3) gol igi
ortamlaridir.

Bu litolojik ve ortamsal gesitlilik, iklim ve tektonizmanin denetledigi kiyi gizgisi oynamalari ve gol suyundaki
biyokimyasal degisimlerle saglanmistir. Yari kurak bir iklim ve sig su kosullarini yansitan goélde, su diizeyini
dustugu ve karasal alanlarda yogun ayrisma-kazinmanin gergeklestigi donemlerde, kirintili malzemeyi gél igine
tasiyan, allivyal yelpaze, yelpaze deltasi ve delta siiregleri egemen olmustur. Tersine isleyen siireglerde ise gol
diizeyindeki yiikselmeler sonucunda, gol icine dolan malzeme yeniden islenerek kum barlarini olusturmustur.
Karadan kirinti getiriminin olmadigi dénemlerde ise karbonat c¢okelimi etkin olup, karbonat banklari
gelisebilmistir.

Anahtar Kelimeler: akarsu-gol fasiyesleri; silisiklastik-karbonat, Sivas Havzasi
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Girig

Silisiklastik-karbonat gegisli goller, iklimsel ve tektonik
sureclerin  ¢okelimdeki etkilerini  belirgin  olarak yansitan
ortamlardir. Bu galismanin konusunu olusturan silisiklastik-
karbonat gecisli gol istifi, Sivas Havzas’nin GB kesiminde,
Gemerek’in yaklasik 25 km. glineydogusunda yer alir (Sekil 1, 2).
Bolgede Oligosen yasl karasal istif genis yizleklere ve buyiik bir
kalinliga sahiptir. istifin asil bélimiini, kirmizi renkli akarsu
cokelleri olusturur (Altinyayla Formasyonu) [1]. Bu ¢alismaya
konu olan yaklasik 200 m kalinligindaki golsel ¢okeller ise akarsu
¢okellerinin Gzerinde ve onlarla yanal gegisli olarak bulunur.
icerdigi karbonat kayaclarla arazide belirgin olarak izlenilebilen
bu golsel istif, Tekeli ve dig. [2] tarafindan Malak formasyonu
olarak adlandiriimis ve Miyosen yasi dnerilmistir. Paleontolojik
calismalarla Oligosen yasi saptanan [3, 4] istif icin Malak
Formasyonu adlamasi bu c¢alismada da benimsenmistir.
Silisiklastik-karbonat gecisli bu golsel istifin sedimantolojik
incelemesi ve ¢okelim kosullarinin ortaya konmasi, bu
¢alismanin baslica konusunu olusturmaktadir.

Bu amagla istif, en iyi ylzlek verdigi ve fasiyes/ortam
gecislerinin belirgin olarak gozlendigi Hayriye koyi yakinlarinda,
210 m. lik bir olctli kesitte incelenmistir. Fasiyes analizi
niteliginde yiritilen Olctli  kesit aliminda, 12 fasiyes
belirlenmis, fasiyeslerin yanal ve diisey dagilimlarindan 3 tane
fasiyes toplulugu saptanmistir. Bunlar; i) allivyal yelpaze ve
orgllu akarsu ortamlari; i) gol kiyisi ortamlari (yelpaze deltas,
delta, kiyr yakini kum barlari, karbonat banklari) ve iii) gol ici

ortamlaridir. Bu topluluklarin birlikte degerlendirilmesi ile
depolanma ortami ve etkili olan siiregler ortaya konmustur.

inceleme Yéntemleri

Bu ¢alisma, arazi ve mikroskop calismalari olmak (zere iki
asamada yUrutilmustir. Arazi calismalarinda uygulanan baslica
yontem, olcili stratigrafik kesit alimidir. Kesit 6lcimiinde celik
seritmetre metodu tercih edilmistir. Fasiyes tanimlamalarinda,
allivyal yelpaze ve akarsu ortamlari igin Miall [5]; yelpaze deltasi-
delta ortamlari icin Nemec ve Steel [6]; Mc Pherson vd. [7] ve
Postma [8]; g6l ortamlari icin Talbot ve Allen [9]; karbonatlar igin
Platt ve Wright [10] 6lgttleri kullaniimigtir. Fasiyes tanimlamalari
esas olarak, tek tabaka incelemeleri, birincil ve ikincil tortul yapi
arastirmalari ve tane boyu analizlerine dayandiriimis, mikroskop
Olceginde vyiritilen mineralojik-petrografik analizlerle de
desteklenmistir.

Bolgesel Jeoloji Ve Stratigrafi

Calisma alaninin igerisinde yer aldigi Sivas Havzasi, Orta
Anadolu Senozoyik havzalarindan biridir. Diger Orta Anadolu
havzalari (Cankin-Corum, Haymana-Polath ve Tuz Gola
havzalari) gibi, Sivas Havzas’'nin gelisiminde baslica belirleyici
olay Geg Kretase’den itibaren Neotetis'in kuzey kolunun
kapanmaya baslamasidir [11]. KD-GB yoniinde uzanan ve
doguya dogru daralarak kapanan havza Kuzeyde Pontid kusagi,
gineyde Torid kusagi ve batida Kirsehir masifiyle
sinirlandirilmistir (Sekil 1).

Tuzgélii Havzasi

Kirsehir §

KARADENIZ

100 km

AGIKLAMALAR

Volkanik Karmasiklar:
I: volkanikler ve piroklastikler
(Miyosen-Pliyosen)

I:I Orta Anadolu Senozoyik
Havzalan

- Orta Anadolu Masifi

[ Tokat Masifi

- Ofiyolitli karmasik (Kretase)

- Galisma alani

Resim 1. Sivas Senozoyik Havzasi’nin ve ¢alisma alaninin konumu (1: 2.000.000 6lgekli Turkiye Jeoloji
Haritasindan (MTA) yalinlastiriimistir).
Figure 1: Location of Sivas Cenozoic Basin and study area (simplified from Geological Map of Turkey; 1:
2.000.000 in scale, MTA).
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ACIKLAMALAR
[:] Kuvaterner

[] swzir Fm. (Miyosen-Pliyosen)

E Malak Fm. (Oligosen)
I Atinyayla Fm. (Oligosen)

l:l Tuzhisar Fm. (Qligosen)

Il Bozbel Fm. (Eosen)

Hinzirdag Metamorfitleri
(Permo-Triyas)

I:I Miyosen Bazaltlar
“ Paleosen Volkanitleri

- Ofiyolitik kanigik (Kretase)

Resim 2. Calisma alaninin jeoloji haritasi (1:500.000 6lgekli Tlrkiye Jeoloji Haritasindan (MTA) yalinlastiriimistir)
Figure 2: Geological maps of study area (simplified from Geological Map of Turkey; 1: 500.000 in scale, MTA).

Calisma alani Sivas Havzasi’'nin glney kenarinda yer
alir. Bu kesimde havzanin temelini Permo-Triyas yash
Hinzirdag metamorfitleri [12] olusturur (Sekil 2). Bu temel
Uzerinde konglomeratik bir diizeyle transgresif olarak
baslayan Eosen istifi 2000 m ye ulasan kalinligi boyunca
egemen olarak flis niteligindedir (Bozbel Formasyonu
[13]). Lutesiyen-Priaboniyen yash derin denizel bu istif,
tavanda siglasarak tabakali-laminali bir evaporit-
¢amurtasl paketiyle (Tuzhisar Formasyonu [14, 15])
sonlanarak Oligosen ¢okellerine geger.

Yorede Oligosen dénemi bitlniyle karasal kosullari
yansitan ve kalinhgi 3000 m’ye yaklasan iki formasyonla
temsil edilir. Bunlardan Oligosen istifini asil bolimini
(2500 m’yi asan kalinlik) tabandaki Altinyayla Formasyonu
[1], akarsu ortaminda ¢okelmis, kirmizi renkli ¢akiltasi,
kumtasi ve silltasi ardalanmasindan olusur. Altinyayla
formasyonuyla gegisli olarak izlenen silisiklastik karbonat
gecisli akarsu-gol istifi ise Malak formasyonu olarak
adlandirilmistir [2].

Malak formasyonu, litolojik ve ortamsal olarak gesitlilik
gosterir. Ozellikle gélsel ¢dkelimi yansitan kiregtaslarinin,
altivyal kiyi ovasini niteleyen fosil toprak olusumlarinin,
kaba taneli allvyal yelpaze ¢okellerinin ve birbirlerini
Uzerleyen loblar halindeki kaba taneli delta ©6n
takimlarinin varhgi, Malak formasyonun baslica ayirtman
ozellikleridir. Gemerek’in glineyinden gecen ve Ecemis fay
zonunun bir pargasi olan Mudarasi fayinin kuzeyindeki ve
glneyindeki Oligosen-Miyosen istifleri olduk¢a farkh
kalinlik ve litolojilerde geligmistir. Bu farklilasmanin temel
nedeninin, Mudarasi fayinin yoéredeki cokelimi tektonik
olarak denetlemesidir [2]. Yoredeki karasal ¢okelim
kosullari Miyosen ve Pliyosen’de de siirmustdr.

Fasiyesler

Tabanda akarsu ¢okellerinin baskin oldugu ve tavana
dogru golsel ¢okellere gegcen 210 m kalinhgindaki 6lgllu
stratigrafik kesitte 12 fasiyes ayirtlanmistir (Sekil 3-4a).
Bunlar: Masif, organize olmamis ¢akiltasi (F1); Dereceli,
matriks destekii cakiltasi (F2); Capraz tabakali, tane
destekli ¢akiltasi (F3); Buyiik 6lgekli capraz tabakal gakilli
kumtasi (F4); Duzlemsel capraz tabakali kumtasi (F5);
Paralel tabakali kumtasi (F6); lyi boylanmis, tabakal
kumtasi (F7); Masif ¢akilll camurtasi (F8); Laminali kiltasi-
marn (F9); Tabakali kiregtasi (F10); Breslesmis kiregtasi
(F11) ve Kiregtasi  kirnintilart  (F12)  bigiminde
adlandirilmistir.

Masif, organize olmamis ¢akiltasi (F1)

Cakiltaglarinin tabaka kalinliklari 1-3 m arasinda
degisir. Yanal devami onlarca metre olup merceksidir.
Tabaka tabanlari genellikle asinmasizdir. Fasiyes 6zellikleri
organize olmayan bir fabrik sunar. Ters derecelenme ve
cok zayif boylanma gosterirler. Matriks camur ve kumdur.
Yer yer tabakalar arsinda kirmizi renkli oksidasyon zonlari
gozlenir. Tane bilesenleri genellikle volkanik, kirectasi ve
ofiyolitli melanja ait kayag¢ pargalaridir. Ortalama tane
boyu 5-7 cm, maksimum tane boyu 45 cm’yi bulan bloklar
ye alir (Sekil 4b).

Yorum: Tekge tabakalarin ¢ok kalin ve masif olusu ve iri
bloklarin gozlenmesi bu fasiyesin kitle akmalari ile
depolandigini isaret etmektedir. Diger taraftan organize
olmayan bir fabrik ve ters derecelenme bu fasiyesin moloz
akmalari ile yerlestigi gortsiinti destekler. Kirmizi renkle
belirginlesen oksidasyon diizeyleri ¢okelimin atmosferik
kosullarda gergeklestigini isaret eder. Taban oygularinin
ve kiremitlenmenin olmamasi, ¢okellerin laminer akis
altinda tasindigini gosterir.
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Dereceli, matriks destekli cakiltasi (F2)

Tabaka kalinhklari 1-2 m arasinda degisir. Yanal
devamliliklari 250-300 m arasinda olup kiltasi ve
camurtaslariile kamalanirlar. Tekge cakiltasi tabakalarinda
matriks orani yukari dogru artar. Yer yer yik yapilari
gozlenir (Sekil 4c). Ortalama tane boyu 5-10 cm,
maksimum tane boyu 40 cm’nin Uzerindedir ve yanal tane
yonlenmesi gozlenmektedir.

Yorum: Yanal tane dizilimi, matriks oraninin yukari
dogru artmasi, ylik-alev yapilari ve kiltaslari ile ardalanma
bu fasiyeslerin sualti moloz akmasi seklinde depolandigina
isaret eder [6].

Capraz tabakali, tane destekli ¢cakiltasi (F3)

Fasiyes igerisindeki ¢akillar ortalama 5-8 mm boyunda
olup, 50 mm ye ulasan tanelere de rastlanir. Fasiyes
icerisindeki cakillar ¢ogunlukla dizilimler (kiremitlenme)
olustururlar. Genellikle gamurtaslari tzerinde erozyonal
bir tabanla baslayip Gste dogru kumtasi ve karbonat
fasiyeslerine gecerler. Bu fasiyesin olusturdugu takimlar
yaklasik 1 m kalinliga ve 10 m ye kadar ulasan uzanima
sahiptir. Bu setlerde diisiik acili (ortalama 10°) &ntakimlar
izlenir (Sekil 4d).

Yorum: Bu fasiyes sualti bar ya da dinlerinin goglyle
olusan ¢okeller olarak yorumlanir [16, 17]. Camurtaslan ve
karbonatlarla yakin ¢okelim iliskileri sig su kosullarini gésterir.
Fasiyesin kanal morfolojilerinin izlendigi kesimlerinde aliivyal
etki baskindir ve allivyal yelpazenin kaynaga yakin
kesimlerindeki 6rgii barlan olarak yorumlanabilirler. Biylk
Olgekli teknemsi capraz tabakali setler, sualti barlarinin
kalinliklarinin 1 m ye ulasabildigini gostermektedir. Diger
taraftan bu fasiyes sualti yiiksek yogunluktaki turbidit akintilar
ile de olusmus olabilirler [18].

Biiyiik 6lcekli ¢apraz tabakali ¢akilli kumtasgi (F4)

istifin tavan béliminde ¢ok tipik olarak izlenen
fasiyes, iyi boylanmali ve kilsiz, ¢apraz tabakali gakilh
kumtaslarindan olusmaktadir. Egim acilari  15-35°
arasinda degisen capraz tabakali paketler, birbirlerini
Gzerleyen loblar bigciminde bir geometri sunar. Kalinlklari
1m’ ye ulasabilen bu loblar tizerinde yer yer ince karbonat
dizeyleri izlenir (Sekil 4e, f).

Yorum: Yiksek acili capraz tabakalarindan olusan bu
fasiyes tipik olarak delta 6ntakimlarini olusturur [19, 20].
Uzerlerinde yer alan ince karbonat diizeyleri deltanin
dinlenme donemlerini yansitir [21, 22].

Diizlemsel ¢apraz tabakali kumtasi (F5)

Diizlemsel gapraz tabakali kumtaglarinin tabani her
yerde asinmalidir ve lzerinde bulundugu litolojiyi keserek
yerlesmistir. Capraz tabaka kalinliklari 10-18 cm arasinda
degisir (Sekil 4g). Bunlar ¢apraz tabakali ve laminali olup
6n takimlarinin kalinliklari 6-10 mm’dir. On takim egimleri
10-14 derece arasinda degisir. Kumtaslari ince-orta kum
tane boyuna sahip olup orta-zayif boylanma
gostermektedir.
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Yorum: Fasiyesin asinma tabanli ve capraz tabakali
olusu, yatak yukinin goreli olarak yiksek enerjili su
akintilari ile yanal yonde taginmasi ile olustugunu gosterir.
Bu tir dizlemsel capraz tabakalar barlarin goci ile
meydana gelmektedir [23, 24].

Paralel tabakali kumtasgi (F6)

Tabaka dizlemleri paralel olup, kalinliklari 5-15 cm
arasinda degisir. Tabaka tabanlarinda asinmasiz olup bu
kumtaslarinin yanal devami onlarca metreyi bulmaktadir.
Egemen taneler orta-kaba kumdur. Yer vyer cakill
seviyelerin de oldugu bu kumtaslarinda, boylanma kot
olup, zayif bir derecelenme sunarlar.

Yorum: Tabakalarin yanal devamh olusu ve
tabanlarinda kazima vyapilarinin izlenmemesi, kum
boyutundaki yatak yikiiniin sellenmelerle tasinip, yaygi
biciminde cokeltildigini gosterir. Ayrica bu tir paralel
tabakal kumtasi fasiyesleri su Ustl yiksek yogunluk
(hiperkonsantre) akintilarla da gelisebilirler [25].

lyi boylanmus, tabakali kumtasi (F7)

Sari, gri renkli kumtaslari ince-orta paralel
tabakalardan olusur. Tabakalarin Ust ytzeyleri asinmaldir.
Orta-kaba tane boyundaki kumtaslari ¢ok iyi boylanma
gosterir. Kil matriks yoktur. Bu kumtaslari; masif cakill
¢amurtaslan ve kiltaslari ve marnlar fasiyesleri ile birlikte
bulunur ve bu kumtaslarinda yik ve deforme yapilari
gozlenir (Sekil 4h).

Yorum: lyi boylanmali ve tabanlari asinmali kumtasi
fasiyeslerine hem denizel, hem de golsel kiyi ortamlarinda
yaygin olarak rastlanir. Olusumlari, akarsularla veya
alivyon vyelpazeleriyle kiylya getirilen tortullarin,
dalgalarla yeniden islenerek iyi boylanmis c¢okeller
biciminde kiy1 yakinlarinda depolanmasi bicimindedir.
Delta c¢okelleri de dalgalarla yeniden islenerek iyi
boylanmis kumtaslari biciminde ¢okeltilebilir.

Masif, ¢cakill camurtasi (F8)

Gerek bresik gorliniinlii kiregtaslar, gerekse kaba
kirintili fasiyeslerle yakin iliskide ¢cokelen bu fasiyes, kilden
ince kum boyutuna kadar degisen tanelerin farkh
oranlarda icerildigi kirintili bir fasiyestir. Egemen renk
kirmizi olmakla birlikte yakindan incelendiginde kirmizi ya
da gri renkli beneklerin varligi izlenir. Kalinhklaril-7 m
arasinda degisen paketler halinde izlenen bu
¢amurtaslarinda tabandan tavana dogru kirmizi rengin
koyulasmasi belirgindir. Bu fasiyeste belirgin bir icyapiya
ve fosil bulgusuna rastlanimamistir. Masif olusu
amalgamasyon (tabaka sinirlarinin silinmesi) ile ilgilidir.
Yanal yénde yayilimi yilzlerce metreyi bulmaktadir (Sekil
4c, h).

Yorum: Bu tip masif camurtaslari sellenmenin azaldigi,
asilti ¢cokeliminin fazla oldugu, akarsu-bataklik alanlarinda
olusur [16, 26]. Gosterdikleri benekli yapiya dayanarak
yeterince gelismemis toprak olusumlari olarak da
yorumlanabilir. [27].
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Resim 3. . Istifteki fasiyeslerin diisey dagilimi.
Figure 3. Vertical distribution of facies in the sequence.
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Sekil 4. istifin genel gériiniisii (a) ve kirintili fasiyesler (b ,c, d, e, f, g, h); F1: masif, organize olmamis cakiltasi; F2:
dereceli, matriks destekli cakiltasi; F3: ¢apraz tabakali, tane destekli cakiltasi; F4: biiylk 6lgekli gapraz tabakal cakilli
kumtasi; F5: diizlemsel capraz tabakali kumtasi; F6: paralel tabakali kumtasi; F7: iyi boylanmis, tabakali kumtasi; F8:

masif,cakilli gamurtasi; F9: laminali kiltasi-marn.

Figure 4. General view of sequence (a) and clastic facies (b, c, d, e, f, g, h); F1: massive-disorganized
conglomerate; F2: graded-matrix-supported conglomerate; F3: cross bedded- grain supported conglomerate; F4:
large scale cross bedded- pebbly sandstone; F5: tabular cross-bedded sandstone; F6: parallel bedded sandstone; F7:
well sorted-bedded sandstone; F8: massive-pebbly mudstone; F9: laminated claystones, marl.
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Laminali kiltasi-marn (F9)

Tabakali kiregtas! fasiyesiyle yakin iliskili olarak izlenen bu
fasiyes, kalinliklari 30 cm-2m arasinda degisen kiltasi-marn
tabakalarindan olusur. En yaygin tortul yapi laminalanmadir.
Fasiyesin degisik kesimlerinde chara ve gastropod fosillerine
rastlanilmistir (Sekil 4c, h).

Yorum: ince silisiklastiklerle (gamurtasi) karbonatlarin
birlikteligi olan marnlar kirintil getiriminin azaldigi, karbonat
¢okeliminin baskin hale gelmeye basladigi donemlerde
depolanir. Laminal killer enerjinin iyice distigi gol
kosullarinda asiltidan ¢okelimi ifade eder. Laminalar
mevsimsel ¢okelimleri yansitabilir. Gastrapodlu-algli marnlar
ve kiltaslar, karbonatlar ile ardalanmali olarak kiyilardaki
karbonat banklarinda olusabilmektedirler [28].

Tabakali kirectaslari (F10)

Beyaz renkli kiregtaslariyla temsil edilen bu fasiyes, istifin
orta kesimlerinde birbirlerinden ince marn dizeyleriyle
ayrilan 3 tabakadan olusmustur. Toplam 1.5 m lik bir paket
olusturan bu kiregtaslar, orta-kalin tabakalar yanal yonde
incelerek bresik gorlinimli kiregtaslarina gegerek son bulur
(Sekil 5a). Chara ve gastropoda fosilleri iceren kiregtaslarinin
mikroskopik incelemelerde mikritik nitelikte olduklar ve
karbonat yumrulari (glabule) yuvarlagimsi catlaklar ve degisik
sekilli kovuklar icerdikleri saptanmistir (Sekil 5b).

Yorum: Tabakali kiregtaslan sig gol karbonatlari igin tipik
bir fasiyestir. Karadan kirintih malzeme getiriminin azaldig
veya durdugu zamanlarda karbonat cokelimi
gerceklesmektedir. Gastopod ve chara fosilleri igeren bu
fasiyeste, fosiller dnemli bir yogunluk gostermemektedir. Bu
nedenle karbonat ¢okeliminde biyolojik sireglerin baskin
olmadigl, ancak organik ve inorganik sireclerin birlikte

calistigr soylenebilir. Biyo-fosilli mikrit niteligindeki tabakali
kiregtaslari, gol kenarlarinda da olusabilirler ve diistik enerijili
bank tipi kiyisal ¢cékel ortamlarini yansitirlar [10].

Breslesmis kiregtaslari (F11)

Gri renkli ve bresik goriiniislii karbonatlar istif igerisinde
iki dizeyde izlenirler. Kirmizi-gri renkli marnlarla gegisler
sunan bu dizeyler kalinliklari 0.5 m ye yaklasan tabakalar
halindedir. Boyutlari mm den dm ye kadar degisen
breslesmeler, kuruma catlaklar ve yer yer yogunlasan
kirmizi-kahverengi benekler belirgindir (Sekil 5c). Ayrica mm-
cm Olcegindeki oyuk ve kovuklar yaygindir.

Yorum: Fasiyeste izlenen bresik yapi, kuruma catlaklar,
beneklenmeler gibi 6zellikler, bu fasiyesin dénemsel olarak
atmosfere c¢kan sig g6l karbonatlarinin  ayrismaya
ugramasiyla  olustugunu  gostermektedir.  Pedojenik
surreglerin etkisinde kalan bu tip karasal karbonatlar palustrin
olarak da adlandirilir [29].

Kiregtagi kirintilari (F12)

Bu fasiyes, Ozellikle gapraz tabakali kumtasi fasiyesleri
icerisinde yer alan degisik boyut ve sekillerdeki kirectasi
parcalarindan olusmustur. Yaygin olarak 10-15 cm
bayuklugiindeki kirectasi bloklariyla temsil edilir (Sekil 5d).
Bresik yapi ve beneklenmenin segilebildigi bu karbonat
taneleri ¢apraz tabakali kumtaslari igerisinde g¢ogunlukla
bireysel taneler seklinde yer aldigi gibi yer yer de merceksi
dizeyler olusturur.

Yorum: Bu karbonat fasiyesi, donemsel olarak (kurak
mevsimlerde) bir bélimi kuruyan gol tabaninin atmosfere
ctkmasi ve kiregtaslarinin fliviyal streclerle tekrar islenmesi
(aynisma-tasinma) sonucu olusmustur.

Resim 5. Kiregtasl fasiyesleri. (a) tabakali kiregtasi (F10); (b) tabakali kiregtaslarinin (F10) mikroskop gériintst
(10x4); (c) breslesmis kiregtasi (F11); (d) kiregtasi kirintilari (F12).
Figure 5. Limestone facies. (a) bedded limestone (F10); (b) microscopic view of bedded limestone (10X4); (c)
brecciated limestone (F11); (d) limestone clasts (F12).
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Fasiyes topluluklari ve ¢okelme ortamlari

Ayirtlanan fasiyeslerin  birliktelikleri tG¢ fasiyes
toplulugu/ortamin  varligini  yansitmaktadir.  Bunlar:
Allvyal yelpaze-akasu; gol kiyisi ve gol ici ortamlaridir
(Sekil, 6)

Aliivyal Yelpaze ve Akarsu Ortamlari

istifin 6zellikle taban kesiminde baskin olarak izlenen
bu fasiyes toplulugu egemen kirmizi renk, goéreli olarak
koti boylanmali  kirintili  ¢okellerin ve fosil toprak
dizeylerinin varligiyla taninir. Yer vyer izlenen bitki
parcalar disinda fasiyes toplulugunda fosil varlg
saptanamamistir. Bu fasiyes toplulugunun egemen
fasiyesleri, masif organize olmayan gakiltasi (F1) ve ¢apraz
tabakali tane destekli gakiltasidir (F3). Bunlara eslik eden
fasiyesler, paralel tabakali kumtasi (F6), diizlemsel ¢apraz
tabakali kumtasi (F5) ve her seviyede yer alan masif ¢akilli
¢amurtasl (F8) fasiyesleridir (Sekil 3, 6). Bu fasiyes
toplulugu sedimanter gravite akmali cakilli orgili
akarsular ile karekterize edilir [5]. Ayrica kiregtaslarinin
akarsu suregleri ile yeniden islenmesi sonucu olusan farkl
sekil ve boyutlardaki karbonat kirintilari (F12) gozlenir.

Bu ortamin ikinci fasiyes toplulugu ise taskin
dizliklerinden olusmaktadir. Agirhkli  olarak masif
¢amurtaslari (F8) ile temsil edilen bu toplulukta az oranda
paralel tabakali kumtasi (F6) fasiyesi de temsil edilir.
Camurtaslarinin bu kadar yaygin oldugu ortamlar, set (st
ve taskin diizligl ortamlarini yansitir [30]. Su dolasiminin
sinirll oldugu  bataklik alanlarda  kémirlesmeler
gelisebildigi gibi bitki kirintilar tasinarak ¢amurtaslarina
karismasi da goézlenir [16, 31, 32]. Kurak iklim
doénemlerinde kalis gelisebildigi gibi depolanmanin
durdugu zamanlarda topraklagsma gozlenebilir [33]. Bu tip
¢okel ortamlari icin ug yelpaze (terminal fan)-terminal
yelpaze taskin havzasi terimleri de kullaniimaktadir [34,
35, 36].

Gol Kiyisi Ortamlari

Su Usth ve su alti kosullarinin birlikte isledigi kiyi
ortamlari, fasiyes cesitliliginin  izlendigi  hareketli
ortamlardir. Su dizeyindeki oynamalar, bu gesitlilik ve ig
iceligi daha da zenginlestirmektedir.

Bu ortamin ilk fasiyes toplulugu olan yelpaze deltasi,
istifin degisik seviyelerinde yer alir (Sekil 3, 6). Egemen
olan fasiyes dereceli-matriks destekli ¢akiltaslaridir (F2).
Cakiltasi tabakalarina masif camurtaslari (F8), laminal
kiltaslari ve marnlar (F9) eslik eder. Bu marn ve kiltaslari,
konglomera duzeyleri igerisinde merceksi olarak da
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bulunabilirler. Su Gstd kosullarinin  egemen oldugu
donemleri ise masif-organize olmayan cakiltaslari (F1) ile
capraz tabakali- tane destekli ¢akiltaslarinin (F3) birlikteligi
yansitir. Nemec ve Steel’e [6] gore, allivyal yelpazelerin
sulu bir ortama (g6l veya deniz) girdiginde yelpazenin
tamami veya bir kismi su altinda kalir ve bu su altinda
kalan prizma seklindeki tortullar yelpaze deltasi tortullari
olarak adlandirilirlar. Goél seviyesi distligl periyodlarda
akarsu profilleri kendilerini disik seviyelere adapte
etmek icin derin vadiler kazarlar. Bu arada asinan kirintil
malzeme kiitle akma veya akarsu sirecleri ile gole
tasinmakta ve allivyal yelpaze ve yelpaze deltasi
ortamlarinda depolanmaktadirlar.

Biiyuk olcekli capraz tabakalanmali gériinisleriyle (F4)
kolaylikla taninan delta 6ntakimlari 6zellikle istifin Gst
kesimlerinde belirgin olarak izlenir ve gél kiyi ortaminin
diger fasiyes toplulugunu olusturur. Bu kesimlerde 1 m’ ye
ulasan capraz tabakali kumtasi loblari tipiktir. Loblarin
blylime evreleri ince ve yanal devamsiz karbonat
diizeyleriyle kesilmistir. Egim agilari 15-35 derece arasinda
degisen delta on takimlar kuzeydogudan giineybatiya
dogru bir beslenmeyi yansitmaktadir. On takimlarin
olusturdugu loblar (zerinde gelisen ince ve vyanal
devamsiz karbonat dizeyleri, kisa siirelere yayilan delta
dinlenme donemlerini yansitmaktadir.

Bu ortamin (iglinc fasiyes toplulugunu olusturan kiyi
yakini kum barlari, istifin orta kesimlerinde gozlenirler.
Genellikle kalin ince taneli kiltasi-marn tabakalar (F9)
arasinda iyi boylanmali- tabakali kumtaslari (F7) seklinde
bulunur. Bunlar 6nceden olusan yelpaze deltasi, delta
tortullarinin dalgalar ile yeniden islenmesi ile plaj ve kiyi
boyu barlari tortullari seklinde depolanirlar [36]. Burada
etkili olan siireg, gol seviyesinin yukselmesi ile gél iginde
depolanan malzemenin yeniden islenenerek kum barlari
seklinde depolanmasidir.

Gél igi Ortami

Bu fasiyes toplulugu baslica gri-yesil renkli kiltagi-marn
(F9) ve tabakali kiregtasi fasiyeslerinin  (F10)
birlikteliginden olusur (Sekil 3, 6). Gerek kirectaslar
gerekse marnlarin igerdikleri tatlisu gastropodlari ve
charalar makroskopik olarak da go6zlenebilmektedir.
Fasiyes toplulugun bu paleontolojik karakteri, golsel
niteligini yansitan en gigli veridir. Golin siglastig
zamanlarda kiyilarda karbonatlar veya kirintili getiriminin
fazla oldugu zamanlarda yelpaze deltasi-delta tortullari
gelisirken, kiy1 6tesinde de laminali kiltaslari ve marnlar
depolanmaktadir [25]
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F12-Kiregtas! kirintilari

Resim 6. istifin depolanma siiregleri ve fasiyeslerin paleocografik dagilimi (Duringer’den [37] degistirilerek).
Figure 6. Depositional processes of the sequence and paleogeographic distribution of facies (modified from Duringer

[37]).

Sonuglar

Kalinigi 210 m. ye ulasan istifte, fasiyes analizi
kapsaminda 11 fasiyes saptanmistir. Bunlar; Masif,
organize olmamis gakiltasi (F1); dereceli, matriks destekli
cakiltasi (F2); capraz tabakali, tane destekli gakiltasi (F3);
buylk olgekli c¢apraz tabakali c¢akilli kumtasi (F4);
dizlemsel capraz tabakali kumtasi (F5); paralel tabakal
kumtasi (F6); iyi boylanmis, tabakali kumtasi (F7);
masif,cakilli gamurtasi (F8); laminal kiltasi-marn (F9);
tabakali kiregtasi (F10); breslesmis kiregtasi (F11) ve
karbonat kirintilari  (F12) olarak adlandiriimistir. Bu
fasiyeslerin birliktelikleri, altiviyal yelpaze-akarsu, gol kiyisi
(yelpaze deltasi, delta, kiyi boyu kum barlari, karbonat
banklari) ve gol ici cokel ortamlarini yansitmaktadir.

Bu litolojik ve ortamsal cesitlilik, iklim ve
tektonizmanin denetledigi kiyi gizgisi oynamalari ve gol

suyundaki biyokimyasal degisimlerle saglanir. Yari kurak
bir iklim ve sig su kosullarini yansitan goélde, su dizeyini
distiga ve karasal alanlarda yogun ayrisma-kazinmanin
gerceklestigi donemlerde, kirintih malzemeyi gol icine
taslyan, allivyal yelpaze, yelpaze deltasi ve delta siregleri
egemen olmustur. Tersine isleyen siireglerde ise gol
dizeyindeki yukselmeler sonucunda, goél igine dolan
malzeme yeniden islenerek kum barlarini olusturmustur.
Gole karadan kirinti girisinin olmadigi dénemlerde ise

karbonat c¢okelimi etkin olup, karbonat banklar
gelisebilmigtir.
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ABSTRACT

The Human Development Index (HDI) is a pivotal indicator in gauging the extent of development and living
standards across countries. However, the global pandemic of the Coronavirus disease 2019 (Covid-19) is believed
to exert a deleterious influence on these indices. It is therefore important to understand the effects of the
pandemic on HDI and how HDI would be shaped in a scenario without the pandemic. In this context, the HDI
data for the years 1995-2019 were subjected to linear regression analysis, and the HDI values for 2020, 2021 and
2022, when the effects of the pandemic were observed, were estimated. Furthermore, the original HDI indicators
were compared for these years. The study demonstrates that in the absence of the pandemic, the HDI values of
the countries would continue the upward trajectory observed in previous years. Furthermore, despite the initial
negative effects, the Netherlands and Portugal have reached the simulated HDI values by 2022, indicating that
they have been able to overcome the significant slowdown or decline in HDI caused by the pandemic. The original
HDI values of Austria, Croatia, Cyprus, Denmark, Finland, France, Greece, Ireland, Italy, Spain, Sweden and
Sweden were only approximated by the simulated HDI values by 2022. In other EU countries, it is observed that
the effects of the pandemic on HDI are long-lasting. In the analysis, Sweden is a notable exception.

Keywords: HDI, COVID-19, Linear Regression, Forecasting.

COVID-19 Pandemisinin AB Ulkelerinin insani Gelismislik
Endeksi Uzerindeki Etkisi: Makine Ogrenmesi Yontemleriyle
inceleme

0oz

insani Gelismislik Endeksi (HDI), iilkelerin gelisim diizeyini ve yasam standartlarini belirlemede kritik bir gdsterge
iken COVID-19’un Ulkelerin bu gostergelerini olumsuz etkiledigi dustintilmektedir. Bu nedenle, pandeminin HDI
Uzerindeki etkilerini ve pandeminin olmadigi bir senaryoda HDI’nin nasil sekillenecegini anlamak 6nemlidir. Bu
baglamda, 1995-2019 yillarina ait HDI verileri dogrusal regresyon yontemiyle analiz edilerek pandeminin
etkilerinin gorildigi 2020, 2021 ve 2022 yillarindaki HDI degerleri tahmin edilmis, ayrica orijinal HDI gostergeleri
bu yillar igin karsilastinlmistir. Calismada, pandeminin yasanmadigi bir senaryoda tlkelerin HDI degerlerinin
onceki yillardaki artis egilimini strdiirecegini ortaya koymaktadir. Buna ek olarak, COVID-19’un HDI Uzerinde
belirgin bir yavaslama veya diisiise yol actigi anlagiimakla birlikte, Hollanda ve Portekiz’in baslangigtaki olumsuz
etkilenmelere ragmen 2022 itibariyla simile edilen HDI degerlerine ulastiklari gorilmustir. Avusturya,
Hirvatistan, Kibris, Danimarka, Finlandiya, Fransa, Yunanistan, irlanda, italya, ispanya ve isve¢’in orijinal HDI
degerlerinin simile edilmis HDI degerlerine ancak 2022 yili itibariyle yaklastiklari gézlemlenmistir. Diger AB
iilkelerinde ise COVID-19’un HDI {zerinde kalici bir etkisinin oldugu gériilmektedir. Analizde, isveg icin ise 6zel
bir durum s6z konusudur. Calisma, pandeminin insani gelismislige strdurilebilirlik agisindan olusturdugu
tehditlerin anlasiimasina katki saglayarak literatiire nemli bir bakis agisi sunmaktadir.

Anahtar Kelimeler: insani Gelismislik Endeksi (HDI), COVID-19, Dogrusal Regresyon, Tahminleme.

@ orcip 0000-0001-5968-5081 b (@) aseker@cumhuriyet.edu.tr @ oRcID 0000-0002-4552-2676

How to Cite: Kahreman Y, Seker A (2024) The Effect of the Coronavirus Pandemic on the Human Development Index of EU Countries: An Analysis
Using Machine Learning Methods, Journal of Engineering Faculty, 2(2): 176-184

176


http://cumfad.cumhuriyet.edu.tr/
http://creativecommons.org/licenses/by-nc/4.0/

Kahreman et al. / Journal of Engineering Faculty, 2(2): 176-184, 2024

Introduction

The Human Development Index (HDI) occupies a
significant position within the field of international
development studies, serving as a comprehensive
indicator that assesses and evaluates the development
levels and living standards of countries in accordance with
objective criteria. Developed and updated on an annual
basis by the United Nations Development Programme
(UNDP), the HDI is calculated based on three principal
dimensions: education level, life expectancy and per
capita income level [1]. These components facilitate a
comprehensive evaluation of human development that
extends beyond mere economic indicators, offering a
holistic assessment of a country's social and economic
structure [2]. The HDI provides a comprehensive measure
of a country's welfare level and quality of life, extending
beyond mere economic growth to encompass social
factors such as education and health.

As a consequence of this structure, the HDI is
employed as a significant data source for the comparison
of the welfare level of numerous countries and the
formulation of long-term development policies [3], [4],
[5]. The annual updating of this index enables the
monitoring of development trends in countries and the
observation of the effects of social policies. However, the
change in HDI over time may be affected by sudden
developments on a global scale. For example, unexpected
global events, such as the COVID-19 pandemic, can have
short- and long-term impacts on human development [6].

In this context, when we consider HDI values as a time
series data set, machine learning methods can be
employed to predict future values of the index [7]. In the
context of time series analysis, techniques such as linear
regression are frequently employed to predict future
trends based on past data. In the case of a
multicomponent indicator such as HDI, these methods
facilitate the modelling of the effects of the pandemic and
the simulation of potential future changes through the
analysis of data from each year. Consequently, a model
developed based on past data will be capable of
examining how HDI might trend in a scenario where there
is no pandemic [8]. It follows that a model developed on
the basis of past data will be capable of examining the
potential trajectory of HDI in the absence of a pandemic.

In formulating a future trajectory for HDI, it is crucial
for policymakers to comprehend the underlying natural
progression, distinct from the exceptional influences
precipitated by pandemic circumstances. It is anticipated
that the effects of the pandemic will be observed not only
in the field of health but also in the fundamental
components of HDI, including education and economic
welfare. The implementation of budgetary constraints in
the field of education, the weakening of health systems
and the occurrence of income losses during the pandemic
may result in a deceleration or even a decline in HDI.
Modelling the trajectory of HDI values in the absence of
the pandemic will facilitate the formulation of effective
inferences regarding long-term development goals at the
country level. In order to gain a deeper understanding of

the impact of the COVID-19 pandemic on human
development, it is essential to construct a model that
depicts the trajectory of the HDI in the absence of the
pandemic. The objective of this simulation is to provide
long-term projections on the human development
process of countries by enabling an examination of the
natural trends of HDI independent of deviations induced
by the pandemic. In accordance with the aforementioned
objective, the present study seeks to forecast the manner
in which the HDI values will be constituted in 2020, 2021
and 2022 in a scenario devoid of the pandemic. To this
end, a simulation has been conducted based on the
historical trends of HDI values, with the effects of the
COVID-19 pandemic being disregarded.

In this study, the HDI data for the period 1995-2019
were modelled using the linear regression method, and
HDI forecasts were made for the period 2020-2022 under
the assumption that there is no pandemic. The time series
models, created for each country separately, facilitate
comprehension of the direct impact of the pandemic on
HDI and provide a comprehensive analysis of the effects
of the pandemic on socioeconomic sustainability.
Consequently, this study is regarded as a valuable
contribution to the literature, offering crucial insights for
the formulation of sustainability strategies through the
examination of economic and social indicators of HDI
divergence among countries.

Literature Review

Areview of the literature reveals a multitude of studies
investigating the impact of the ongoing pandemic on
social and economic indicators. Palamim et al. conducted
an analysis examining the relationship between case
fatality rates associated with the novel coronavirus in
Brazil and a range of socioeconomic indicators, including
the HDI. Their findings indicate that mortality rates are
higher in regions with lower HDI [9]. A further study
demonstrates that the incidence of cases and deaths
resulting from the novel COVID-19 infection, along with
the number of tests conducted, is higher in countries with
a high HDI. However, there is a negative correlation
between HDI and both the case fatality rate (CFR) and the
recovery rate. This indicates that more advanced
reporting and monitoring systems may also be effective in
countries with a high HDI [6].

In his study, Sareminia concluded that the level of
education has a greater impact on mortality rates
associated with the COVID-19 than environmental and
health factors. He also found that knowledgeable societies
are more successful in crisis management [10]. In this
paper, the level of social development plays a critical role
in reducing the impact of crises. The findings of this study
indicate that the incidence and mortality of the COVID-19
in southeastern Brazil is influenced to a limited extent by
factors such as population size, gross domestic product
(GDP), and HDI. However, higher mortality rates have
been observed, particularly in cities with high population

density, medium GDP, and high HDI [11]. Another study
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indicates that the number of confirmed cases of the
COVID-19 is higher in countries with a high Human
Development Index (HDI) compared to countries with a
low HDI. This is attributed to the greater capacity of
countries with a high HDI to conduct more tests. The study
suggests that this finding can inform international
cooperation in the fight against the pandemic and the
development of prevention methods [12].

Artificial intelligence and machine learning methods
are employed to analyse HDI and other socioeconomic
indicators in real time, with the objective of predicting
future trends. In their study, Kavuran et al. investigate the
impact of the pandemic on HDI using Al techniques such
as Deep Convolutional Neural Network (DCNN) and
Support Vector Machine (SVM). They demonstrate that
these methods can accurately identify the relationship
between HDI and pandemic-related variables [13]. A
further study demonstrates that the utilisation of machine
learning techniques to investigate the correlation
between economic advancement and human capital
enhances the precision of Support Vector Machines (SVM)
and Gaussian Process Regression (GPR) models,
particularly those optimised by the Bayesian method. The
BT-GPR model exhibits the most accurate predictive
capacity [14]. A further study examined the efficacy of
quality of life (QolL) prediction systems utilising data from
the World Happiness Index, employing machine learning
algorithms. The findings revealed that Lasso Regression,
Multiple Linear Regression and Long Short-Term Memory
(LSTM) algorithms exhibited the highest accuracy for the
2021 Qol indicator [15].

Despite the existence of numerous studies examining
the relationship between HDI and the ongoing pandemic,
no research has yet explored how the HDI values of
countries might evolve in the absence of a pandemic. In
light of this gap in the literature, this study was designed
to address this gap and contribute new insights to the
field.

Materials and Methods

In this section, within the scope of the purpose of the
study, firstly, how HDI real data is calculated will be
explained and then the application steps of the study will
be explained.

The Official HDI Calculation method (UNDP)

The Human Development Index (HDI) is calculated by
a formula that includes three basic components: Life
Expectancy Index, Education Index and Income Index. HDI
is calculated by taking the geometric mean of these three
components. The HDI formula is as follows level [1];

Step 1: Calculation Of Life Expectancy Index
The life expectancy index is calculated by normalizing
a country's life expectancy by the minimum (20 years) and
maximum (85 years) life expectancy set by UNDP. This
calculation is performed by the following Equation (1).
(Life Expectancy — 20)
(85 —20)

Life Expectancy Index =

Step 2: Calculation Of Education Index

The education index is a combination of two sub-indices:
expected years of education and average years of
education. The expected years of education index is
calculated as in Equation (2), assuming a UNDP maximum
expected years of education of 18 years. The average
years of education index is calculated as in Equation (3),
assuming a maximum average years of education of 15
years. As can be seen in Equation (4), the education index
is obtained by taking the arithmetic average of these two
sub-indices. Expected years of schooling and Mean years
of schooling.

. Years of schoolin,
Expected years of schooling = % (2)
. Years of schoolin,
Mean years of schooling = % (3)
Education Index =
Expected years of schooling+Mean years of schooling (4)

2

Step 3: Calculation Of Income Index

The income index is calculated with the help of
Equation (5) using the Gross National Income (GNI) per
capita data. The income index is normalised between the
minimum ($100) and maximum ($75,000) income values

determined by UNDP.
log(per capita GNI)-log 100

log(75000)—1og(100)

Income index =

(5)

Step 4: Calculation Of Human Development Index

Finally, the life expectancy, education and income
indices calculated above are combined by taking the
geometric mean. The HDI is calculated by taking the cube
root of the product of these three indices.

. |Life Expectancy Index X
HDI =

Education Index X (6)
Income Index

The Dataset

Within the scope of the study, the performances of
countries in various indicators (e.g. education, life
expectancy) by years were obtained from UNDP reports.
EU countries were filtered from this report and the data
containing the indicators to be used for the calculation of
HDI components (Expected Years of Schooling (years),
Gross National Income Per Capita (2017 PPPS), Life
Expectancy at Birth (years), Mean Years of Schooling
(years) were selected.

The Forecasting Model

Linear regression is a basic statistical method used to
model the linear relationship between a dependent
variable and one or more independent variables, and is
often preferred to predict future values based on past
data. In this study, the life expectancy index, the
education index and the income index, which make up the
HDI value, were estimated with 3 different models. The
model was trained with data from 1995-2019 and the
years 2020-2022 were estimated. The parameters of the
linear regression model are as follows;
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Index Value

In the Netherlands and Portugal, although there was a
significant decline HDI values at the beginning of the
COVID-19 pandemic, it was found that the simulated HDI

levels

e n_jobs (default=None) ;The number of

fit_intercept (default=True) ;The model is processors to use in the calculation is set to 1.

estimated in the form y = mx + b (b is the value of

the intercept). Results

normalise (default=False) ;The independent In this section, the findings obtained within the scope

variables are not normalised. of the research are examined in detail and the results of

copy_X (default=True) ;Guarantees that the the analyses are presented in a systematic manner.
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Figure 1. The HDI Graphics of Netherlands (a) and Portugal (b)

experienced a decline in their initial HDI values during the
transition period from 2019 to 2020, but immediately
after this decline they showed a more pronounced

of the no-pandemic scenario were reached by 2022.  upward trend.

Analyzing Fig 1, it can be seen that both countries
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Figure 2. The HDI Graphics of Austria, Croatia, Cyprus, Denmark, Finland, France, Greece, Ireland, Italy, Malta,
Latvia, Italy, Malta, Latvia and Spain.

The HDI values of Austria, Croatia, Cyprus, Denmark,
Finland, France, Greece, Ireland, Italy, Malta, Latvia, Italy,
Malta, Latvia and Spain were significantly closer to the
simulated levels by 2022, indicating that the effects of the
pandemic have lasted to a limited extent. Analysis of Fig 2
reveals that in most of these countries, the COVID-19

pandemic caused a direct decline in HDI, followed by a
clear upward trend in the original HDI values. Cyprus and
Ireland, in particular, were able to reach simulated HDI
levels more quickly, as the effects of the pandemic on the
original HDI were more limited.

180



Kahreman et al. / Journal of Engineering Faculty, 2(2): 176-184, 2024

Index Value

Index Value

Index Value

Index Value

0.94

e
o

e
o
3

°
@
8

3
=
{

°
®
g

o
@
8

0.94

092

0.90

0.85

0.80

075

The Comparison of Original HDI and Simulated HDI of Belgium

—e— Simulated HDI
Original HDI
/'/.

.

/.—-/'\ s

—

-
_

/T

W
et
v
"
Ve
o A 5P >IDPPHED P R T T S W S I R N
0 S P F § P S S PGP O DP9 D oD
LIS T T S S S s
Year

(@)

The Comparison of Original HDI and Simulated HDI of Czechia

—e— Simulated HDI
—s— Original HDI

-
)l/'

o o G P > ;PP ) S D DO 6 A DO DN

& s?’qbs‘*q i ~?’&1§F¢°°1"° 'é’°¢°°m§”'\°aa 'L‘?mé?'@hq ST S S S

©

The Comparison of Original HDI and Simulated HDI of Germany

—e— Simulated HDI
~ Original HDI

o o G P > ;PP ) S D DO 6 A DO DN
& s?’qbs‘*q i ~?’&1§F¢°°1"° 'é’°¢°°m§”'\°aa 'L‘?mé?'@hq ST S S S

©

The Comparison of Original HDI and Simulated HDI of Lithuania

—e— Simulated HDI
—s— Original HDI

o o G P > ;PP ) S D DO 6 A DO DN
& s?’qbs‘*q i ~?’&1§F¢°°1"° 'é’°¢°°m§”'\°aa 'L‘?mé?'@hq ST S S S
vear

(2

The Comparison of Original HDI and HDI of Bulgaria

Index Value
e
3

°
3

0.74

Simulated HDI
o~ Original HDI

TN

"~

0.925

0.900

0.875

0.850

0.825

Index Value

0.800

0775

0750

0.725

Index Value
e
@
3

078

092

Index Value
e
@
£

3
=
£

086

FEIPDOSE DT OED DD DD DED DD DD
x“'»“x“\"931@1@@'\@1‘9?1&1‘?@@@'v“'\“we'\“'t“'x"i“'\“'@'@i"w“i“’f‘
Year

The Comparison of Original HDI and Simulated HDI of Estonia

—e— Simulated HDI
—~e— Original HDI

PP PP PSP D ) 50 g Sh DGR D 0 N D P > g
FEPLP m“d]«“x@@@'\&\“dcm"gx#w@@w“m“?1“’\.“1"'@*\9'\9«“1“1"
Year

(d)

The Comparison of Original HDI and Simulated HDI of Hungary

—e— Simulated HDI
~e— Original HDI

PP PP PSP D ) 50 g Sh DGR D 0 N D P > g
FEPLP m“d]«“x@@@'\&\“dcm"gx#w@@w“m“?1“’\.“1"'@*\9'\9«“1“1"

Year

®

The Comparison of Original HDI and Simulated HDI of Luxembourg

—e— Simulated HDI
~e— Original HDI

PP PP PSP D ) 50 g Sh DGR D 0 N D P > g
FEPLP m“d]«“x@@@'\&\“dcm"gx#w@@w“m“?1“’\.“1"'@*\9'\9«“1“1"
Year

(h)

181



Kahreman et al. / Journal of Engineering Faculty, 2(2): 176-184, 2024

The Comparison of Original HDI and Simulated HDI of Romania

—e— Simulated HDI i

Original HDI
0850 9 =

0.825

0.800

0775

Index Value

0.750

0725

0.700

The Comparison of Original HDI and Si HDI of Slovenia

0.950{ —*= Simulated HDI .
Original HDI e

0.925 /

0.900

0875

Index Value

0.850

0.825

0.800

0775

The Comparison of Original HDI and Simulated HDI of Slovakia

0.900 | —e— Simulated HDI *
Original HDI -l

0875 /
0850 -

0.825

Index Value

0.800

0775

0.750

0.725

The Comparison of Original HDI and Si HDI of Poland

—s— Simulated HDI
Original HDI o

Index Value
°
s

0.80

(k)

Figure 3. The HDI Graphics of Belgium, Bulgaria, Czech Republic, Estonia, Germany, Hungary, Lithuania,
Luxembourg, Romania, Slovakia, Slovenia and Poland

In Belgium, Bulgaria, the Czech Republic, Estonia,
Germany, Hungary, Lithuania, Luxembourg, Romania,
Slovakia, Slovenia, Luxembourg, Romania, Slovakia,
Slovenia and Poland, the negative impact of the pandemic
has had a more lasting impact on HDI and the recovery

process has not yet gained sufficient momentum. These
countries have not fully recovered from the decline in HDI
at the beginning of the pandemic and have difficulties in
reaching the simulated HDI levels.

The Comparison of Original HDI and Si

HDI of Sweden
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Figure 4. The HDI Graphic of Sweden.

When the effects of the COVID-19 pandemic on the
HDI for Sweden are analyzed, it is found that the pandemic
has produced some positive results. After the pandemic
year, it was observed that the original HDI showed an
above-normal increase, which is thought to have caused
the simulated HDI to remain below the original HDI.

Conclusion
The Netherlands and Portugal experienced a
significant drop in Human Development Index (HDI) values
at the onset of the COVID-19 pandemic, but both
countries have shown a strong recovery, returning to the
HDI levels estimated in a no-pandemic scenario by 2022.
This recovery is largely attributed to both countries' rapid
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and effective government interventions, health policies,
high immunization rates and financial assistance from the
European Union. The Netherlands' strong health
infrastructure and economic diversification, and
Portugal's recovery trends that quickly overcame the
economic downturn, are projected to have enabled a
rapid improvement in human development indicators in
both countries. The reasons behind this recovery are
predicted to be that successful management strategies in
health and economic policies will allow the HDI to show
sustainable growth in the long run, regardless of the
pandemic.

In countries such as Austria, Croatia, Cyprus, Denmark,
Finland, France, Greece, Ireland, Italy, Malta, Latvia, Italy,
Malta, Latvia and Spain, the fact that the negative impacts
of COVID-19 only approached the simulated HDI values by
2022 suggests that the recovery trend observed in these
countries may be a result of the long-lasting effects of the
pandemic in education, health and economic areas. The
pandemic's economic contractions, disruptions in health
systems and disruptions in the education sector may have
had longer-lasting negative effects on certain components
of the HDI (especially health and education) in these
countries. In addition, although the financial and health
assistance received in EU member states has led to a
limited recovery in some countries, factors such as
economic vulnerabilities, long-term labor force loss and
unemployment, and disruptions in education, especially in
low-income countries, may have prevented the HDI from
fully recovering. In addition, post-pandemic social and
economic recovery processes may have been faster in
countries with stronger health and education
infrastructure, whereas in countries with less developed
economies, this recovery process may have taken longer,
leading to lower HDI values than in the no-pandemic
scenario. While these countries have experienced a
reacceleration of economic growth, improved labor
markets, and restructuring in the education sector, it
suggests that more time will be needed for the negative
post-pandemic effects of the HDI to fully dissipate.

During the pandemic, EU countries such as Belgium,
Bulgaria, Czech Republic, Estonia, Germany, Hungary,
Lithuania, Luxembourg, Romania, Slovakia, Slovenia,
Luxembourg, Lithuania, Luxembourg, Romania, Slovakia,
Slovenia and Poland have experienced lasting negative
impacts on HDI. These countries have faced a range of
problems, including capacity limitations of their health
systems, disruptions in education and labor force losses.
Germany, despite having a strong health system, has been
slower to recover due to high morbidity and mortality
rates during the pandemic. Similarly, high mortality rates
and labor force losses in countries such as Belgium and
Luxembourg led to lower HDI values compared to the no-
pandemic scenario. In Central and Eastern European
countries such as Poland, the Czech Republic, Slovakia and
Hungary, pressures on health care and major disruptions
in education led to persistent negative changes in the HDI.
In lower-income EU countries, such as Romania and
Bulgaria, the pandemic had deeper and longer-lasting

effects due to inadequacies in health and education
systems. In these countries, economic difficulties and
infrastructure deficiencies during the pandemic led to a
decline in HDI values and the recovery process was
limited. The Baltic countries of Estonia and Lithuania have
similarly failed to show a significant improvement in HDI
values due to deficiencies in health and education. These
countries felt the negative effects of the pandemic for a
long time, as they were economically weaker and tried to
recover after the pandemic with limited resources.

In the analysis, there is a special case for Sweden.
When the effects of COVID-19 on the Human
Development Index (HDI) are analyzed, it is observed that
the pandemic has led to certain positive outcomes. In
particular, Sweden, which has a highly developed
healthcare system and education infrastructure, has
increased social welfare by digitizing and strengthening
these structures during the pandemic, resulting in a
positive impact on HDI values. Strengthening the
healthcare system and accelerating the digital
transformation in the education sector led to
improvements in HDI, regardless of the pandemic-specific
negative effects of COVID-19. However, in a scenario
without the pandemic, these improvements could have
been expected to occur over a longer timeframe and at a
slower pace. Moreover, economic growth and social
welfare gains, which gained momentum with the impact
of COVID-19, would have been more limited without the
pandemic. In this context, while Sweden's HDI values are
likely to have fallen to lower levels compared to the
projected estimates in a non-pandemic situation, the
impact of COVID-19 contributed to the country's higher
HDI values.
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Introduction

Deep Learning (DL), a sophisticated branch of machine
learning, utilizes multi-layered neural networks to learn
data representation through hierarchical levels of
abstraction [1]. This advanced representation enhances
proficiency in complex tasks including image recognition,
natural language processing (NLP), and intricate data
generation, thus broadening the functional scope of
creative Al systems across diverse applications [2].
According to a study conducted in 2024, 70% of leading
law firms in the United States predicted in 2023 that
generative artificial intelligence would create value-added
work for their clients. This percentage indicates a growing
convergence between GenAl and the legal system [3].

The legal system, a structured regime of rules and
principles enforced by institutions, governs societal
behavior. Al's integration into this framework promises
enhancements in legal analytics, predictive modeling, and
document management through its capacity to analyze
extensive datasets, recognize patterns, and facilitate
complex decision-making processes. Particularly, DL
models, equipped with advanced NLP capabilities, play a
crucial role in interpreting and generating legal language
with increasing precision and subtlety. These capabilities
lead to substantial improvements in drafting legal
documents, predicting case outcomes based on historical
data, and conducting in-depth analyses of legal texts [4].
In recent years, the intersection of law and Generative Al
has become a focal point for research, driven by the
potential of Al to transform legal processes [5]. Moreover,
researchers are increasingly focused on the use of Al for
predictive legal analysis. By applying Deep Learning
techniques, these systems can analyze large datasets of
legal cases to identify trends, forecast outcomes, and
suggest strategic approaches for legal practitioners. This
predictive capability is especially valuable in litigation,
where anticipating the likely outcome of a case can
influence legal strategy and decision-making. This study
explores the potential transformative impacts of
integrating Artificial Intelligence (Al) technologies,
particularly Generative

Artificial Intelligence (GAl) and Deep Learning (DL),
into the legal sector. GAI, employing mechanisms such as
Generative Adversarial Networks (GANs) and Variational
Autoencoders (VAEs), possesses the capability to generate
new, high-quality data that accurately reflects the
distribution of input datasets. This capability enables the
production of realistic outputs in various formats—text,
images, and audio—highlighting the versatility and
expansive potential of creative models in data generation
[6].

Bekenbey Al model aims to leverage law-based Al
technologies to address prevalent challenges in the legal
sector, offering innovative solutions that benefit legal
professionals and the broader community[7]. The paper is
organized as follows. In Section I, we provide background
information on DL and ANN, introduce Legislation and
Court, and give an overview of Integration of Artificial
Intelligence into Legislative and Court Systems. Section Il
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explores related studies in the literature. The proposed
approach is detailed in Section IV. Section V and Section
VI outlines the experimental settings and discusses the
results. Finally, Section VII concludes the study.

Background
Deep Learning and Artificial Neural Networks

Deep Learning (DL) represents a fundamental domain
within machine learning, distinguished by its utilization of
Artificial Neural Networks (ANNs) comprising multiple
layers [8]. One of the key strengths of DL lies in its capacity
to autonomously extract and learn hierarchical
representations from complex and large-scale and
datasets. Unlike conventional machine learning models,
which necessitate manual feature engineering by domain
experts, DL models indicate a remarkable proficiency in
automatically uncovering intricate patterns within data,
particularly in the context of unstructured datasets such
as audio, image, and textual information. This capability is
most prominently exemplified by the success of
Convolutional Neural Networks (CNNs), which have
emerged as the benchmark for image recognition and
various other tasks in computer vision. Similarly,
Recurrent Neural Networks (RNNs) and transformers have
essentially transformed the field of natural language
processing, facilitating significant advancements in
language modeling, machine translation, and other
related areas [9]. Transformer-based models like BERT
and GPT have advanced deep learning in NLP by using self-
attention mechanisms to understand contextual
information, overcoming the limitations of sequential
processing in older architectures like RNNs. This
improvement enhances performance in tasks such as
language modeling, machine translation, and text
generation. The evolution of deep learning and ANNs has
also broadened Al applications, including in the legal
industry, where Al technologies are enhancing efficiency
and accuracy in legal research, document review, and
contract analysis. Al systems can now rapidly sift through
vast amounts of legal documents, extracting related
information and providing lawyers with insights that
would have taken much longer to achieve manually. This
capability not only improves the speed of legal processes
but also reduces costs for clients, making legal services
more accessible [10].

Legislation and Court

Legislation and court systems are fundamental
components of the legal framework that governs societal
behavior and resolves disputes [11]. Legislation refers to
the body of laws enacted by a legislative body, while
courts are institutions responsible for adjudicating legal
disputes based on these laws [12]. The evolution of these
systems reflects the complexity and dynamism of legal
governance. The advent of artificial intelligence (Al)
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presents new opportunities for enhancing legislative and
judicial processes, though it also introduces challenges
that must be addressed [13]. 1) Legislation: The process
of enacting laws by a legislative body, which includes
drafting, debating, and passing legal statutes [14].
Legislation serves as the foundation for legal norms and
regulations governing various aspects of society. 2) Court:
An institution responsible for adjudicating legal disputes,
interpreting laws, and ensuring justice. Courts operate at
various levels, including trial-, appellate-, and supreme-
courts, each with specific roles and functions [15].

Related Work

The integration of Al into various domains has driven
significant advancements in methodologies across
sectors. The deployment of Generative Al (GAI) and Deep
Learning models, such as Variational Autoencoders
(VAEs), Generative Adversarial Networks (GANs), and
transformers, has notably transformed data-driven
research. These models autonomously learn complex
patterns in large datasets, enabling the generation of
high-quality synthetic data that closely mirrors the original
data.

The datasets employed in these studies often
comprise extensive collections of unstructured data, such
as text, images, and audio, sourced from diverse origins.
For instance, transformer-based models have
revolutionized the processing of textual datasets,
including Common Crawl and OpenWeb-Text, in natural
language processing tasks [16]. Al has significantly
impacted the social sciences and humanities. Research by
Binns has explored Al’s ethical considerations, focusing on
fairness and bias mitigation. In these fields, Al employs
models like transformers and RNNs to analyze textual and
behavioral data, providing insights into human behavior
and social trends [17]. In the legal domain, Al’s application
has witnessed a marked increase, particularly in areas
such as legal document generation, predictive analytics,
and case outcome prediction. One of the seminal studies
in the field of legal prediction is the research conducted
by Katz, Bommarito, and Blackman (2017), which utilized
advanced machine learning models to forecast the
outcomes of Supreme Court cases with notable accuracy.
Their study primarily employed a random forest classifier
as the central machine learning technique for predicting
case outcomes. The model achieved a remarkable
accuracy rate of 71.9% at the individual Justice vote level
over a historical period spanning from 1816 to 2015.
Additionally, the model demonstrated an accuracy of
70.2% in predicting the overall outcomes of cases,
underscoring the practical utility of Al in the domain of
legal forecasting [18]. Predictive analytics in the legal field
employs machine learning models to forecast legal case
outcomes based on historical data, offering valuable
insights to legal practitioners [19]. The automation of legal
text creation, facilitated by advanced DL models,
represents a significant breakthrough. For example,
applying GANs in generating synthetic legal documents

illustrates Al’s potential to handle complex, structured
data with high precision [20]. Abimbola, de La Cal Marin,
and Tan (2024) explored deep learning in sentiment
analysis for Canadian maritime case law, developing a
framework to enhance legal analytics. Their study
highlights the automation of legal document extraction
and the integration of sentiment analysis with advanced
deep learning models [21]. These advancements highlight
Al's transformative potential in improving the efficiency
and accuracy of legal processes. The Bekenbey Al project
stands out as a pioneering initiative, integrating
Generative Al (GAI) and Deep Learning (DL) models into a
comprehensive system specifically designed for legal
document generation and predictive legal analytics.
Unlike previous studies that focused on general
applications or single-task models, Bekenbey Al employs a
hybrid approach, combining GANs, VAEs, and
transformers to create contextually accurate legal
documents and provide predictive insights for real-time
legal strategies. To our knowledge, this is the first study
that successfully integrates GANs, VAEs, and transformers
into a unified hybrid model specifically tailored for the
legal domain.

Proposed Model: Bekenbey Al

In an era where technology integration in law is crucial,
our Bekenbey Al model represents a transformative
approach. Utilizing advanced NLP and DL techniques,
Bekenbey is designed to streamline complex legal
processes and enhance legal document management and
analysis [22]. This system integrates various NLP
techniques, including tokenization, stopword removal,
lemmatization, and stemming, to improve the parsing and
comprehension of complex legal texts. It also utilizes text
classification algorithms like Logistic Regression, SVM, and
Random Forests to efficiently categorize legal documents
across different domains [23]. The core functionality of
Bekenbey Al is supported by advanced deep learning
architectures, including Recurrent Neural Networks
(RNN), Long Short-Term Memory (LSTM) networks, and
the innovative Bidirectional Encoder Representations
from Transformers (BERT) model. These technologies are
essential for processing, understanding and generating
legal language and structures, enabling the system to
perform deep analyses and generate outputs that closely
resemble human legal reasoning. To further augment its
capabilities, Bekenbey integrates Generative Al
technologies, such as Generative Adversarial Networks
(GANs) and Variational Autoencoders (VAEs) to create
realistic and contextually appropriate legal documents.

This feature not only accelerates document creation
but also provides unparalleled customization, adapting to
specific case requirements or legal stipulations [24]. In
addressing the challenges of data management within
legal processes, the model utilizes both SQL and NoSQL
databases, including PostgreSQL and MongoDB, ensuring
robust and flexible data handling. Compliance with
stringent security standards and privacy regulations, such
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as the General Data Protection Regulation (GDPR), is
achieved through sophisticated encryption and
anonymization techniques. The backend infrastructure of
Bekenbey is meticulously designed using Python, with
frameworks such as Django and Flask. APIs are developed
using FastAPl to ensure efficient integration and
communication within the legal tech ecosystem. This
configuration is designed to meet the high demands for
security and operational efficiency that are critical in legal
applications. Moreover, the model significantly reduces
the time and costs associated with traditional legal
procedures while enhancing the accuracy and accessibility
of legal services, marking a significant milestone in legal
technology. It not only streamlines legal workflows but
also provides powerful predictive analytics and decision-
support tools, enhancing the ability of legal professionals
to manage cases with greater efficacy and confidence
[25].

Figure 1 illustrates the architecture of this
comprehensive data processing and artificial intelligence
modeling system. This system encompasses data
collection, preprocessing, various modeling layers and
output processes. In the Data Collection section, data is
systematically gathered from diverse sources, including
legal databases, government and corporate websites,
academic and research resources, digital libraries, and
archives. During the Data Preprocessing stage, the
collected data undergoes cleaning, tokenization,
stemming, and vectorization [26]. Once transferred to the
database server, the data is processed through various
embedding layers, employing techniques such as Word
Embeddings, Word2Vec and BERT. The CNN Layer and
RNN/LSTM Layer process the text using deep learning
techniques such as RelU, pooling layers, and GRU. The
Transformer Layer handles tasks such as text translation
and summarization using advanced techniques like the
attention mechanism and multi-head attention. The
Classification Layer classifies the data utilizing densely
connected layers, softmax, and cross-entropy loss
techniques. Finally, the Output Layer encompasses model
training, validation, and deployment processes. The
system is optimized with Al Ring nodes supported by load
balancing and message queuing mechanisms [27] [28][29]
[30].

Experiments

Dataset and Preprocessing

The experiments utilized datasets compiled from
multiple sources, including legal databases, government
and corporate websites, academic resources, and digital
libraries. The datasets comprised a mix of structured data
(e.g., legal codes, statutes) and unstructured data (e.g.,
case law texts, legal opinions). All datasets, anonymized
by the Torun Law and Consulting, were subjected to a
comprehensive preprocessing pipeline that included
cleaning, tokenization, stemming, and vectorization. This
step ensured that the data was uniformly formatted and
suitable for input into the model.
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Experimental Setup

The model was implemented in Python, utilizing
TensorFlow and PyTorch for deep learning, along with
NLTK and SpaCy for natural language processing tasks. The
setup also incorporated tools for hyperparameter tuning
and performance monitoring. The model architecture
included embedding layers (Word2Vec, BERT), CNN,
RNN/LSTM, and Transformer layers. Each was carefully
configured to optimize performance for tasks like text
classification, summarization, and translation. The
experiments involved tuning key hyperparameters,
including learning rate, batch size, number of epochs, and
embedding dimensions. A combination of grid search and
random search techniques was employed to identify the
optimal settings for each hyperparameter. The model was
trained on a diverse set of legal documents, with training
data split into training, validation, and test sets. The
training process involved iterative updates of model
weights using backpropagation, with loss minimization
achieved through the use of cross-entropy loss for
classification tasks. Model performance was validated at
regular intervals using the validation set. The validation
process involved calculating accuracy, precision, recall,
and F1-score metrics.

Performance Metrics
Accuracy, Precision, Recall and F1-Score:

Accuracy measures a model’s overall correctness by
calculating the proportion of true results (both true
positives and true negatives) among the total number of
cases. For classifying legal documents, Precision, Recall,
and F1-Score are crucial, especially with imbalanced
datasets. Precision evaluates the proportion of correctly
classified documents among predicted positives,
minimizing false positives. Recall measures the model’s
ability to identify all relevant documents, reducing missed
critical information. F1-Score, the harmonic mean of
Precision and Recall, balances false positives and false
negatives, making it particularly useful in legal document
classification, where both over-inclusion and under-
inclusion can have significant consequences.

ROUGE and BLEU Scores:

For text summarization tasks, the quality of the
generated summaries was evaluated using ROUGE and
BLEU scores, which compared the generated outputs to
reference summaries

Computation Time and Memory Usage:

The scalability of the model was assessed by
measuring computation time and memory usage across
different dataset sizes, providing insights into the model’s
efficiency.
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Fig. 1. Flow chart of the Bekenbey Al model.

Experimental Results

In this study, the performance of the proposed model
was thoroughly evaluated using a comprehensive set of
metrics, including accuracy, precision, recall, and F1-
score. These metrics were calculated across different
sample sizes, allowingfor an in-depth analysis of the
model’s behavior as the amount of training data
increased. Figure 2 and Figure 3 illustrates the accuracy
performance, and the computational time and memory
usage (for ten different process) of the Bekenbey Al model
respectively, while Table | presents its performance in
terms of precision, recall, and Fl-score. (Here, NoS:
Number of Samples) Initially, the accuracy rate achieved
with 4 samples was 45.65%, which increased to 88.73%
with 50 samples.
This rise in accuracy highlights the significant
improvement in the model’s performance when trained
with more data. Notably, a marked increase in accuracy
was observed after 20 samples, indicating that the model
possesses a higher learning capacity beyond a certain
amount of data, resulting in more accurate predictions. An
examination of the data revealed a significant increase in
accuracy rates as the sample size increased. For instance,
the accuracy rate obtained with 4 samples was 45.65%,
which rose to 53.78% with 10 samples and further to
70.01% with 20 samples. These increases clearly
demonstrate the dependency of accuracy on the sample
size. The correlation between accuracy rate and sample
size was calculated using the Pearson correlation
coefficient. The resulting coefficient, r = 0.957, indicates a
very strong positive correlation between these two
variables. This finding confirms that increasing the sample

size significantly enhances the model’s accuracy. Table Il
provides a detailed breakdown of the performance of the
Bekenbey Al model in varying sample sizes (NoS: Number
of Samples), as measured by the ROUGE-1(R-1), ROUGE-
2(R-2), ROUGE-L(R-L) and BLEU score. The results
demonstrate a consistently high level of performance
across all metrics, indicating that the model effectively
captures both lexical and syntactic features of the target
text.

Precision also demonstrated positive trends with
increasing sample sizes. Initially, the model exhibited
lower precision with smaller datasets due to a higher
proportion of false positives. For example, with 4 samples,
the precision was 46%, indicating that nearly half of the
positive predictions were incorrect. However, as the
dataset grew, precision improved significantly, reaching
89% with 50 samples, suggesting enhanced reliability in
positive  predictions. Recall showed a similar
improvement. At the smallest sample size of 4, recall was
45.00%, reflecting the model’s initial difficulty in
identifying all positive instances. As the sample size
increased, recall steadily improved, reaching 88.00% with
50 samples. This increase indicates that the model
becomes more effective at capturing all relevant data
points as the training set grows. The Fl-score, starting at
45.50% with 4 samples, also improved with more data,
reaching 88.50% at 50 samples. The rise in the Fl-score,
alongside improvements in precision and recall, highlights
the model’s growing effectiveness in balancing the
identification of positive instances and minimizing false
positives as more data is processed.
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Performance Of The Proposed Model
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Fig. 2. The performance of Bekenbey Al model in terms of accuracy.
Table | Precision, Recall, and F1-Score Metrics for Different Sample Sizes
NoS R-1(%) R-2(%) R-L(%) BLEU(%)
4 85.50 78.30 84.20 76.50
5 87.00 80.10 85.80 78.20
10 89.30 83.50 88.20 81.60
15 91.50 86.20 90.10 84.50
20 93.00 88.00 91.70 86.80
25 94.50 89.80 93.20 88.90
30 95.20 90.70 94.00 89.80
35 96.50 92.30 95.30 91.50
45 97.00 93.00 96.00 92.30
50 97.50 93.80 96.50 93.00
Table 2 Rouge and Bleu Scores for Different Sample Sizes
NoS Precision (%) Recall (%) F1-Score (%)
4 46.00 45.00 45.50
5 50.00 49.00 49.50
10 54.00 53.00 53.50
15 60.00 59.00 59.50
20 71.00 70.00 70.50
25 76.00 75.00 75.50
30 77.00 76.00 76.50
35 84.00 83.00 83.50
45 87.00 86.00 86.50
50 89.00 88.00 88.50

190



Yucesan et al. / Journal of Engineering Faculty, 2(2): 185-192, 2024

Computation Time and Memory Usage

@ Computation Time (s) [} [
254 @ Memory Usage (MB) @ O
®
2.0 A
Q
$ 15 @
E e ©
1.0 A
0.5 4
0.0 @ Q @ [ @ @ @ @ @ @
T T T T T T T T T T
1=
9"‘\, 'a"q' f‘;”b o "-;:? ﬁs“’b %"J\ "1"’% f-;"q c;\’o
& & & & & & & & & &
& & & & & & & & & &
o e o & o S o ) ) &
N < q < < q < < < <©

Processes

Fig. 3. Computation time and memory usage.

While the computational time varies depending on the
content and length of the legal document being analyzed,
there is no significant change observed in memory usage.
This outcome is not unexpected, as text comparison
inherently incurs a temporal cost, but it does not result in
a change in the memory allocated within the same
window size during a given unit of time. The ROUGE-1
scores, reflecting unigram matches, start at 85.5% for a
sample size of 4 and increase to 97.5% as the sample size
reaches 50, indicating improved alignmentwith the
reference text as data exposure grows. ROUGE-2 scores,
accounting for bigram matches, rise from 78.3% to 93.8%,
highlighting the model’s ability to maintain contextual
coherence and phrase-level dependencies, crucial for
fluent text generation. ROUGE-L scores, which measure
the longest common subsequence, show a similar trend,
starting at 84.2% and reaching 96.5%, indicating the
model’s effectiveness in preserving the reference text’s
structure. BLEU scores, which assess text similarity across
various n-grams, also improve from 76.5% to 93%,
confirming the model’s strong performance in generating
accurate and contextually appropriate text.

This study demonstrates that the proposed model
exhibitshigh performance with large datasets and that
accuracy improves with an increasing number of samples.
These findings indicate that the model could be an
large-scale data analysis
applications. However, achieving higher accuracy rates
and enhancing the model’s overall performance will
require the evaluation of additional strategies and
improvements. Future work should aim to further
enhance the model’s performance and expand its
applicability across a broader spectrum of applications.

effective tool for and

Conclusion

In this study, we integrated generative Al with legal
domains to develop an application serving citizens,
organizations, and legal professionals. The proposed
Bekenbey Al model demonstrates notable performance in
accuracy, precision, recall, F1-score, ROUGE, and BLEU
scores, highlighting its potential to enhance legal systems.
The model’s strong performance across various metrics
indicates its effectiveness in processing and analyzing
legal texts. Its ability to generalize across different legal
fields and adapt to various legal systems further enhances
its practical utility and relevance to current legal
challenges. To our knowledge, this is the first study to
integrate GANs, VAEs, and transformers into a unified
hybrid model for the legal domain, using real-world data.
Our future work(s) will focus on improving the model’s
capabilities by: i) Analyzing different generative models in
legal contexts to identify the most effective approaches.
ii) Conducting comparative analyses to evaluate the
strengths and limitations of various models. iii) Testing the
proposed model on different datasets and application
domains to assess performance and adaptability. iv)
Exploring advanced techniques and strategies to enhance
accuracy and overall performance.
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ABSTRACT

Medical Al is one of the hot topics in the research and applied fields of medicine. Various research mention
privacy as a major ethical challenge for medical uses of Al. The good news is most of the Al tools are design to
replace physician but to assist them. This reduces ethical challenges, while not eliminating all. Researchers state
that although we are far from consensus in ethical uses of medical Al, we have more or less an agreement on
key principles. If the medical data to be used to train Al is from a narrow sample of patients, it can err with larger
groups. On the other hand, some other problems can be due to users. Thus, development of Al literacy is
necessary. In other words, they have to learn which Al tools to use for various purposes. When we consider early
versions of medical Al, we realize that they mad sense for explanation and teaching, but fail as an assistant for
clinical practice, but this situation has been changing rapidly. Medical students are highly positive of medical Al,
and believe that it will not replace but complement human doctors. There is a realistic anxiety that in a group of
medical areas, especially radiology, Al will outperform human doctors. Al anxiety can also be due to perceived
difficulty to use Al. A solution to ethical problems in medical Al is trustworthy Al model.
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Introduction

Today what is expected from health institutions is to
offer the services to protect individuals from diseases, to
ensure the continuation of their health, to increase the
health level of individuals, to provide the most rational
treatment to patients to ensure their well-being and to
help them achieve healthy aging and longevity. Although
this aim is the same as yesterday's, the difference from
past health service organizational activities is that the
healthcare professionals have to struggle with the
pressure of the technological destruction and change
process because human physical strength, human
intelligence and human skills have difficulty adapting to
the mind-blowing speed of technological innovations.

Medical Al is one of the hot topics in the research and
applied fields of medicine. Shreve et al. (2022) notes that
“techniques with emerging clinical utility include whole
blood multicancer detection from deep sequencing,
virtual biopsies, natural language processing to infer
health trajectories from medical notes, and advanced
clinical decision support systems that combine genomics
and clinomics” (p.842) [1].

Medical Al is especially successful in interpreting
medical images [2, 3, 4, 5], which may accelarate the
healing processes. This case will be especially influential
over radiology departments [6]. Medical Al has social
significance, as it promises to democratize medical care
[7]1, whereby the goal of equal access to medical expertise
can be attained.

Medical Al brings out its own problems such as
disregard of patients’ values [8], but this criticism can be
technically met. Trust is another issue to consider [9,
10,11,12, 13, 14, 15, 16]. Another key issue is the degree
of acceptance of medical Al by medical staff [17]. Before
all, we need to think about how to reduce bias in medical
Al [18, 19] . On the other hand, a less common topic to
discuss is the problem of how to reduce ecological
footprint of medical Al [20], considering its enormous
footprint. Various research mention privacy as a major
ethical challenge for medical uses of Al [21, 22, 23, 24, 25].
The good news is most of the Al tools are designed not to
replace physicians but to assist them [26]. This reduces
ethical challenges, while not eliminating all.

Theoretical Framework

Feng et al. (2024) state that although we are far from
consensus in ethical uses of medical Al, we have more or
less an agreement on key principles such as
“transparency, justice and fairness, non-maleficence,
responsibility and privacy” (p.1) [27]. Mdllmann et al.
(2021) [28] lists 5 similar ones: “beneficence, non-
maleficence, autonomy, justice, and explicability” (p.1).
Maccaro et al. (2024)’s list includes [29] “transparency,
accountability, confidentiality, autonomy, trust and
fairness” (p.1). Bommu (2022) [30] names “data privacy,
transparency, accountability, bias, and equity” as ethical
issues central for medical Al. Canadian Association of
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Radiologists (CAR) Artificial Intelligence Working Group
(2019) mentions "privacy, confidentiality, ownership, and
sharing" (p.107). Another list composed by Masters (2023)
features “data gathering, anonymity, privacy, consent,
data ownership, security, bias, transparency,
responsibility, autonomy, and beneficence” (p.574) [31].

Midller et al. (2021) lists the following for ‘10
Commandments of Ethical Medical Al’:

“1. It must be recognizable that and which part of a
decision or action is taken and carried out by Al.

2. It must be recognizable which part of the
communication is performed by an Al agent.

3. The responsibility for an Al decision, action, or
communicative process must be taken by

a competent physical or legal person.

4. Al decisions, actions, and communicative processes
must be transparent and explainable.

5. An Al decision must be comprehensible and
repeatable.

6. An explanation of an Al decision must be based on
state-of-the-art (scientific) theories.

7. An Al decision, action, or communication must not
be manipulative by pretending

accuracy.

8. An Al decision, action, or communication must not
violate any applicable law and must not

lead to human harm.

9. An Al decision, action, or communication shall not
be discriminatory. This applies in particular to the training
of algorithms.

10. The target setting, control, and monitoring of Al
decisions, actions, and communications shall not be
performed by algorithms.” [32].

D’Souza et al. (2024) “presents twelve essential tips for
addressing the major ethical concerns in the use of Al in
medical education. These include emphasizing
transparency, addressing bias, validating content,
prioritizing data protection, obtaining informed consent,
fostering collaboration, training educators, empowering
students, regularly monitoring, establishing
accountability, adhering to standard guidelines, and
forming an ethics committee to address the issues that
arise in the implementation of Al” (p.1) [33].

If the medical data to be used to train Al is from a
narrow sample of patients, it can err with larger groups
[34]. On the other hand, some other problems can be due
to users. Thus, the development of Al literacy is
necessary[34]. In other words, they have to learn which
Al tools to use for various purposes [35].

When we consider early versions of medical Al, we
realize that they made sense for explanation and teaching,
but failed as an assistant for clinical practice [36].
However, this situation has been changing rapidly.
According to Bélisle-Pipon et al. (2021), medical Al
increases efficiency by “automatizing routine tasks and
decreasing health-related costs, broadening access to
healthcare delivery, targeting more precisely patient
needs, and assisting clinicians in their decision-making”
(p.1) [37].
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Rosemann & Zhang (2022) lists various challenges
involving medical Al such as “concerns regarding (i) the
control, reliability, and trustworthiness of Al systems, (ii)
privacy and surveillance, (iii) the impact of Al and
automation on healthcare staff employment and the
nature of clinical work, (iv) the effects of Al on health
inequalities, justice, and access to medical care, and (v)
challenges related to regulation and governance” (p.103)
[38].

Alolabi, & Aarthy (2021) investigates ethical issues
arising from medical uses of Al under six headings[39]:

e Accuracy, Reliability, and Continuous Updates

. Data Concerns: Bias, Privacy, and Security

. Transparency, Explainability, and Trust

. Liability, Oversight, and Consent

o Human Aspects: Depersonalization,
reliance, and Economic Impacts

o Accessibility, Equity, and Global Reach (p.30-44).

One reason people are not willing to use medical Al is
the fact that they lack knowledge of algorithmic
processes, which leads to a ‘black box’ feeling. However,
Cadario (2021) [40] reports a successful intervention
program that matches this lack of knowledge and
accordingly improves willingness to use medical Al.

A solution to ethical problems in medical Al is the
creation of a trustworthy Al model. According to Zhang &
Zhang (2023) [41], five factors influence this model: “data
quality, algorithmic bias, opacity, safety and security, and
responsibility attribution” (p.1).

Over-

Conclusion

There are many ethical challenges in terms of Al and
using big data. One key element is data privacy, which
involves protecting patient data. Another challenge is Al
systems may reinforce inequalities in the data they are
trained on. The other key element is transparency of how
Al systems make decisions. When we succeed in
improving Al-powered healthcare applications in the field
of diagnostic support, clinical decision-making, and
patient data management with ethical standards such as
transparency, data confidentiality, accountability, and
fairness this will persuade healthcare professionals to
focus on Al literacy and embrace the challenges, paving
the way to reliable Al models for a sustainable human-Al
collaboration for positively evolving future healthcare
facilities.
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Introduction

Cancer is a disease that men and women have long
sought to treat, unfortunately, it often leads to fatal
outcomes. Lung cancer ranks as the most fatal cancer,
responsible for more deaths than any other type, largely
due to its late-stage diagnosis. While treatment is crucial,
early detection is essential for survival rate. According to
a study published in Statista [1], cancer is the second
leading cause of death in the United States. Lung cancer
ranks first numerically in cancer-related deaths in both
men and women. There are two main types of lung
cancer: i) small cell and ii) non-small cell. Non-small cell
lung cancer is the most common type of lung cancer, and
small cell lung cancer occurs most frequently in heavy
smokers. Of course, this type of cancer has basic
symptoms, like other diseases, but the thing to pay
attention to is to check whether the cancer has spread to
other organs.

Machine learning and its methods are rapidly finding a
place in every aspect of our lives, and their importance is
also increasing in the field of health. Especially, their use
as a decision support system has enabled disease
detection and diagnosis to produce successful results. One
of these is the detection of lung cancer, which humanity
has been struggling with for many years and trying to find
a solution for.

In this study, unlike other studies, lung cancer
prediction and classification were made using real data
obtained from real-life individuals instead of synthetic,
that is, produced data.

The paper is organized as follows. In Section Il, we
provide background information on Lung Cancer and
Machine Learning, introduce Random Forest algorithm
and Lung Cancer types, and give an overview of
Integration of the artificial intelligence into lung cancer
classification and prediction. Section Il explores related
studies in literature. The RF algorithm that generates
predictions about lung cancer classification is detailed in

experimental settings and discuss the results. A discussion
stating the strengths and downsides of
proposed approach is given in Section VII. Finally,
Section VIII concludes the study.

Background
Lung Cancer

Lung cancer primarily develops in the cells that line the
airways within the lung tissues [3]. The lungs’ essential
role in delivering oxygen to the body is disrupted by
the unchecked proliferation of atypical cells in one or
both lungs [4]. Lung cancer, as seen in Figure 1, can be
classified according to the size of the tumor cells into
different subtypes which is adenocarcinoma (LUAD),
squamous cell carcinoma (LUSC), and large cell
carcinoma (LCC), and other wvariants. All these
NSCLC subtypes occupy approximately 85% of all
lung cancer cases. LUAD is now the most
frequently diagnosed NSCLC with
histopathologic  feature of glandular origin in
the peripheral zone of the lung, and the histological
type with a stronger association with non-smokers
and vyounger people. The second subtype, which is
LUSC, develops from flat cells in the lining of the airways
in the central zones of the lungs and is directly
associated with smoking. The third subtype is LCC
characterized by aggressive growth; tumor cells are
large and exhibit no features of the other types and
finds rare [5]. Besides these, the Other Variants of
NSCLC include adenocarcinoma with squamous
differentiation (adenosquamous carcinoma),
spindle-shaped or sarcomatoid carcinoma, and carcinoid
tumors, which together contribute less than 5% of NSCLC
cases [6]. Another subtype of lung cancer is small cell
lung cancer (SCLC) contributing 15% of the lung cancer
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Figure. 1. Lung Cancer Types.

Primary risk factors associated with lung cancer include
smoking, which is the most important factor, as well as
exposure to second-hand smoke, air pollution, radon gas,
asbestos, and various other environmental toxins. In

addition, one of the factors that significantly increases the
risk of contracting the disease is genetic predisposition.
Symptoms of lung cancer usually occur in their advanced
stages and include persistent cough, chest pain, difficulty
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breathing, unexplained weight loss and fatigue. Lung
cancer, unfortunately, has a high mortality rate due to the
frequent occurrence of late-stage diagnosis. Its high
mortality rate unfortunately leads to more deaths globally
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compared to other types of cancer [9]. On the other hand,
advances in early diagnosis of the disease increase the
patient’s chances of survival and are promising in health
science.
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Figure. 2. Architecture of the random forest algorithm

Lung Cancer Prediction And Machine Learning

Due to the high mortality rate and complexity of
patients with lung cancer [10], researchers have recently
shifted their interests in early detection and diagnosis of the
disease. The goals of lung cancer prediction are not only to
improve early diagnosis but also to evaluate risk factors
and even offer personalized treatment options. The
advancement and integration of technology and data
science and admirable developments in the field of deep
learning have changed the approach and technical
requirements for the prediction of lung cancer, as in many
areas in the field of healthcare. These technologies allow
the analysis of large amounts of patient data, examination
images and other factors collected at different times,
providing a more in-depth analysis of factors affecting lung
cancer risk and progression.

Models used to predict lung cancer generally include
risk factors such as family history of cancer and genetic
pre-dispositions, as well as factors such as smoking,
exposure to air pollution, occupational hazards [11]. Early
screening and interventions can only be implemented by
identifying individuals at risk [12] and improvements can
be observed because of the application. Personal
applications play a critical role in successful lung cancer
prediction [13].

Machine learning models can predict certain
predispositions, including genetic predisposition, to predict
people’s risk of developing lung cancer, as well as their
response to certain treatments. Analysis and detection of
genetic risk factors related to lung cancer enable effective
treatments for this individual. Machine learning models are
also used to predict the patient’s survival rate based on
many factors, such as understanding the stage of cancer,
the characteristics of the cancer cells, the individual

characteristics of the patient’s body, and the individual’s
body’s responses to the treatment administered to the
individual. This allows the doctor or medical staff
observing the patient to detect and manage the recovery
process more effectively. Therefore, due to its great
success, machine learning has become indispensable in
lung cancer prediction [14].

ML can analyze diverse and complex data sets, such as
patient demographics, possible history, density ratios,
examination data, and genetic information. By identifying
and describing patterns in these data sets, ML models
provide more accurate predictions than classical prediction
methods. ML algorithms have significantly accelerated the
early detection of lung cancer. By analyzing examination
data or imaging in a short time with deep learning, the
presence or absence of cancer cells can be detected from
different angles, even with small changes in the model.

ML models, such as Random Forest, Support Vector
Machine (SVM), and deep learning approaches, are highly
effective for cancer predictions [15],[16],[17]. These
learning models can combine different types of data (e.g.
imaging, genetic data) in the solution space to provide
more accurate and personalized predictions for lung cancer
recognition and detection. Additionally, these methods can
help predict how patients will respond to certain treatments
based on their unique genetic and examination profiles.
This not only allows treatment plans to be more
personalized, but it can also predict the subtype of cancer,
if any, and even determine treatments appropriate for these
subtypes, allowing the process to be faster and more
efficient.

Like many healthcare datasets, lung cancer datasets are
often known as unbalanced datasets [18]: for example,
malignant cases outnumber benign cases. The imbalance
here, or in other words, numerical inequality, can cause
traditional models to make errors. On the other hand,
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machine learning algorithms can easily overcome such
challenges by developing models against imbalance or
providing optimization, such as hyperparameter
optimization, thereby improving model compatibility and
accuracy. Unlike traditional and mostly static models,
machine learning systems can be integrated into data
augmentation and therefore continuously improve [19]. In
other words, it is generalizable in terms of the amount of
data. This feature allows the data obtained during research
and inspection processes to be constantly updated and new
data added.

Random Forest Algorithm

The Random Forest (RF) algorithm is a robust learning
method used frequently and primarily for classification and
regression tasks. Below is the mathematical expression of
a basic equation for this algorithm:

§ =23l he (0 (1)

The architecture of RF is based on creating many
decision trees, thus optimizing the trees it creates and
calculating the average prediction of individual trees. On
the other hand, it has the ability to analyze complex and
large data sets with many features and even reduces the
overfitting is usually seen in single decision trees.

Mechanism and advantages of Random Forest

RF randomly mirrors a subset of the training data from
the solution space in order to create different training sets
for each decision tree and therefore increase efficiency.
This allows each tree to learn from a different subset of
data and increases the diversity among the resulting land
trees. For each tree, a random subset of features is
selected while discriminating across nodes in the forest.
This randomness allows our model to run without any
dependencies and increases the robustness of the model.
Decision trees are created without dependency, and each
tree is grown to its maximum depth. Once all the trees are
trained, RF makes various predictions by either adding the
individual predictions made by each of the individual trees
to the majority vote, or by calculating the average of the
predictions. This aggregation process reduces noise,
reducing the risk of overfitting and increasing prediction
accuracy. Thanks to the ensemble nature of the algorithm,
Random Forest is less likely to overfit than single decision
trees when working with noisy data. The algorithm can
effectively deal with missing values by using existing data
from different trees. RF provides information on the
importance of features, allowing practitioners to
determine which features contribute most to model
predictions. Figure 2 illustrates the basic architecture of
random forest algorithm.

Related Work

In recent years, the intersection of healthcare and
advanced technologies has led to a notable advance in
machine learning techniques for lung cancer prediction,
detection and prognosis [20][21]. This integration has not

only empowered diagnostic practices but has also
200

occupied huge research domain that explores the
potential of ML to improve the efficiency of medical
predictions. Hence, researchers are increasingly focused
on leveraging these real-word technologies to address the
complex challenges associated with lung cancer diagnosis
and survival prediction [22][14]. A detailed review of the
literature shows that studies in this domain can be
classified into two groups. The first, which investigates the
biological and clinical basis of lung cancer, and the second,
which develops and applies machine learning-based
models for prediction and classification. Computer-Aided
Detection (CAD) based systems aiding radiological
evaluations have led to the growth of machine learning as
a powerful tool for improving lung cancer detection. Early
on, CAD applications were focused on lung nodules in
chest radiographs [23]. Soon, the technology was applied
to computed tomography (CT), adding new detection
methods. These recent CAD systems with selection node
enhancement and automatic rule-based classification
enable the effective detection of lung nodules in thin
section CT scans [24]. By isolating nodules from their
normal anatomical structures such as blood vessels, which
are significant contributors to false positive, these
systems attain sensitivities above 86%, while maintaining
the level of false positives in a controlled manner. CAD
offers several advantages over digital mammography in
early lung cancer screening prospects due to
incorporation of ML techniques with three-dimensional
(3D) imaging modalities that improve diagnostic accuracy
[24][25]. On the other hand, it has been demonstrated
that low dose computed tomography (LDCT) can reduce
lung cancer mortality, studies have reported risk
reductions of 20 to 43% [26][27]. LDCT screening suffers
from variability between graders, as well as high rates of
false positives and false negatives leading to screening
inconsistency and unreliability [28][7]. In this work, Ardila
et al. [25] addressed these issues with an advanced deep
learning model for lung cancer risk assessment that uses
both previous and current LDCT volumes. On data from
the National Lung Cancer Screening Trial (NLST, n =6717),
their model had high accuracy with an area under the
curve (AUC) of 94.4% and exhibited consistent behavior
on a separate validation set (n = 1139). This model was
tested in controlled reader studies where it performed 11
percent better at decreasing false positive rates and 5
percent better at decreasing false negative rates
compared to six radiologists when prior imaging was not
available, and when prior imaging was available,
performed equivalently to the radiologist assessments.
The results suggest that automation would probably boost
both precision and accessibility of lung cancer screening
by orders of magnitude and could help pave the way for
more reliable screening worldwide in the era of deep
learning and automated diagnostics.

Although CAD systems have been the subject of
pioneering studies in lung nodule detection, recent
investigations indicate that combining categorical clinical
data into machine learning models may further improve
diagnostic capabilities. Additional clinical data, like patient
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history, risk factors, and demographic information offer
additional complimentary insight, which can improve
model specificity, and therefore how predictions are
tailored more specifically. A lung cancer risk estimation
tool was developed by Benveniste et al. [6], through
integrating clinical factors like age, gender, smoking
history, and comorbidities, using gradient boosting
algorithms. The Brier score and ROC-AUC of 0.044 and
82% on the PLCO dataset and 0.70 and 70% on NLST
dataset indicated a well calibrated performance on their
model which underscores the aptitude of clinical data in
lung cancer risk estimation Similarly, Aslani et al. [29]
presented a time series deep learning model that
combined longitudinal imaging data with patient specific
clinical variables such as follow-up imaging results and
smoking history. Combining temporal clinical with imaging
data improved malignancy prediction: their approach
reduced a false positive rate by 12%, and a false negative
rate by 9% over traditional CAD systems.

Proposed Method

Random Forest was chosen for this study due to its
excellent performance on classification tasks. The fact
that it allows generalization in harmony with real-world
data and its suitability to create harmony with the data set
were also effective in choosing this algorithm. RF’s
ensemble learning approach improves classification
accuracy by combining predictions from multiple decision
trees, while also reducing the risk of overfitting rules with
individual decision trees. This feature is particularly useful
when developing complex datasets containing different
features because it offers the ability to better generalize
unseen. And it has been widely used for its secure and
accurate results in vary fields including health domain
[30]. Due to its ensemble structure and proven success in
classification tasks, the random forest model is chosen for
this study to classify lung cancer severity levels.

The model was implemented using a combination of
clinical, demographic and lifestyle factors. These factors
include age, gender, smoking history, environmental
exposures, and genetic characteristics. RF’s ability to
detect the importance of defined features ensures that
the classification process progresses successfully. This
makes the model more understandable. In fact, it provides
healthcare professionals with a wide range of information
to understand the key factors that influence disease

diagnosis and detection and, of course, treatment
decisions.
Experiment

Dataset Description and Splitting

The dataset [31] was used in this study contains
detailed information on patients with lung cancer,
covering a variety of demographic, environmental,
lifestyle and health-related factors that contribute to the
risk and severity of lung cancer. Key variables include
patient age, gender, air pollution exposure, alcohol use,
dust allergies, occupational hazards, genetic risk, chronic
lung disease, diet, obesity, smoking status (active and
passive) and various symptoms of lung cancer such as
chest pain, coughing of blood, fatigue, weight loss,
shortness of breath, and difficulty swallowing.

Lung cancer remains one of the leading causes of
cancer death worldwide. Environmental factors such as
smoking and air pollution cause this disease. Recent
research indicates that air pollution can increase the risk
of lung cancer even in nonsmokers. The data set allows
the examination of such relationships. In this way, the risk
factors that lead to lung cancer can be revealed and how
environmental influences and health factors affect cancer
progression can be analyzed.

Before training the Random Forest model and for the
other model to comparison, the dataset was carefully
examined for inconsistencies or missing values. Since the
dataset does not contain missing values, the model
training process is facilitated without the need for
estimation or additional preprocessing. Notably, the
dataset does not contain missing values which allows the
Random Forest algorithm (as well as for the other models
for comparison) be applied directly.

In this study, the dataset was split into 70% for training
and 30% for testing. Since the data was collected from
real-life.

Performance Evaluation

After splitting the data, we classified these data using
a random forest classifier. First, our proposed model was
tested with classification accuracy. After the random
forest algorithm produced a satisfactory accuracy value,
other performance metrics were calculated along with
accuracy to understand whether our model had a robust
mechanism: Precision, Recall, F1 Score. The performance
values obtained are shown in Table 1.

Table 1. Performance Metrices of the Random Forest Model for Lung Cancer Severity Prediction

Accuracy%

Precision% Recall% F1 Score%

RF. Algorithm 95.01%

95.00% 95.01% 94.99%
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Forest, this comparison includes Decision Tree, Logistic
Regression and Naive Bayes algorithms. Table 2
summarizes the performances of these models according to
accuracy, precision, recall and F1-Score metrics

Experimental Results
In order to better understand the performance of the

Random Forest model, a comparison with some popular
machine learning models was made. In addition to Random

Table 2. Performance Comparison of Machine Learning Models for Lung Cancer Severity Prediction

Accuracy% Precision% Recall% F1 Score%
RF. Algorithm 95.01% 95.00% 95.01% 94.99%
Decision Tree 93.90% 93.84% 93.90% 93.86%
Logistic Regression 94.18% 94.18% 94.18% 94.16%
Naive Bayes 72.58% 75.35% 72.57% 71.28%
RF. Algorithm 95.01% 95.00% 95.01% 94.99%

The Random Forest classifier was trained and tested  according to their severity level i) Low, ii) Medium and iii)

on a lung cancer severity dataset. Our proposed model
was perfectly and easily accurate on the test set with an
accuracy of 95.01%. As mentioned in the previous section
and presented in Table 1, the values of our performance
metrics of each class comfortably reached an apex point
that generates a hyperplane. Here, for a fair comparison
and to test the robustness of this hyperplane, the
confusion matrix of 300 test samples shows no
misclassifications, with all samples correctly classified

High, respectively. These findings suggest that the present
model performs better than other models, effectively
capturing the dynamics within the dataset. Figure 3
illustrates the importance of the predictors (features) of
the adjusted RF algorithm that affects the severity of lung
cancer. All these features were ranked high importance in
the model, with Chest Pain, Smoking and Shortness of
Breath having the highest importance.

Chest Pain

Smoking

Shortness of Breath

chronic Lung Disease

Coughing of Blood ]
Balanced Diet |
Gender |
Weight Loss ]
Wheezing ]
Alcohol use ]

Passive Smoker ]
Obesity ]
Air Pollution ]
Dust Allergy ]

Feature Name

Clubbing of Finger Nails |

Swallowing Difficulty ]
Dry Cough

Fatigue

Genetic Risk
OccuPational Hazards
Age

Frequent Cold

snoring

0.00 0.02 0.04 0.06

0.08 0.10 0.12 0.14

Importance Score

Figure 3. Feature Importance for Lung Cancer Severity Prediction

Chronic Lung Disease and Coughing Up Blood are also
other important features, which signifies that the model

These results suggest that these features probably offer
important clues to lung cancer severity. Balanced Diet,
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considers the input from a variety of clinical symptoms
and life-style factors to make its prediction. Snoring and
Age, lower ranked features, have little impact on the
model’s decision-making process; which means they are
not so informative to classify severity levels in this dataset.
Thus, this feature of importance insight is a nice plug for
the interpretability of the model, since it indicates
symptoms and risk factors that are associated with lung
cancer severity and replicates common medical
knowledge that is the transparent to the model

7. Strength, Weakness and Limitations

In this study, the use of the RF algorithm, which has a
running structure based on the combination and
comparison of many decision trees, ensured that the
accuracy obtained in the classification is quite high. In
other words, the classifier and the hyperplane created
thus work quite well.

The one potential weakness of the model may be the
use of data collected from people living in a particular
region. However, it is super important that the data used
in the study are obtained from real life and fortunately, it
reduces such concerns. However, the model can be
generalized and applied to different regions.

Additionally, the Random Forest model is known to be
resistant against overfitting. This strength is due to the
model using multiple decision trees to reduce noise and
making predictions through majority voting or averaging.
The dataset used in our study was obtained from a
regional focus. This may create a potential risk of
overfitting. However, in the study, the k=5 cross-
validation method was applied to generalize the
performance of the model. This method strengthened the
separation of the training and test sets and prevented
overfitting. This reliability was further supported by
careful hyperparameter selection, ensuring the
robustness of the results.

Conclusion and Future Directions

Technologies based on machine learning, such as
machine learning and deep learning, have recently begun
to be used extensively in the field of healthcare. It shows
that machine learning is very important for the field of
health, especially in matters such as obtaining successful
results, protecting human health with early diagnosis and
diagnosis. Nevertheless, in the context of intricate
problems such as classification, the application of
machine learning algorithms has demonstrated the
capacity to achieve extraordinarily high degrees of
accuracy. However, these advances bring with them
different problems such as data quality issues and the
need to analyze the results.

Data collected from a specific region may present
limitations. These limitations may introduce potential
biases that could impact applicability to broader
audiences. Such limitations highlight the need for more
diverse and representative datasets enhanced with other
data types (e.g. like images, laboratory test results, etc.) in

future studies to ensure broader applicability of the
results.

Our proposed model used a classifier-based algorithm
random forest, to detect lung cancer early through
severity detection. In this way, selecting the optimal
classifier among the different trees created by the random
forest architect during the learning process increased the
success of the model. Due to nature as an ensemble
method which uses several decision trees and majority
voting to make predictions, the Random Forest model is
considered to be resistant to overfitting. K=5 cross-
validation was used during model training to further
reduce the risk of overfitting, guaranteeing the separation
of training and test sets and improving the dependability
of the outcomes. The proposed RF-based model achieved
satisfactory performances (over 90%) i) accuracy, ii)
precision, iii) recall and iv) F1-score.

Future research will concentrate on integrating
data from many locations and people in order to
overcome the shortcomings of the regional dataset
utilized in this investigation.

In addition, the use of different and advanced
machine learning techniques is planned for future studies.
Among these, Convolutional Neural Networks (CNNs)
stand out, as they are particularly effective in image
classification tasks and in addition to some different
machine learning techniques, this study is planned to be
conducted as LSTM based which is especially well-suited
for time-series models. It is prospected to be especially
useful in cases involving patient monitoring and temporal
dependencies.
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ABSTRACT

In the financial sector, as past economic and social events have shaken trust, this trust is being regained through
the internet and computer technologies. Emerging in the 19th century, financial technology has led to a new
economic understanding with digital money and especially bitcoin. The decentralized structure of bitcoin and
the encryption systems used for security play an important role in preventing fraud and have become the center
of attention of investors. As its value has increased, studies on price predictions have naturally increased. This
study aims to predict the impact of data obtained from digital economy news sites on bitcoin price using natural
language processing and machine learning techniques. In line with this goal, text vectorization was performed
with the TF-IDF statistical method. Synthetic Minority Oversampling Technique (SMOTE) was applied to eliminate
the imbalance in the vectorized data set. Classification models such as Logistic Regression, Decision Trees,
Random Forest, Support Vector Machines, K-Nearest Neighbor, Extra Trees, Bernoulli Naive Bayes and Multilayer
Perceptron were applied to the obtained output.

According to the results of the performance of different machine learning models in predicting the direction of
bitcoin price fluctuation, the Extra Trees Classifier model showed the highest performance with an Accuracy of
86.71%, recall of 86.71%, precision of 86.99% and F1 score of 86.59%.

Keywords: Artificial Intelligence, Bitcoin, Machine Learning, Natural Language Processing, Stock Market, Crypto

Makine Ogrenimi Modelleri Kullanarak Bitcoin Fiyat Yoniinii
Tahmin Etme

0oz

Finans sektoriinde, gegmiste yasanan ekonomik ve sosyal olaylar giiveni sarsarken, internet ve bilgisayar
teknolojileri sayesinde bu giiven yeniden kazaniliyor. 19. ylizyilda ortaya ¢ikan finansal teknoloji, dijital para ve
ozellikle bitcoin ile yeni bir ekonomik anlayisa yol agmistir. Bitcoin'in merkezi olmayan yapisi ve guvenlik igin
kullanilan sifreleme sistemleri dolandiriciigin 6nlenmesinde 6nemli rol oynamis ve yatirimcilarin ilgi odagi haline
gelmistir. Degeri arttikga fiyat tahminleri Gizerine yapilan galismalar da dogal olarak artmistir. Bu galisma, dijital
ekonomi haber sitelerinden elde edilen verilerin bitcoin fiyati tizerindeki etkisini dogal dil isleme ve makine
o6grenmesi tekniklerini kullanarak tahmin etmeyi amaglamaktadir. Bu hedef dogrultusunda TF-IDF istatistiksel
yontemi ile metin vektorlestirmesi yapilmistir. Vektorlestirilen veri setindeki dengesizligi gidermek igin Sentetik
Azinlik Asiri Ornekleme Teknigi (SMOTE) uygulandi. Elde edilen giktilara Lojistik Regresyon, Karar Agaglari,
Rastgele Orman, Destek Vektor Makineleri, K-En Yakin Komsu, Ekstra Agaglar, Bernoulli Naive Bayes ve Cok
Katmanl Perceptron gibi siniflandirma modelleri uygulanmistir.

Farkli makine ©6grenimi modellerinin bitcoin fiyat dalgalanmasinin yénini tahmin etmedeki performans
sonuglarina gore, Ekstra Agaglar Siniflandirict modeli %86,71 Dogruluk, %86,71 hatirlama, %86,99 kesinlik ve
%86,59 F1 puani ile en yiiksek performansi gostermistir.

Anahtar Kelimeler: Yapay Zeka, Bitcoin, Makine Ogrenimi, Dogal Dil isleme, Borsa, Kripto
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Introduction

Economic events and phenomena in the past have
from time to time damaged the economy and the financial
system and caused a loss of trust. This damaged sense of
trust is intended to be regained with the help of internet
and computer technologies, which are among the most
important developments of today. Originating in the 19th
century, financial technology, which means technological
innovation in the field of finance, is the world's newest
economic understanding.While trying to regain the
damaged sense of trust with this understanding, digital
money bitcoin, which has a system that will deeply shake
the foundations of the economy, has emerged [1].

The idea of digital money is relatively new, but it has
not been successfully implemented until recently[2]. The
pioneer of cryptocurrencies within digital currencies is
bitcoin. It is a decentralized system. That is, it is a digital
currency that is not managed by a bank or government.
Transactions are tracked and verified through a security
system called encryption. In this way, negative situations
such as fraud and fraud are prevented [3].

While the value of bitcoin, which is taking strong steps
forward in the economic sector, is increasing day by day,
the number of studies on future price prediction has also
increased. In addition to being a source of information for
a society, it has been determined that newspaper news,
from which economic perception is obtained, has an
impact on price forecasts [1]. With the development of
the internet and technology, news and newspapers have
been moved to digital platforms, increasing the ease and
speed of access.

Basically, in this study, the effect of the texts obtained
from digital economy news sites on bitcoin price is tried to
be predicted by using machine learning models with
natural language processing techniques.

The study seeks to answer the following research
questions.

R.Q. 1: Does news have an impact on predicting the
direction of financial markets?

R.Q. 2: Can natural language processing and machine
learning algorithms predict the direction of financial
market instruments?

After this stage, the study is organized as follows.
Section 2 presents a detailed analysis of the literature. The
third section presents the proposed methodology. The
fourth section presents the findings obtained. The study
concludes with a discussion of the implications of the
findings.

Literature Review

In recent years, when the demand for crypto assets
has increased considerably, accurately predicting the
cause of the asset's price movements and the direction of
the price has become an important issue as it will realize
the aim of reducing the risk of investors and providing
more return. Although many studies have been conducted
on this problem, its history is not old [4].
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The effects of developments in computer and internet
technologies on the economy have been previously
analyzed in the literature. Over a period of 9 years, all
news articles with positive or negative content published
in 5 different newspapers were analyzed and associated
with blockchain technology data. With the help of artificial
neural network learning algorithm, the effects of news in
national financial newspapers on bitcoin price are
investigated. As a result, it is found that bitcoin news
published in financial newspapers have a partial effect on
price prediction. The study has become a reference for
understanding the effects of Fintech innovations and
artificial intelligence methods on the economy [1].

Some researchers believe that bitcoin and other
cryptocurrencies could disrupt the way the traditional
economy works. This is because blockchain technology
completely eliminates the link between the financial
authority and the banking sector. On the other hand, low-
cost transactions, limited supply, preference against
fluctuations in national currencies, and the fact that it can
be easily transferred to very distant borders have made
bitcoin an important stakeholder of the economy in
recent years[5]. As of October 2024, the supply of bitcoin
circulating in the market is 19,774,818. Its maximum
supply is 21,000,000 and its approximate value on
29.10.2024 is 72,800 dollars. The market capitalization is
$1,441,611,379,618 [6].

In a study on bitcoin price prediction, a correlation
study was conducted on whether the price is correlated
with the volume of tweets containing the bitcoin hashtag
on twitter social media and web search media results. It
was aimed to determine whether there is any relationship
between the sentiment of tweets and the queries made
by users on Google search engine and bitcoin price. In the
first 3 months of 2015, the cross-correlation value
between tweets, Google trends data on the same dates
and bitcoin price was 0.64. This result confirms that tweet
volumes and Google trends query volumes can predict
bitcoin price fluctuations. As seen from the artificial neural
network models and correlation results used in the
studies, there was a positive relationship between the
sentiment of tweets and bitcoin price[7], [8], [9], [10].

While econometric methods were frequently used in
the past for stock market price prediction, machine
learning methods, which have proven to be significantly
more successful in recent years, are preferred. For this
reason, the use of classical econometric methods has
significantly decreased [11].

In studies measuring the reaction of markets to
financial developments, it has been observed that
financial markets react strongly to news about the legal
status of cryptocurrencies. In addition to general bans on
the use of bitcoin in financial transactions, markets were
negatively affected by news that explicitly stated that
cryptocurrencies would not be treated as currencies. On



Agi et al. / Journal of Engineering Faculty, 2(2): 205-213, 2024

the other hand, news about restrictions on the
interoperability of cryptocurrencies with the financial
system in the fight against terrorism and money
laundering also negatively affects bitcoin and the crypto
market[12].

There have also been studies that propose a hybrid
model that combines sentiment analysis and machine
learning to predict Bitcoin's price movements.
Researchers have analyzed data from news articles and
social posts with deep learning techniques and machine
learning algorithms and achieved successful results[13],
[14], [15], [16], [17].

In addition to social media platforms such as twitter,
reddit, forums, etc., there are also studies on predicting
the bitcoin price direction. Successful results have been
achieved with the advantage of high compatibility
between Google searches and reddit searches[18]. It has
also been concluded that what is written in forums has a
greater impact on bitcoin[19].

The widespread use of Bitcoin and the increasing
speed of internet use in instant communication brings
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with it the necessity to predict future changes in finance.
Determining the direction of Bitcoin's price fluctuations
will become very important. In this study, which can be
used as a guide for investors, text classification was
performed using natural language processing methods
and machine learning models on a dataset of news and
headlines from five different international economic news
sites and the direction of bitcoin price fluctuations was
tried to be predicted.

Methodology

In recent years, text classification methods have been
used to predict the direction of bitcoin price fluctuations.
In this study, classification models such as Logistic
Regression, Decision Trees, Random Forest, Support
Vector Machines, Extra Tree Classifier, Multilayer
Perceptron Classifier, Bernoulli Naive Bayes and K-Nearest
Neighbor were applied.

Print Result

Result
Visualization

Figure 1. Model diagram

Logistic Regression

Although the Logistic Regression model resembles a
model used for regression analysis, it is a supervised
learning algorithm used for classification problems[20],
[21].

Logistic regression calculates the probability of the
dependent variable taking the expected value using
independent variables. The Sigmoid Function in Figure 2 is

1
Tfe *

— sig(t) =

used for classification. It compresses the output value
between 0 and 1. It may not give good accuracy when the
training data is small[22].

Mathematical representation of Sigmoid Function:

S(x) = —

1+e~a¥

(1)

sig(t)

-8 —6 —4 =9

2 1 6 8

Figure 2. Sigmoid function graph
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Decision Trees

Decision trees are a type of machine learning model
that helps identify patterns in data. In this model, decision
nodes and leaf nodes are created based on the training
data. The algorithm divides the dataset into small subsets
based on different criteria. By drawing optimal lines, it
divides the data into clusters that will move the data to
the maximum data point. It is suitable for complex data

@ Root Knot

Inner Knot

Leaf @ Leaf

Inner
Knot

Leaf

sets and can overlearn if the maximum depth is not set
well. As the decision tree gets deeper, it becomes more
complex to compute. It often requires longer
training times. It is insufficient in regression applications
[20].

Figure 3. Decision Tree diagram

Random Forest

The Random Forest model is a machine learning
method used in both classification and regression
problems. It has a working logic similar to the structure of
Decision Trees. The data set is divided into random parts
and decision trees are created. In the prediction phase,
the predictions of these decision trees are averaged. The
reason for using the Random Forest model in this study is
that it largely avoids the problem of overfitting the
previous data used during training[23].

Support Vector Machines

Support Vector Machines originated in the field of
statistical learning theory[24]. It produces a linear

J

0.4«

0.2 ==

Known Example

Known Example

algorithm that generates a function to maximize the
distance between classes. The class function is
constructed using sample data on the edge of the
class[25]. Creates a model that can predict class labels for
a dataset with specified features. The data in the training
set is expressed as a feature vector. Feature vectors are
mapped to the feature space using the kernel function. A
hyperplane that optimally separates the classes is created
and tested [26].

K-Nearest Neighbor

K-Nearest Neighbor is a model that performs
classification by using the closeness of a given feature to
another feature that is closest to it[27].

Known Example

Unknown Sample

0 0.2

0.4

Figure 4. K-Nearest neighbor model

As shown in Figure 4, the distance of the unknown sample
point (green point) to three known and close points is
examined. By verifying the distance of the known red
point to the green point, it is inferred that the green point
is also red. Commonly used distance measures are

Euclidean distance, Manhattan distance and Minkovski
distance[27].

Extra Trees
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It is a different version of the random forest classifier.
It is a machine learning model that makes predictions
using an ensemble of decision trees. Due to its similarity
with random forest, it often performs similarly or
better[28].

In this model, which uses a simpler algorithm, nodes
branch randomly instead of using a decision criterion to
make the best split. While this method reduces complexity
and processing overhead, it does not perform well when
analyzing large datasets with high noise. From a statistical
point of view, it usually increases bias and decreases
variance[29].

Multilayer Perceptron Classifier

It is one of the most widely used machine learning
methods, especially in classification. The model uses a
method called Delta Learning Rule. The purpose of this
rule is to minimize the error between the desired output
and the output produced in the network. It consists of 3
layers: input layer, hidden layer and output layer.
Information from the input layer is introduced to the
network, reaches the output layer through hidden layers
and is transferred to the outside world. In the model using
the learning-by-training method, both examples and
outputs generated from these examples are given to the
network. The network produces solutions in the problem
space using these examples[30].

Bernoulli Naive Bayes

It implements naive Bayes classification algorithms
designed for the case where each of the multi-class
features is a binary (Bernoulli, boolean) variable.
Therefore, the classifier requires feature vectors with
binary values. Given other types of data, it can convert
data to binary format depending on the binarize
parameter. BernoulliNB can use word presence/absence
vectors instead of word count vectors in text classification.
BernoulliNB can perform better than the multinomial
model, especially for data sets containing shorter
documents[31].

Text Pre-Processing

For the bitcoin price fluctuation direction prediction
process by applying machine learning models using the
texts in the text field in the dataset, the class data labeled
in the dictionary structure in the sentiment column was
parsed as a separate column. Columns other than the text

column and class columns were deleted from the dataset.
Digitization was performed on the data in the class field.
The neutral label was replaced with the numerical values
0, the positive label with 1 and the negative label with 2.
For model training and predictions, the dataset was
divided into 80% training group and 20% test group and
performance metrics were obtained by training the
models.

The raw text data in the Text field has been pre-
processed to make it suitable for the model.

v All data has been converted to lower case.

v Numeric values have been removed, all
special characters except letters A-Z have
been replaced with spaces (instead of
punctuation marks).

v" English words that do not make sense on their
own (the,a,or,and etc.) have been separated
from the data set.

TF-IDF And Smote Application

Term Frequency - Inverse Document Frequency, or TF-
IDF for short, is a numerical statistic that tells how
important a word is in a document collection. It allows to
focus on important words. "Important" here means
frequently found in one document but rarely found in
others. It balances term frequency (how often a word
appears in a document) and inverse document frequency
(how rare and common a word is in the whole corpus)[32].
Basically, TF-IDF is the product of the term frequency (TF)
of terms and the inverse document frequency (IDF). In this
way, the text data is digitized and normalized.

The TF-IDF calculation formula is as follows[33].

TE(t, d) = log(1 +frekans(t, d)) (2)
IDF(t,D) = log( N say(deD:ted ) (3)
TF - IDF(t, d,D) =TF(t, d) x IDF(t,D) (4)

Here, frequency(t,d) is the number of times word t
occurs in the dth document; count(deD:ted) is the
number of times word t is found in the documents that
make up the corpus D[33].

For the text data in the Text domain, TF-IDF statistical
text vectorization was applied as a term weighting
method. As can be seen in Figure 5, when the data in the
Sentiment class column is analyzed, it is seen that there is
an unbalanced data set.
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Sentiment Class Distribution

Count

negative neutral positive
Sentiment Class

Figure 5. Sentiment class field data distribution

When there is a severe imbalance between classes, the
performance of the model is adversely affected. SMOTE
stands for Synthetic Minority Over-sampling Technique. It
allows the training data to be made more balanced by
artificially ~ (synthetically) multiplying the samples
especially on the minority class[34].

Data Set
The study used a dataset of 31037 news headlines and
news texts obtained from the kaggle web application,

Table 1. An example from the data set

taken from leading international cryptocurrency news
sites such as cryptonews.com, cryptopotato.com and
cointelegraph.com and published in English between
2021-10-12 /2023-12-19 (Table 1 shows a cross-section of
the dataset).

As can be seen in Table 2, the dataset consists of 7
columns: Date, Sentiment, Source, Subject, Text, Title and
Url.

Date Sentiment

Text

1 2023-12-19 {'class':  'negative’,
06:40:41 'polarity': -0.1,
'subje...
2 2023-12-19 {'class': 'neutral’,
06:03:24 'polarity': 0.0,
'subject...
3 2023-12-19 {'class':  'positive’,
05:55:14 'polarity': 0.05,
'subje...
4 2023-12-19 {'class':  'positive’,
06:40:41 'polarity'...

In the Source column, 3 values consisting of
cryptonews, cryptopotato, cointelegraphy are observed.
There are 13010 news records with cointelegraphy, 10459
with cryptonews and 7568 with cryptopotato.

In the subject column of the dataset, there are 6
different value classes: bitcoin, altcoin, blockchain,
ethereum, nft, defi. There are 9968 records with bitcoin,
9278 with altcoin, 6947 with blockchain, 2274 with
ethereum, 1533 with nft, and 1037 with defi.

In the text field with English news texts, the longest
data consists of 513 characters and 87 words, and the
shortest value consists of 26 characters and 5 words.

In the title field, which contains English news titles, the
longest data consists of 254 characters, 42 words, and the
shortest data consists of 1 character, 1 word.

While there are 30423 different data in the text field,
all 31037 data in the url field are unique. This means that

Grayscale CEO
Michael...

In an exclusive
interview...

According to the
Federal...

Some suggest EVM...

the values with the same news texts were published at
different url addresses at different times.

In the sentiment column, in addition to the class
section and the negative, neutral and positive impact of
the bitcoin price, there are also polarity and subjectivity
data. In the polarity field, the degree to which the text is
positive or negative is expressed as a number between -1
and 1. -1 means completely negative, 0 means neutral and
1 means completely positive. For example, a value of -0.1
indicates that the text is slightly negative. In the
Subjectivity domain, the degree of subjectivity of the text
is expressed as a number between 0 and 1. 0 means
completely objective (based on facts) and 1 means
completely subjective (based on personal opinions). For
example, a value of 0.8 indicates that the text is highly
subjective. In other words, personal opinions, feelings or
evaluations predominate in the text. In the study, the class
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datain the Sentiment field was used as target and the data
in the text field was used as input.

Table 2. Data set column information

Column Name

Description

date
sentiment
source
subject

text
title

Results

According to the prediction results on 8 different
machine learning models including Logistic Regression,
Decision Trees, Random Forest, Support Vector Machines,
K-Nearest Neighbor, Multilayer Perceptron Classifier,
Extra Tree Classifier, Bernoulli Naive Bayes Classifier, it
was observed that the Extra Tree Classifier model showed
the best performance in the performance metrics

Date and time of the news
Bitcoin's sensitivity to news (positive - negative - neutral)
Name of the news source website

The subject of the content of the news item (in one word,

the subject to which it relates)
News text
News headline

obtained. The accuracy of the model was 0.8671,
precision was 0.8699, F1 score was 0.8659 and recall was
0.8659. The K-Nearest Neighbor model showed the lowest
success in predicting the direction of bitcoin price
fluctuation. The accuracy of this model was 0.3412,
precision was 0.5795, F1 score was 0.2727, and recall was
0.3412 (The classification metric values of all models are
given in Table 3).

Table 3. Table of performance metrics of models

Model Name Accuracy Precision F1 Score Recall
LR 0,8241 0,8334 0,8238 0,8241

SVM 0,8194 0,8316 0,8163 0,8194

RF 0,8473 0,8535 0,8457 0,8473

DT 0,8096 0,8087 0,8091 0,8096

ETC 0,8671 0,8699 0,8659 0,8671

ML 0,7693 0,7915 0,7691 0,7693

BNB 0,7192 0,7163 0,7163 0,7192
K-NN 0,3412 0,5795 0,2727 0,3412

Precision and f1 score results are more important than
other metrics as performance metrics in multiple
classification models. The Extra Tree Classifier model
shows that the accuracy of the predictions is high with a
precision value of 86.99%. It has a balanced performance
with an f1 score value of 86.59%.

The Confusion Matrix, which expresses how accurately
the model predicts which classes or which classes have
confusion in prediction, is presented in Figure 6. As can be
seen from Figure 6, 1998 instances were correctly

Extra Trees Confusion Matrix

22 2000

Negative

1500

True Label
Neutral
\

- 1000

-500

Positive
|

. i
Neutral Positive

Predicted Label

'
Negative

predicted as negative. A total of 79 examples were
incorrectly predicted as negative when they should have
been predicted as negative, 57 of which were neutral and
22 of which were positive. 2377 samples were correctly
predicted as neutral, while 404 samples were incorrectly
predicted as neutral. 998 samples were correctly
predicted as positive and 352 were incorrectly predicted
as positive. The most successful class in prediction is the
negative class.
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Figure 6. Extra tree classifier confusion matrix table

The ROC curve shows the relationship between the
True Positive Rate (TPR) and False Positive Rate (FPR) of
the model for different classes. Figure 7 also shows the
AUC (Area Under Curve) value for each class. The AUC
values for all classes are quite high (0.93, 0.94, and 0.95),
indicating that the model is generally very successful in

Extra Trees Receiver operating characteristic example
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discriminating between the three classes. The slope of the
ROC curves is quite steep and close to 1. This indicates that
the model achieves high true positive rates even at low
false positive rates.

Figure 7. Extra tree classifier ROC curve plot

Conclusion and Discussion

This study aims to develop a text classification model
for predicting the direction of bitcoin price fluctuation
that can guide the decision-making process of investors in
the crypto asset market. In the literature, the use of
machine learning models in financial forecasting is
increasing. This study aims to contribute to similar studies
and evaluates machine learning models to predict bitcoin
price frontier through texts obtained from news websites.

Extra Tree Classifier, which is the model used in the
research, showed the highest classification success with
performance metrics such as 86.71% accuracy rate,
86.99% precision, 86.59% F1 score and 86.71% sensitivity.
According to the confusion matrix analysis, the model has
a very high discriminative performance between the
Negative and Neutral classes, but more misclassifications
occur in the Positive class compared to the others. In the
ROC curve analysis, AUC values of 0.93 and above were
reached for all classes, and it was concluded that the
model made a successful classification in general.

According to these results, ensemble methods such as
Extra Tree Classifier can be used effectively in predicting
bitcoin price direction. The findings confirm that financial
markets can be influenced by text-based data, such as
news content, with the help of the development of
financial technology tools, and that such data can be
useful in price prediction studies. By combining natural
language processing techniques and machine learning
models, the study can provide important layers for
investors to reduce their risks and support their decision-
making processes.
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One of the limitations of the study is that the dataset
used is limited to certain news sources. Model
performance can be further improved by using a larger
data set. Improvements can be made to increase the
prediction accuracy of the positive class. In future studies,
it is aimed to increase the predictive power of the model
by using more advanced deep learning-based models
other than machine learning models.
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ABSTRACT

Software quality indicates how effective and efficient a software is. Various standards need to be used to
evaluate software quality. One of the most important internationally accepted standards for measuring
software quality is the ISO/IEC 25010 software quality standard. With this standard, the quality of a software
product is evaluated with eight different metrics. These are functional suitability, performance, compatibility,
usability, reliability, security, maintainability and portability metrics. In this study, we tried to determine the
relationship between user feedback and the metrics of the ISO/IEC 25010 software quality standard. Machine
learning (ML) and natural language processing (NLP) techniques were used to classify user comments. After the
data preprocessing phase, vectors of user comments were extracted with the Tf-Idf method for NLP. As a
machine learning method, classification was made using five different models: Extra Trees Classifier (ETC),
Gaussian Process Classifier (GPC), MLP Classifier (MLPC), Bernoulli Naive Bayes Classifier (BNBC) and Support
Vector Classifier (SVC). Our goal is to show how quality metrics can be classified into multiple classes using user
notifications. The data set used has an unbalanced structure, containing 1681 user comments classified by
software experts. Synthetic Minority Oversampling Technique (SMOTE) was used to address the imbalance in
the dataset. The results were compared by applying the same classification models to unbalanced and balanced
data sets. According to the results obtained, the best classification model is the Extra Trees Classifier model,
which provides the highest accuracy rate of 87% according to the SMOTE applied data set. The results show that
ML and NLP methods can be used effectively in the classification process of software quality metrics.

Keywords: Machine learning, Natural language processing, ISO/IEC 25010, Smote, Multiclass classification

ISO/IEC 25010 Yazihm Kalite Metriklerinin Kullanici Geri
Bildirimlerini Kullanarak Cok Sinifli Siniflandirilmasi

0oz

Yazilim kalitesi, bir yazilimin ne kadar etkili ve verimli oldugunu gosterir. Yazilm kalitesini degerlendirmek igin
cesitli standartlarin kullaniimasi gerekmektedir. Yazilim kalitesini 6lgmek igin uluslararasi alanda kabul gérmis
en 6nemli standartlardan biri, ISO/IEC 25010 yazilim kalite standardidir. Bu standart ile bir yazilim Grininin
kalitesi sekiz farkli metrik ile degerlendirilmektedir. Bunlar fonksiyonel uygunluk, performans, uyumluluk,
kullanilabilirlik, gtvenilirlik, giivenlik, bakim kolayligi ve tasinabilirlik metrikleridir. Bu ¢ahismada kullanici geri
bildirimleri ile, ISO/IEC 25010 yazilim kalite standardinin metrikleri arasindaki iliski tespit edilmeye galigilmigtir.
Kullanici yorumlarinin siniflandiriimasinda Makine 6grenmesi (ML) ve dogal dil isleme (NLP) teknikleri
kullanilmigtir. Veri dnisleme asamasindan sonra NLP igin Tf-Idf yontemi ile kullanici yorumlarinin vektorleri
cikarilmistir. Makine 6grenmesi yontemi olarak Ekstra Agaglar Siniflandiricisi (ETC), Gauss Sireg Siniflandiricisi
(GPC), MLP Siniflandiricisi (MLPC), Bernoulli Naive Bayes Siniflandiricisi (BNBC) ve Destek Vektor Siniflandiricisi
(SVC) olmak tizere bes farkli model kullanilarak siniflandirma yapilmistir. Amacimiz, kalite metriklerinin kullanici
bildirimlerini kullanarak ¢ok sinifli nasil siniflandirilabilecegini gostermektir. Kullanilan veri seti yazilim uzmanlari
tarafindan siniflandiriimis 1681 kullanici yorumu igeren dengesiz bir yapiya sahiptir. Veri setindeki dengesizligi
gidermek igin Sentetik Azinlik Asiri Ornekleme Teknigi (SMOTE) kullanilmistir. Dengesiz ve dengeli veri setlerine
ayni siniflandirma modelleri uygulanarak sonuglar karsilastinimistir. Elde edilen sonuglara gore, en iyi
siniflandirma modeli SMOTE uygulanan veri setine gére %87 ile en yuksek dogruluk oranini saglayan Ekstra
Agaglar Siniflandiricisi modelidir. Sonuglar, ML ve NLP yontemlerinin yazilim kalite metriklerinin siniflandirma
strecinde etkin bir sekilde kullanilabilecegini gostermektedir.

Anahtar Kelimeler: Makine 6grenmesi, Dogal dil isleme, ISO/IEC 25010, Smote, Cok sinifli siniflandirma
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Introduction

Software quality is an important factor in all stages of
the development process. Quality orientated approaches
in requirements specification and design phases, early
detection of errors and reduces costs [1]. Since improving
the quality of software will directly affect both user
satisfaction and the success of the business, software
developers and companies need some methods to
objectively measure the quality of their products[2].
ISO/IEC 25010 is an internationally recognized standard
for assessing software quality. It consists of two main
models: software product quality and quality of use [3].
Standardized, online health portals, mobile has been
applied to evaluate various systems, including
applications and e-commerce Web sites [4], [5], [6]. The
standard includes eight metrics that describe different
aspects of software: functional suitability, performance,
compatibility, usability, reliability, security,
maintainability and portability. Each of these features
evaluates a specific aspect of the software [7]. The
usability metric measures how easily a software can be
learned and used by users, while the security metric
examines how well the software defends against
unauthorized access. The main reasons for the
widespread use of these metrics are that they
comprehensively evaluate many aspects of software and
offer a different perspective. Research shows that
sustainability, performance efficiency and usability are
the most frequently evaluated quality metrics [8].

The use of user comments in the evaluation of
software quality is becoming increasingly important. User
experiences are becoming more important as they consist
of real-time data. Research shows that analyzing user
feedback can provide valuable insights into application
quality and guide development [9]. The importance of
user preferences in mobile application selection has
increased; factors such as language, price, performance
and user feedback have become important criteria. [10].
However, By revealing hidden elements in the comments
associated with the ISO/IEC 25010 standard, valuable
information about various aspects of the software, such
as functionality or security, can be obtained [11]. These
findings suggest that user feedback plays a very important
role in improving software quality. Automated classifiers
can help classify user statements according to ISO/IEC
25010 quality metrics, reducing manual effort in
requirements elicitation [12]. Therefore, natural language
processing and machine learning techniques can be an
effective tool for software quality assessment by playing
an important role in analyzing user comments [13].

The following research questions are addressed in this
article.

R.Q.1: Which machine learning algorithm provides the
highest accuracy in classifying 1ISO/IEC 25010 software
quality metrics based on user feedback?

R.Q.2: How does the SMOTE method applied to
unbalanced data sets affect the performance of classifiers

in the classification of ISO/IEC 25010 software quality
metrics?

R.Q.3: How does the classification of quality metrics
with user comments contribute to the software quality
assessment process?

The paper is designed as follows: firstly, the
importance of software quality and the role of the ISO/IEC
25010 standard in software quality assessment are
discussed. Then, similar studies in the literature are
summarized and in the methodology section, the
processing of the dataset, imbalance removal with SMOTE
and the machine learning algorithms used are discussed in
detail. In the findings section, the classification
performance of each algorithm is compared. In the
Discussion section, the contribution of the findings to
software quality assessment processes is evaluated. In the
last part, the conclusions obtained from the study and
future studies are emphasized.

Literature Review

Haoues et al. [14] In their study, they classified
mHealth app reviews according to ISO/IEC 25010 features
and sensitivity polarity and achieved a high accuracy rate.
Similarly Zahra and Kraugusteeliana [15] In their study,
they analyzed the performance of a digital banking
application by defining security as a critical feature and
using ISO/IEC 25010. Senkal et al. [16] They analyzed the
DevOps pipeline from the perspective of ISO/IEC 25010
and identified gaps in the quality framework. Yetis and
Das [17] focused on software product metrics, describing
source code and class-based metrics and demonstrating
their implementation through a Java-based library.

Tuna [18] In his study, he investigated the classification
of emotions in mobile app customer feedback using
machine learning methods and emphasized the potential
of voluntary online feedback as a tool for accurately
understanding customers. Ramadhan and Hartomo [19] In
their study, they evaluated the quality of a disaster
information system website using the WebQual 4.0
method, which assesses usability, information quality,
interaction quality and user satisfaction. Their findings
emphasize the importance of improving information
quality to increase user satisfaction. Onaran and Gengtiirk
[20] When they evaluated the service quality of mobile
municipality applications in the context of e-government,
they found that while ease of use was appreciated,
reliability and other dimensions were perceived
negatively.

Yalgin and Yagli [21] In their study, they developed a
hierarchical quality model based on ISO/IEC 25010 quality
model and evaluated the website quality of technology
stores with this model. The study proposes a new quality
assessment model for website evaluation and provides
guidance for technology stores to design better quality
websites for their users. Keibach and Shayesteh [22] In
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their study, they examined the capabilities and limitations
of software tools for climate adaptation in landscape
design. This assessment, based on the ISO/IEC 25010
framework, focussed on quality attributes of software
such as functionality, reliability, performance efficiency,
usability, compatibility and information quality.
Majumdar et al. [23] developed a framework for
classifying code comments as useful, partially useful or
not useful for software maintenance. Yahya et al. [24]
proposed a hybrid deep learning model to detect and
classify non-functional requirements in mobile application
reviews. Khan et al. [25] By analysing user feedback from
low-scoring applications to identify common problems,
they compared various ML and deep learning (DL)
algorithms to classify these problems. Botchway et al. [26]
They used the Analytic Hierarchy Process to evaluate
software quality attributes and found that the most

Classifier Training
(Parallel for Multiple
Classifiers)

These studies demonstrate the value of user feedback
in improving software quality and highlight the
effectiveness of ML techniques in analysing user
comments for software quality assessment.

Methodology

This section describes the methodology used in the
study. Within the scope of the study, a series of data
processing steps and various machine learning algorithms
were applied to classify user feedback according to
ISO/IEC 25010 software quality metrics. After the data
were first cleaned and normalised, the class imbalance
was removed using the SMOTE method and then the
results were evaluated using five different classifiers.
Model evaluations were made using performance metrics
such as accuracy, precision, recall and fl1-score. Figure 1
shows the flowchart.

+ Print Result

Figure 1. Process flow chart

important ones are maintainability, security and
testability.
) {SMOTE(FOI‘ o
Data Training Set)
VPreprocessingJ -
T, .
Data Set

Haoues et al. [14] The data set created by, consists of
user feedbacks, emotions and quality metrics columns.
Feedbacks are categorized into three categories: positive,
negative and neutral. The dataset contains feedbacks of

Table 1. An example from the data set

1681 users. In addition, these feedbacks were associated
with quality metrics within the framework of the ISO/IEC
25010 software quality model. An example of the data set
is shown in Table 1. In addition, Figure 2 shows the class
distribution of quality metrics.

Body Sentiment Quality
The women's health portion isn't ac... negative Functional Suitability
| loved this app because it worked with other ... positive Compatibility
Trying to connect after buying an galaxy ac... negative Performance
Really good app and easy to use. positive Usability
Can't get past the login page - just get an... negative Security

Figure 2. Class distribution of quality metrics
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Processing of Comments
The feedbacks to be used for analysis should be
subjected to a series of pre-processing. In this study, the
following were performed as data cleaning and
organisation steps.
e Unicode normalisation check was performed.
e URLsinthe texts were detected and removed with
regular expressions regex.
e Emojis have been removed.
e All texts have been converted to lower case.
e The words in the texts have been reduced to
roots.
e Stop words have been removed.
e Numeric characters and punctuation marks have
been removed and only alphabetic characters
have been retained.

Synthetic Data Generation

SMOTE is a popular method to address class imbalance
in ML [27]. Generates synthetic samples for the minority
class by linear interpolation between existing samples and
their nearest neighbours [28]. When the class
distributions of the data are analysed, it is observed that
there is a significant class imbalance in the "Quality"
categories. This imbalance may cause classes to be
underrepresented by the model and especially minority
classes to have difficulty in the learning process. Especially
"Functional Suitability" (589) and "Usability" (496) classes
have large sample groups, while some classes such as
"Portability" (6) and "Reliability" (32) are represented by
very few samples. This may lead to the model not being
able to learn small classes sufficiently and the prediction
performance for these classes may decrease. [29].

In order to reduce the negative effects of such class
imbalances and to enable the model to learn small classes
more effectively, the SMOTE method was applied. [30]. In
the "Quality" category, a balanced distribution was
achieved with 460 samples for each class. In addition to
the classes such as "Functional Suitability" and "Usability"
which initially had large sample groups, small classes such
as "Portability" and "Reliability" were also equalized with
460 samples. This balance ensured that all quality
attributes were learnt by the model with equal weight and
eliminated the under-representation problems of small
classes.

Classification Models

In this study, five different classification algorithms
were used to classify user comments according to ISO/IEC
25010 software quality metrics.

Extra Trees Classifier (ETC)

ETC is a method that combines predictions by
combining multiple decision trees [31]. This approach
reduces overfitting while improving generalization [32].
The algorithm does not spend much time finding the best
split, which makes it faster [33]. Random selection of splits
is a feature that speeds up the training process [34]. This
classification algorithm aims to improve prediction
accuracy and control overfitting by applying a series of
randomized decision tree techniques to subsamples of the
dataset [35].

Gaussian Process Classifier (GPC)

GPC is a supervised ML method for solving regression
and probabilistic classification problems [36]. Supports
multi-class classification [37]. It does this by training and
predicting each class against the others. Uses the one class
versus all other classes approach when performing the
classification process [38].

MLP Classifier (MLPC)

This model is known as a multilayer perceptron
classifier and uses the stochastic gradient descent method
to optimize the log-loss function [39]. MLPC is an artificial
neural network model and supports multi-class
classification.

Bernoulli Naive Bayes Classifier (BNBC)

BNBC supports multi-class classification. It performs
probability calculations for each class and predicts the
class with the highest probability. Particularly suitable for
datasets containing binary (0/1) features, but can also
work with multi-class datasets [40].

Support Vector Classifier (SVC)

SVCis a support vector machines (SVM) algorithm and can
work with multi-class datasets. Builds and predicts
separate models for each class using the "one-vs-one"
strategy for multi-class datasets [41].

Results

In this study, several machine learning algorithms are
applied for multi-class classification of ISO/IEC 25010
software quality metrics using user feedback. Metrics
such as precision, recall and fl-score were used to
evaluate the classification performances and the
weighted average results for each algorithm were
compared.

Pre-Smote Classification Results

In this section, the classification results obtained with
the dataset consisting of raw data before data balancing
with SMOTE are presented in detail. Table 2 presents the
classification results of the different classification
algorithms used.

Table 2. Weighted average comparison table calculated before smote

Algoritm Precision Recall F1 Score Accuracy
GPC 0.80 0.73 0.70 0.7329
MLPC 0.79 0.80 0.79 0.7982
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ETC 0.87
BNBC 0.61
Nve 0.85

A comparative evaluation of the five algorithms used is
presented below:

GPC: This algorithm performed poorly compared to
the other models with 73% recall and 70% fl-score.
Although the precision is 80%, the relatively low recall
value indicates imbalances in some classes.

MLPC: It gave very balanced results with 79%
precision, 80% recall and 79% f1-score. This model can be
preferred because it provides a balanced distribution
between classes and shows successful results in terms of
overall performance.

ETC: It is the highest performing model with 87%
precision, 86% recall and 85% fl-score. Especially
considering the precision and recall values, this model
provided the best result in terms of both accuracy and
overall classification success.

BNBC: This algorithm showed the lowest performance
compared to the others (61% precision, 58% recall, 52%
fl-score). The lack of sufficient data in some classes and
the poor discrimination power of the model between
classes led to low results.

SVC: provided a balanced result with 85% precision,
80% recall and 78% fl-score. This model, which has a
particularly high precision value, gave satisfactory results
in terms of overall accuracy, but imbalances were
observed in some classes. According to the results, the
ETC algorithm showed the highest success with an
accuracy of 85.75%. This model provided the best
performance despite the data imbalance. It is followed by

0.86
0.58
0.80

0.85 0.8575
0.52 0.5786
0.78 0.7982

MLPC and SVC with an accuracy of 79.82%. Although these
two models provide a reasonable balance between the
classes, they resulted in less accuracy. The GPC algorithm
performed slightly lower with an accuracy of 73.29%. Data
imbalance may be one of the factors affecting the
performance of this model. The model with the lowest
accuracy was BNBC with 57.86%. This model may not be a
suitable choice for this type of multi-class dataset, as it
performs poorly especially in data imbalances.

Considering all the results, the ETC algorithm showed
the highest performance in the classification of ISO/IEC
25010 quality metrics based on user feedback. This model
has achieved the most successful results in extracting
quality metrics from user feedback, especially due to its
balanced precision and recall ratios. Among the other
models, MLPC and SVC also gave remarkable results, but
the low recall rates for some classes reveal the limitations
of these models. As a result, the ETC algorithm stands out
as the most successful model.

Post-Smote Classification Results

In this section, the success rates of the classification
models obtained with the data generated by eliminating
the imbalance of the data set are presented. It is an
expected result that the classification success increases as
a result of the balanced data set in multi-class
classification. The obtained classification results are given
in Table 3.

Table 3. Weighted average comparison table calculated after smote

Algoritm Precision Recall F1 Score Accuracy
GPC 0.87 0.86 0.86 0.8605
MLPC 0.81 0.81 0.81 0.8100
ETC 0.87 0.87 0.87 0.8694
BNBC 0.74 0.72 0.72 0.7210
SvC 0.85 0.80 0.79 0.8011

The GPC and BNBC models showed the largest
increase in accuracy after SMOTE. This shows that these
models were significantly affected by the data imbalance
and SMOTE application eliminated this effect. ETC slightly
improves its performance after SMOTE and stands out as

the most stable model with an accuracy of 87%. Other
models (MLPC and SVC) showed a more limited
improvement. Figure 3,4,5,6,7 shows the confusion matrix
plots of the classifiers.

218



Kekiil et al. / Journal of Engineering Faculty, 2(2): 214-222, 2024




Kekiil et al. / Journal of Engineering Faculty, 2(2): 214-222, 2024

Confusion Matrix for BernoulENE

Compatibility - 18 z 1

Masrtama Dty

Figure 6. Confusion matrix of the BNBC

Confusion Matrix for SYC

Compatitsiity - &

Figure 7. Confusion matrix of the SVC

Discussion

This study can be an important guide for future
research by contributing to the determination of the most
appropriate algorithm for software quality classification
problems. The findings obtained within the scope of the
study reveal that user comments can be successfully
classified within the framework of the ISO/IEC 25010
software quality model and that this classification is
useful. The high accuracy rates of algorithms such as ETC
and GPC show that quality metrics can be successfully
extracted from user comments. These findings reinforce
the relationship between ISO/IEC 25010 standards and
user feedback and allow software quality to be evaluated
based on user experiences. However, it has been
observed that some metrics are more difficult to extract
from user feedback, creating a limitation that can be
addressed with further research.

The performance of algorithms varies depending on
the dataset used and the characteristics of the algorithm.
For example, the low accuracy rate of the BNBC algorithm
emphasizes that more advanced algorithms should be

preferred in such text classification problems. In the
future, it may be useful to extend the method and use
different algorithms to work with more complex data sets
and metrics.

Conclusion

In this study, five different machine learning
algorithms were used to classify feedback from users
according to ISO/IEC 25010 software quality metrics. GPC,
MLPC, ETC, BNBC and SVC algorithms have been tested.
According to the results, after applying the smote, ETC
provided the highest accuracy rate of 87%. While GPC
offered a close accuracy rate of 86.05%, the BNBC
algorithm showed the lowest performance with 72.10%.
These findings show that ETC and GPC algorithms, in
particular, have a strong potential for making meaningful
inferences about quality metrics from user comments. On
the other hand, MLPC, which gives lower accuracy rates of
81%, and SVC algorithms, which give lower accuracy rates
of 80.11%, were also evaluated, but did not show superior
performance. As a result, this study emphasized the effect
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of different algorithms on software quality classification
and revealed that ETC is a model that can be
recommended for such classification problems. Future
studies can investigate ways to improve the performance
of these algorithms by testing them on larger data sets.
Additionally, it appears that some ISO/IEC 25010 metrics
are quite difficult to extract based on user comments.
Therefore, the relationships between user comments and
metrics should be further investigated. More studies
should be conducted on extracting valuable comments
from user comments and different dimensions of
evaluation in comments.
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ABSTRACT

Turkey has an important position in the world in terms of marble reserves. Marble has a wide range of uses due
to the calcite mineral in its chemical structure. During the extraction and processing stages of marble, 50%-70%
waste is generated. In this case, waste management and recycling become very important in reducing marble
waste. The aim of this study is to investigate the possibilities of using travertine waste, a type of marble, as a
building material. The final paper is based on a literature review and field study. The study consists of three parts.
In the first part, a general information about the marble is given, the sections of the study, the purpose and the
limits of the study are mentioned. In the second part, information about the material and method of the study
is given. The material of the study was obtained from the BETA marble factory located in Sivas Organized
Industrial Zone and producing Sivas travertine. In the last part of the study, the data obtained from the study
were interpreted and recommendations were made. The study was concluded with suggestions about the
utilization of marble wastes, such as checking these values with concrete samples to be produced by substituting
the dried and ground travertine sludge into cement as a powder in the next stage, especially field concretes, sub-
base plain concrete (in works where strength is not important).

Keywords: Composite Materials, Compression strength, Marble wastes, Travertine Powder.

Sivas ¢evresinde mermer tozunun betonda katki maddesi
olarak kullanimi iizerine bir arastirma

0z

Turkiye mermer rezervleri agisindan diinyada 6nemli bir konuma sahiptir. Mermer, kimyasal yapisinda bulunan
kalsit minerali nedeniyle genis bir kullanim alanina sahiptir. Mermerin gikarilmasi ve islenmesi asamalarinda %50-
%70 oraninda atik ortaya ¢ikmaktadir. Bu durumda mermer atiklarinin azaltiimasinda atik yonetimi ve geri
donusim ¢ok 6nemli hale gelmektedir. Bu galismanin amaci, bir mermer tir olan traverten atiklarinin yapi
malzemesi olarak kullanilma olanaklarini arastirmaktir. Nihai calisma, literatir taramasi ve saha galismasina
dayanmaktadir. Calisma t¢ bélimden olusmaktadir. Birinci bélimde mermer hakkinda genel bir bilgi verilmis,
galismanin bélimleri, amaci ve sinirlarindan bahsedilmistir. ikinci bélimde ise ¢alismanin materyali ve yéntemi
hakkinda bilgi verilmistir. Calismanin materyali Sivas Organize Sanayi Bolgesi'nde bulunan ve Sivas travertenini
tireten BETA mermer fabrikasindan temin edilmistir. Calismanin son béliimiinde ise galismadan elde edilen
veriler yorumlanmis ve énerilerde bulunulmustur. Ozellikle saha betonlari, alt temel grobetonlari (dayanimin
o6nemli olmadigi islerde) olmak tzere, kurutulmus ve 6gutilmus traverten gamurunun bir sonraki asamada toz
olarak gimentoya ikame edilerek tretilecek beton numuneleri ile bu degerlerin kontrol edilmesi gibi mermer
atiklarinin degerlendirilmesine yonelik éneriler ile galisma sonlandiriimistir.

Anahtar Kelimeler: Kompozit Malzemeler, Mermer atiklari, Sikistirma dayanimi, Traverten Tozu.
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Introduction

Turkey has 40% of the world's marble reserves. Turkey
is also very rich in terms of marble diversity due to its
geography. Turkey has an important position in the world
in terms of natural stone exports and imports. According
to 2017 data from IMIB and MTA. Turkey competes with
the lunar giants in terms of marble trade. Turkey, which is
the world's leader in marble reserves, is unable to utilize
this reserve effectively. In Turkey, where only 2% of the
world's marble reserves are utilized, 50-70% of the
extracted marble ends up as waste [1]. According to this
waste percentage, more than half of the marble extracted
from actively operated marble quarries is wasted. In this
context, the recycling of marble waste is very important
for the country's economy and to prevent the unconscious
consumption of natural resources [2-3].

Marble is a compound formed as a result of the
metamorphosis of limestone and dolomitic limestone
under a certain temperature and pressure. Marble
contains high levels of calcium carbonate and low levels of
magnesium carbonate [4].

Waste occurs due to some properties of marble arising
from its natural structure. These features are fractures
and cracks, veins, voids, crystal texture, foliation and
fossils. In addition to these features, the structure of the
bedrock in which the marble is found is also one of the
reasons that cause marble waste. The resulting wastes can
be analyzed under two main headings as lump and
powder marble waste according to their particle size. The
area of use of these wastes varies according to the particle
size of the waste. Marble piece wastes are mostly used in
the construction sector, while marble powder wastes are
used in the production of industrial raw materials [5-8].
The Marmara, Western Anatolia, Southern Anatolia, and
Central and Northern Anatolia regions are areas with
significant potential in our country. Among these regions,
the Sivas area in the Central Anatolia region holds an
important place in terms of travertine and onyx type
marble reserves due to its unique structure and
characteristics [9].

Marble powder is produced during the cutting of
marble stones and blocks. Although it lacks pozzolanic
properties, it enhances concrete mixtures by filling voids,
resulting in denser concrete [10]. This, in turn, positively
influences the compressive strength of the concrete.
However, because marble powder has a relatively small
specific surface area, it increases the water demand in the
concrete. Consequently, using more than the ideal
amount in concrete mixtures can lead to a decrease in
compressive strength [11].
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The accumulation of large volumes of waste leads to
significant harm to the environment and the organisms in
those regions [12]. Consequently, the safe management
of these wastes is crucial for promoting sustainability [13].
Failure to recycle wastes causes environmental pollution,
excessive consumption of natural resources, decreased
productivity during production and the problem of waste
storage. In this direction, recycling of wastes reduces the
problems that may arise due to environmental pollution
and contributes to the national economy. In this regard, in
this study; it is aimed to minimize the damages caused by
the waste of travertine, which is one of the most
important mines of Sivas.

Materials and Methods

Preparation of test samples

In this study, which is important for the utilization of
wastes, experimental study method was used. Travertine
mud samples were substituted into cement at certain
ratios and new samples were formed. Compressive
strength tests of the samples were carried out and
compared with the samples without additives. To
minimize the damage caused by the waste of travertine.
To reduce the waste stack in addition to waste costs of
travertine factories and to improve the mechanical
properties of concrete while doing these. For a 1 cubic
meter mix, the contribution of travertine mud to the
strength of the concrete was investigated by performing
uniaxial compression tests on samples obtained by
substituting 20 kg, 40 kg, 60 kg and 80 kg of travertine mud
into cement. The samples produced with pure cement
were considered without additives and the results were
compared. Sand, cement (CEM1 42,5R Votarantim Sivas),
water and travertine mud were used as consumables in
pure cement tests. The travertine sludge was obtained
from the waste products of an industrial facility situated
within the boundaries of the city of Sivas. Samples were
produced by substituting travertine mud into cement in
certain proportions. Molds with dimensions of
150x150x150 mm were used to produce the samples. In
order to distribute the travertine mud homogeneously in
the specimen, the mud was added to the specimen by
mixing with water. The samples were kept in the mold for
a period of 24 hours to allow for the setting process to
occur. Then the samples were placed in the curing pool
and kept there for 28 days to reach their strength. At the
end of the 28th day, the samples were subjected to
compression tests and the results were compared with
the samples produced with pure cement.
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Resim 1. Resim 1. Atik mermer geri donltstimli beton numunelerinin Gretimi. (a) Traverten ¢amuru, (b) Beton ile
traventen karisimi, (c) Kalip ile traventen karisimi
Figure 1. Figure 1. Manufacturing of waste marble recycled concrete samples. (a) Traverten mud, (b) Traventen
mixture with concrete, (c) Traventen mixture with mold

Cizelge 1. 1 m? karisim icin malzeme oranlari
Table 1. Material ratios for 1 m? mixture

Filler (Waste of

Sample Cement (kg) Water Sand (kg) travertine)
1 420 0.55 1200 0
2 400 0.55 1200 20
3 380 0.55 1200 40
4 360 0.55 1200 60

In this study, sand used as aggregate has 0-4 mm
diameter with density of 1750 kg/ m? and cement has a
density of 3000 kg/ m3.

Evaluation of concrete compression strength
The compressive strength of concrete is defined as
"the ability of concrete to resist breaking under the effect

of axial compressive load, the maximum stress that occurs
in concrete under the effect of axial compressive load.
Among the different types of strength investigated in
concrete, compressive strength is the most widely used in
engineering applications. After the preparing concrete
mix with the filler, it was sent to the laboratory for
compressive strength values according to the ASTM
C39/C39M standards.
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Results and Discussions

Figure 2 illustrates the results of compressive strength
values experimentally. In the first results of the pure
cement tests, the samples produced by substituting 20 kg
of travertine mud for cement in cubic meter mix showed
a 26% decrease in compressive strength. 40 kg travertine
mud substituted samples showed a 33% decrease in
compressive strength compared to witness samples. 60 kg
travertine mud substituted samples showed 24% less
compressive strength compared to witness samples. 80 kg
travertine mud substituted samples showed 45% lower
compressive strength values compared to witness
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samples. The substitution of waste travertine mud into
cement showed that it can also be used as a binder, at
least partially. Experiments that are more detailed can be
carried out and the additive ratios can be determined by
obtaining the results. In this study, although positive
results were not obtained with additives up to 80 kg for 1
cubic meter, it was seen that it can be used according to
the condition of the work to be done by conducting new
studies. Similarly, Safiuddin et al. [14] indicated that
partial replacement of cement with mud, fly ash, and lime,
highlighting that the 60% cement replacement variation
achieved optimal strength compared to M20 grade
concrete.
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Resim 1. Mermer dolgulu beton numuneler igin basing testlerinin sonuglari. (a) 250 gr mermer parcaciklari ile
doldurulmus numuneler, (b) 500 gr mermer pargaciklari ile doldurulmus numuneler, (c) 750 gr mermer pargaciklari
ile doldurulmus numuneler, (d) 1000 gr mermer pargaciklari ile doldurulmus numuneler
Figure 1. The results of compression tests for marble filled concrete samples. (a) Samples filled with 250 gr marble
particles, (b) Samples filled with 500 gr marble particles, (c) Samples filled with 750 gr marble particles, (d) Samples
filled with 1000 gr marble particles
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Conclusion

This study was conducted to investigate the
possibilities of using travertine wastes in the production
of building materials in the marble sector. Within the
scope of this study, samples were formed by substituting
travertine mud for cement and uniaxial compression tests
were performed and the effect of the related material on
concrete strength was discussed. Results from this study
showed that travertine sludge, which is produced during
the cutting and processing of travertine blocks and
precipitated in sedimentation ponds with the help of a
chemical called flocculants, especially narrows
agricultural areas. It is important to reduce the
environmental damage of this material, it has been
demonstrated that travertine mud, which can be obtained
free of charge from marble quarries in Sivas, can be used
in concrete production, albeit to a limited extent.
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ABSTRACT

Biochars can be considered as effective base materials for Phase Change Material (PCM)/biochar composites due
to their high surface area and porous structures. Shape-stable PCM/biochar composites produced in this way
have the potential to be used in various applications such as energy storage and thermal protection. The
maximum surface area, pore sizes, and distributions of biochars produced through pyrolysis vary according to
parameters such as maximum pyrolysis temperature, heating rate, and holding time. In this study, the effects of
maximum pyrolysis temperature on biochar porosity were evaluated in terms of the amount of PCM
impregnated into the pores. For this purpose, biochars were obtained from naturally sourced poplar sawdust
using different pyrolysis maximum temperatures. Biochar/PCM composites were created by impregnating PCM
into the biochar pores using the vacuum impregnation method. The heat storage capacities of Biochar/PCM
composites were determined by Differential Scanning Calorimetry. The results showed that as the pyrolysis
maximum temperature decreased, the energy storage capacities of Biochar/PCM composites increased.

Keywords: Biochar, Latent heat, PCM,Pyrolysis.

Farkli Piroliz Maksimum Sicakliklarinda Uretilen Biyokdmiir/Faz
Degistiren Malzeme Kompozitlerinin Enerji Depolama
Kapasitelerinin Karsilastirilmasi

oz

Biyokémiirler, yiiksek ylzey alani ve gézenekli yapilari sayesinde, Faz Degistiren Malzeme (FDM)/biyokémiir
kompozitleri igin etkili bir taban malzemesi olarak degerlendirilebilirler. Bu sekilde uretilen sekil kararl
FDM/biyokémiir kompozitleri, enerji depolama ve termal koruma gibi farkli uygulamalarda kullaniima
potansiyeline sahiptirler. Piroliz yoluyla tretilen biyokémirlerin maksimum ylzey alani, gézenek boyutlari ve
dagilimlari; maksimum piroliz sicakligi, 1sitma hizi ve bekletme stiresi gibi parametrelere gore degismektedir. Bu
galismada maksimum piroliz sicakliginin biyokémir goézenekliligi Uzerindeki etkileri, gézenekler igerisine
emdirilen FDM miktari agisindan degerlendirilmistir. Bu amagla dogadan elde edilen kavak talasindan, farkli
piroliz maksimum sicakliklar kullanilarak biyokomurler elde edilmistir. Elde edilen biyokémir gézeneklerine
vakum emdirme yontemiyle FDM emdirilerek Biyokomiir/FDM kompozitleri olusturulmustur. Biyokémir/FDM
kompozitlerinin 1si depolama kapasiteleri Diferansiyel Taramal Kalorimetre ile belirlenmistir. Elde edilen
bulgular, piroliz maksimum sicakhginin dismesi ile Biyokémir/FDM kompozitlerinin enerji depolama
kapasitelerinin arttigini gostermistir.

Anahtar Kelimeler: Biyokomiir, FDM, Gizli isi, Piroliz
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Giris

Yenilenebilir enerji kaynaklari, cevre dostu olmalari ve
sirdirdlebilir enerji  Giretme kapasiteleri sayesinde
genellikle olumlu bir bakis agisiyla ele alinmaktadir. Ancak
her enerji kaynaginin kendine 6zgu avantajlarinin yani sira
bazi dezavantajlari da mevcuttur. Yenilenebilir enerji
kaynaklarinin en belirgin dezavantajlari, atmosfer
kosullarina olan bagimhlklari ve tretimlerinin kesintili bir
yaplya sahip olmasidir. Ornegin, riizgdr her zaman
esmedigi gibi glines de her zaman goriinmez. Bu durum,
enerji Uretiminde dalgalanmalara ve degiskenliklere yol
acmaktadir. Ayrica bu tip enerji kaynaklarinin enerji arzi ve
talebinin zamanlamasi arasinda genellikle bir uyumsuzluk
vardir. Ornegin, giines enerjisi gibi yenilenebilir eneriji
kaynaklarinda enerjinin giindiiz dretildigi ancak Uretilen
bu enerjiye geceleri daha fazla ihtiyac duyuldugu
bilinmektedir. Buna ilave olarak dlkeler, enerji arzlarini

cesitlendirmek ve enerji glvenligini artirarak disa
bagimhhg o6nlemek amaciyla vyenilenebilir enerji
kaynaklarina  yonelmislerdir.  Yenilenebilir  enerji

kaynaklarini etkili bir sekilde kullanmak ise wverimli
depolama ¢oziimlerini gerektirmektedir.

Cesitli enerji depolama yontemleri arasinda; yiksek
enerji yogunlugu, depolama kapasitesi, ¢evrim omr,
verimliligi, maliyet etkinligi ve uygulama kolayligi
nedeniyle termal enerji depolama yéntemi yaygin olarak
tercih edilmektedir. Depolama kapasitesi, maliyet avantaji
ve yuksek enerji yogunlugu gibi olgltler, gizli 1s1 termal
enerji depolama ydntemini popiler bir secenek olarak
karsimiza ¢ikarmaktadir. Bu yontem; enerji
bulunabilirligindeki dalgalanmalar ile miicadele etmede,
enerji talebini dengelemede ve enerji verimliligini
artirmada 6nemli bir rol oynamaktadir. Gizli 1si depolama
yontemi, faz degisimi sireci (sarj) sirasinda harici bir
kaynaktan enerji emme ve ters faz degisimi (desar;j)
sirasinda depoladigl enerjiyi geri verme ilkesine goére
¢ahismaktadir. Gizli 1si enerji depolama yontemleri, glines
enerjisi sistemleri, endustriyel sliregler ve elektrik Giretimi
gibi cesitli alanlarda enerji depolama ihtiyaglarini
karsilamak i¢in dnemli bir ¢c6zim olarak 6ne ¢ikmaktadir.
Ozellikle son yillarda, yiiksek miktarda gizli i1s1 enerjisi
depolama kapasitesine sahip faz degistiren malzemeler
(FDM), termal enerji depolama sistemlerinde en ¢ok tercih
edilen segeneklerden biri haline gelmistir. Bu malzemeler,
belirli sicakhk araliklarinda katidan siviya veya sividan gaza
gecerek enerji depolama ve salinimini etkin bir sekilde
gerceklestirmektedir. Boylece, enerji talebinin yliksek
oldugu donemlerde depolanan enerjiyi serbest birakma ve
enerji ihtiyacini karsilamada etkili bir ¢6zim sunmaktadir.
Faz degistiren malzemelerin bu 6zelligi, 6zellikle glines
enerjisi gibi dogrudan ve kesintili enerji kaynaklarindan
gelen enerijiyi uzun siireli depolamak igin idealdir. Termal
enerji depolama sistemleri, bu malzemelerin sahip oldugu
yuksek gizli 1s1 kapasitesinden faydalanarak, enerijiyi
verimli bir sekilde saklayabilmekte ve gerektiginde
enerjiye donlsturebilmektedir. Bu nedenlerle, faz
degistiren malzemeler modern enerji sistemlerinin
gelistirilmesinde buyik bir 6neme sahiptir.
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Literatirde, katidan siviya faz degisimi gosteren
organik faz degistiren malzemelerin (FDM) bina
bilesenlerinde kullanilabilir oldugu gérulmektedir. Faz
degistiren malzemelerin kullanimi ile binalarin pasif
isitilmasi ve sogutulmasinda enerji tasarrufu saglanarak
ulusal ekonomiye katkida bulunulabilir [1,2]. Ornegin kis
aylarinda, yapi bilesenlerinin biinyesinde barindirdigi
FDM'ler binadan kagan isiyi emerek ic mekan sicaklik
disuslerini azaltabilir ve depolanan isiy1 tekrar iceriye
vererek Isitma talebini en aza indirebilir. Tersine, yaz
aylarinda yapi bilesenlerinin binyesinde barindirdig
FDM'ler disaridan gelen fazla isiyi emerek dis mekan
sicakhk iletimini duslirebilir ve 1siy1 disariya vererek
sogutma talebini azaltabilir. Bu mekanizma, i¢ mekan
sicakliklarinin  daha uzun siireler boyunca konfor
sartlarinda kalmasini saglayarak hem sicak hem de
degisen iklim kosullarinin etkisini etkili bir sekilde azaltir.
Boylece sicak ve soguk iklimlerde i¢ ortam konfor
sicakliklarinin daha uzun siire korunmasi mimkiin olabilir.
FDM kompozitleri; gézenekli destekleyici malzemeler,
kiicik gozenekli karbonlar, metal siingerler ve mineraller
gibi cesitleri icermektedir. Ancak bu malzemelerin sentezi,
cevresel etkileri ve ekonomik zorluklar, pratik
uygulamalarda sinirlamalari da beraberinde getirir.
Biyokomdiir; yiiksek sicakhkta biyokutlenin termokimyasal
ayrismasi sonucu elde edilen, dusik agirhkl, yuksek
gozeneklilige ve homojen yapiya sahip, karbonca zengin
bir Grindir ve bu zorluklari asmak igin uygun bir alternatif
olarak 6ne ¢ikmaktadir. Biyokdmuriin yapisi ve ozellikleri,
piroliz ve aktivasyon kosullarinin  degistirilmesiyle
Ozellestirilebilir. Fabiani vd. ve Jeon vd. [3,4], vakumlu
emdirme yontemiyle biyokdmdiri ve hindistancevizi yagini
birlestirerek termal enerji depolama icin tasarlanmis
biyokompozitlerin (LHSBC) ozelliklerini arastirmislardir.
Atinafu vd. [5], calismalarinda faz degistiren malzemelerin
enerji depolamadaki potansiyelini  vurgulamalarinin
yanisira sivi sizintisi ve yetersiz isi transferi gibi zorluklara
dikkat cekerek FDM kapsillemesi igin karbon temelli
malzemelerin kullanimina dikkat ¢ekmislerdir. Chen vd.
[6], polietilen glikol (PEG) matrisi olarak basit bir piroliz
yontemiyle Uretilen badem kabugu biyokomirii (ASB)
kullanilan yeni bir sekil-stabil kompozit faz degistiren
malzeme gelistirmislerdir. Lv vd. [7], calismalarinda farkh
kimyasal reaktiflerin (ZnCl,, KOH vs.) biyokomur yuzeyleri
Uzerindeki etkilerini incelemigler ve bunlari parafin,
polietilen glikol gibi organik FDM'lerle birlestirerek
aktiflestirilmis biyokdmur kompozitleri elde etmislerdir.
Bulgulari, bu reaktiflerin biyokdmiiriin termal 6zelliklerini,
gozenekliligini ve ylzey alanini 6nemli élclide etkiledigini
ortaya koymustur. Atinafu ve digerleri [8], calismalarinda
Ug¢ tur biyokomiar (SS, MS ve 0S) kullanarak bu
biyokdmdirlerin organik FDM'leri kapsullemedeki rollerini
ve enerji depolama performansi uzerindeki etkilerini
arastirmiglardir.  Xiong ve ark. [9], sarimsak sapi
biyokomdriine termal enerji depolama amaciyla kullanilan
parafin mumu bazli bir FDM emdirilerek elde edilen
kompozitin termal iletkenlik degisimlerini incelemislerdir.
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700 °C'de dretilen biyokdmir mikropartikillerinin Gg
boyutlu aglari ve iki boyutlu pul benzeri yapilari nedeniyle
parafin mumunda ek isi transfer yollarinin olustugunu
belirtmislerdir. Jeon ve ark. [10], ¢alismalarinda yapi
malzemelerinin  enerji performansini  artirmak igin
biyokdm{ir kompozitlerinin ve faz degisim malzemelerinin
entegrasyonunu arastirmiglardir. Galismalarinda piring
kabugundan elde ettikleri biyokomiri, azot gazi
atmosferinde (100 mL/dak) 450 °C'de 2 saat boyunca 7
°C/dak i1sitma hiziyla bir kal firininda pirolize etmislerdir.
(LHSBC) biyokompozitleri, dort farkh biyobazh faz
degistiren malzemenin (SW, PW, PO ve CO) biyokémdirlere
vakum emdirme yontemi uygulanmasiyla
olusturulmustur. Diferansiyel taramali kalorimetri (DTK)
analizi ile Uretilen kompozitlerin gizli 1si degerleri 70.08 J/g
(RCO), 25.24 J/g (RPO), 92.13 J/g (RPW) ve 83.91 J/g (RSW)
olarak olgllmustir. Zhao ve arkadaslari [11], termal enerji
depolamasi  icin  Cyperaceae familyasindaki su
kestanelerinden elde edilen ylksek gdzenekli karbonlarin
(HPC) dretimini yaparak termal performanslarini
arastirmiglardir. Aktivatér olarak aliminyum hipofosfit
(AP) kullanarak HPC'leri sentezlemisler ve yapisal
ozelliklerini degerlendirmek igin 700-800 ve 900 °C
kalsinasyon sicakliklarinda analiz edilmislerdir.

Literatlirden anlasilacagi lizere organik malzemelerin
piroliz yontemiyle biyokémur haline getirilerek vakum
emdirme islemi ile FDM emdirilmesi sonucunda meydana
gelen kompozitlerin daha fazla gizli 1s1 depolayabilecegi
belirtilmistir. Bu calismada piroliz parametrelerden biri
olan isitma sicakhgl parametresi gbz Onilinde
bulundurularak farkh piroliz kosullarinda hammadde
olarak kavak talasi kullaniimis ve biyokémir UGretimi
yapilmistir.  Uretilen kavak talasi biyokémiirlerinin
gozeneklerine Rubitherm ® Technologies RT-28HC FDM’ si
emdirilerek elde edilen kompozit malzemelerin gizli 1si
depolama kapasitesiteleri o6l¢lilmis ve 1sitma sicakhgi
parametresinin enerji depolama kapasitesi Uzerindeki
etkisi incelenmistir.

Materyal metod

Biyokdmiir sentezi igin ham madde olarak dogada bol
miktarda bulunan kavak talasi tercih edilmistir. Kavak
talasi, biyokdmiir sentezinden énce 6glitme islemine tabi
tutulmustur. Ogitiilmis kavak talasi, kademeli elekler ile
elenerek 600 um boyutuna getirilmistir (Resim 1).

Resim 1. Kavak talasi 600 um boyutuna kadar elenmistir.
Figure 1. Poplar sawdust sieved to a size of 600 um.

Biyokomiir iiretimi

Piroliz, organik maddelerin oksijensiz ortamda farkli
gaz atmosferlerinde (6rnegin, azot veya argon gibi inert
gazlar) yuksek sicakliklar altinda islenmesiyle yapilan
kimyasal bir déntsiim islemidir. Piroliz sirasinda, organik

malzemelerin termal olarak ayrismasi sonucu, gazlar,
sivilar ve kati Grlinler (biyokdmiir) ortaya ¢cikmaktadir. Bu
slireg, genellikle 300°C ile 900°C arasinda bir sicaklikta
gerceklestirilmektedir [12]. Biyokdmir; karbon orani
yuksek, yogunlugu disik ve gozenekli bir malzemedir.

Resim 2. Piroliz isleminde kullanilan tiip firin ve kavak talasi biyokomiiri
Figure 2. Tube furnace used in pyrolysis process and poplar sawdust biochar
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Vakum emdirme yontemi ile biyokémiurin
gozeneklerine FDM emdirme islemi oncesinde, kavak
talasi o6gitilerek 600 um boyutuna getirilmistir. Daha
sonrasinda Resim 2'de gosterilen tiip firin kullanilarak ve
azot gazi atmosferinde piroliz islemi gergeklestirilerek 50
ml/dk gaz akisiyla kavak talasi biyokémiiri elde edilmistir.

Kavak  talasinin  biyokdmire  donustirilmesi,
10°C/dakika i1sitma hizi, 700 °C maksimum sicaklik ve tepe
sicakhginda 60 dakikalik tutma siresi gibi belirli piroliz
kosullar altinda gergeklestirilmistir. RT-28/kavak talasi
biyokomiranian gizli 1s1 6zelliklerini  gelistirmek igin,
degistirilebilir piroliz kosullarinin malzemenin gézenekliligi
Uzerindeki etkisinin arastirimasi gerekmektedir. Bu
amagla, kavak talasi igin maksimum piroliz sicakligi
parametresi degistirilerek biyokdmirler sentezlenmistir.
Sentezlenen biyokdmiurler, RT-28/kavak talasi biyokémar
kompozitleri tiretmek icin vakum emdirme islemi yoluyla
RT-28 ile birlestirilmistir. Bu kompozitler, Diferansiyel
Taramal  Kalorimetri (DTK) kullanilarak karakterize
edilmistir. Piroliz islemleri, 10°C/dakika sabit isitma hizi ve
60 dakikalik bekleme siiresi korunarak, 700-600-500-400

ve 300 °C
gerceklestirilmistir.

maksimum Isitma sicakliklarinda

Vakum Emdirme

Kavak talasinin biyokdmire dondstirildaga piroliz
isleminin ardindan, RT-28 faz degistiren malzemesi vakum
emdirme yontemi kullanilarak biyokdmiirin
gozeneklerine hapsedilmistir (mikrokapsilleme). Resim
3’te gosterilen diizenek araciligiyla vakum emdirme iglemi
uygulanmistir. Emdirme islemi uygulanmadan 6nce, 600
pm boyutuna kadar 6gltilen kavak talasi, icindeki olasi
nemin giderilmesi amaciyla 105 °C sicakliktaki bir firinda
24 saat boyunca kurutulmustur. Bu islem, biyokémdiriin
gozeneklerine faz degistiren malzemenin daha etkin bir
sekilde hapsedilmesine olanak saglamistir. Vakum
pompasi, 0.7 bar basing altinda c¢alistirlmis ve erlen
icerisine yerlestirilen manyetik karistirici ile kavak

biyokémrii/RT-28 kompoziti, 1000 devir/dakika hizinda
homojen bir sekilde karistirilmistir. Bu islem ile sivi RT-
28’'in malzemenin mikro gobzeneklerine hapsedilerek
mikrokapsilleme
saglanmustir.

siirecinin gerceklestirilmesi

Resim 3. Vakum emdirme islemi
Figure 3. Vacuum impregnation process

Erlenden ¢ikarilan RT-28/organik madde kompozitleri,
sivi FDM fazlaligindan arindiriimak igcin  6ncelikle
stzlilmistlr. Daha sonar siziilen kompozitler bir filtre
kagidina koyulmus ve kompozit ylizeyinde bulunan RT-28'i
uzaklastirmak igin 30°C' sicakhktaki bir firnda 12 saat

bekletilmistir. Bu islem, filtre kagidinda sizinti kalmayana
kadar devam ettirilmis ve boylelikle sizdirmazlk testi
gerceklestirilerek organik malzeme ylzeyinde RT-28
kalmadigi dogrulanmistir (Resim 4).

Resim 4. RT-28/biyokomiir kompozit malzemesindeki FDM’nin biyokémr yizeyinden arindirilmasi
Figure 4. Removal of FDM from biochar surface in RT-28/ biochar composite material
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Diferansiyel Taramali Kalorimetre (DTK) Ol¢iimleri

RT-28, RT-28/kavak talasl ve elde edilen RT-28/kavak
talasi  biyokdomir kompozitlerinin erime sicakligi,
katilasma sicakhgr ve gizli 1si o6zellikleri, Shimadzu
(Japonya) tarafindan Uretilen DSC-60 diferansiyel taramal

kalorimetre (DTK) cihazi ile Olgtilmustir (Resim 5). Bu
o6lciminde 1sitma hizi, dakikada 0.5 °C olarak
ayarlanmistir.  Olglimler sonucunda &rneklerin erime
baslangic sicakligl (Tep), erime sonlanma sicakhgi (Tes),
erime pik (Tep) ve erime gizli 1si degeri (He) belirlenmistir.

Resim 5. DTK 6l¢imi
Figure 5. DTK measurement

Termal karakterizasyon sonuglari

Oncelikle RT-28 organik faz degistiren malzemenin ve
RT-28/kavak talasi kompozit malzemesinin diferansiyel
taramali kalorimetre (DTK) 6zellikleri belirlenmistir

(Resim 6). Maksimum piroliz sicakliginin 700 °C olarak
belirlenmesi durumunda RT-28/Kavak talasi biyokémur
kompoziti igin Teb, Tep Ve Tes sicakliklari sirasiyla 26.19 °C,
26.97 °C ve 27.50°C olarak olgtlmustir (Resim 6). Ayni
kosullar altinda erime gizli 1sisi ise 75.12 J/g olarak
belirlenmistir.
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0.00. 28:44C 2847¢ | 0.00 26.43C 27.60C
T 4
Heat -945.36mJ
210.08Jlg Heat -256.74mJ
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\ \
-4.00 / 2,00 \-\ \
\ / \
\ |
Vo
-6.00- |RT-28 \ '3-00| RT-28/Kavak Talagi I \}l
\
27.10C
(a) (b) 27.09C
25.00 30.00 .00 1000 1200 1400 1600
Time [min] Time [min]

Resim 6. RT-28 (a) ve RT-28/kavak talasi kompoziti (b) icin endoterm egrileri
Figure 6. Endotherm curves for RT-28 (a) and RT-28/poplar sawdust composite (b)

Maksimum  sicakhgin 600 °C'ye duslrilmesi
durumunda RT-28 emdirilen kavak talasi biyokdmir
kompozitiigin Teb, Tep, Tes Ve He degerleri sirasiyla 26.47 °C,
27.23 °C, 27.85 °C ve 91.84 J/g olarak olguilmustir (Resim
7). Gorilecegi Gzere 600 °C piroliz sicakligi ile elde edilen

biyokdmiire RT-28 emdirilerek elde edilen
biyokompozitin, 700 °C piroliz sicakhginda dretilen
biyokdmure emdirilmis RT-28 ile elde edilen kompozite
kiyasla gizli 1s1 enerji depolama kabiliyetinin yaklasik olarak
%22.3 oraninda arttigi belirlenmistir.

Piroliz isleminin maksimum sicakliginin 500 °C’'ye
ayarlanmasi halinde sentezlenmis olan kavak biyokémdari
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Resim 7. 700 °C (a) ve 600 °C (b) RT-28/kavak talasi kompoziti icin endoterm egrileri
Figure 7. 700 °C (a) and 600 °C (b) endotherm curves for RT-28/poplar sawdust composite

i¢in Tep, Tep, Tes Ve He degerleri sirasiyla 26.46 °C, 27.18 °C,
27.82 °C ve 96.40 J/g olarak olgtilmustir. 500 °C sicaklikta
Uretilen biyokdmire RT-28 emdirilmesi ile elde edilen
biyokémirin; 700 °C piroliz sicakhginda uretilerek RT-28
emdirilmesiyle elde edilen kompozite gére % 28,3, 600 °C

piroliz sicakliginda Uretilen kompozite goére de %4
oraninda daha fazla gizli 1s1 depolama kapasitesine sahip
oldugu gorulmistir. Benzer bicimde maksimum piroliz
sicakligi 400 °C olan RT-28/Kavak talasi biyokomur
kompoziti igin igin Teb, Tep Ve Tes sicakliklari sirasiyla 26.23
°C, 27.02 °C ve 27.57 °C olarak ve erime gizli 1sisl ise 98.17
J/g olarak olgulmustir (Resim 8).
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Resim 8. 500 °C (a) ve 400 °C (b) RT-28/kavak talasi kompoziti icin endoterm egrileri
Figure 8. 500 °C (a) and 400 °C (b) endotherm curves for RT-28/poplar sawdust composite

Son olarak 300 °C sicaklikta tretilen RT-28/kavak talasi
kompoziti icin gergeklestirilen DTK 6lglimleri sonucunda
Teb, Tep Ve Tes sicakliklarinin sirasiyla 26.12 °C, 26.967 °C ve
27.56 °C olarak ol¢tilmistiir. Bununla birlikte 300 °C RT-
28/kavak talagi kompoziti icin elde edilen He degeri 101.04
J/g olarak 6l¢tlmistiir (Resim 9). Literaturde, biyokdmur
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sentezinin genellikle 300 °C’nin (izerinde gergeklestigi
belirtiimektedir. Daha disik sicaklklarda biyokomir
sentezi gerceklestirilemedigi icin bu deger, biyokémur
Uretiminde alt sinir olarak kabul edilmekte ve siireg
genellikle bu sicakliklarin Gzerinde yurutiilmektedir.
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Resim 9. 300 °C RT-28/kavak talasi kompoziti icin endoterm egrileri
Figure 9. 300 °C Endotherm curves for RT-28/poplar sawdust composite

Elde edilen tiim 6l¢lim sonuglari Cizelge 1’de 6zetlenmistir.

Cizelge 1. RT-28 faz degistiren malzemesinin, RT-28/kavak talasi kompozitinin ve farkli sicaklik kosullarinda piroliz edilen
kavak biyokémiirlerine RT-28 emdirilmesiyle elde edilen kompozitlerin DTK sonuglari.

Table 1. DTK results of RT-28 phase change material, RT-28/poplar sawdust composite and composites obtained by
impregnating RT-28 to poplar biochar pyrolysed at different temperature conditions.

Teb Tep Tes He
Malzeme

(&9) 9 (°Q) (/9)
RT-28 26.44 27.10 28.47 210.08
RT-28/Kavak talasi 26.43 27.09 27.60 50.05
700 °C RT-28/Kavak talasi biyokdmiri 26.19 26.97 27.50 75.12
600 °C RT-28/Kavak talasi biyokdmiry 26.47 27.23 27.85 91.84
500 °C RT-28/Kavak talasi biyokdmiri 26.46 27.18 27.82 96.40
400 °C RT-28/Kavak talasi biyokdmiry 26.23 27.02 27.57 98.17
300 °C RT-28/Kavak talasi biyokdmiri 26.12 26.97 27.56 101.04
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Tesekkiir

Bu makale, Yiksekogretim Kurulu Baskanligi Ulusal Tez
Merkezine  kayith 885229 numarall  "Gozenekli
Fonksiyonel Kompozit Malzemelerin Yapi Bilesenlerindeki
Termal Enerji Depolama Uygulamalarinin incelenmesi"
baslikli doktora tezinden tiretilmistir.
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